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Abstract

Inthis paper, we examine the apparent timing relationships between the structural and metamorphic events of the amphibolite faci
sequence in the Walter-Outalpa Shear Zone (WOSZ) area in the southwestern part of the Palaeo- to Mesoproterozoic Curnamc
Province. The local structural geometry and style are largely due to heterogeneous, non-coaxial flow in which foliation developmer
is related to the superposition of two main independent structural events (D2* and D3*). Strain was progressively partitioned intc
high-strain zones in the southern part of the study area in contrast to the low-strain areas in the north of the study area. D2
deformation developed under amphibolite facies conditions and is partitioned between zones of thrusting and ftaftéding)(
related to nappe formation. D3* deformation developed under greenschist facies conditions and is partitioned between strike-sli
faulting and folding. D3* high-strain zones form discontinuous, NW-trending anastomosing strands that contain relics of the D2*
thrust-related foliation. These relicts preserve the higher grade mineral assemblages that are partially overprinted by D3* retrogra
assemblages. Strike-slip movement along the WOSZ is, therefore, interpreted to have re-used the pre-existing D2* thrust such tf
D2*-strain partitioning influenced renewed D3* strain partitioning.

The high-grade metamorphism and phase of pervasive deformation (D2*/M2) are ascribed to the D2 Mesoproterozoic Olarial
Orogeny that occurred in the Curnamona Province between ca. 1600 and 1590 Ma. The tectonic context of the D3*/M3 shearin
event is highly uncertain. Recent geochronological Sm—Nd isotope ages from garnet from within the WOSZ shear zone yield ce
520-490 Ma Delamerian ages [Dutch, R.A., Hand, M., Clark, C., 2005. Cambrian reworking of the southern Australian Proterozoic
Curnamona Province; constraints from regional shear zone systems. Geol. Soc. London 162; 5, 763—775]. However, the D3*M
shear foliation are truncated by the Neoproterozoic unconformity flooring the Adelaide Rift Complex stratigraphy, suggesting
pre-Delamerian Orogeny activity along the shear zone. It is, thus, likely that the D3* movement along the shear zone records
combination of late Olarian Orogenic movement with a component of reactivation during the Delamerian Orogeny.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction
1.1. High-strain zones

High-strain zones are common in a variety of tectonic
settings and structural geologists have long sought to
understand their kinematic significance. Understanding

* Corresponding author. Tel.: +61 3 9905 3097. the kinematic significance of high-strain zones requires
E-mail address: jganne@univ-fcomte.fr (J. Ganne). knowledge of their finite deformation symmetry,

0301-9268/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.precamres.2005.09.010



J. Ganne et al. / Precambrian Research 143 (2005) 50-74 51

rotational strain (vorticity), three-dimensional strain and demonstrate (a) that the processes of deformation par-
volume change. Such kinematic information should sub- titioning have been important in the production of
sequently be combined with an interpretation of the structural geometries developed at all scales; (b) that
tectonic transport direction and the mode of deforma- early formed fabrics resulting from strain partition-
tion (strike-parallel, oblique, or dip-parallel transport) to ing controlled subsequent strain partitioning; and (c)
fully understand the overall tectonic significance of the that detailed microstructural and metamorphic analy-
high-strain zones. Such kinematic analysis often relies sis provides new evidence that links the different steps
on determining the geometry of foliations and lineations in the evolution of the WOSZ with that of regional
within high-strain zones to establish their kinematic sig- folds.
nificance, and therefore, to construct tectonic histories.  Such studies are important in Precambrian terranes,
As discussed bireddy and Occhipinti (2004)he basis such as the Curnamona Province, where poly-orogenic
for this streamlined approach has been the assumptionand metamorphic evolutions result in complicated three-
that shear zones deform by simple shear: a situation dimensional geometries, overprinting relationships and
that allows mineral lineations within the zone to be complex and episodic movement histories along shear
related to transport directions (Ramsay, 1980; Hanmer zones. As such, the context of structural features such as
& Passchier, 1991, Goodge et al., 1993; Wheeler & shear zones are often misinterpreted and their tectonic
Butler, 1993; Passchier, 1994/ dmsay, 1980; Hanmer  significance misconstrued.
and Passchier, 1991; Goodge et al., 1993; Wheeler and
Butler, 1993; Passchier, 199Puring natural deforma-  1.2. Structural complexity in the Curnamona
tion, simple shear is unlikely to be the only deformational Province
process operating. Instead, a combination of pure and
simple shear (general shear) is likely to occBai(ey Our investigation was undertaken in the southern
and Eyster, 2003 Curnamona Province, South Australigid. 1). This

Detailed field studies and recent theoretical mod- province preserves evidence for multiple tectonic events
elling of high-strain zones have recognised complexi- of varying intensities of deformation and metamorphism
ties that cannot be ascribed to a single, simple-shear(Vernon, 1969; Berry et al., 1978; Archibald, 1980;
deformation $anderson and Marchini, 1984; Fossen Hobbs et al., 1984; Clarke et al., 1986; Stevens et al.,
and Tikoff, 1993; Robin and Cruden, 1994; Tikoff and 1988; Cook and Ashley, 1992; Flint and Parker, 1993;
Teyssier, 1994; Jones et al., 1997; Fossen and Tikoff, Robertson et al., 1998; Flint, 2002; Gibson and Nutman,
1998; Jiang and Williams, 1998; Lin et al.,, 1998; 2004. Despite extensive documentation of stratigraphic
Passchier, 1998; Jiang and Williams, 1999; Reddy and (Stevens et al., 1988; Conor, 2QF4g. 2), structural and
Occhipinti, 2004. The deformation in such zones is geochronological constraints on the evolution of the Cur-
commonly interpreted in terms of a polyphase deforma- namona Province (for a review sBaetz et al., 2002
tion history because high-strain zones are rheologically there are still considerable ambiguities regarding the tec-
weak and may undergo reactivation during subsequenttonic regime and processes responsible for the regional
deformation Butler et al., 199). Reactivation criteria  deformation and metamorphisiables 1 and R There
(Holdsworth et al., 1997must then be identified to is a general consensus that deformation and metamor-
support such an interpretation. However, evidence for phism occurred during two orogenic cycles. The first
reactivation may be absent or equivocal and alternative orogenic cycle was identified as the Palaeo- to Mesopro-
interpretations involving ‘general shear’ may be more terozoic Olarian Orogeny (ca. 1600-1590 NRage et
valid. Consequently, establishing the structural evolution al., 2000Q. Itis characterised by intense poly-deformation
of high-strain zones is a complex and difficult subject. and high-temperature metamorphism interpreted to be
However, recognising the differences between ‘general the result of Proterozoic collision between Australia and
shear’ and polyphase deformation is crucial for correctly Laurentia Betts et al., 2002 The second orogenic cycle
interpreting the tectonic context of the shear zone. Fail- termed the Delamerian Orogeny occurred during the
ure to do so will lead to misinterpretations of tectonic Cambrian (ca. 520—490 Ma&jarrison and McDougall,
history. Thus, there is still a need to make observations 1981). Evidence for the Delamerian Orogeny is preser-
from within high-strain zones, and to assemble them in ved within the Paleoproterozoic (1720-1640 Ma) Will-
current conceptual frameworks. yama SupergroupStevens et al., 1988; Conor, 2004

In this paper, a detailed field and microstructural and the unconformably overlying Neoproterozoic (830—
petrological study of a kilometric-scale shear zone, 700 Ma) Adelaide Rift Complexqreiss, 2000 The Del-
the Walter-Outalpa Shear Zone (WOSZ), is used to amerian Orogeny is interpreted to be related to accretion
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Fig. 1. (a) Simplified map of the Curnamona Province showing geographically defined Olary and Broken Hill Domains. (b) Magnetic image of the
Weekeroo Inlier showing the kilometric-scale Walter-Outalpa Shear Zone (WOSZ). This contact defined with shared redox l®insdargrid
Nutman, 200%separating the Curnamona (migmatic bodies in the south) and Strathearn Groups (pelitic sequence in the [rigrtB).see

Igneous Suites

Willyama Supergroup

Rock Units

Mount Howden Subgroup
1.65 Ga

Saltbush Subgroup
1.69 Ga

Strathearn Group

Mount Howden Subgroup is dominatly pelitic

Saltbush Subgroup : schistose, psammopelitic metasedimentary
rocks with thin locally psammitic layers

Ethiudna Subgroup
1.71 Ga

i

1.71 Ga
Wiperaminga Subgroup

Curnamona Group

Bimba Formation : metasilstones interlayered with marble, albitic
chert and calsilicate gneiss

Ethiudna Subgroup : calcic minerals, stratiform iron sulphide
layers

Wiperaminga Subgroup dominated by albitised and schistose
metasediments

Lady Louise Suite : amphibolite and mesocratic hornblende
granite

Basso Suite : albitic granofels and granite gneiss unit

Fig. 2. Major stratigraphic units in the Olary Domain (after Conor, 2000; modified).




Table 1

Alternative structural histories and nomenclatures adopted by various investigators for different deformational/folding events in Olary Domain

This study

Flint and Parker (1398} Gibson (2002)

(2002)

Archibald (1980) Clarke et al. (1986)

Berry et al. (1978)

Olarian Orogeny

no

D1 (layer-parallel fabric; no folds D1* (layer-parallel fabric;

D1 (layer-parallel fabric; D1 (SE-directed nappe D1 (layer-parallel fabric;

D1 (layer-parallel

folds recognised)

folds isoclinal and recognised)

recumbent)

structures with

fabric; folds isoclinal folds isoclinal and

|

shallow-dipping axial

plan fabric)

recumbent)

and recumbent)
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Buiuuoniped urens

D2* (reclined recumbent folds

NW-SE trending thrusts)

D2 (tight to isoclinal upright D2 (non-cylindrical, tight to

D2 (weak)

D2 (weak)

isoclinal, reclined to recumbent
folds; NW-SE trend dominant)

NE-trending folds with

steeply dipping axial plane

fabric)

D3* (upright folds trending
NW-SE; transpressional fault)

D2 (upright) D3 (+RSZ) D3 (upright) RSZ D3 (upright folds D4 (+RSZ)

D3 (upright) RSZ

D3 (upright)

Not investigated

Delamarian Orogeny

Not investigated

D4
D5

Not investigated

Not investigated

D4

D5

not recognised.

RSZ =retrograde shear zone; NR

along the eastern margin of Gondwarkefts et al.,
2002.

Studies byHobbs et al. (1984¥5ibson (2000)Wilson
and Powell (2001)Forbes et al. (2004 ndForbes and
Betts (2004)in the Curnamona Province indicate that
major shear zones active during amphibolite to green-
schist facies metamorphism have complicated foliation
and lineation distributions. Many workers (eRutland
and Etherridge, 1975; Glen et al., 1977; Berry et al.,
1978; Laing et al., 1978; Corbett and Phillips, 1981;
Clarke etal., 1986; Flint and Parker, 19®&ve assumed
that the amphibolite- and greenschist-grade shear zones
formed during the retrograde evolution of the Olarian
Orogeny. This assumption is, in part, based on struc-
tural arguments and limited thermochronological data.
Animportant consequence of linking the shear zone min-
eral assemblage to the waning stages of Olarian Orogeny
is that they inevitably leads to the conclusion that meta-
morphism during orogenesis followed an anticlockwise
P-T path and isobaric cooling histonClarke et al.,
1986, 199%. These shear zones have been mapped at
a regional-scale and their structural and kinematic evo-
lution has been interpreted in several ways (e J).

For example, early high-temperature shear zones have
been attributed in recent studies to D1 extensional tec-
tonics Gibson and Nutman, 2004thrusts that sole
regional nappes/ihite et al., 1995; Forbes et al., 2004;
Forbes and Betts, 20p4&nd as zone of transpression
(Wilson and Powell, 2001 Documenting and under-
taking this complex evolution is a necessary step to
accurately describe the structural evolution of the Cur-
namona Province.

Our tectonic investigation falls within the frame of
an active interest for strain localization and high-grade
metamorphism in the Curnamona Provin@u(ch et
al., 2005. The spirit of this paper was driven in the
light of stimulating models proposed hbyobbs et al.
(1984)and more recently Wilson and Powell (2001) that
challenged the interpretation of high-strain zones in the
Curnamona Province and reinterpreted the Broken Hill
Block as a series of discrete early high-grade structure
packages, separated from their neighbours by late high-
angle strike-slip faults.

2. Definition of strain-related terms used in this
paper

2.1. Deformation partitioning

This term is used as defined Bell (1981) where
partitioning of strain in a progressively deforming rock
mass is viewed as a tectonic process, which accommo-
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Table 2

Mineral assemblages and fabrics associated with D1-D3 deformational events for the Strathearn Grdbip$afteand Nutman, 2@Q

Event Strathearn Groups

D1-M1 Andalusite, muscovite, biotite, quartz, garnet, plagioclase, fluorite, tourmaline in metapelitic rocks; K-feldspar and fibrolite in
higher grade metapelitic rocks; layer-parallel S1 fabric

D2-M2 Andalusite locally stable in metapelitic rocks at higher structural levels; fibrolite, sillimanite, biotite, garnet, K-feldspar, quartz,
plagioclase at deeper levels sub-horizontal to gently dipping S2 fabric; limited partial melting along S2 surface

D3-M3 Staurolite, biotite, muscovite, quartz, garnet, chloritoid in pelitic rocks; steeply dipping S3 foliation

Mineral assemblages listed in the table define the M1, M2 and M3 peak of metamorphism.

dates progressive shearing strain. Strain can be furtherwest Fig. 1). The remainder of the province is shal-

subdivided into regions undergoing: (1) no strain; (2) lowly buried beneath Mesoproterozoic to Quaternary
dominantly progressive shortening plus shearing strain; cover sequences. Individual inliers in the Olary Domain
(3) progressive shortening plus shearing strain; and (4) form a series of semi-isolated, partly exposed blocks,

progressive shearing-only strain. which characteristically have faulted western margins
and are unconformably overlain by Adelaide Rift Com-
2.2. Regional strain plex successions along their eastern margiig.(2).

Geological mapping and related investigations in the
This term is used as defined eans (1994)and Olary Domain have been modest in comparison with
thenBell et al. (1986) When strain is partitioned, the the extensive and very detailed investigations under-
regional or bulk strain is the sum of the partial strains taken around Broken Hill (e.gMarjoribanks et al.,
(terminology afteMeans, 199%contributed by domains ~ 1980; Brown et al., 1983; Stevens and Stroud, 1983;
at a lesser scale. In this case, the teegional or bulk Stevens, 1986; Stevens and Rothery, 1997; Forbes et
refers to the scale of the Olary Domain described herein. al., 2004; Gibson et al., 20D4Most studies of the Cur-
The bulk strain can be further considered in terms of bulk namona Province have been of limited regional extent
shear strain and bulk shortening strain. In this paper, the except for the syntheses Gampana and King (1958)
bulk shear sense relates to the sense of shear operating Grady et al. (1989and Flint (2002) Descriptions of
at the scale necessary to form the tectonic features of thethe geology and mineralisation of the Olary Block often

WOSZ area. draws extensively on published work from the Broken
Hill Domain (see Clarke et al., 2003, and references
2.3. Re-use or reactivation therein).

Correlations that have been made between the Bro-
This term is used as defined IBell et al. (1986) ken Hill and Olary domains highlight several distinct
thenDavis and Forde (1994and refers to the accom-  similarities and differences that have significant impli-
modation of progressive strain by pre-existing foliations cations for tectonic interpretation and metallogenesis

during a subsequent deformation. (Clarke et al., 1986; Laing, 1995; Page et al., 2000;
Leyh and Connor, 2000; Conor, 2004 he Willyama
2.4. Reworking Supergroup is a Palaeo- to Mesoproterozoic package
of meta-sedimentary and meta-volcanic rocks that have
This term is used as defined Beddy et al. (2003)t been interpreted to have been deposited in a intraconti-

requires that high-strain structures developed in the early nental rift Willis et al., 1983 Stevens et al., 198&r
stages of the deformation are subsequently overprinteda continental back-arc basiGiles et al., 2002, 2004

by younger stages of the same deformation. The lithostratigraphic nomenclature used in this paper
follows that defined byConor (2004) The Willyama
3. Geological setting of the Curnamona Province Supergroup is subdivided into lower Curnamona Group

and the upper Strathearn Group. These units are charac-
The Curnamona Province stands out prominently as terised by contrasting magnetic susceptibility and com-
is a sub-circular magnetic anomaly on the aeromag- position. The Curnamona Group comprises variably
netic map of Australia. Palaeoproterozoic outcrops are oxidized, magnetite-bearing quartzofeldpathic gneiss,
restricted to the Olary and Broken Hill domains in calc-siliacate and calc-albitite gneiss and psammopelitic
the southern part of the province and to small inliers schist, whereas the overlying Strathearn Group is
(Mount Painter and Mount Babbage) in the north- dominated by pelitic and minor psammitic rocks that are
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chemically more reduced and contain varying amounts (e.g.Clarke et al., 1986 However, F1 fold closures are
of graphite. rarely, if ever, observed in the Strathearn Group. In con-
Between the Curnamona and Strathearn Groups istrast, post-F1 folds have been reported throughout the
a major redox boundary that has been interpreted asCurnamona Group and are usually described as upright
a stratigraphic horizon termed the Bimba Formation to inclined structures with a moderate to steeply dipping
(Conor, 2004 and as an early D1 extensional tectonic axial planar crenulation cleavadgéint (2002)reported
contact Gibson and Nutman, 2094The Curnamona  two phases of post-D1 folding, the axial directions of
and Strathearn Groups share a common history of mul- which trended NE and ENE, respectively (D2 and D3 in
tiple Olarian deformation (D1-D4) and early (M1) low- Table J.
P—high-I' metamorphism (andalusite-sillimanite facies Berry et al. (1978)eported that the D2 deformation
series) Hobbs et al., 1984; Gibson, 2000ut have was only weakly developed in the western part of the
undergone different degrees of partial melting and intru- Olary Domain and did not always develop into a pene-
sion by ca. 1710-1670 Ma bimodal magmatic rocks. trative S2 fabric. The presence of widespread F2 folds
The Strathearn Group is interpreted as a metamorphicwas, nevertheless, necessary to explain the geometry and
sequence metamorphosed at lower temperatures and ateversals in fold plunge that characterize the younger
shallower crustal depth than the underlying Curnamona superimposed D3 structures. In contraSkarke et al.
Group. The Strathearn Group is dominated by the preva- (1986)rejected the need for an additional generation of

lence of andalusite rather than sillimanite in M1 mineral
assemblage (segibson et al., 2004or review).

Up to four major phases of Olarian deformation have
been identified (seBerry et al., 1978; Flint and Parker,
1993. There are differing interpretations of the geome-
try, orientation and metamorphic conditions under which
each event formed. A summary of these different struc-
tural evolutionary models (including ours) is presented
in Table 1 There is controversy concerning the tectonic
context of the first-generation layer-parallel foliation or
schistosity (S1) that formed during high-temperature
metamorphic conditions. This foliation is typically inter-

structures between the D1 and D3 deformations of pre-
vious investigatorsTable 1) and considered the D2 and
D3 structures of earlier investigators to be manifesta-
tion of the same event (their D2). The D3 deformation
of Clarke et al. (1986yvas largely restricted to the for-
mation of retrograde shear zones that post-dated the D3
folds of earlier workers.

Based on detailed lithological and structural map-
ping around the Amerroo Hill area (s€@g. 1), Gibson
and Nutman (2004presented a revised interpretation
of the regional structural history, including the high-
temperature D1 layer-parallel schistosiGibson and

preted as the axial plane structure of regional-scale Nutman (2004interpreted that the S1 layer-parallel foli-
recumbent folds or nappes with northeast-trending axesation in the Curnamona Group formed under higher

Adelaidean metasedimentary rocks
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Fig. 3. Simplified geological map of the Weekeroo Inlier (aftamg, 1995 modified). Inset indicates the location of the study area (WOSZ area;

Fig. 4).
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temperature metamorphic conditiori&able 2 associ- We adopt the sequence of deformation events of
ated with crustal extension of the Curnamona Province. Gibson and Nutman (2008gcause our observation sug-
Regional nappes, responsible for widespread overturn-gest that nappes formed during D2. The origin of the
ing of the Willyama Supergroup stratigraphy, were inter- first-generation foliation remain poorly constrained. Our
preted to have formed during D2 and amphibolite facies structural investigation focuses on the WOSZ area (see
conditions. F3 folds post-date peak metamorphism. They Figs. 3and % whichis located along the contact between
occur at all scales, trend NE and are characterised bythe migmatite-dominated units of the Curnamona Group
a moderate to steeply dipping S3 crenulation cleav- and the overlying psammite-pelitic sequence of the Strat-
age. Post-D3 structures trend east to east—northeast antiearn Group outcrops (i.e., thelox boundary of Conor,
formed under retrograde metamorphic conditions. They 2004 and Gibson and Nutman, 2004The dominant
include variably plunging kink folds and micaceous ori- macroscopic structures in the WOSZ area are NE-SW
ented shear zones dominated by dip-slip displacementtrending upright F3 folds Rottrill, 1998) within the
(south-side-up). Strathearn Group. These folds are in contact with a

1390

385

iroup

granite

380

migniatite

E] quartzofeldpathic gneiss
with thin psammitic layers

Curnamona

Metagreywacke with thin|
amphibolite layers

Amphibolite

~ Walter-Outalpa Shear Zone —375

Micas-albite metapelitic rpcks
(finely laminated)

Garnet-bearing metapelitic rocks with
abundant andalusite pDrPhyrobIasts

Coarse metapelites with abundant
rods of quartz and quartz veins (dark)

Strathearn Group

370

psammitic rocks

mica-chlorite metapelitiq rocks
finely laminated (tectonit facies) with (a) mylonites

4055 4060 4q65

—
]405

Fig. 4. (a) Map showing distribution of rock types in the WOSZ area. Terminology used for Strathearn Group rocks sequendeafojdid895)

The distribution of these rocks locally differs from previous mapping.éing (1995) (b) Structural maps showing the distribution of D2* and D3*
structures. Coordinate system used: WGS8. Note in sketch (c) the partitioning of deformation for B8®ahdetween the north and the south

of the field area. (d) Schematic 3-D block diagrams explaining the relationships between F2 and F3 folds in the north of the field area. In this arez
the fold interference patterns vary between (1) domains of complex geometry where the S3 fabric, axial planes of F3 folds, cross-cut at high-ang
the axial planes of pre-existing F2 folds; (2) domains of less complex geometry where the axial planes of F2 and F3 folds are nearly parallel.
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Fig. 4. (Continued)

granite pluton, which has been intensely sheared alongConor, 2004 This sequence is tectonically separated
its southern margin by a kilometre-scale, WNW- from migmatitic successions of Curnamona Group by
trending, D3 WOSZ retrograde shear zokkaiid et al., the WOSZ. Macro- and mesoscopic structures within the
2003; Dutch et al., 2005In this paper, we demonstrate WOSZ area can be described in terms of two main high-
that this shear zone also records thermal conditions andstrain ductile deformational events (D2* and D3*), with
movement history associated with the D2*/M2 tectono- strain progressively partitioned into high-strain zones
metamorphic events. The “D*” nomenclature is used to in the south part of the study area and relatively low-
relate the different structures to major changes in defor- strain areas preserved in the north. The geometry and
mation style or orientation specific to the area around the style of deformation along the WOSZ area is largely
WOSZ, but not necessarily over the entire Curnamona due to heterogeneous, non-coaxial flow. Evidence for

Province. the D1*/M1 event is poorly preserved within the shear
zone.

4. Deformation and metamorphic history of the This study uses the standard techniques of geo-

WOSZ area metric analysis (e.gHobbs et al., 1976; Hopgood,

1980; Laajoki and Tuisku, 1990n conjunction with

To the north of the WOSZH(g. 4a) is a succession  porphyroblast-matrix microstructural relationship (e.g.
of overturned aluminous pelite and psammite units that Bell etal., 1986; Vernon, 1989; Davis, 1936 evaluate
form part of the Strathearn Groupding et al., 1978; data from field locations and oriented thin sections.
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Fig. 4. (Continued).

4.1. DI*/M1I the M1 metamorphism and lies within the S2 foliation
(see alsdsibson and Nutman, 2004

The D1* structures and subsequent overprinting rela-
tionships is best recorded in the relatively low-strain 4.2. D2*%M?2 and D3*/M3 in low-strain areas
northern part of the study area and within low-strain areas
less effected by the D2* and D3* events. Andalusite- Evidence for the D2* deformation is well preserved
bearing assemblages in the Strathearn Group have beein D3* low-strain zones, including the Strathearn Group
extensively overprinted by subsequent structures relatedrocks in the north of the WOSZ area. Within the alumi-
to D2* and D3* but commonly preserve a layer-parallel nous meta-pelitic rocks, the first recognisable deforma-
foliation (S1) defined by muscovite, biotite and oxides tion event is D2*. This event is characterised by meso-
(Fig. 5a). This foliation occurs independently of any scopic reclined tight to isoclinal F2 folds. These folds
known folds and is overprinted by porphyroblasts of both are accompanied by a well-developed bedding/cleavage
potassium feldspar and garnet. Coexisting M1 phasesintersection lineation. A characteristic of this eventis the
in the meta-pelitic Strathearn Group of the WOSZ area general absence of any associated stretching lineations.
include garnet, andalusite, muscovite, biotite, plagio- The S2inthese areas is folded by a series of upright open
clase, quartzttourmaline. Small amounts of fibrolite, F3 folds so that the S2 form surfaces are dominated by
that are crudely oriented within the S1 fabric and are SW-trending and steeply NW- and SE-dipping (or ver-
crenulated during the D2* deformation, may also be part tical) attitudes. The F2 folds and associated intersection
of M1 assemblage but for the most partfibrolite post-date lineations are commonly refolded by the F3 folds (see
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garnet biotite oxides  sillimanite

-

B
USCE\%I:E ;

Fig. 5. (a) Pseudomorph of D1*/M1 andalusite porphyroblast with straight S1 fabric defined by biotite and oxides inclusions (dark) whereas same
fabrics in rock matrix have been crenulated in between the S2 planes. The crystal of andalusite has been pseudomorphed by a D2*/M2 metamorph
assemblage (i.e., garnet, sillimanite and sericite); note crystal of chloritoid which grow during later D3*/M3 event; it is oriented at high angle
with respect to the main S2 fabric of the rock. (b) Discrete S3 crenulation in the hinge of F3 microfolds; the S3 fabric is marked by the growth of
chlorite—muscovite—biotite. (c—e) D2* syntectonic garnet porphyroblasts that has overgrown the S2 fabric during general D2/M2 shearing. Note in
(c) that the S2 fabric has been strongly crenulated before being incorporated within the garnet porphyroblast. This pattern is charactesisgic of a st
simple shear at the time of the D2*/M2 event (rock sampled in a D2 tectonic lens within the Walter-Outalpa Shear Zone). This pattern differs from
(d and e), where S2 inclusions within garnet porphyroblasts lie parallel to the main S2 fabric of the rock matrix. This rock has been sampled in a
D2* low-strain area characterised by dominant flattening. In (c—e), S2 in rock matrix mainly includes biotite, muscovite, fibrous sillimanite as well
as flattened aggregates of kyanite (f). (g) Compositional variations of the garnet Clw-27 along the profile A-B (g). This garnet has been sampled in
the low-strain area. Note the small bell-shape zoning of Mn and Fe suggesting that the core of this garnet grew during a prograde metamorphisn
(h) X-ray map of the same garnet showing that the core has been statically overgrown by a (inferred) D3* garnet generation (Ca-rich rim); relative
content of Ca varying from low (dark) to high (white).
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Fig. 5. (Continued).

Fig. 6e). Microscopic evidence for a pre-S2 fabric exists opment of extensional shear bands, with horizontal axes,
in the area, although it cannot be related to an obvious that lie at <25 to the combined foliation. This suggests
mesoscopic structures. On the basis of geometrical rela-that the S2/S3 fabric elements have been overprinted by
tionships between the D2* and D3* fabrics, we have an eventin which there was a component of sub-vertical
identified in the north of the WOSZ, in the low-strain  stretching.
zone, two areas characterised by different structuralcom-  In the meta-pelitic unit, sillimanite, muscovite and
plexity (i.e., the high- and low-complexity areas). biotite are the main S2 foliation-forming elements in a
In areas of complex geometry (s€g. 4c and d), typical assemblage of quartz—alkali feldspar—plagioclase
metre- to hundreds of metres-scale tight F2 folds occur and garnet. Straightinclusion trails of the sillimanite foli-
in the aluminous meta-pelitic units. The form surfaces of ation suggests that the garnet has overgrown sillimanite
these NW-trending folds mainly follow bounding peg- (Fig. 5d). Biotite is the main fabric-forming element in
matite bodies and quartz veinsig. 4b), which do not the sub-aluminous lithologies in a typical assemblage of
contain this scale of folding. S2 and S3 are not sub- quartz—alkali feldspar—plagioclase—biotitgarnet. In
parallel and locally where they are at high angle, S2/S3 aluminous garnet-bearing rocks within some D2* low-
intersections plunge between®lt® the N and 27 to strain areas (where D1* is relatively well-preserved),
the SW. S3 is sub-vertical, indicating that the axial sur- large (<100 mm) rectangular-shaped andalusite porphy-
faces of F2 folds are steeply dipping. The axial surface roblasts are pseudomorphed by sillimanite. These por-
to D2* folds were probably originally gently dipping  phyroblasts are wrapped around by a S2 sillimanite foli-
before being steepening by large-scale D3* folds. Such ation. This assemblage records earlier D2* conditions
a conclusion is supported by the widespread develop- and suggests that uppermost amphibolite facies condi-
ment of over-turned D2 folds and nappes within the tions were attained during D2* (at 60Q and 5—6 kbar
Willyama SupergroupGlarke etal., 1986; Gibson, 2002; according toClarke et al., 198% whereas D1* condi-
Gibson et al., 2004; Forbes et al., 2004; Forbes and tions were attained at less than 4 kbar (aluminosilicate
Betts, 2004 triple point) at about 600—65@. The occurrence of
Away from areas of complex geometry, deformation kyanite—chlorite—muscovite assemblage growing after
is characterised zones of dominantly planar foliation sillimanite, both in the S2 fabric, suggest that retrograde
development. S2 parallel flattening is strong, resulting in metamorphism occurred during the waning stages of the
the development of centimetre- to metre-scale NE-SW D2*/M2 event (see below).
trending F2 recumbent folds=ig. 4c and d). Locally, D3*/M3 is characterised by the development of a
the foliation is composite foliation of S2 and S3. In areas biotite-muscovite-rich S3 foliation and the development
where S2 and S3 are sub-parallel there may be the devel-of a prominent chloritoid and chlorite porphyroblasts
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Fig. 6. D2* and D3* ductile deformations in the Walter-Outalpa Shear Zone. (a) F2 isoclinal folds folding the S1 fabric. Two generations of garnet,
growing, respectively, in the S1 and S2 fabrics, have been recognised on the field; (b) NE-SW to N-S trending F3 upright-folds bending the S2/C2

A

fabric. As for (a) this open fold has been observed in a tectonic lens of decametric scale preserving evidence of D2* high-strain shearing. (c and d
Typical examples of pervasive D3* shear zones with top-to-the-east movement direction (dextral movements). An E-W trending lineation is carried
by the S3/C3 shear-fabric. (e) Poles to F2 axial planes folded around NE-SW trending F3 folds (low-strain D3* areas) defining two great circles.
(f) L3 stretching lineation measured within S3/C3 penetrative shear bands (Walter-Outalpa Shear Zone; high-strain D3* areas).

(Fig. 5a). Most porphyroblasts are idiomorphic and roblastic aggregates of kyanite, quattgarnet Fig. ).
overgrow the muscovite fabric, but the fabric is some- Where the M3* assemblages is less strongly developed
times flattened around and encloses the porphyroblastmuscovite replaces S2 sillimanite and gently dipping F3
(Fig. 8a). The foliation is generally vertical and contains folds locally develop. Where more strongly developed, a
a steeply pitching mineral lineation defined by porphy- S3 muscovite—biotite NE-trending fabric wraps around
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metre-scale lenses of relatively unaffected S2-dominated ented sillimanite or kyanite witle-axes parallel to L2

rocks.
4.3. D2*M?2 and D3*/M3 in high-strain areas

The WOSZ contains two distinct shear-fabric types:
(1) a relatively early high-grade fabric (S2/C2); and
(2) a later retrograde fabric (S3/C3) that deflects the
early fabric. S2/C2 fabrics are preserved in metre- to

and associated with the biotite—sillimanite—garnet peak
metamorphic assemblage that defines the D2* mineral
lineation. The sillimanite and kyanite both occurs as
large porphyroblasts defining the lineation and as folded
mats that enclose garnet. The biotite displays intracrys-
talline deformation kinked and is partially replaced by
the fine sillimanite mats.

D2* high-strain zones can contain F3 folds of var-

decametre-scale zones, comparable to residual tectonidous styles: small (mm) to large (m) open to isoclinal
lenses, which have been strongly sheared at their bound-disharmonic folds with a characteristic spaced chlorite-

aries by a network of D3* shear zones.
D2* high-strain zones are characterised by a com-
bination of foliation and small-scale sillimanite-bearing

shear zones. The D2* stage is characterised by well-

rich axial surface cleavage (S3) in the meta-pelitic units
(Fig. 6b). Complex superimposed folds are also devel-
opedwhere earlier F2 folds lie oblique to the near vertical
east—-west-trending S3 foliation, giving Type 2 interfer-

developed shear planes and by the steeply dipping S2ence patternsRamsay, 196) Preserved within zones

foliation. Corresponding deformation patterns may be

of D2* high-strain are recurring muscovite—chlorite-

described as ductile syn-foliation S2/C2 shear bands bearing shear zones that are characterised by an appar-

(Berthe et al., 1979 which correspond to Type-l C-S
bands ofLister and Snoke (1984)he angle between
the C2 and S2 planes is usually low (typically’6%5°).

The S2/C2 is either parallel to axial planes of F2
folds (Fig. 6a) and deforms an earlier S1 foliation,
or corresponds to a composite surface resulting from

ently simple planar foliation and a shallow°{25")
pitching stretching lineation. These S3/C3 fabrics are
associated with sub-horizontal displacements but in
some cases, involve vertical offsets that are difficult to
evaluate.

D3* high-strain zones constitute a kilometric-scale

transposition of S1. In the latter case, S1 is preserved network of S3/C3 shear fabrics characterised by a com-

in microfolds within S2/C2 defined microlithons. F2
folds axes are sub-horizontal and NW-SE to E-W

bination of planar foliations, prominent elongation and
mineral lineations that trend either to the NE-SW (in

trending. Shear bands and S2/C2 fish-like structuresthe western portion of the study area) or to the ENE

always indicate a top-to-south movement (north-side-
up). A steeply plunging mineral and stretching lin-
eation is ubiquitous on C2 and S2 planes. This lineation

to E-W (in the eastern and south portions). These lin-
eations are contained in steep {800°) south dipping
foliations (ig. 4b). Likewise, the mineral or elongation

is defined by elongated quartz grains or a stretched lineation (L3;Fig. &) and the F3 parasitic folds are co-

sillimanite—biotite—muscovite—chlorite fibrous associa- linear and consistently plunge shallowly to the east or
tion. Sillimanite is the dominant S2/C2 fabric element the west Fig. ). Parasitic folds and asymmetric exten-
in the aluminous meta-pelite units. Nevertheless, the sional shear bands indicate that the deformation was
occurrence of kyanite—chlorite—muscovite assemblage in response to dextral, northeast-directed transpression.
growing after sillimanite in the S2/C2 fabric (as a The®3 tectonic contacts mapped Big. 4b correspond
syn-kinematic minerals association) suggests that theto strong concentrations of S3/C3 shear bands together

D2*/M2 event records a part of retrograde metamor-
phism. In the sub-aluminous psammitic rocks, biotite
is the fabric element in the D2* high-strain zones. In
the less-strain D2* zones of meta-pelitic units within
the WOSZ, sillimanite occurs as felted mats that are
up to 10 mm across. These are intergrown with por-
phyroblastic biotite. With increasing D2* strain, D1*
andalusite and biotite are variably folded as an open
crenulation cleavagd-{g. 5a), until a new spaced silli-
manite @-kyanite) foliation is developed. This foliation

with appearance of mylonitic fabrics. In these mylonitic
®3 zones, the mesoscopic fabric is sometimes defined by
transposed layers of various rock-types, strongly inter-
leaved with each other. In the muscovite—garnet-bearing
migmatites, the S3/C3 fabric is dominated by a promi-
nent foliation with a strong linear component. Numerous
small (10 mm) to large (tens of metres)-scale, tightto iso-
clinal parasitic folds occur, with axes that are co-linear
with the chlorite—staurolite mineral and elongation lin-
eation. In some instances the D3* strain is partitioned

is generally flattened around the garnets, and may bearound igneous bodies of granite outcropping in the

at a high-angle to the D1* inclusion trails of silliman-
ite within them Eig. 5a). In the D2* high-strain zones,
there is a well-developed fabric, defined by strongly ori-

WOSZ. Such bodies are cross-cut by fracture planes
(mm spacing) and there is very localised development of
S3/C3 fabrics in biotite-rich portions of the shear zones.
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These S3/C3 fabrics are associated with sub-horizontalthe P-T equilibrium condition of a given paragenesis to
displacements but in some case, involve vertical offsets be calculatedvidal and Parra (2000)lustrated that the
that are difficult to evaluate. multi-equilibrium approach can be used to estinfa&

The D3*/M3 shear event in the WOSZ area may be conditions from the composition of co-existing chlorites
equivalent to the kyanite- and staurolite-bearing shear and phengites. Since then, the thermodynamics of these
zones such as the Thackaringa-Pinnacles shear zone thgthases has been reworkeddal et al., 2001; Parra et
developed before 1570 M&{evens, 1986but could be al., 2003 and numerous natural studies indicate that the
younger, possibly Delamerian structur@ac(ker, 1972; method has a good potential to constrain a continuous
Dutch et al., 200p It is noteworthy that the axial traces P-T evolution for meta-pelitic rocks metamorphosed at
ofthe F3 folds orfig. 4a appear to rotate into parallelism 300 <7< 550°C using a limited number of rock samples
with the shear zone to the north, suggesting that shear(e.g.Vidal and Parra, 2000; Trotet et al., 2001a, b; Bosse
zone activity continued late into the D3* deformation or et al., 2002; Rolland et al., 200&hd Ganne et al., in
during later deformation events. Structural studies (e.g. pres$. From these studies of natural samples, it appears
Bottrill, 1998) have nevertheless shown that some of the that:

WOSZ are truncated at the base of the Neoproterozoic-

aged Adelaide Rift Complex cover successions, and - At temperatures <550°C, equilibration of chlorites

therefore, must predate the deposition of these Neo-
proterozoic sediments. Nevertheless, in other part of
the Curnamona Provincéaing (1969)and Lishmund

(1982) showed that many of the so-thought D3 shear

and phengites with varying pressure and temperature
is controlled by crystallization/recrystallization pro-
cesses rather than by changing the composition of the
other grains by lattice diffusion (se&/rley et al.,

1997. Equilibrium is therefore achieved only locally.
- New grains nucleate in specific parts of rock, the loca-
tion of which is controlled by the deformation pattern
atthe microscopic scale. There is a strong link between
deformation and the shape and size of the domains in
local equilibrium.
ContrastingP-T conditions caused by different local
equilibria achieved in different parts of the same thin
section and at different times can be calculated from
the same thin section.
The relative time of growth of phyllosilicates can in
many instances be determined using microstructural
criteria.

zones disrupt the Adelaidean cover sequences.

4.4. D2%*/M?2 and D3*/M3 stain partitioning:
insight from high-resolution P-T paths

In recent years, the estimation of the thermobaro-
metric evolution of metamorphic rocks has been greatly -
improved. In particular, energy minimizing approaches
(De Capitani and Brown, 198%ee alsoPowell and
Holland, 1994 leading to the construction of increas-
ingly more realistic and accurate petrogenetic grids and -
pseudo-sections grids, which are a powerful tool to con-
strainP-T evolutions. Such petrogenetic grids can effec-
tively predict the evolution of the rock mineralogy as
well as the abundance and composition of phases with
evolving P and 7T, and for a fixed bulk rock compo- 13) and low-strain zones (Clw-14) were chosen. Their
sition (e.g.Powell and Holland, 1994r Meyre et al., mineral assemblages were analysed to determin@he
1997. However, these methods have several limitations, conditions prevailing during the D2*/M2 and D3*/M3
such as: (1) the knowledge of the bulk composition of events. Samples were analysed on a CAMEBAX SX-50
the reacting systems might be different from that of microprobe, at the University of Melbourne. Counting
the bulk rock Marmo et al., 200R (2) the ability to times were 15-30s on peak and 5-30s per element on
identify a suite of stable mineral assemblages in the background depending on concentrations. The acceler-
natural samples (some of the early phases may have comating voltage was 15 kV and the beam current 20—25 nA.
pletely disappeared); and (3) the thermodynamic prop- Natural silicates were used as standards. Only a few
erties of all end-members and solid solution models for selected analyses are given in this paper for reference
all phases of variable composition must be known pre- (Tables 3 and ¥ The entire database is available upon
cisely. In order to avoid these problems, a complemen- request.
tary approach, such as the multi-equilibrium calculation ~ JG-13 is a chlorite-bearing schist strongly deformed
approachBerman, 1991see alsd?owell and Holland, in aD3* mylonitic shear zone. Thin section analysis indi-
1994 can be used. This approach is less sophisticated cates that most of the phengitic micas formed during the
since it does not predict which minerals are stable for D3* stage. Several relicts of S2 assemblages preserved
fixed P, T and system composition. However, it permits as microlithons were also analysed.

Two samples, representative of the high-strain (JG-
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Table 3
Chemical composition of chlorites analysed in the D2* and D3* fabrics (sample JG-13)
Fabric Chlorite sample
JG-13
341 621 671 681 691 701 711 721 731 741 751 761 771 781 791 801 2211 361 371 501 511 521 541
S3 s3 03 S3 s3 S3 S3 S3 S3 s3 S3 S3 S3 S3 S3 S3 s2 S2 S2 S2 S2 S2 s2
SiO, 24.43 27528 26.269 24.245 24738 24.882 24537 24.483 2585 24118 24.402 24.106 24.806 24.52 24261 24.681 24.699 24.734 25037 24.515 ©3.90%.322.6
TiOy 0.0428 0.0678 0.0682 0.0602 0.0941 0.0404 0.0584 0.0774 0.0553 0.0875 0.0875 0.0654 0.1034 0.0958 0.1131 0.1004 0.053 0.0959 0.0601 0.076408D/088B0725
Al,03 22.387 24389 2251 22436 22554 23129 22.614 22701 23.381 22573 22504 22.578 22.828 22.895 22.616 23.134 22.802 22.957 22.731 22.406 .7@2.6DR.9TR
FeO total 24241 21646 21.697 23.994 24.269 23.667 23.955 23901 22.655 23.486 24.018 23.961 23.722 24.441 24.052 24.142 23.748 2445 24.07B4.093.8583.676 23.958
MnO 0.669 05021 05152 0.6484 05715 05019 05728 05215 0.6098 0.5343 0.64 0.6486 05397 0.6423 0.699 0.675 0.5636 0.6242 0611 0549  0.5400.578833
MgO 1522 12.867 13386 15385 15187 15012 15645 15419 13.925 15269 16.082 1559 15342 15462 15619 15639 152 15639 1502 15464 183.3415.668. <
Ca0o 0.0015 0.0082 0.0015 0.0015 00018 0.0224 00054 00236 0.0082 00015 00126 00179 0.0352 00015 0018 00015 002 0029 0.0108 0.00150082001500T6
NapO 0.007  0.0574 00422 00069 00194 00233 0.0444 0003 00221 0044 00083 0.003 00069 0.0031 0003 0003 00097 00167 0003 0003 0.0513 3T0003
K20 0.0057 0.0526 0.4353 0.0105 0.0202 0.0259 0.0394 0.0065 0.0098 0.0348 0.0014 0.0014 0.0016 00122 0.0014 0.0014 0.0123 0.031 0.0389 0.01530041029200%57 =
Cr03 0.0016 0.0333 0.0016 0.0016 0.0261 0.0326 0.05690 0.0231 0.0016 0.0016 0.0228 0.0195 0.0016 0.0016 0.0426 0.0016 0.0016 0.0132 0.0718 0.013.026400XBOLBL &
Q
Total 87.004 87.118 84.924 86787 87454 87.304 87469 87.136 86516 86147 87.757 86.972 87.385 88072 87.382 88.377 87.108 88576 87.586 6BB.8837.008 88.661 -
o
Oxygen 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 8
Si 25002 2832 28011 25751 26051 26118 25818 25837 27133 25736 2562 25552 26046 25674 25597 25691 26033 2.5735 26269 25953602545R6235 £
Ti 0.0034 00052 0.0055 00048 0.0075 0.0032 00046 0.0061 0.0044 0007 0.0069 0.0052 00082 0.0075 0.009 0.0079 00042 0.0075 0.0047 0.00610069070.0086
Al 27975 29572 2.8289 2.8085 27992 2.8612 2.8043  2.8234 2.8925 2.8389 2.7846 2.8205 2.8248 2.8253 2.8123 2.8382 2.8325 28151 2.8108 29958.832B372.8003 &
AV 1.4064 11627 11935 14201 13875 1385 14136 14102 12823 14194 14311 14396 13873 14251 14313 1423 13925 1419 13684 13986 L7447B370839 =
AlVi 1.3911 1.7944 1.6355 1.3884 1.4117 14762 13907 14132 1.6102 14195 1.3535 1.381 14375 14002 1381 14152 144 13961 14425 1397 1.3905429543935’
FeT 21496 1.8625 1935 21315 21375 20778 21081 21096 1.9889 20961 2109 21242 20832 21404 21225 21019 20935 21277 21127 2.112608%W145B072 ]
Fe* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3
Mn 00601 00438 00465 00583 0051 00446 0051 00466 00542 00483 00569 0.0582 0048 0057 00625 00595 00503 0055 0543 00492 0B488.050D56 =
Mg 24056 19734 21279 2436 23841 23491 2454 24257 21789 24289 25171 24635 24014 24136 24568 24268 23884 24257 23494 2.4405388435B41%2 X
Ca 0.0002 0.0009 0.0002 0.0002 0.0002 0.0025 0.0006 0.0027 0.0009 0.0002 0.0014 0.002 0.004 00002 0002 00002 0.0023 0.0032 0.0012 0.000200@R00GR00@
Na 00014 00114 0.0087 00014 0004 00047 0.0091 00006 00045 0.0091 0.0017 0.0006 0.0014 0.0006 0.0006 0.0006 0.002 0.0034 0.0006 0.0006008E01IBO0B4 S
K 0.0008 0.0069 0.0592 0.0014 0.0027 0.0035 0.0049  0.0009 0.0013 0.0047 0.0002 0.0002 0.0002 0.0016 0.0002 0.0002 0.0017 0.0041 0.0052 0.002100060040.0008 &
R2 46153 38796 4.1094 4.6258 45726 44715 46132 45818 42221 45733 4.683 46450 45326 4.6109 4.6417 45882 45322 4.6084 45164 4.602353H630853%
T
Total 6.0088 56933 5813 6.0173 59912 59585 6.0185 59992 5839 6.0069 6.0398 60297 59757 6.0136 6.0256 6.0043 59781 6.0152 5.9659 602297683 59742 Y
Reste 46778 3.9426 4.2241 4.6872 4.6304 45269 4.6780 4.6326 4.283 4.6356 4.7432 4707 45861 4.6703 4.707 4.6487 4.5884 4.6741 45777 BE54M594.6931.595
Vac -0.009 0.3067 0.187-0.017 0.0088 0.0415-0.018  0.0008 0.161-0.007 —0.04 —0.03  0.0243-0.014 —0.026 —0.004  0.0219-0.015  0.0341-0.002 —0.036  0.0232 0.0258
In (Fe/Mg) -0.113 —0.058 —0.095 —0.134 -0.109 -0.123 -0.152 -0.14 -0.091 —0.147 —0.177 —0.148 -0.142 —0.12 -0.146 —-0.144 -0.132 -0.131 -0.106 —0.144 —0.127 -0.134 —0.153
T(°C)estimates ~ 394.7 317.4 32691 398.89 388.68 387.79 396.69 39569 355.28 398.55 402.07 405 388.36 40059 402.37 399.75 390.11 398.57 382.61 391.96 407.6383.089.85
(Jowett. 1991)
Xmg 05281 05145 0.5237 0.5333 0.5273 0.5306 0.5379 05348 05228 0.5368 0.5441 0537 0.5355 053  0.5365 05359 05329 05327 05265 0.536 O4531B5382533
Selected analysis for 8 11 12 6 14 13 4 15

P-T estimates (see

Fig. 8a)

Abbreviations and parameters used at the bottom of the table are detaiigidliand Parra (200gndParra et al. (2002)

©
=}



Table 4

Chemical composition of white micas analysed in the D2* and D3* fabrics (sample JG-13)

Fabric Phengite sample

JG-13

38 39 40 42 83-1 84-1 89-1 91-1 105-1 142-1 150-1 151-1 152-1 153-1 106-1 107-1 108-1 109-1 122-1 127-1 128-1 129-1 132-1

S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 S2 S2 S2 S2 S2 S2 S2 S2 S2
Si0y 47.349 47.559 47.028 47.019 48.143 47.313 47.876 47.896 47.6 47.37 45777  46.822 45694 47.688 47.704 46.837 47.509 48.176 46.75 46.88 47.429 46479838
TiOp 0.3446 0.3723 0.3151 0.361 0.4206 0.3601 0.4135 0.3736 0.4221 0.4666 0.4236  0.407 0.3562 0.4927 0.332 0.3696 0.3794 0.3622 0.3031 0.3297 0.3945 0.2947
Aly03 35.182 36.179 35.728 37.006 35.615 36.325 35.827 35.638 35.273 36.645 34.797 36.318 34.857 37.866 35.948 35.948 35.911 35.643 35.811 35.532 5367862 35314
FeO total 2.8285 27183 3.0221 2.7444 3.11 2773 29123 2.8382 3.0002 2.3022 29184 2.6329 2.837 1.3882 2.7543 2.816 2.7868 3.0766 2.788 29M6  2.8%68 2.7459
MnO 0.7348 0.6899 0.771 0.6153 0.8126 0.6998 0.8024 0.8442 0.8715 0.5828 0.9309 0.5765 0.7266 0.4283 0.7916 0.6774 0.6706 0.7665 0.7106 0.786  0.038F 0.7294
MgO 0.0387 0.0016 0.0028 0.0016 0.0016 0.0016 0.0028 0.028 0.0361 0.0056 0.014 0.0556 0.0166 0.0016 0.036 0.0016 0.0016 0.0016 0.0016 0.0223 .00ZB56  0.0249
Ca0O 0.0016 0.0133 0.0028 0.0268 0.0016 0.0016 0.0016 0.0058 0.0016 0.0016 0.0016 0.0016 0.0038 0.0016 0.0152 0.0016 0.0016 0.0016 0.0016 0.0616 0.@Q6 0.0016
NayO 1.2968 1.072 0.7882 1.2583 0.9907 0.8564 0.6676 1.1385 0.5697 1.1321 0.6576  0.764 1.1633 1.1406 0.9258 1.2827 1.0304 0.9228 1.2422 1.0548 1.101
KoO 9.2311 9.012 9.7054 9.1314 9.4381 8.7329 9.7582 9.1425 9.6687 9.4459 9.7873  9.6019 8.8263 9.0833 9.6957 9.2086 9.6191 9.6547 9.2574 9.2681 9.2051
FeO 1.4143 2.7183 3.0221 2.7444 3.11 2.773 2.9123 2.8382 3.0002 2.3022 29184 26329 2.837 1.3882 1.3772 2.816 2.7868 3.0766 2.788 2.9116 2.8881 2.7482 <
Fe,O3 1.4143 0 0 0 0 0 0 0 0 0 0 0 0 0 1.3772 0 0 0 0 0 0 0 0 )
F 0 0 113 0.531 0.702 0.098 0.098 0.244 0.326 0.424 0.975 0.39 0.39 0.39 0 0 113 0.531 0.702 0.098 0.098 0.244 O.%ﬁ
Total 97.007 9761.7 9736.3 9816.4 9853.3 9706.4 9826.2 9790.5 9744.3 9795.1 9530.7 9718 9448.1 9809 98.202 9714.2 9790.9 9860.5 9686.5 9677.3 97#E03.6 96814 g

o}
Si 3.0999 3.0901 3.0822 3.0443 3.1123 3.085 3.1033 3.1096 3.1127 3.0691 3.0734 3.0639 3.0776  3.059 3.087 3.0698 3.0902 3.1138 3.0736 3.0855 30088 3.6748 &-
Ti 0.017 0.0182 0.0155 0.0176 0.0204 0.0177 0.0202 0.0182 0.0208 0.0227 0.0214 0.02 0.018 0.0238 0.0162 0.0182 0.0186 0.0176 0.015 0.0163 0.0¥B8 0.0DB ;
Al 2.7146 2.7704 2.7598 2.8239 27135 2.7915 2.7369 2.7269 27184 2.7982 2.7534  2.8009 27669 2.8626 2.7416 2.7768 2.753 2.7151 27748 27562 223869 2.781 N
Al 'V. 0.8832 0.8917 0.9022 0.9381 0.8673 0.8974 0.8766 0.8722 0.8665 0.9081 0.9052 0.9161 0.9044 0.9173 0.8969 0.912 0.8912 0.8686 0.9114 0.8982 879632 0.9107 g
AV 1.8315 1.8787 1.8576 1.8857 1.8463 1.8941 1.8604 1.8548 1.8519 1.8901 1.8482 1.8848 1.8626 1.9454 1.8447 1.8648 1.8618 1.8466 1.8634 1.858 468426 1.8703 N
Fe* 0.0774 0.1477 0.1657 0.1486 0.1682 0.1512 0.1579 0.1541 0.1641 0.1248 0.1639 0.1441 0.1598 0.0745 0.0745 0.1544 0.1516 0.1663 0.1533 0.1603 168895  0.1609 i‘:
Fe3* 0.0697 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0671 0 0 0 0 0 0 0 0 §
Mn 0.0407 0.038 0.0428 0.0337 0.0445 0.0386 0.0441 0.0464 0.0483 0.032 0.0529 0.032 0.0415 0.0233 0.0434 0.0376 0.0369 0.042 0.0396 0.0431 041EB8  0.04D6 =
Mg 0.0038 0.0002 0.0003 0.0002 0.0002 0.0002 0.0003 0.0027 0.0035 0.0005 0.0014  0.0054 0.0017 0.0002 0.0035 0.0002 0.0002 0.0002 0.0002 0.0@22  0.00WEBL 0.0024 a
Ca 0.0001 0.0009 0.0002 0.0019 0.0001 0.0001 0.0001 0.0004 0.0001 0.0001 0.0001  0.0001 0.0003 0.0001 0.0011 0.0001 0.0001 0.0001 0.0001 0.0201  0.@D0QO 0.0001 g
Na 0.1646 0.135 0.1002 0.158 0.1242 0.1083 0.0839 0.1433 0.0722 0.1422 0.0856  0.0969 0.1519 0.1419 0.1162 0.163 0.1299 0.1156 0.1583 0.1346 52293  0.1403 3
K 0.771 0.747 0.8115 0.7542 0.7784 0.7264 0.8069 0.7572 0.8066 0.7808 0.8383 0.8016 0.7584 0.7433  0.8004 0.77 0.7982 0.7961 0.7765 0.7782 0.3%1 0.071% i
Sum oct 2.0231 2.0646 2.0663 2.0682 2.0591 2.0842 2.0626 2.058 2.0678 2.0474 2.0664 2.0663 2.0655 2.0433 2.0332 2.057 2.0505 2.055 2.0565 2.0636 2.0588 2.0642 &
Vac 0.9769 0.9354 0.9337 0.9318 0.9409 0.9158 0.9374 0.942 0.9322 0.9526 0.9336  0.9337 0.9345 0.9567 0.9668 0.943 0.9495 0.945 0.9435 0.9364 948375  0.9858 ~
Fe+Mg+Mn 0.122 0.1858 0.2087 0.1825 0.2128 0.19 0.2022 0.2032 0.2159 0.1573 0.2182 0.1815 0.2029 0.0979 0.1214 0.1921 0.1887 0.2084 0.193 02955 0.0948 0.1939 8
Ox 8.2119 8.1476 8.1859 8.1383 8.1915 8.1256 8.1726 8.2165 8.2235 8.128 8.202 8.208 8.1909 8.0385 8.1932 8.1683 8.1722 8.1968 8.1769 8.2076 871837 8.8978 a
Alcalin 0.9357 0.883 0.9119 0.9141 0.9027 0.8348 0.8909 0.901 0.8789 0.9231 0.924 0.8986 0.9106 0.8853 0.9176 0.9331 0.9283 0.9119 0.9349 0.9329 0®@075 0.9119 :
Prl=+1-alcalins 0.0643 0.117 0.0881 0.0859 0.0973 0.1652 0.1091 0.099 0.1211 0.0769 0.076 0.1014 0.0894 0.1147 0.0824 0.0669 0.0717 0.0881 08651 00845 0.0925 0.0881 |Q
Tri=+1-vac 0.0231 0.0646 0.0663 0.0682 0.0591 0.0842 0.0626 0.058 0.0678 0.0474 0.0664 0.0663 0.0655 0.0433 0.0332 0.057 0.0505 0.055 0.0565 006836 0.0549 0.0642 E
Cel= 0?2+ —3*ri) 0.0527 —0.008 0.0098 —0.022 0.0355 —0.062 0.0145 0.0292 0.0125 0.0151 0.019-0.017 0.0065—0.032 0.0218 0.0212 0.0372 0.0434 0.0236 0.0149 0.0124 0.03 0.0014
Muscovite 0.8368 0.8266 0.8358 0.8686 0.8081 0.8131 0.8139 0.8139 0.7987 0.8606 0.8387  0.8497 0.8387 0.8739  0.8406 0.8549 0.8406 0.8135 0.8819 0.88% 0.8226 0.8464
Total 0.9768 1.0003 1.0001 1.0006 1 1 1 1.0001 1 1 1 1 1.0001 1 0978 1 1 1 1 1 1 1 1
XK 0.8241 0.8469 0.8901 0.8268 0.8624 0.8703 0.9058 0.8409 0.9178 0.8459 0.9073 0.8921 0.8331 0.8397 0.8733 0.8253 0.86 0.8732 0.8306 0.8525 0.226 0.84862
In (Fe/Mg) 3.0205 6.8598 6.4061 6.8693 6.9944 6.8797 6.3691 4.0408 3.8422 5.4409 4.7618 3.2797 45631 6.1878 3.0663 6.8951 6.8847 6.9836 6.8831 446981 6.3393 4.125
Ag R

Pa 0.1759 0.1529 0.1098 0.1728 0.1376 0.1297 0.0942 0.1591 0.0822 0.1541 0.0926 0.1079 0.1668 0.1602 0.1266 0.1747 0.14 0.1268 0.1694 0.1474 1B174 0.1538
Tri 0.0231 0.0646 0.0663 0.0682 0.0591 0.0842 0.0626 0.058 0.0678 0.0474 0.0664 0.0663 0.0655 0.0433 0.0332 0.057 0.0505 0.055 0.0565 0.0636 0DER5  0.0642
TWM 0.0578 0.0572 0.0585 0.0533 0.0651 0.0564 0.0643 0.0651 0.0692 0.0548 0.0744  0.0521 0.0598 0.0472 0.0607 0.0559 0.0556 0.0597 0.0547 0.068B5  0.06B 0.0553
Ms 0.6327 0.6655 0.7187 0.6985 0.6444 0.6938 0.6982 0.6307 0.6947 0.6767 0.7169 0.7363 0.6603 0.6864 0.6958 0.6634 0.6773 0.6647 0.6726 0.6752 0.62688 0.6873
Cel 0.1515 0.0999 0.0898 0.0449 0.1386 0.0748 0.1251 0.1345 0.1347 0.0992 0.1027  0.0696 0.0896 0.0865 0.1295 0.0869 0.1138 0.136 0.0867 0.0877  0.D2B91 0.0803

97.497 99.895 99.835 99.896 99.908 99.897 99.829 98.272 97.9 99.568 99.152  96.373 98.968 99.795 97.606 99.899 99.898 99.907 99.898 98.653 982303 989909
Selected analysis 8 11 12 6 13 3 10 2

Abbreviations and parameters used at the bottom of the table are detaiigidlimnd Parra (200gndParra et al. (2002)

<9
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Clw-14 is a meta-pelite that contains remnant pseu-
domorphed andalusite porphyroblasts extensively over-
printed by D2* and D3* structures. Clw-14 preserves
a layer-parallel foliation (S2) defined dominantly by
muscovite, chlorite and biotite. Small crudely oriented
crystals of kyanite formed after sillimanite and lying
within the S2 fabric were crenulated during the D3*
deformation. Coexisting M2 phases in the S2 fabric
include garnet, plagioclase and quartz. The S2 foliation
is axial planar to a metric-scale F2 fold that has been
weakly refolded during D3*. S2 is locally overprinted
by a discrete fabric (S3) defined by chlorite, muscovite,
biotite+ porphyroblastic chloritoid.

4.4.1. Mineral composition

Only analyses conforming to the chemical crite-
ria listed in Vidal and Parra (2000)were retained.
These are (1) chlorite analyses showing more than 0.5%
(N&O + K0 + CaO); mica analyses showing more than
0.5% (MnO+TiO2+Cl) were rejected; (2) only the
compositions that could be expressed as a linear com-
bination of the following end members were retained:
(Fe, Mg)-amesite, clinochlorite, daphnite and sudoite for
chlorites, and (Fe, Mg)-celadonite, muscovite, parago-
nite, pyrophyllite and for white micas. Calculation of
structural formulae and chemical parameters (4%)Si
for chlorite and white micas follow théidal et al. (2001)
solid solution models. Structural formulae were calcu-
lated on the basis of 14 oxygens for chlorite and 11 for
micas. Chlorite inthe D2* fabric show§,g values rang-
ing from 0.48 to 0.57 and from 0.5 to 0.62 in the D3*
fabric (Table 3. These compositional changes probably
result from equilibria between chlorite, biotite and white
micas Fig. 7a). Note also irFig. 7b that these equilib-
ria are controlled by the chemical compositions of the
rocks. The maximum celadonite content of white micas
ranges from Si* = 3.00-3.21 an&re values vary from
0.85 to 0.95 Table 4. Following the classification of
Rieder et al. (1998)such micas range in between the
chemical domains of muscovite and phengite. A gen-
eral term of ‘phengite’ has been chosen in this paper.
The most substituted phengites were found in the D2*
fabric. Their S#* contents ranges from 3.04t0 3.19. Syn-
kinematic phengites, with 3.05 <’8i< 3.21, that define
the two fabrics (S1 and S2) are sometimes interlayered
with biotite and paragonite. The phengites associated
with the D3* shear zones are characterised by very low-
Si** contents (3.00< $f <3.1).

4.4.2. P-T estimates
Preliminary temperature estimates obtained with the
empirical geothermometer afowett (1991)show the
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Fig. 7. Compositional variations of the S2 and S3 chlorites, phengites
and biotite in a Mg/Si vs. Fe/Si diagram. Samples Clw-14 and JG-13
are described in the text. JG-27 has been sampled in a D2 tectonic lens
of micashist within the Walter-Outalpa Shear Zone (B&p 5c). (a)

Note the chemical equilibrium of the chlorite—phengite—biotite assem-
blage along the Mg/Fe vector (dotted grey line) with depletion of
Mg and Fe for chlorite during the D3*/M3 retrograde metamorphic
event (black arrow). This chemical depletion is correlatively associ-
ated to an increase of Mg and Fe in S3-phengites. WR: whole rock
analysis.

D2* and D3* chlorite—phengite in equilibria at approx-
imately 400°C (Table 3. More accurate calculations
were performed with the TWEEQ and Intersx soft-
wares Berman, 199}, assuming a water activity equal

to unity. Following this procedureP—T estimates for

the albite—chlorite—white micas and quartz paragene-
sis were calculated. Among the initial set of analyses,
we only retained those corresponding to chlorite—white
micas pairs in contact, in apparent equilibrium (habit
and texture), involved in the same microstructures and
interpreted to have crystallized at the same time. A fur-
ther selection of the analyses was made on the basis of
the chemical criteria detailed Midal and Parra (2000)
aimed at rejecting contaminated analyses. The error bars
on Fig. 8 and b are proportional to the scattering of
the intersection points among all the equilibria that can
be calculated from the five-components solid solution
model for chlorite and from the six-component model
for K-white mica (seeBerman, 1991; Vidal and Parra,
2000for details). The uncertainty on tiRe-T estimates is



J. Ganne et al. / Precambrian Research 143 (2005) 50-74 67

| Pio)

81 (sacy) 1A T,
% ?

Teo

T
350 400 450 JG-13

B
f
\m{
\ o
4.‘4
NA -+
>
Ny
\
\
\
\
\
1

- i Chl-white micas
Equilibria ——_]

Tee
T T T
350 400 450 Clw-14

Fig. 8. Propose&-T paths for the D2*/M2 and D3*/M3 events. Tweeq estimates performed on retrograde D2* and D3* chlorite—mica assemblages,
and taking into account real mineralogical composition (see chemical andlgbiss 3 and ¥ are presented on the two other grids (a and b). The

P-T paths corresponding, respectively, to D2*/M2 (post-peak of metamorphism) and D3*/M3 retrograde events in the high-strain (JG-13, a) and
low-strain areas (Clw-14, b) are strongly consistent. They suggest for the D2*/M2 event a cooling decompression followed by heating at decreasing
pressure during D3*/M3. This is additional evidence to link D2* and D3* simple shears fabrics observed in the south of the WOSZ area with D2*
and D3* folds and related-planar fabrics observed in the north. The sifilaevolution proofs that the structural evolution of the WOSZ area has

been dominated by strain-partitioning during the two events.

probably less than 1 kbar, 3C (Vidal and Parra, 2000;  (iii) the mineral compositions used for the calculation

Trotet et al., 2001 do not record the stable composition because the
mineral have been re-equilibrated by diffusion dur-
4.4.3. P-T path ing the retrograd®-T path (it may be the case for
As a whole, the results obtained sample JG-13 sample Clw-14).

and Clw-14 are in good agreement. They suggest for

the D2*/M2 event a near-isobaric decompression fol- 5. Discussion

lowed by heating at decreasing pressure during D3*/M3.

This peak of temperature at the time of the D3*/M3  5.1. Tectono-metamorphic evolution of the WOSZ

event is consistent with the observations/dfson and area

Powell (2001)or the Southern Cross area (Broken Hill

Domain). Unexpectedly, some D2* and D3* assem- Progressive localisation of strain within the high-

blages yielded small different pressure and/or temper- grade rocks in the southwestern part of the Willyama

ature estimates with respect to the retrogrBd€ path Supergroup has resulted in the formation of a kilometric-

(seeFig. &). This discrepancy may indicate either: scale shear zone (WOSZ) of highly strained D2* and D3*

fabrics, separated by less strained zorégs. 4b and R
(i) the selected phases used for the calculation are not  In the high-strain zones, D2* and D3* form sub-

in equilibrium; planar and anastomosing networks of apparently simple

(i) available thermodynamic data are not well- S-—L tectonite fabrics associated with sub-vertical shear-
constrained for the considered mineral assemblage;ing for D2* (north-side-up) and sub-horizontal shearing
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D2* nappe contact side-up dip-slip displacement and recumbent folds are
preserved.

The D2*/M2 event is characterised by the growth of
biotite—sillimanite—quartz—muscovite—plagioclase—Kf
with garnet in meta-pelites, formed at about 6@0and
5-6 kb Clarke et al., 1986 D2*/M2 was coeval with
the peak metamorphic conditions within the Strathearn
Group. The occurrence of kyanite—chlorite—muscovite

D2* event

L2 lincation

SW’ I

Strathearn Group @ assemblage after sillimanite in the S2 fabric suggest that
D3* event NW nctapeliles) the D2*/M2 peak of metamorphism has been followed
‘ by a stage of retrograde metamorphism enhanced by

the retrograde D3*/M3. D3*/M3 is characterised by the
growth of chloritoid—muscovite—chlorite staurolite
across a muscovite fabric at about 48Dat 3—4 kb.

We have shown that the kinematic of each sepa-
rate deformation phase D2* and D3* was the same in
areas of high and low strain from which we infer that
the structures correspond to the same two evéniis.
paths established in the high- and low-strain zones of
the WOSZ area are also similafig. 8a and b). This
similarity further supports the conclusion that D2* and
D3* structures preserved in the WOSZ in the south are
related to those in the low-strain domain in the north (i.e.,

relics of D2* fabric preserved

in tectonic boudins fOId deVelOpmentS) .

D3* event

\ ~ 5.2. High-strain shear zones: strike-slip or thrusts

It has previously been recognised that high-grade
shear zonesGustafson et al., 195@lisrupt the Curna-
mona stratigraphy and it was the later work, stimulated
by Hobbs et al. (1984that identified fold style changes
across majors shearslarjoribanks et al., 1980 Many
of the shear zones are regarded as being associated with
thrusting of the sequencévi@rjoribanks et al., 1980;

~ : (© Hobbsetal., 1984; White etal., 1995; Gibson etal., 2004
%, Gibson and Nutman, 2004; Forbes et al., 2004; Forbes
‘ and Betts, 2004 The structural model oflarke et al.
(1986) suggests a series of major north—east trending

e . - . D2 nappes accompanied the high-grade metamorphism,
ing inversion of original D2* likely-nappe geometry by structures of hich folded b ight D3 folds. Th .
D3* age. (a) The D2* nappe-forming event was originally partitioned whic _Were rerolde y uprlg t olds. _e S_tratl'
between simple shear (related-thrusts) and flattening; the vergence ofgraphic and structural mapping Gfbson (2002)in dif-
the D2* thrusting was probably toward the NW, as discussed by previ- ferent portions of the Willyama Supergroup in the Olary
ous authors (see text). (b and c) Evolution of the D2*-nappes refolding Domain, has produced Strong evidence to Support the
during the D3* _event. Note _the re-using of the D2*-nappe contact as a existence of such nappes. Howewaijson and Powell
D3* transpressional tectonic feature. . . .
(2001) challenged the interpretation of high-grade D2
structures and reinterpreted the Broken Hill Block as
for D3* (transpressive dextral movements). D3* strike- a series of discrete D1 packages, separated from their
slip movements are localised in sites of pre-existing neighbours by high-angle D2 strike-slip faults.
D2* high strain. In contrast low-strain zones preserve  The results presented here suggest that deformationin
important folds and flattening foliations associated with the WOSZ included both, an early D2*phase where high-
both D2* and D3*. In these areas there are complex strain zones accommodated thrust/nappes development,
fold interference patterns; however, early D2* north- and a later D3* phase where earlier formed thrusts were

L3 lineation ~

Fig. 9. Sketchs of the tectonic evolution of the WOSZ area show-
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reactivated as strike-slip faultBi¢. 9. The WOSZ area  and D3* may be applicable to other regions in the Cur-
has been intensively deformed by a heterogeneous D2*namona Province.
nappe-forming event, involving a combination of simple
shearing (thrusting) and orthogonal pure shear (flatten- 5.4. Inferred the age of deformations in the WOSZ
ing). Thisaccounts for the development of a strong planar area: Olarian or Delamerian?
foliation in the low-strain areas and the S2/C2 shear-
fabrics in the high-strain areas. The D2* nappe-forming The high-grade metamorphism and phase of per-
event has been followed by a D3* heterogeneous trans-vasive deformation (D2*/M2) are ascribed to the D2
pression, similar to that described Bikoff and Greene Mesoproterozoic Olarian Orogeny that occurred in the
(1997) involving a combination of simple and pure Curnamona Province between ca. 1600 and 1590 Ma
shear. This accounts for the steeply plunging stretching (Page et al., 2000 The context of the D3*/M3 shear-
L3 in the low-strain areas and shallow-plunging stretch- ing event is more subjective given the results of recent
ing L3 in the high-strain area&ig. &). Sm-Nd isotopic analysis that yield Cambrian ages for a
large number of so-thought D3 shear zones in the Cur-
namona Province, including the WOSButch et al.,
2005. These ages contradict interpretations of previ-
ous studies (e.gRutland and Etherridge, 1975; Glen
et al., 1977; Laing et al., 1978; Corbett and Phillips,
5.3.1. Large-scale partitioning 1981; Clarke et al., 1986n which the amphibolite-to-
The partitioning of D2* strains into the WOSZ area greenschist grade shear zones formed during the retro-
is clearly controlled by the distribution of rocks types. grade metamorphism associated with the waning stages
The zones of non-coaxial strain, in which there is a of the Olarian Orogeny, although numerous workers
well-developed S2/C2 fabric, occur along the contact have proposed that a substantial part of the retrograde
between the migmatites and igneous rocks of the Curna-reworking of D1 and D2 structures in the Curnamona
mona Group and the psammite-pelitic units of the Strat- Province might be associated with the Cambrian aged
hearn Group. In this area, this boundary is likely to be (ca. 510-490) Delamerian Orogeny (eRgerry et al.,
linked to a D2* thrust rather than to an early D1* exten- 1978; Flint and Parker, 1992nd that different genera-
sional detachment, although itis possible that the contacttions of retrograde shear zones (D3-D5) could exist in
may have an earlier history such as that described by this Province. Nevertheless, in the case of the WOSZ this
Gibson and Nutman (2004This litho-tectonic feature  latter interpretation is supported by the truncation of the
(D2*) later controlled the partitioning of D3* strains. shear zone by the basal unconformity to the Adelaide

5.3. The role of lithological variation and
pre-existing structures in the partitioning of D2 and
D3 strain

The orientation of D2 NW-trending thrusts coincide with
the direction of maximum shearing during D3* strain,
explaining its reactivation during D3* as a transpres-

Rift Complex.
Conjecture about the timing of movement along these
D3 shear zones is further fuelled by differences in the

sional fault. relative timing of the emplacement of ca. 1590-1580 Ma
granite suites with respect to movement along retrograde
shear zones (e.Bage et al., 2008r Gibson et al., 2004

In our study area, movement along the WOSZ post-dates

late-orogenic pluton emplacement (e.g. ca. 1580 Ma

5.3.2. Small scale

Lithological variation within the WOSZ appear to
have controlled strain partitioning and localization at
all scales (e.gBell et al., 1986; Alsop, 1994 The Bimbowrie Suite) Page et al., 2003 This overprinting
finely laminar nature of the pelitic schist horizon in relationship occurs at several locations throughout the
the study area was important for accommodating large Olary Domain Noble et al., 2004; Fry and Betts, 2004
components of progressive shear strain, particularly dur- In the Broken Hill Domain, the ca. 1590 Ma Mundi
ing reactivation. A consequence of this seems to be the Mundi granites are interpreted to have been emplaced
preservation of lenses of D2* shear fabrics inthe WOSZ, after the retrograde D3/M3 event (see work<=ihson
which elsewhere has been obliterated by D3*. The rea- et al., 2004for review). Foliations in these granites are
son for the preservation of these lenses in different parts thus interpreted to be Delamerian in age (Bege et
of the D3* shear system is probably a result of rheologi- al., 2000; Gibson et al., 20D4-rom these observations,
cal contrasts between the migmatite-bearing areas in thewe conclude that either there may be several generations
south and the predominantly aluminous pelite- and/or of retrograde shear zone, which have been mistakenly
psammite-rich metasedimentary rocks dominated areasinterpreted to belong to the same generation, or that
in the north. This partitioning of the strain during D2* movementalongthese shear zones occurred coincidently
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with ca. 1590-1580 granite emplacement resulting in D4* in our deformation chronology. Given the structural
local variations in overprinting relationships. and metamorphic link that we have established between
Despite the evidence that supports activity along these folds and shear fabrics in the WOSZ area, the Cambrian
D3 shear zones during the Olarian Orogeny, the recentages are strongly suggestive of (but do not definitively
Cambrian ages attained from these shear zonath prove) the upright D3* folds may also have a Cambrian
et al., 200% must also be reconciled. It is likely that Origin. However, we are cautious of this interpretation
part of the D3*/M3 shear deformation along the WOSZ because of the likelihood that D4* deformation reacti-
occurred during the Cambrian, and thus, is designed asvated the D3* folds rather than was responsible for their

(a)
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Fig. 10. (a) Structural map of the Olary Domain (Curnamona Province) showing the distribution of (D3*) D4 large-scale structures (i.e. high-strain

zones and antiforms trends) (af@larke et al., 198amodified). Note the difference in orientation between D4 large-scale structures in this Domain,

that led us to define different structural subdomain (see text). (b) Schematic structural map of the Weekeroo Inlier subdomain. Note the differenc
in orientation between the two majors (D3*) D4 high-strain zones. A domain of D3 low-strain is located in between. The black box corresponds to

the WOSZ area. (c) Schematic structural map of the Cathedral Rocks subdomaiN@hfeet al., 2004 Observe the youngest generation of D5
shear-zone (north-side-up) cross-cutting through the (D3*) D4 structures (high-strain zones and folds trending).
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formation. Nevertheless, the recent age dat®ofch

et al. (2005) together with our structural and metamor-
phic data, imply the presence of a strong Delamerian
overprint (D4), either on fold or shear structures, across

substantial tracts of the Curnamona Province. 3.

5.5. Structural evolution of the (D3%*) D4
high-strain zones in the Curnamona Province

The WOSZ records a complex structural history,
which we have subdivided into two main ‘events’. The
first clearly recognisable phase of deformation resulted

in the formation of a planar compositional fabric and sub- 4,

parallel foliation (S2/C2). S2/C2 is strongly overprinted
by another (D3*)/D4* deformation, which is the major
deformation phase to affect the WOSZ. The (D3*)/D4*
resulted in the extensive reorientation of D2* structures
and the formation of a composite S2/S3 shear-fabric.
(D3*)/D4*was an extensive high-strain deformation that
resulted in the formation of mylonitic rocks throughout

the study area. However, atthe scale of the Olary Domain 5,

(Curnamona Province), retrograde shear sense indicators
and associated axial planes of large-scale folds show a
marked variation, that enable the definition of different
structural sub-domaing-ig. 10a).

These sub-domains represent packages of rocks that
have different D4 principal stretching axis orientations
or record different senses of shear. The relationship
between these different domains is unclear and is often

masked by later localised deformation at greenschist g

facies conditionsKry and Betts, 2004 In some cases
the variation of D4 principal stretching axis appears to
be the result of subsequent reorientation of D4 by large-
scale folds (e.g., the D5 Delamerian phase&ilifson,
2002 and/or shear reworking-{g. 1Cc). In other cases,
such as for the WOSZ area, (D3*)/D4* high-strain zones
orientation is the result of strain partitioning into early
formed weakness zoneBi¢. 1).

6. Conclusions

2. Migmatites and igneous bodies of the Curnamona

Group in the south reacted rigidly, localising zones
of D2* and D3* high strain, to the contact with softer
rocks of the Strathearn Group.

D2* deformation of the WOSZ area is partitioned
between thrusting- and flatteningrfolding)-related
nappe formation. Thrusts are recorded in high-
strain zones, with a sub-vertical extension direction
along the contacts of the Curnamona and Strathearn
Groups. Flattening is recorded elsewhere in D2* low-
strain zones, associated with S2 flattening cleavage
and gently plunging fold axes.

D3* deformation is partitioned between strike-slip
shearing and folding. Strike-slip is focused into high-
strain zones along the WOSZ, re-using a pre-existing
Olarian D2* thrust. D2* high-strain features have,
thus, been partly reactivated by Late Olarian and pos-
sibly Delamerian high-strain features. Dextral shear-
ing on the WNW-trending fault suggests a NW-SE
maximum shortening axis.

D3* high-strain zones in the Curnamona Province
are discontinuous strandsigbbs et al., 1984see
alsoWilson and Powell, 2001 and include relicts

of D2* higher-grade assemblages not entirely over-
printed by (D3*) retrograde assemblages. The exten-
sive retrogression to greenschist facies assemblages
of the high-strain zones indicates® addition dur-

ing shearing, probably accompanying later tectonic
exhumation.

At a regional scale, the geometry of equivalent shear
zones to the WOSZ is variable and has different shear
directions defining different structural domains in the
Curnamona Province. This reflects, in part, modi-
fication by later greenschist facies structures (D5)
but more significantly it also reflects the spatial and
temporal strain localisation during D4 controlled by
early-formed D1 and D2 lithotectonic features.
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