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Abstract

Volcanic rocks attributedto the ca. 1080Ma Giles Event were extrudedwithin the
western Musgrave Block in the late Mesoproterozoic. SHRIMP U-Phanalysis of 2
samplesof zircon coresfrom rhyolites approximately2km SSE of BlackstoneRange
yielded *®U/%°%b crystallisationagesof 1071+8Ma and 1073+7 Ma. Theserhyolites,
forming the baseof the Smoke Hill Volcanics at Mount Jane, were unconformably
emplacedover the BlackstoneRangelayeredintrusionsin a seriesof separateflows.

Soon after being extrudedthe rhyolites were deformedand developedpervasiveNE-or

SW dipping foliation within a 2km wide shearzoneat Mount Jane. Garneand epidote
replacementof plagioclase phenocrystsindicate at least lower amphibolite-facies
metamorphisnwas attainedwithin the nearvertical, south-dippingiltramylonitecentre

of the shearzone. Sheasensendicatorswithin the shearzonealmostexclusivelygive

north side down kinematicsin outcropandin thin section. A syn-tectonimicro-granite
intrudes the centre of the shear zone with veins that cross-cut the ultramylonitic foliation
and hencepost datesshearing.This micro-graniteyields a **3U/*°Pb vs. 2°’Pb/*%Pb
isotope ratio zircon age of 10705 Ma. Thin, highly luminescent, structurelesgms
surround the zircons, and yield a similar or slightly younger age than the cores. Therefore
the deformationwas mostlikely synchronous, osoonafter, the eruptionof the rhyolite

as part of the Giles Event. A series of mafic and intermediate volcanic rocks attributed to
the HogarthFormationdirectly overlie the rhyolite, whichsteeplydip towardsthe south

and have been cut by a series of later stage gabbros and granites.

Keywor ds. Musgrave Block, Giles Event, Tollu Group, volcanics, deformation, zircon
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1. Introduction

A number of deformational, metamorphic and magmatients are preserved within
Musgrave Block, Central Australia, ranging from lgalMesoproterozoic to the late

Neoproterozoic. The first known deformational andgmatic event, restricted to the
West Musgrave Block was the 1336-1293 Ma Mount W@sigeny (Howard et al.,

2007), during which the Wankanki Supersuite granaed Wirku Metamorphics were
formed. Early structural fabrics formed during tidount West Orogeny were

overprinted and deformed during the 1219-1155 Maduavian Orogeny (Smithies et al.,
2009a). This high grade deformational event produeedespread amphibolite to

granulite reworking and associated magmatism knawrthe Pitjantjatjara Supersuite
granite, which forms a large proportion of out cwaighin the Musgrave Block (Figure 1a)
(Clarke et al. 1995; Edgoose et al., 2004).

The ca. 630-520 Ma Petermann Orogeny was a trasspnal event which exhumed the
Musgrave Block from beneath the once contiguoustr@kan Superbasin (Hand and
Sandiford 1999, Wade et al., 2008). Structures éatnm the Mesoproterozoic were re-
activated, overprinting much evidence of earliefodeation during the high grade
Neoproterozoic event (Camacho and Fanning, 1998jorihation was focused along a
series of east-west trending fault structures nartred Hinckley, Mann and Woodroffe
Thrusts (Camacho et al., 1997; Sandiford et alD120These faults penetrated the deep
crust. Detailed studies of mineral assemblagesmitie shear zone have provided strong
evidence of high-pressure metamorphism (11-14 kbdr700°C) and therefore estimate
exhumation in the order of up to 40km (Camacho,719larke et al., 1995 and
Scrimgeour & Close, 1999). In the Western MusgrBleck, the region north of the
Mann Fault was extruded northwards in a recentbppsed crustal-scale channel during
the Petermann Orogeny (Raimondo et al., 2009).

The Bentley Supergroup is a package of mafic atglcferolcanic rocks which were
extruded in the West Musgrave Block during thel&80 Ma Giles Event (Clarke et al.,
1995; Glikson et al., 1996). These mafic and felgtcanics, together with the mafic-
ultramafic layered intrusions (Giles Complex), gaish granites and mafic dykes form
the Warakurna Supersuite, best exposed in the Wiebtasgrave Block. Mafic dykes
geochemically and geochronologically correlatedhwihe layered mafic-ultramafic
intrusions crop out across approximately 1.5 millian?, from central Australia to far
west Western Australia, forming the Warakurna Lagyeeous Province (LIP) (Wingate
et al., 2004; Morris and Pirajno, 2005). Since rtregnplacement, the layered igneous
rocks of the Giles Complex have been macroscopifaltied and deformed (Smithies et
al.,, 2009a). 1075+7 Ma Giles Event granite dykesssfcut the folded intrusions,
providing a minimum age of their emplacement anddence of at least some
deformation (D3) during the magmatic event (Kirldagt al., 2008b). Bi-modal volcanic
rocks of the Tollu Group, Bentley Supergroup, foumt¢he core of the Tollu basin of the
BLACKSTONE 1:100 000 map sheet (Smithies et alQ®Rf) overlie the deformed
layered intrusions. These volcanics are believealso be macroscopically folded about
the same axis as the layered mafic-ultramafic r@¢&ksithies et al., 2009b; Evins et al.,
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in press), suggesting that the co-magmatic defoomadersisted during their extrusion.
Alternatively it's possible that the layers of thellu Group may have slumped into a
previously formed topographic basin (Evins et ai.,press). Despite the extensive
outcrop of the Warakurna Supersuite rocks withimtizé Australia, the age and
deformational history of the Giles Event is stithquly constrained. The origin of the
Warakurna LIP is also uncertain, with some worlsrggesting a mantle plume (Morris
and Pirajno, 2005), whilst more recently, Evinsaét (in press) suggest a long-lived
intracontinental rift system, named the NgaanysdjaRift as the likely source of
magmatism and deformation.

Little work has been conducted on the Warakurnae&uite, and many of the
geochronological and structural studies of the Nesterozoic Giles Event have focused
on the mafic-ultramafic layered intrusions, duetheir large size, exposure and their
significant economic potential for Ni-Cu and PGEnemalisation. As a result less
attention has been directed towards the associatedpdal Bentley Supergroup. This
study presents field relationships and structurappmng, U-Pb zircon Sensitive High
Resolution lon-Microprobe (SHRIMP) dating and oglimicroscopic strain analysis in
an attempt to investigate and better understandépesitional, structural, kinematic and
geochronological record of a deformed region of Bentley Supergroup, Western
Musgrave Block.

2. Geological setting of the Musgrave Block

The Musgrave Block is an early Mesoproterozoic teopfoterozoic E-W trending

basement inlier within central Australia that stied$ the South Australian, Western
Australian and Northern Territory borders (Figusg.1it is bound to the north and south
by the Neoproterozoic to Palaeozoic Amadeus anctc&@fBasins respectively, and the
Permian to Mesozoic Eromanga Basin to the east. Frbéerozoic basement complex
spans some 120,000 km? and represents one of ripestantracontinental geophysical
anomalies in the world (Sandiford, 2002).

The Musgrave Block is one of the best exposed aost extensive Proterozoic terrains
of Australia, yet is one of the least studied aodrly understood. Although importantly,
it lies on the junction between the three Archeeatamic blocks of Australia (North,

West and South Australian cratons) and accordipgbvides an essential link to the
understanding of paleogeographic reconstruction®miterozoic Australia. The first

regional geological studies of the Musgrave Blockrevundertaken by Sprigg and
Wilson (1959). Much of the early studies focusedregional geological mapping and
has provided the bulk of our current understandithe Musgrave Block, with a strong
emphasis on the prospective Giles layered intrssi@y. Nesbitt and Kleeman, 1964;
Goode, 1970; Moore, 1970; Collerson, 1972; Danig&i/4; Thompson, 1975). Early
geochronological studies, utilising the Rb-Sr systeere mostly conducted by Gray
(1977, 1978). This early work allowed for the reetign and sub-division of the

Musgrave Block into the mostly amphibolite faciesllya Park Domain to the north of
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the large scale south-dipping Woodroffe Thrust, @imel dominantly granulite facies
Fregon Domain to the south.

The oldest known exposed rocks within the MusgrBWeck are gneisses that were
deposited between 1600-1540 Ma (Smithies et aD9&Pwith volcanic, volcaniclastic
and sedimentary origins (Major and Conner, 1993n&zho and Fanning, 1995; Edgoose
et al., 2004). These supracrustal Mesoproterozmiksr are grouped into the Birksgate
Complex and coupled with the 1220-1140 Ma Pitjdjaja Supersuite granites form a
majority of the exposed rocks within the MusgravedR (Smithies et al., 2009a; Wade
et al., 2008). Geochemical and isotopic studie$Mayge et al. (2006) concluded that the
dominantly felsic Birksgate Complex had affinitiesth island-arc subduction setting
volcanism and likely formed during an earlier stajeratonic convergence between the
north and south Australian cratons. Voluminousideistrusive magmatism intruded the
basement lithologies between 1336-1293 Ma (Wankakpersuite) with associated
granulite facies metamorphism and migmatisatiorettigpment (Sun and Sheraton, 1992).
This magmatic event was believed to be restrictedhe Western Musgrave Block,
contemporaneous with the first recorded period effodnation and associated
development of structural fabrics (D1) (White et &4B99; Wade et al., 2008). This early
deformational event has recently been named thenM@dlest Orogeny (Howard et al.,
2007) and correlations of such with that of theakipp-Fraser, further to the south, has led
some authors to suggest a shared tectonic histayk( et al., 2000).

The 1220-1150 Ma Musgrave Orogeny (D2) was the sbldeogenic event to have
clearly affected all areas of the Musgrave Blockhwpeak metamorphic conditions
reaching in excess of 800°C and 5 kbar (Clarkel.et1895). This high grade event
largely destroyed structural fabrics formed durithg earlier Mount West Orogeny
(Howard et al., 2007; Smithies et al., 2009a) amdipced zircon overgrowths with U-Pb
dates of ~1200 Ma (White et al. 1999). Widespreaahipe emplacement, synchronous in
age with the Musgravian Orogeny, (the Pitjantjatj&upersuite) range from diorite to
monzonite in composition and have within plate ypd affinities (Smithies et al., 2009a).
These form the majority of outcrop of the Musgr&leck, particularly within the Mulga
Park Domain (Wade et al., 2008). The Musgrave andi1West orogenies together, are
correlated with and provide a link between the Masgg Block and the Albany-Fraser
Complex along the south-western margin of Austraiid continues into the Bunger Hills
and Windmill Islands regions of Antarctica. Thisdespread orogeny is thought to
represent the final amalgamation of cratonic Adisirduring the assembly of Rodinia
(Myers et al., 1996; Fitzsimons, 2003).

Following D2, was a second major phase of magmatighin the Musgrave Block, with
large-scale emplacement of layered mafic-ultramaficusions into the high-grade
terrain. The age of the layered Giles intrusiongasrly constrained with a minimum U-
Pb SHRIMP emplacement age of 1078+3 Ma for a grayop leucogranite that
truncates the layering at Bell Rock. The maximune agnstraint on the layered
intrusions is a latest Musgravian Orogeny age daflg0 Ma. All igneous rocks related to
the ca. 1080 Ma Giles Event in the West MusgravecBlare grouped into the
‘Warakurna Supersuite’ and include the massive daoably deformed layered mafic-
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ultramafic Giles Complex, granitic and gabbroicrusions, mafic dykes and bi-modal
volcanics of the Bentley Supergroup. Coeval mafijoebus rocks of the Warakurna
Supersuite were emplaced over 1.5 million km? ofticd to far west Western Australia
and the erosional remnants of which represent tlagalirna Large Igneous Province
(Wingate et al., 2004; Morris and Pirajno, 2003)eBheer size and nature of the layered
intrusions and associated volcanics, best expasedei West Musgrave Block has led
some authors to suggest a mantle plume as thg ldalrce of magmatism (Wingate et
al., 2004; Morris and Pirajno, 2005). More recestiaded studies by Evins et al. (in press)
has argued that sporadic continuation of igneotisigcand associated deformation for
over 50 Ma to ca. 1026 Ma (Edgoose et al., 20@buires a geodynamic setting more
complex than a single mantle plume head, more tkithat of a long-lived failed rift
system.

Bimodal volcanic and interlayered sedimentary rodfsthe Tollu Group, Bentley

Supergroup were thought to be synchronous in agle thie layered Giles intrusions
based on a 1075+5 Ma age (Glikson et al., 1996 p&sig et al., 2004). More recently,
Smithies et al. (2009a) have argued that the dat¢ciop was not a volcanic rock, but
part of the older leucogranite suite related to @lkes event and that the Tollu Group
formed a short period after the Giles Complex. Thauwata Group in Northern

Territory is a package of deformed sediments anchdmal volcanics that crop out
between the Petermann and Bloods Ranges, nortediMoodroffe Thrust (Figure 1a)

and consist of basal quartzite and conglomeratsalbaoverlain by rhyolites and

epiclastic sediments. The Tjauwata Group is comstle correlative of the Bentley
Supergroup volcanics and associated sedimentdmaprise the south-west Musgrave
Block (Glikson et al., 1996; Edgoose et al., 2008)e Mount Harris Basalt of the

Tjauwata Group (correlative of the MummawarrawaBeasalt, Bentley Supergroup) is
intruded by the Walu Granite which yields a SHRIMAPb zircon age of 1084+9 Ma.

The minimum age of volcanism is obtained from tharlRari Volcanics (correlative of

the Hogarth Formation, Tollu Group), yielding’4Pb*°®Pb age of 1041+2 Ma (Close et
al., 2003; Edgoose et al., 2004; Wade et al., 2008)

The layered Giles Intrusions in the Jameson arélaeo$outh-west Musgrave Block alone
preserve an exposed thickness of 10km, but Smidtiak (2009a) suggest that it is likely
that the troctolitic Bell Rock, Blackstone, and &son-Finlay intrusions are tectonically
dislocated parts of a single intrusion and theeefmuld possibly have been up to 170km
long, 25km wide and 10km thick. Massive gabbros agd-mylonitic leucogranites
intrude and locally engulf the layered mafic-ultefia intrusions. In a northwest-trending
mylonite immediately south of Charnockite Flatsutbewest Musgrave Block, are
leucogranite dykes that intrude as boudin necksPbUSHRIMP dating of these
leucogranite intrusions yields an age of 1075+2 Makland et al., 2008a), thus
effectively gives evidence of multi-phase intrusiosf magma and deformation during
the Giles Event (Smithies et al., 2009a; Evinslegtim press). This deformational event
(D3) is responsible for much of the near verticdilation and tight to isoclinal folds with
axial planar, steep southerly-dipping mylonitic aheones throughout much of the
western Musgrave Block (Glikson et al., 1996; Whiteal., 1999). Evins et al. (in press)
has argued that there must exist up to at leaspl&ddes of magmatism accompanied by
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intense deformation over at least 50 m.y. Coevti the Giles Event was the widespread
emplacement of mafic dykes, thought to be feedkeslyo the large-scale Giles Complex.
These dykes crop out as far as the western mafghugiralia and are contemporaneous
with the ~1070 Ma Alcurra and Stuart Pass DolentdNorthern Territory. A series of
younger mafic dykes post-date the Giles Event ang out extensively throughout the
Musgrave Block. These include the ~1000 Ma Kullaketyyand the ~820 Ma Gairdner
and Amata dyke swarm which have been linked onbtmas of their similar ages and
chemistry (Glikson et al., 1996) and thought tarespnt a period of extension associated
with the breakup of Rodinia (Cawood, 2005).

After nearly a 400 m.y hiatus in any significanfatenation, the Musgrave Block was
exhumed from beneath, and divided, the Centraligse®asin in the late Neoproterozoic
Petermann Orogeny (Cawood and Korsch, 2008). Snsdidpic and geochemical
studies from within the Officer Basin indicate agla influx of Musgrave-Block derived
sediments at ~600 Ma and is interpreted to reprdkentin-roofing and initiation of the
Petermann Orogeny (Wade et al., 2005). The Petermtmogeny was a widespread,
high-grade event which focused deformation alongpdeenetrating E-W trending
Mesoproterozoic structures (e.g. Woodroffe Thrust Mann Fault). Substantial crustal
thickening occurred along these structures (Flattmaet al., 2004) and caused
juxtaposition of higher grade granulite facies gees from depths of 40-45km, south of
the Woodroffe Thrust with amphibolite facies Muldggark Domain to the north
(Scrimgeour and Close, 1999). Deformation was cedt®n the northern part of the
Musgrave Block, in the vicinity of the Woodroffe-Mia Thrust fault systems (Hand and
Sandiford 1999), with north-directed thrusting betFregon Domain over the Mulga
Park Domain and south-directed thrusting of thegbneDomain over the Officer Basin
in the south, characteristic of a positive flowénusture (Hand and Sandiford 1999;
Camacho and McDougall, 2000). Recent structuratamerphic and geochronological
studies by Raimondo et al. (2009) has proposedintraicontinental channel flow north
of the Mann Fault was active during the Petermarogény. These studies indicate that
the deeply exhumed orogenic core is bound by tfadtnormal-sense shear zones on its
northern and southern margins respectively, angleduwith the gravitational loading of
the orogen by thrust-assisted crustal thickening wafficient to generate the lateral
lithostatic pressure gradient necessary to drivestecrustal flow (Raimondo et al., 2009).
Deformation during Petermann Orogeny has contrallel currently exposed outcrop
pattern within the Musgrave Block with the last Wmoperiod of exhumation preserved
by synkinematic biotite and muscovite growth witkine Woodroffe Thrust dated at 520
Ma (Camacho and Fanning, 1995). The Petermann @risgtypically considered as a
dextral transpressive shear system, likely to be mésult of north-south directed
compression of the Australian plate during amalgamaof Gondwana in the
Neoproterozoic (Sandiford and Hand, 1998; Collind Risarevsky, 2005). Many authors,
based on similarities in age and nature, have lkedec the Petermann Orogeny to the
intracratonic 550 Ma Paterson Orogeny, furthehnorthwest (Edgoose et al., 2004).
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3. Structural setting and field relationships

Field work for this study was undertaken in thetharastern portion of Geological
Survey of Western Australia’s (GSWA) newly releag8tdACKSTONE 1:100 000 Map
sheet (Figure 1b) (Smithies et al., 2009b). Detailel0 000 scale mapping was
undertaken both within a highly deformed and sheaegion of the Tollu Group rhyolite
at Mount Jane and secondly, approximately 15kmhi west, on a relatively less
deformed stratigraphic succession through the T@Glioup and Hogarth Formation at
Barnard Rocks (Figure 1b). Geological maps andcsiral cross-sections were
constructed through these two terrains and predent&igures 2-5. Further study was
conducted 1-2 km’s north and south of the MounteJahear zone to investigate the
lithological and structural variation across strike

3.1. Lithology

A fairly homogenous lithological framework existsMount Jane. The rocks are broadly
characterised by porphyritic rhyolite as a lavahwiip to 10-15%, 1-6mm sized
phenocrysts of microcline and plagioclase in arfgmined aphanitic, grey coloured,
<0.3mm quartz and hornblende, and to a lesser éefpratite, dominated matrix.
Indications of surficial flow are present with ignes flow banding and flow folds (Figure
6a). Subtle variations across strike, however,hm dgrain size and composition of the
matrix and abundance of phenocrysts within the Iitgjsuggest that the rhyolite formed
from a series of separate flows, 10’s to 100’s eters thick. Broadly, these variations
include very fine-grained and phenocryst-free rigslwith a conchoidal fracture north
of Mount Jane, quartz-dominated rhyolites in thetiee of Mount Jane, and coarser-
grained almost sub-volcanic rhyolites to the soMbst variations in rock type observed
at Mount Jane are a function of the amount of stréhe rocks have been moderately to
strongly deformed within a large (at least 2km WiBSE-trending shear zone, with up to
ultramylonite rhyolite preserved between Mount Jand Mount Maria (centre of shear
zone, Figure 2) grading into mylonite and stronfglifated rhyolite respectively, away
from the centre of the shear zone (Figure 2).

There are two strikingly different lithologies ackant the ultramylonite zone (Figure 2), 1)
a meta-andesite and 2) a brecciated rhyolite flatln ygsaw fit texture (Figure 6d). The
meta-andesite unit is more thoroughly describeseition 4.4 below, but is hornblende-
dominated and has a variable thickness and depaatang strike (thus likely represents
a lens). Stratigraphically below this unit is armrugdt change to a jigsaw-fit rhyolite
breccia lens (Figure 2) with fragments ranging frdétm to 1mm, held together by a
pale siliceous matrix. This 20-50m thick unit atsmtains abundant 2-10mm spherulites
and 2-30mm quartz filled amygdales. This brecciatsrpreted to have formed by rapid
cooling of the volcanic flow and brecciation byardction of a water saturated body to
form a hyaloclastite. Interestingly, however, thrst is not foliated nearly as much as it's
stratigraphically higher and lower neighbours, gagsas a result of strain partitioning
within the WNW trending shear zone.
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In the middle of the ultramylonite zone lies a rmigranite intrusive body (Figure 2, 3).
The holocrystalline granite is fine-grained (<3mamd pale coloured with a felsic
mineralogy consisting of 1-2mm K-feldpar and pladgse crystals, slightly larger quartz
crystals and only minor amounts of mafic minerashe form of ~5% biotite and/or
hornblende.. The microgranite pluton is completehdeformed in its centre (sample
191716, Figure 2), but on its margins it is strgnigliated in the same orientation as the
adjacent ultramylonitic rhyolite. The ultramylomwitfabric surrounds and wraps around
the intrusive pluton, which is interpreted to ast @n obstacle to shearing. In close
proximity to the intrusive granite are veins of ganlithology (which were not observed
elsewhere), which cross-cut the deformational afifigure 7b). These granite dykes are
correlated with the larger body. The observaticat the micro-granite intrusion appears
to be affected by the mylonitic strain in some pRgyet cross-cuts the mylonitic fabric in
other places, thus leads to an interpretationsyfnadeformational intrusion.

Approximately 100m south of the Mount Jane sheaezare sporadic, poorly foliated,
aphanitic textured amygdaloidal basalts (Figurévific rocks with 2-3mm opx, cpx and
plagioclase are preserved within the basalt, pbssib later stage intrusions. This unit
strongly resembles other amygdaloidal basalts sksenvhere within the BLACKSTONE
map sheet which the GSWA have mapped as the bagabfuthe Hogarth Formation,
which stratigraphically overlies the rhyolites bétSmoke Hill Volcanics (Smithies et al.,
2009b). In the section drawn through Mount Jangufe 3), these amygdaloidal basalts
lie stratigraphically beneath the rhyolite, but etailed transect a further 900m to the
south west through the equivalent contact of thgolite and amygdaloidal basalt
indicates that the amygdaloidal basalt directly rbge the rhyolite. Therefore, it's
possible that the volcanics at, and directly safttMount Jane have been folded and
overturned and likewise the amygdaloidal basaltrles the rhyolite, or alternatively
there is a separate amygdaloidal basalt unit blerteatrhyolite at Mount Jane. Igneous
layering (Figure 6c¢) within the basalt, south wesMount Jane dips moderately to the
south (35/191), indicating at least some macroscighiling between the two locations.

The contact between the Smoke Hill Volcanics and tmderlying layered mafic
intrusions of the Blackstone Range is rarely obsgérdue to weathering and poor
exposure. The northern-most exposed volcanicshriddunt Jane are separated by no
more than 750m of magnetite-rich cover from thetlseastern-most exposed outcrop of
the Giles Complex layered intrusion of Blackstorenge. Adjacent to, and hugging the
northern tip of the exposed volcanics, lies a mmcie mafic, dense, magnetic and dark-
coloured rock (Figure 6b). This holocrystalline kdtas a mineralogy dominated by 1-
3mm pyroxene, some plagioclase and possibly amifghibbhis gabbro/pyroxenite
preserves a moderate foliation (Figure 6b) at digod angle (~65/094) (therefore pre-
dates Mount Jane shear zone) to the E-W trendirgg)yang rhyolite foliation. Although
the exact contact between these two units is obdcby weathering (Figure 6b), the
gabbro/pyroxenite is not observed cross cuttingrthyolite and due to the dissimilar
nature of the foliation between the two unitssipissible that the gabbro represents part
of the Blackstone Range intrusives, which the ritgdlas been unconformably extruded
above.
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The Barnard Rocks area is much more lithologicalbriable than Mount Jane,
comprising of a series of E-W trending volcanic kzges (Figure 4). These steeply
south-dipping volcanic packages include rhyolitesnygdaloidal basalts, volcanic
breccias and trachyte/andesites (Figure 4, 5). Wpwaunging directions were indicated
by graded igneous layering within the volcanic braqFigure 6f), and although hard to
determine, no evidence exists to suggest overtubeeldiing. The andesite flow in the
north of the Barnard Rocks mapping area had ovgratlual upwards fining from clearly
observed crystals at its base in the north to fieergrained, glassy textured in the south.
The rhyolite unit observed in the north of the mapgparea (Figure 4) has a porphyritic,
aphanitic texture with 2-3mm plagioclase phenoaryist a fine-grained, smoky-grey
quartz-dominated matrix with common igneous laygramd auto-brecciation observed
(Figure 6e), indicating flow during extrusion. Thisyolite is strikingly similar to the
rhyolite observed at Mount Jane, and also lies earlp the same northing, thus it is
interpreted to represent the same unit within tbduTGroup. This rhyolite forms the
stratigraphic base of the upwards younging sucoessi Barnard Rocks (Figure 5) and is
overlain by an amygdaloidal basalt to the soutlajragppearing similar to that of south
Mount Jane. Therefore the Mount Jane/Barnard Roelggons can provide a nearly
complete package through the Tollu Group. A sedkdater stage ophitic textured-
gabbros and coarse-grained syenogranites intruie tie mafic and felsic volcanic
sequence and are likely to be equivalent to thewdisre dated 1075-1060 Ma Giles
Event 3 intrusions (Sun et al., 1996; Wingate t28l04; Smithies et al., 2009b).

3.2. Sructure

The dominant structural element of the Mount Jaggon is a pervasive fabric that dips
moderate to steeply NE or SW. The intensity anddfifoliation varies spatially, but
generally increases towards the NW trending stesplith-dipping ultramylonite
(Figures 2, 3) in the centre of the shear zone. fohation dips moderately towards the
north within the southern outcrops of the foliatdgolite and progressively becomes
steeper to the north until it rotates through teetival and dips steeply south inside the
ultramylonite zone and further to the north (Fig8ke 2, 3). The intensity of foliation is
also variable on the cm to meter scale with bosldappearing nearly unfoliated
juxtaposed against rhyolite that encompasses niiddoliation (Figure 7a). This strain
partitioning was evident in both outcrop and théwi®on. The alignment of
biotite/hornblende and quartz defines an elongalio@ation that dominantly plunges
north, at a similar angle to the dip of the fobatiplanes (Figure 8a).

Shear sense indicators are rare in both outcroghangection, but are locally expressed
as rotated phenocrysts of plagioclase (Figure wh)ch consistently give a ‘north-side
down’ sense of movement. This north-side down, eemis shear is independent of
whether the foliation dipped north or south. A tiekly strong correlation exists between
topography and degree of strain and aided claasiic of the shear zone domains
outside of the studied area. The zones of leaginsand foliation development form the
peaks of hills and the ultramylonite zone forms dngde between the peaks of Mount
Jane and Mount Maria (Figure 2) and sparsely coap®n the lower flats. The mylonite
can be considered as a L-S tectonite with strodgheloped foliation and lineation that
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likely formed under simple shear. At close proxymio, and within the mylonite and
ultramylonite where the level of strain is highdkg lineation is rotated towards the east
and west (Figure 2). These highest-strain zonesepre the most convincing evidence
for rotational strain (i.e. delta-clasts). Outsiofethe higher strain zones, the lineation
plunges at an angle quite similar to the dip of tbkation (north). The progressive
change in orientation of the stretching lineaticgtween high and low strain zones
(interpreted to be equivalent to high and low rotal strain) (Figure 2) is interpreted to
represent incremental changes in orientation of gheciple axis of the finite strain
ellipsoid. Therefore under the same bulk N-S deddbrce, both pure and simple shear
strain mechanisms were active within the shear zzmesing coaxial and non-coaxial
deformation. The higher strained core of the stmare is affected mostly by simple
shear strain, whilst pure shear and coaxial defoomalominates the lower strain zones.
The ultramylonite shear zone is characterised hytlesugrain size reduction, mica
recrystallisation, stronger development of foliatiplanes (Figure 7d) and elongation of
biotite/hornblende and plagioclase phenocrystsufeige).

Depositional igneous layering that was presumalaly&t the time of extrusion has been
folded by the deformational event and now mostlysdiorthwards on the south side of
the shear zone and southwards on the north sider@Be). Macroscopic folding of the

foliation is best exposed in the far north of Modahe where foliation axial planar folds
form both tight (5m-scale) and open (100m-scalé&)sfahat plunge moderately towards
the west (Figure 8c, d). All the volcanic rocks iedately south of, and including, the
Blackstone Range are believed to be preservedrwéhliarge-scale structural syncline
known as the Blackstone Syncline (Smithies et28l09b). The two exposed low hills at
Barnard Rocks (Figure 4, 5) supposedly form thehawon and southern limbs of this
structural syncline (Smithies et al., 2009b), wath E-W trending axial plane buried

beneath approximately 450m of cover that separtitesr (Figure 4). The northern

exposed hill gives strong evidence of steeply salijping, igneous layering (Figure 4,

8h). The southern exposed hill, however, providete |igneous layering and the

structural orientation of the volcanic units arepy constrained. Detailed mapping has
also shown that the volcanic units do not repdaieeiside of the proposed axial plane.
Therefore mapping within the Barnard Rocks aressduo® support the existence of a
syncline fold axis at this locality. The volcaniocks within this region are strongly

broken up along multiple (at least 5) fracture pRwith various orientations (Figure 8f).
However 2 dominant sets of fracture planes exigh wimostly E-W and N-S orientation

(Figure 8g). The relationship between and timinghefse fracture sets was difficult to
determine.

4. Microstructural analysis and petrology

Ten orientated polished thin sections were madePytifex & Associates from
deformed volcanic rocks at Mount Jane. Four oféhssctions were from well foliated
and slightly sheared rhyolites, another four frolanitic rhyolite, one from the zone of
ultramylonitic rhyolite and one from a highly foleml and sheared meta-andesite,
adjacent the zone of ultramylonite. Sample locatiare shown in Figure 2.
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4.1. Foliated rhyolite

Four thin sections belong to the foliated rhyohied include samples 191702, 191703,
191704 and 191707, all of which come from souttihef mylonite zone, south Mount
Jane (Figure 2). These rhyolites have a porphyetiture (Figure 9) with equal amounts
of plagioclase (simple and multiple twinning) andcracline (cross-hatch twinning)
phenocrysts. The phenocrysts are typically 1-4mndiameter with some as large as
6mm and constitute 10-15% of the rock mass. Theixnstipporting the phenocrysts is
dominated by crystals of quartz (<0.3mm in sizedking up 30-40% of the rock mass.
The remainder of the matrix consists of hornblefigeto 35%), with lesser amounts of
biotite and plagioclase and trace quantities ofjopaminerals and epidote. The biotite is
typically a brown/straw brown colour, elongated amdonjunction with the darker green
hornblende help define the microscopic foliatiorg(ffe 9a-d). Quartz crystals within the
matrix have been elongated in the foliation plam¢rtoduce an aspect ratio of 1.5-2:1.
Phenocrysts of both microcline and plagioclase hanausions of quartz, smaller
plagioclase and biotite, which lack a preferre@mtation (Figure 9a, b), and thus formed
prior to, and have been shielded from the defownathlso to note is the replacement of
plagioclase with hornblende and to a lesser degpaiote, particularly on the phenocryst
rms.

Both observed in outcrop and thin section are rafftsrown material, approximately 2-
8mm in length, which are entrained within the rltgolUnder thin section the xenoliths
appear as dominantly dark brown, mostly hornbleadd biotite in composition, but
include 1-2mm phenocrysts of plagioclase and smahgstals of quartz. The rafts are
elongated in alignment with the foliation plane €8k rafts are interpreted to be sourced
from the country rock, with which the volcanic roftawed through and over and likely
had sedimentary or volcanic origins.

Evidence of shearing is preserved, and shear semgexpressed by rotated phenocrysts
(6-clast kinematic); examples from the foliated rligohre shown in Figures 9a, b. Shear
sense indicators proved difficult to determine athbthin-section and outcrop, but where
observed nearly always indicated sinistral sensm@iement. When orientated back to
outcrop, this indicates a normal (‘north side dowsense of movement within the shear
zone (Figure 3). No microscopic igneous banding elaerved within these sections and
rare, weakly folded 0.5mm wide quartz veins ares@né

4.2. Mylonitic rhyolite

Four thin sections were made from the myloniticalitg, including samples 191705,
191713, 191715 and 191736. Locations of these smrgk given in Figure 2. Two of
these samples, 191705 and 191715, have mineralagietextures near equivalent to the
before mentioned foliated rhyolite, apart fromigtd increase in the proportion of matrix
quartz (40-55% of whole rock mass) and the nearpteti@m absence of any hornblende
(<1%). Also to note is introduction of garnet ahe greater concentration of epidote (3-
6%), both of which are observed to be replacinghpbeysts of plagioclase (Figure 9e).
The strain in these samples is greater than thtiteirfoliated rhyolite with quartz in the
matrix slightly more elongated than in the foliatényolite. Both the matrix quartz and
plagioclase phenocrysts have been slightly reducesize, compared to the foliated
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rhyolite (Figure 9c). Sample 191713 differs faidsamatically to the other mylonites in
that it has very little or no phenocrysts of pladgse or microcline and instead has been
replaced with large clasts of quartz and contagtistrmicro igneous layering (Figure 99).
Banding between dominantly fine-grained quartztitsoand muscovite followed by a
quartz-rich layer define this igneous layering (Fe&y9g). Clasts of quartz 1-3mm long
(Figure 99g), have been elongated parallel to thatfon plane (with an aspect ratio of 2-
3:1). This relict banding is nearly aligned withetmicroscopic foliation, indicating a
steep northerly dip of igneous banding (Figure T¥e location of this sample is of
interest as it lies near the northern margin of twhas interpreted as a rhyolite breccia
lens, possibly a hyaloclastite. Therefore the slasiserved in this sample are interpreted
to be the upper part of this breccia unit, contagnclasts of quartz in a highly quartz
dominated matrix (approximately 70% of rock maSgmple 191736 also differs slightly
from samples 191705 and 191715 in the fact thatasrix is much coarser grained in
general and contains a greater proportion of phgstx (Figure 9h). These subtle
variations in what is interpreted as the same tgpk indicate that the rhyolites at Mount
Jane were extruded as a series of separate flawssligiht variations in composition.

Strain is variable along and across strike throughdount Jane and is sometimes
localised to thin 1m wide sections that are strpmigiformed whilst only meters away the
rock is only slightly deformed (Figure 7a). In thsaction, strain appears to be partitioned
in much the same way with regions that are shiefdet the deformation behind or in
front of larger phenocrysts producing non-fibrousgsure shadows (Figure 9f). However,
adjacent and between phenocrysts of plagioclasesttiain is focused as the fabric has
been forced to flow around and between the morid vhstacles. Figure 9h shows an
example of strain localisation, where the regiotwieen the two phenocrysts parallel to
the structural fabric has been shielded from tHerd®ation by the more rigid plagioclase
crystals whilst immediately above and below thisethe strain is much stronger within
the finer quartz-rich matrix and the crystals domngated and reduced from their original
size. It is therefore likely that the greater antooinstrain at Mount Jane has been taken
up by these samples, causing mylonitisation, imst#athe foliated rhyolite due to the
greater proportion of fine-grained quartz in thenwmaand fewer plagioclase phenocrysts.

All four of the mylonitic rhyolite samples also dam a greater proportion of epidote and
muscovite growth, and for sample 191715 (locatgdcaat the zone of highest strain,
Figure 2), garnet (up to 3%). Garnet and epidotebiserved replacing phenocrysts of
plagioclase (Figure 9e). This fact alone placesdéfermational event at, at least lower
amphibolite facies metamorphism, as a relativelw-B and moderate-T event. The
epidote is slightly elongated in the foliation patherefore grew synchronously with the
deformational event. Garnet however, does not apyeeaxhibit a preferred orientation
and in rare instances is replacing epidote, bspaially related to the higher strain zones,
therefore likely formed during the later stagesdeformation. Shear sense within these
samples is once again expressed by rotation ofqungsts and one-clast. All rotated
phenocrysts give sinistral (north-side down) sesfsmovement. An example oféaclast
kinematic indicator from this sample with sinisteinse of shear is displayed in Figure
9d.
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4.3. Ultramylonite

This sample (191711) comes from the ESE trenditrgrallonite between Mount Jane
and Mount Maria (Figure 2). The mineral assemblesgeear equal to the rest of the
rhyolite samples but varies slightly in proportiétiagioclase and microcline phenocrysts
are less abundant and noticeably smaller (thusceztlin size), measuring 0.3-1.2mm in
the ultramylonite, whilst quartz makes up the miajoof the rock mass (approximately
40-50%). The remainder of the matrix, in order dfusdance comprises biotite,
plagioclase, muscovite, garnet and opaque minefaks.extent of mineral elongation in
this sample is very strong. Similarly to the mytanrhyolite, garnet and epidote minerals
are frequently observed replacing the larger pheste of plagioclase in this sample
attributed to amphibolite facies metamorphism dydeformation. Metamorphic growth
of garnet places a minimum temperature of sheavingt least 450°C, but is likely to
have been around 500-550 °C (D Kelsey pers. coriif)2 Garnet growth is temporally
associated with the mylonitic fabric developmend ao where else, therefore formed as
a result of the deformational event. All asymmaetirkinematic indicators in this sample
were rotated porphyroblasts, and show sinistradeseh movement (north side down). An
example of such for this sample is given in Figice

4.4. Meta-andesite

This sample (191709) was collected from a highlyodeed region of Mount Jane,
adjacent to the ultramylonite zone (Figure 2). Tieta-andesite outcrop was strikingly
different from the remainder of the rocks at Modane, due to its much more mafic
component and originally thought to be a mafic dyRealyses of the polished thin
section, however, reveal that the composition midated by fine-grained, dark coloured
hornblende, comprising approximately 40% of thekrowss. There are also large (up to
2mm), blue, radiating porphyroblasts of chloritbeTrest of the matrix consists of up to
30% fine-grained (<0.3mm) quartz and biotite. Oth@nor mineral occurrences which
are observed replacing both hornblende and chlarigpidote and opaque minerals. The
radiating chlorite needles cut across the foliathom have a long crystal axis parallel to
the foliation plane and contain inclusions of epgdand quartz, therefore considered to
grow syn-deformational. Chlorite, a very water-rictetamorphic mineral is observed
replacing hornblende (a more anhydrous mineraljjcating retrograde/retrogressive
metamorphism. The presence of chlorite suggests slagree of alteration and therefore,
presence of some fluids during or slightly aftertameorphism. Given the mineral
assemblage, variable thickness and departure outhi along strike (ie. a lens) indicate
that this unit likely resembles an intermediateimabmposition volcanic flow, probably
an andesite.

The sample has moderate to strong elongation atzjaeystals and strong alignment of
biotite and hornblende with the microscopic fobati This elongation and alignment of
minerals is in the same orientation as the nedniglite, indicating that it was extruded
before the deformational event. Kinematics are lyodeveloped, due mostly to the
absence of phenocrysts, and thus asymmetric feagmeenon-existent in this sample.
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5. Secondary lon Mass Spectrometry (SHRIMP) U-Pb geochr onology

5.1. Analytical techniques

Representative samples for geochronology analysie welected from the outcrop based
on their degree of weathering and lack of contationafrom other sources. The spatial
distributions of the samples are shown in FiguralPcrushing and mineral separation of
the samples was undertaken at the Mawson Labaogatati the University of Adelaide,
South Australia. Larger pieces of rock were brolprby a sledge-hammer into fist sized
representative portions and were crushed into dmagments using the jaw crusher. The
jaw crusher was dissembled and thoroughly cleamdaden each sample to avoid cross
contamination. The cm-sized fragments were furtirashed into fine-grained material
using the tungsten-carbide rings in a vibratingl.ndihe resultant crushing was sieved
simultaneously through 75 and 4B mesh. The 75-428n fraction was further reduced
in size through hand panning using water and deterp remove dust and separate the
denser mineral components. Zircon extraction wammaplished through heavy liquid
separation and then passed over with a strong imagghet to remove highly magnetized
material. Approximately 80-120 zircons from eacmpbke were hand picked and, along
with several standard grains, were positioned 2b@m diameter araldite-epoxy mount.
The mount was polished to the approximate halftwaftthe zircon grains.

The polished zircon mounts were then imaged ugiegPthilips XL20 scanning electron
microscope (SEM), fitted with a Gatan cathodoluragence (CL) detector operating at
12.0 kV, located at Adelaide Microscopy, UniversaffyAdelaide. A combination of both
CL and BSE detectors were used to image the irdteorang and zircon morphology.
The mount was then evaporatively coated with a0t nm of high purity gold for use
on the Sensitive High Resolution lon Microprobe EBMP).

U-Th-Pb zircon analyses of the three samples walteated using the SHRIMP Il (B) in
the John de Laeter Centre for Mass Spectromet@uatin University, Perth, over one
session on the Y0September, 2009. The operating guidelines regauttiea SHRIMP are
detailed in various publications (e.g., Compstomlet1992; Williams, 1998). Analysis
spot locations were chosen based on a combinati®h @and optical imagery and aimed
for homogenous luminescence regions of the zircatlh wo inclusions, cracks or
imperfections, which could introduce anomalous am®wf?°Pb. A beam diameter of
30um was used, and prior to analysis, each spot wasreal for 120 seconds to remove
any surficial common lead. Five scans were runefach analysis spot and the results
were averaged. Common-Pb corrections were applied ai analyses using
contemporaneous common-Pb isotopic compositionsrm@ied according to the Pb
isotopic model of Stacey and Kramers (1975), aeddhdata are presented in Tables 1-3
and Figures 11-13.

5.2. Sample descriptions

Several examples of zircon morphologies, spot amlpcations and age determinations
are shown in Figure 10. The degree of luminescenwder CL is governed by the
concentration of certain trace elements (e.g. U, THj within the structure of the zircon.
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The zircons in these samples had a range of lucemese and the more intense and
brighter zircons generally had less concentratiomdioactive trace elements in them.

5.2.1. 191706

This sample was taken from a relatively high straggion within the zone of
ultramylonite deformation and preserves high angfieictural fabrics. This sample
contained mostly pink and glassy zircons rangiramfrl00-30@m in length with an
aspect ratio of 2.5:1, are sub to euhedral in shagdecommonly fractured and broken up.
CL imagery shows moderately well developed idiorharposcillatory zoning in a
majority of the crystals and common opaque inchsioln many cases thin bright,
structureless rims surround the zircons (Figurg.10a

5.2.2.191716

This sample was taken from the undeformed centra oficro-granite pluton that has
intruded into the ultramylonite rhyolite on Mouraing (Figure 2). This sample proved to
be more zircon-rich relative to the other sampldg zircons are smaller (70-158) in
length, very glassy, clear to slightly pink in cotpstubby (with an aspect ratio of 1.5-
2:1) and mostly euhedral in shape. Under CL nealiythe zircons have oscillatory
zoning and many contain opaque inclusions (Fig@i®.1They appear quite undamaged
and transparent.

5.2.3. 191728

Sample 191728 was collected from the same Moun¢ Jhyolite, but located about
500m to the south, clear of the shear zone defoomdFigure 2). The zircons in this
sample had a similar morphology to sample 1917@6 egommon inclusions, yet slightly
smaller in size ranging from approximately 60-g&0in length. The majority of zircons
had primary oscillatory zoning structures under &lalysis, but few retain their original
crystal shape and are quite broken and fragmeBbeamples of some of the zircons and
analysis spot locations are shown in Figure 10c.

5.3. Results

All the analytical data of the three samples aes@nted in Tables 1-3 and diagrammatic
representations of the data are displayed in Fggide13. All individual spot analyses
are shown with an error given to the [evel, whilst the error for the grouped data is
given at the & level. The age determinations shown in Tablesah@ Figures 11-13
have been corrected f6/*Pb (common lead), the effect of common lead howeéser
relatively minor. The proportion of common lead*®b) in the analyses was minimal
with an average of 0.09% of total Pb and rangeanf® to 0.3% (excluding one
anomalously high 0.886% proportion) and did notrease during the 13 minute
analysis, indicating the majority of lead is inhd@réo the zircon rather than the mount
surface.
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5.3.1. 191706

15 analyses from 15 separate zircons were condumtedample 191706 with one
analyses located on a highly luminescent metamonpim (15.1). The analyses data are
displayed in Table 1. The grouped average of thesbillatory zoned targets yielded a
weighted mean averag®pPb corrected**PbF°°U age of 1077+8 Ma (Figure 11a), with a
reasonable MSWD of 1.3. However the same 14 arglyiséded a much youngé¥Pb
corrected””’Pb*Pb age of 1052+13 Ma and MSWD of 0.7. THé&Pb corrected
23¥ppP%%Y age of the single rim analysis was 1055+17 Maveitls confidence level,
slightly younger than, but within error of, the maatic cores. The linear regression
through the corrected®U/?°Pb vs.2*’Pb°°Pb isotope ratios produced an age of 10737
Ma for the 14 oscillatory zoned cores when plotteda Tera-Wasserburg Concordia
diagram (Figure 11b), with a slightly higher MSWD 106. Because of the fact that the
analyses of the rim in spot 15.1 yielded no sigaitiit difference in age, the data all fall
into a single population with a correct&U/?*®Pb vs.?°Pb/°%Pb isotope ratio age of
10737 Ma and MSWD of 1.6, when plotted on a Teras¥érburg concordia diagram
(Figure 11b), identical to the age excluding anedy$5.1. A number of attempts to date
the thin, highly luminescent zircon rims were malbet each time the concentration of
common lead “Pb) was extremely high and the analyses was abdFted could be
attributed to damage of the outer rim and introiduncof 2°*Pb from external sources to
the outer rim structure.

5.3.2.191716

10 analyses of 10 separate zircons were conducaiedample 191716 with the data
displayed in Table 2. One analysis (7.1) is exaluftem the grouped weighted average
of the?®*Pb corrected®Pb’°®U age on the basis of that it is significantly distant from
the remainder of the data (Figure 12 a). Thus &chd.070+6 Ma was determined, with
a reasonably good MSWD of 1.1. Similarly, excludamalysis 7.1, the Tera-Wasserburg
concordia plot for the correctétfU/?°Pb vs.2°Pb/°%Pb isotope ratios produced an age
of 1070+5 Ma, with a reasonable MSWD of 1.2 (Figli&b). These near identical age
estimates probably reflect the negligible commondBtected during the analysé04

= 0.02 avg.), greatly reducing the influence ofraccuraté®Pb correction. This sample
was comparatively high in radioactive isotopes wbempared to the other samples with
an averagé®®U and®**Th concentration of 856 and 1109 ppm respectively.

5.3.3. 191728

15 analyses of 15 separate zircons were conduatedample 191728 with the data
displayed in Table 3. Two analyses were excludedl(lnd 15.1) from the grouped
weighted average of th&*Pb corrected*®Pbf’®U age on the basis that they were
significantly discordant from the remainder of teta (Figure 13a). Expulsion of these
two points yielded &b age of 1069+9 Ma and a low MSWD of 0.61. The Tera
Wasserburg concordia plot for the correct€®/*°®Pb vs.?°’Pbf%Pb isotope ratios

produced an age of 1071+8 Ma for the 13 concordaalyses, with a reasonable MSWD
of 1.3 (Figure 13b). The weighted average corrett@®b/°®Pb ratio produces an age of
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107621 Ma (MSWD = 1.9). The disconcordancy of ge@$ 14.1 and 15.1 along with
their significant error (Table 3) can be attributedhe fact that the SHRIMP B software
froze up and had to be re-booted and thereforeatipgr conditions were still being
optimized during their analyses.

5.4. Interpretation of results

The main constraint on the age of deformation atiM@dane is the crystallisation age of
the cross-cutting and syn-tectonic micro-granitemgle 191716. Zircons from this
granite have very well preserved idiomorphic oatilly zoning which have been
interpreted to represent the age of crystallisatbnthe granite pluton. The strong
agreement between both the correct®/2°Pb vs.2’PbP®Pb and“%bF’U ages of
1070+5 Ma probably reflects the fact that the zirstructure has been undamaged since
its crystallisation and had no introduction’8Pb. The morphology of the zircons appear
quite pristine in comparison to samples 191706 E310728. The higher concentration of
radioactive trace element&{U and?**Th concentration of 856 and 1109 ppm, average
respectively) within the zircons of the granite @ared to the encompassing rhyolite,
sample 191706’%U and®**Th concentration of 185 and 194 ppm, average réispsg,
coupled with the different morphologies of the amccrystals between the two suggests
that there has been little or no inheritance withie granite pluton. The absence of rims
corresponding to later zircon growth implies tha zircons show no evidence of high
strain contained within the centre of the granitegn, where the sample was taken.

Sample 191706 also yielded a quite similar, yeghsly older corrected®U/**%Pb vs.
2ppO%h isotope ratios age of 1073+7 Ma for 14 analy$bss age is interpreted to
represent the age of crystallisation of the rhgofiow that hosts the intruding granite.
Under CL, many of the zircons in sample 191706 M, highly luminescent
structureless rims (Figure 10a). Many of these riveye often more rounded and
anhedral surrounding a more euhedral core, suggetiat the rims grew during some
phase after crystallisation of the rhyolite, likelyring metamorphism. Dating of these
rims proved difficult, due to the high concentratiof 2>Pb (common lead), with only
one of five analyses conducted successfully (15:hjs one analyses yielded a slightly
younger (but within & error), much less certain (dueftd04 = 0.886}>*Pb?°°U age of
1055+17 Ma and an even more extreme corrett@bf°Pb age of 1008+70 Ma. The
high concentration of common lead within the zirecoms is interpreted to be caused by
damage to the outer rim and introduction?®Pb from external sources (e.g. soils).
Although there was only one analyses successfahdacted on the thin outer zircon
rims, it is interpreted that this rim representsvgh from Zr-rich fluids during a phase of
deformation and metamorphism during or soon aftgusion of the rhyolite.

Sample 191728, similarly to sample 191706, yieldedcorrected?®®U/?°%Pb vs.
2Pp %% isotope ratio age of 1071+8 Ma for 13 analysepramary oscillatory zoning
within the zircon (Figure 13b). This sample canmnfrthe same rhyolite, but 500m south
of Mount Jane, out of the zone of shearing (Fid))relhis age is therefore interpreted to
likewise, represent the age of crystallisationhaf thyolite flow in the Mount Jane region.
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6. Discussion

6.1. Timing of extrusion of the Smoke Hill Volcanics

Prior to this study, age constraints on the deposibf the Smoke Hill Volcanics have
been extremely poor. Glikson et al. (1996) obtaiaercon magmatit’’Pb/°®Pb age of
1078+5 Ma from an outcrop mapped as a rhyolite trs@ift Blackstone Range. Re-
assessment of this outcrop by Smithies et al. (@PD®licated that this rock was actually
a fine to medium-grained hornblende and biotiteribgdeucogranite, which intrudes as
dykes and larger-scale plutons south of Blackstang Bell Rock Ranges (eg. Tollu
Pluton, South Hill Pluton). The leucogranite veamsl dykes are temporally and spatially
associated with the massive gabbros that localtyde and engulf the layered intrusions
(Smithies et al., 2009a), therefore the 1078+9 Mga rovides a minimum constraint on
emplacement of the layered Giles Complex. From nece-mapping of the west
Musgrave Block a victric dacite was sampled apprately 7km due west of Mount Jane
and yielded a U-Pb age of 102626 Ma (Figure lljsRge is a sharp contrast to the
SHRIMP U-Pb age of 1073+7 Ma attained for the rhigelat Mount Jane. Therefore this
older rhyolite possibly defines a significant timap (~50 Ma) in extrusion of the felsic
volcanics within the Bentley Supergroup. A seriétater-stage faults have dissected the
Tollu Group south of Blackstone Range (Smithieslet 2009b) one of these being a
large N-S trending normal fault just west of Mouiaine (Figure 1b) (H Smithies pers.
comm. 2009). It is possible that the ~1026 Ma atpregd for the vitric dacite represents
part of the Smoke Hill Volcanics which has been dthwown relative to Mount Jane and
has therefore exposed stratigraphically higher sogkhin the volcanic sequence to the
west of this fault.

Correlated with the Tollu and Kunmarnara Group ®malc rocks, based on strong
similarities in lithological sequence and age 8 Thauwata Group, which straddles the
Western Australian and Northern Territory bordemsyth of the Woodroffe Thrust

(Figure la) (Edgoose et al., 2004). The 1073+7 M far the Mount Jane rhyolite is
similar to the depositional age (and possibly aoivadent) of the Puntitjata Rhyolite

within the Tjauwata Group, which yields an age 0¥3+3 Ma (Edgoose et al., 2004). It
is also interesting to note that the Wankari Voicarof the Tjauwata Group, a series of
porphyritic felsic volcanics interlayered with mimmafic volcanic units (correlated to the
Hogarth Formation) (Close et al. 2003) have 88b2°Pb zircon evaporation dated at
1041+2 Ma. This age, therefore also defines a tjaqe-in deposition of the Tjauwata
Group of ~30 Ma from the Puntitjata Rhyolite, whishsimilar to the time gap in the

correlated Tollu Group. Thus it appears as thoudtusion of both the Tollu Group and

Tjauwata Group occurred as at least two separaedgs of magmatism.

The layered mafic intrusions (including BlackstdRange) have been macroscopically
folded to at least some degree prior to, and plysdilring the emplacement of the Tollu
Group volcanics, evident by tilting of igneous lepg of the Giles Complex into the
steeply dipping remnants currently exposed. Thel&tone Intrusion, for example, dips
81° to the south on its eastern edge. The ageedftimmanara Group which the layered
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Giles Complex intrudes is very poorly constrain€de youngest detrital age of 1172+8
Ma (weighted®’Pb°Pb age of 36 grains) defines the maximum age fposiéon of
the MacDougall Formation, which forms the base hid Kunmanara Group. A latest
Musgravian Orogeny age of c. 1170 Ma defines alaimmaximum age constraint to the
c. 1172 Ma detrital age for the deposition of thenKanara Group (and Giles Complex).
If the Tjauwata Group is indeed a correlative & Bentley Supergroup then the 1084+9
Ma Walu Granite (Close et al., 2003) which intruties Mount Harris Basalt (correlative
of the Mummawarrawarra Basalt) therefore providesimimum age constraint for the
deposition of the Kunmanara Group. The Giles Cowmpgtewever is very poorly
constrained and could have intruded the Kunmanamugsof the Western Musgrave
Block any time between ~1170 and 1075 Ma. The Gilesiplex and Kunmanara Group
on BLACKSTONE (Smithies et al., 2009b), evidentlasvat least broadly folded,
uplifted and eroded, prior to the unconformablewesibn of the rhyolite at Mount Jane at
~1073 Ma. The widespread intrusion of the Giles Clempvould have caused large
amounts of upper crustal melting, thus producirggrtiultiple felsic magmatic pulses that
intrude the mafic-ultramafic layered intrusions amdptions of the Bentley Supergroup.

6.2. Timing and style of deformation

The best constraint on the age of the deformatioMaunt Jane is the syn-tectonic
microgranite intrusion (Figure 2). The microgranithich is more crystalline and harder
than the rhyolite acted as an obstacle to sheamyhas well foliated outer margins
where it is in contact with the encompassing figexined (and more easily deformed)
rhyolite. In close proximity to the intrusion areagite veins that are correlated to the
larger body which cross-cut the mylonitic fabrichefefore these field observations
indicate that the microgranite intrusion occurechcdyonous with the deformational
event. SHRIMP U-Pb dating of this granite intrusioelded an age of 10705 Ma. The
morphologies of zircons from the granite comparedhie rhyolite under CL analysis
indicated distinct differences, with much strongscillatory zoning, smaller size and the
more euhedral shape from the granite sample comigar¢he rhyolite (Figure 10a-c).
The microgranite zircons were also anomalously lghranium and thorium compared
to the rhyolite (Tables 1-3) and therefore the foigty of inheritance of zircons within
the granite intrusion is discounted. Chlorite apitete alteration of hornblende within
the meta-andesite adjacent to the ultramylonitdicate the presence of at least some
fluids during the metamorphic event. Thereforesitlikely that the thin, luminescent,
structureless rims (Figure 10a) that surround tredas in the highly deformed rhyolite
(sample 191706), formed during metamorphism froronium-bearing fluids. Dating of
one of these outer rims gavé®@b/*®U age of 1055+17 Ma, with aclerror (Table 1,
706-15.1). The steeply south dipping mylonitic fattherefore formed during or soon
after the time of extrusion (~1072 Ma), and probatdyntinued for some time after.
However the age of both the microgranite intrusiad extrusion of the rhyolite at Mount
Jane is within error of each other and separatidhetwo events is outside the scope of
the SHRIMP U-Pb analysis system. Therefore thiglystagrees with the hypothesis of
many workers (e.g. Clarke et al., 1995; Stewar®51@likson et al., 1996; Smithies et al.,
2009a) that the Giles Event was accompanied byriadgef strong deformation, which
continued to at least the early stages of extrugidhe Tollu Group volcanics. However
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this study has successfully dated field relatiopshhat constrain this Giles Event period
of deformation.

The location of the highest strain is interestinggigated where, in thin-section, the
highest proportion of quartz in the matrix occuféis may have caused the loci of
strongest deformation at Mount Jane due to theepgrfial ease at which quartz is
deformed. The microgranite intrusion into the sheare (Figure 2) may also have also
aided deformation and development of the obserwddmitic foliation by the addition of
heat causing the at least lower amphibolite fagiesamorphism indicated in thin-section.
In thin-section, epidote appeared slightly elondaite some sections and garnet sub-
euhedral and undeformed, thus indicating that pestamorphic conditions were
achieved at a short time after the phase of defoomarhis peak metamorphic grade was
followed by retrograde/retrogressive metamorphisndicated by replacement of
amphibole by more hydrous metamorphic chloritehi@ tneta-andesite. Throughout the
Mount Jane shear system distinct structural fatams linear elements vary and seem to
correlate and respond to the different strain gnatdi Highly strained mylonitic zones
preserve well developed rotational strain (i.e.taletlasts) (Figure 9) and mineral
stretching lineations which are perpendicular te thferred bulk shearing direction
(Figure 2) in the lower strained zones and highlessgructural fabrics. In contrast, the
lower strained zones exhibit more shallow-dippirigutural fabrics (Figure 2) and
poorly developed rotational strain indicators amgedr fabrics (mineral stretching
lineation) which parallels the bulk shearing direat(north-side down). Such variability
in structural and linear elements is usually atiiefol to simultaneous simple and pure
shearing resulting in partitioning of strain intoaxial and non-coaxial components
(Fossen and Tikoff, 1993). The progressive changeorientation of the stretching
lineation between high and low strain zones (irmetgal to be equivalent to high and low
rotational strain) (Figure 2) is interpreted tonegent incremental changes in orientation
of the principle axis of the finite strain ellipsoirherefore the higher strain zones were
dominated by simple shear, and developed stretdhiagtions perpendicular to the bulk
tectonic transport direction and alternatively, éovgtrain zones were dominated by pure
shear and developed flattening fabrics and stnegchineations parallel to the shortening
direction. The shear sense throughout Mount Jarteiin thin-section and outcrop gave
‘north-side down sense of movement. The combinatidnnorth-dipping mylonite
development in the south of Mount Jane, verticppatig ultramylonite in the core, with
at least some component of strike-slip movemend, swuth-dipping mylonite in the
north of Mount Jane (Figure 3), gives the appeaawica ‘positive flower-structure’
shear system.

The areal extent and timing of D3 deformation (&ierent) is poorly known, but is best
observed within the western Musgrave Block at clasximities to the layered mafic —
ultramafic intrusions (Wade et al., 2008). D3 defation, where observed is typically
manifested by steeply dipping mylonite zones, whigloriented D2 deformation fabrics,
and are cross-cut by ca. 820 Ma Amata Dolerite slf{kdarke et al., 1992) and in parts
appears coeval with emplacement of the ca. 1080aytred mafic-ultramafic intrusions
(Glikson et al., 1996). The steeply SW dippingarttylonite at Mount Jane presented in
this study appears closely analogous to a numbéneofeatures described for D3 aged
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deformation observed elsewhere, such as the Hwpckkult. Strong structural and
geochronological evidence therefore places theddgaylonitic deformation at Mount
Jane as late Mesoproterozoic D3 (Giles Event). @udmng of any younger structural
fabrics (e.g. Petermann aged) is not observedmili@ Mount Jane shear zone.

The southwards dipping Blackstone Range is belidgefbrm the northern limb of an
upright, W-plunging structural syncline, with refcof the southern limb sporadically
exposed approximately 20km to the south, immediaterth and east of the Cavanagh
Range (Figure 1b) (Smithies et al., 2009a, b; Eeinal., in press). If this is indeed true,
then both the widespread N-S dipping foliation aNeplunging macroscopic folding
(Figure 8b-d) at Mount Jane is consistent with @nentation of the folding within the
large-scale mafic-ultramafic layered intrusion,igading the NNW-trending deformation
which folded the layered intrusion, likely contimuduring the extrusion of the Smoke
Hill Volcanics. If the Blackstone Syncline truly ists, then mapping of the core of the
syncline, at Barnard Rocks (Figure 4, 5), wheregteposed E-W trending axial plane
lies, provided inconclusive evidence of its exisenThe northern exposed hill at
Barnard Rocks, gave strong evidence of steeplyhsdipping, igneous layering (Figure 4,
8h). The southern exposed hill, however, providete |igneous layering and the
structural orientation of the volcanic units aregp constrained. However, of the many
fracture planes observed at Barnard Rocks, a demiBaVN trending fracture set was
observed (Figure 8g). This fact, along with thesistently steep, south-dipping igneous
layering within the volcanic rocks, suggests thasse rocks have also been deformed in a
dominantly N-S directed orientation. Due to the rapeated stratigraphy over the
proposed location of the axial plane and the stephern-dip of the volcanic rocks at
Barnard Rocks, it is concluded that the fold axishe Blackstone Syncline, if it exists
must lie slightly to the south of this mapping aré@proximately 5km to the south,
igneous layering within the Smoke Hill Volcanicpslimoderately towards the north
(Figure 1b) (Smithies et al., 2009b). Therefore fbasibility exists that either the Tollu
Group has been folded about the same axis as #ek®8bne Range intrusive as part of
the ongoing deformation during the Giles Event titermatively the Tollu Group
volcanics may have flowed down into a topograplasii caused by a pre-existing, at
least broadly folded Blackstone Syncline (Evinsgletin press). Detailed mapping within
the Blackstone Basin would be required to resdieedrigin of the tilted igneous layering
in the Tollu Group.

7. Conclusion

The bimodal volcanic rocks of the Giles Event wdeposited unconformably on the
previously folded layered mafic-ultramafic Blacksointrusion of the Giles Complex.
SHRIMP U-Pb dating of zircon cores of two samplestf the Smoke Hill Volcanics
rhyolite at Mount Jane yielded ages of 1071+8 Md &673+7 Ma. The 1075+3 Ma
Puntitjata Rhyolite of the Tjauwata Group, furth@the north, is considered a correlative
of the Mount Jane rhyolite based on strong sintiégiin lithological sequence and age.
This age constraint implies that the emplacement tleé Giles Complex on
BLACKSTONE occurred before unconformable extrussdénthe ~1072 Ma rhyolite onto
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the layered intrusion at Mount Jane. Prior to tkigusion of these rhyolites observed at
Mount Jane the Blackstone Range intrusion wastagdlileroded and folded.

Very soon after their deposition, or possibly syoctous with their crystallisation, the
rhyolites were strongly deformed with the developmef a 2km wide NW trending
shear zone. These rhyolites were deformed at higgmeperatures than their extrusion,
indicated by the syn-kinematic garnet and amphilaplewth in the mylonites. The
minimum temperature for this shearing is 450°Cdamet growth, but is more likely to
be around 500-550°C. Up to ultramylonite levelswéin were experienced in the near
vertical/steeply south-dipping core of the, at te&sver amphibolite facies shear zone.
Shear sense indicators, being mostly rotated phgsiscin both outcrop and thin section
consistently indicate north side down sense of rshg@aMany features of this shear zone
are consistent with D3 aged deformation, obserisemdnere in the western Musgrave
Block (eg. Hinckley Fault). A syn-tectonic microgree intrudes the centre of the shear
zone at Mount Jane, with associated granitic veingh cross-cut the mylonitic fabric.
Dating of this intrusion yielded an age of 1070+&.Mhis age, along with the consistent
style of deformation with D3, places the shear zan&lount Jane as Giles Event aged
and more importantly, indicates that deformation tbé layered mafic-ultramafic
intrusions continued well after their emplacement aleformed the overlying Tollu
Group. This continued deformation during the emgtaent of the Tollu Group may also
be responsible for the N-S directed folding of ilegarth Group, which directly overlies
the Smoke Hill Volcanics, or alternatively the stiyedipping igneous layering could
have formed as a result of slumping of the volcaiown a topographic basin caused by
a pre-existing at least broadly folded, Blackst8gyacline.
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10. Figure captions

Figure 1 - (a) Regional geological map of the Musgrave BJoghowing its position
within Australia relative to the state boundariesl @&madeus and Officer Basins. Also
shown are the broad domains within the MusgravelBénd locations of the Woodroffe
Thrust, Hinckley and Mann Fault. Map modified af@awood and Korsch (2008); (b)
Location of the Mount Jane and Barnard Rocks mappareas within the
BLACKSTONE 1:100 000 series map sheet. Map modi&geer Smithies et al. (2009b).

Figure 2 - Detailed 1:10 000 geological map of the Moumelanapping area showing
structural data, sample locations and the NW-trandaylonite and ultramylonite zones.

Figure 3 - Structural N-S orientated cross-section congtdichrough the Mount Jane
shear zone, (location of x-section is displayedrigure 2).

Figure 4 - Detailed 1:10 000 geological map of the BarrRodtks mapping area showing
structural data and inferred trend of the lithotagjicontacts.

Figure 5 - Structural N-S orientated cross-section congédithrough the Barnard Rocks
volcanic sequence, (location of x-section is digpthon Figure 4).

Figure 6 — Outcrop photos of lithology taken from varioesdtions within Mount Jane
and Barnard Rocks. (a) Small-scale folding of igreetayering indicating volcanic flow;
(b) Looking SE at the interpreted unconformabletaonof the layered mafic-ultramafic
intrusion and Smoke Hill Volcanics rhyolite. To aas the steep east dipping foliation of
the mafic rocks, oblique to the more north-dippiryolite. Mount Jane is in the
background; (c) Looking South at tilted igneousel@yg within the amygdaloidal basalt
approximately 1km south of Mount Jane; (d) Reldyivendeformed jigsaw-fit breccia
rhyolite, located adjacent ultramylonite. Also abvsdle are round spherulites at the top
of the rock; (e) Auto-brecciation of the rhyolitadicated at Barnard Rocks; (f) Looking
north at finely graded (upwards (south) youngiray)eking in the basalt-breccia unit at
Barnard Rocks.

Figure 7 - Outcrop photos of structure taken from variacations within Mount Jane. (a)
Strain partitioning within the deformed rhyolitejtlv poor development of foliation on
the rhyolite boulder and strong foliation developtand shearing juxtaposed against it;
(b) Looking south at a steeply north dipping fobat plane located only 10m north of
microgranite intrusion. The granite vein can bensgess-cutting the foliated rhyolite; (c)
Deformed and slightly rotated phenocrysts of plaelgise in mylonitic rhyolite; (d)
Looking west at typical outcrop of steeply dippirsgrongly developed foliation planes
within mylonitic rhyolite; (e) Very well developestretching lineation in ultramylonite.

Figure 8 — Stereonets and associated contour plot of alsttuctural data attained from
both the Mount Jane and Barnard Rocks mapping .areas
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Figure 9 - Photomicrographs of key kinematic indicators g@etrological relationships.
Figures 9 (a-d) are of rotated phenocrysts of plegse and all indicate sinistral sense of
shear. All four of these photomicrographs were talkeplane polarised light at 5x zoom
except (c) which was taken at 1.5x zoom. Scale &adslocation of photo relative to the
thin-section and its orientation are provided oe thterpreted drawings (right); (e)
Replacement of plagioclase phenocrysts by epidatd garnet growth during
metamorphism/deformation. Photomicrograph takecrass-polar light at 10x zoom; (f)
Strain shadow directly in front and behind plagise phenocrysts as the quartz-rich
fabric is forced around the obstacle. Photomicrplgreaken in cross-polar light at 1.5x
zoom; (g) Igneous depositional micro-layering atahgation of quartz clasts in sample
191713. Photomicrograph taken in plane-polarisgltlat 1.5x zoom; (g) Micro strain
partitioning within mylonitic rhyolite. The quartzrystals between the plagioclase
phenocrysts are relatively undeformed whilst imraggly above and below them, the
fabric is strongly deformed and quartz crystals alengated in foliation plane and
reduced in size. Photomicrograph taken in crosarpght at 1.5x zoom.

Figure 10 - Cathodoluminescence images of representatizerzigrains extracted from
(a) sample 191706; (b) sample 191716; (c) samplera®. Displayed spot ages are
2%PpfY ages, and spot size shown isi80

Figures 11-13 - Diagrammatic representations of SHRIMP zircon dge from 11(a, b)
sample 191706; 12(a, b) sample 191716; 13(a, bpleaf®17282**Pbf°U weighted
average using®Pb-corrected age estimates are displayed on th@)ednd right (b), the
Tera-Wasserburg concordia plot using uncorrectedofe ratios of***Pbf’U Vs.
2ppf%%p with anchor value for the linear regressionls® ahown with its associated
error.
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11. Tables

Grain | ®U  #fTh ZTh 24 ByO%pr 2PprO%Pbr %% 2Pb*%Pb*  Disc
Spotno.| (ppm) (ppm) /Z%U (%) +lo +10 date (Ma) +b date (Ma) +b (%)
706-1.1 | 171 184 1.11 0.116 5.490.062 0.07433 0.00103| 1079 13 1050 28 -2.7
706-2.1 | 188 206 1.13 -0.10%.387 0.059 0.07480 0.00096| 1098 13 1063 26 -3.2
706-3.1 | 215 166 0.80 0.246 5.640.059 0.07392 0.00107| 1051 12 1039 29 -1.1
706-4.1 | 245 286 1.21 0.107 5.418.054 0.07360 0.00085| 1092 12 1030 23 -6.(
706-5.1 | 222 275 1.28 0.116 5.456.055 0.07506 0.00089| 1085 12 1070 24 -14
706-6.1 | 244 295 1.25 0.000 5.430.054 0.07485 0.00073| 1089 12 1065 20 -2.3
706-7.1 | 192 174 094 0.140 5.448.059 0.07362 0.00101| 1086 13 1031 28 -5.4
706-8.1 | 129 129  1.03 0.156 5.560.070 0.07442 0.00125| 1066 15 1053 34 -1.2
706-9.1 | 133 151  1.18 -0.04%.468 0.067 0.07574 0.00105| 1083 15 1088 28 0.5
706-10.1/ 233 245 1.08 0.176 5.573.056 0.07391 0.00097| 1064 12 1039 26 -2.4
706-11.1/ 215 234 112 0.032 5.57%.057 0.07366 0.00082| 1064 12 1032 22 -3.(
706-12.1/ 171 169  1.02 0.077 5.593.063 0.07414 0.00098| 1060 13 1045 27 -14
706-13.1/ 148 167 116 0.042 5.54%.065 0.07577 0.00097| 1069 14 1089 26 1.8
706-14.1) 176 186  1.09 0.143 5.44®M.060 0.07348 0.00102| 1088 13 1027 28 -5.9
706-15.1] 93 44 0.49 0.886 5.6240.081 0.07277 0.00250| 1055 17 1008 70 4.7

Table 1- SHRIMP zircon age data for sample 191706

Grain | ®U  #fTh ZTh 24 ByO%pr 2PprO%Pbr %% 2Pb**Pb*  Disc
Spotno.| (ppm) (ppm) /U (%) +lo +10 date (Ma) +b date (Ma) +b (%)
716-1.1 | 878 780 0.92 0.013 5.550.039 0.07525 0.00035| 1068 8 1075 9 07
716-2.1 | 512 602 1.21 0.025 5.518.046 0.07555 0.00051| 1074 10 1083 14 0.8
716-3.1 | 520 686 1.36 -0.01%.651 0.047 0.07576 0.00051| 1050 9 1089 13 35
716-4.1 | 504 643 132 0.000 5.498.046 0.07557 0.00050| 1078 10 1084 13 0.5
716-5.1 | 1177 1228 1.08 0.022 5.493.039 0.07484 0.00034| 1078 8 1064 9  -1.3
716-6.1 | 2063 3253 1.63 0.015 5.513037 0.07475 0.00028| 1075 8 1062 8 -1.2
716-7.1 | 1343 1933 1.49 0.013 5.360.037 0.07466 0.00030| 1103 8 1059 8 -4.1
716-8.1 | 508 721 146 0.000 5.576.046 0.07474 0.00047| 1063 9 1061 13 -0.2
716-9.1 | 460 579  1.30 0.054 5.490.046 0.07412 0.00056| 1077 10 1045 15 -3.1
716-10.1/589 668 1.17 0.072 5.59%.045 0.07507 0.00051| 1060 9 1070 14 1.0

Table 2 — SHRIMP zircon age data for sample 191716
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Grain | ®U  *Th #%Th % 2% 2P %P 20%%b*  PPb*f%Pb*  Disc

Spotno.| (ppm) (ppm) /U (%) +lo +10 date (Ma) +b date (Ma) +b (%)

728-1.1 | 242 293 1.25 0.13%.489 0.070 0.07440 0.00088| 1079 15 1052 24 -2.%
728-2.1 | 134 151 1.17 0.145.555 0.082 0.07532 0.00119| 1067 17 1077 32 0.9
728-3.1 | 124 145 1.21 0.246.574 0.084 0.07403 0.00135| 1064 17 1042 37 2.1
728-4.1 | 175 193 1.14 0.10%.510 0.076 0.07530 0.00099| 1075 16 1076 26 0.1
728-5.1 | 128 124 1.00 0.24%.547 0.082 0.07333 0.00134| 1069 17 1023 37 -4.4
728-6.1 | 135 150 1.15 0.29%.491 0.081 0.07259 0.00142| 1079 17 1003 40 -7.6
728-7.1 | 264 304 1.19 0.04%.647 0.071 0.07546 0.00075| 1051 14 1081 20 2.8
728-8.1 | 109 128 1.21 0.11%.517 0.086 0.07435 0.00124| 1074 18 1051 34 -2.2
728-9.1 | 234 285 1.26 0.025.665 0.073 0.07754 0.00077| 1048 15 1135 20 7.7
728-10.1| 256 366 1.48 0.0545.523 0.070 0.07656 0.00081| 1073 15 1110 21 3.4
728-11.1| 180 211 1.21 0.0005.414 0.280 0.07447 0.00082| 1093 61 1054 22 -3.6
728-12.1| 168 202 1.24 0.0005.534 0.075 0.07570 0.00085| 1071 16 1087 22 1.5
728-13.1| 141 107 0.78 0.0005.369 0.095 0.07396 0.00094| 1101 21 1040 26 -5.8
728-14.1| 166 184 1.14 0.0005.663 0.355 0.07191 0.01934| 1048 71 983 547 -6.6
728-15.1| 144 165 1.18 0.0006.624 5.872 0.07570 0.00087| 906 810 1087 23 16.6

Table 3 — SHRIMP zircon age data for sample 191728
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12. Figures

Figure 1(a)
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Figure 7(a) Structural photos (b)
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Figure 8(a) Mount Jane lineations all data. Lirmaplunge and trend

[Max. =28.83%)

No. of Data = 111

(b) Mount Jane foliations all data. Poles to fiidia strike and dip.

[Max. =20.46%]

No. of Data = 303

(c) Stop 291, North Mount Jane, small scale (5ry).fBoles to foliation strike and dip.

Calculated girdle: 43/106
Calculated beta axis: 47-286

No. of Data =8
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(d) Larger scale fold, stop 270-290 (North Mourmie)a Poles to foliation strike and dip.

Calculated girdle: 34/084
Calculated beta axis: 56-264

No. of Data = 35

(e) Igneous flow banding all data, Mount Jane. tdestrike and dip of layers.

Open squares represent igneous flow banding north
of the ultramylonite zone, Mount Jane

Smaller squares represent igneous flow banding
south of the ultramylonite zone, Mount Jane

No. of Data =9

(f) Barnard Rocks, fracture planes, all data. Puldsacture strike and dip.

- 2%
oo 4%
---- 8%

(Max. =10.61%])

No. of Data =71
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(g) Barnard Rocks, fracture sets only. Poles tctir@ strike and dip.

---- 3%
---- B%
- 12%

(Max. =14 63%)

No of Data = 42

(h) Barnard Rocks, igneous flow banding, all dB@les to strike and dip of beds.

No of Data = 10
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Figure 9(a)

(b)
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Figure 10(a)
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(c)
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Figure 11(a)

data-point error symbols are 10

Mean = 1076.6+8.4 [0.78%)] 95% conf.
Wtd by data-pt errs only, 1 of 15 rej.
MSWD = 1.3, probability = 0.20

Figure 12(a)

data-point error symbols are 1o

—_

—_—

Mean = 1069.6+5.9 [0.55%] 95% conf.
Witd by data-pt errs only, 1 of 10 rej.
MSWD = 1.09, probability = 0.37

data-point error ellipses are 20
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Figure 13(a)

data-point error symbols are 10
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Mean = 1069.1+9.2 [0.86%)] 95% conf.
Wtd by data-pt errs only, 2 of 15 rej.
MSWD = 0.61, probability = 0.84

(b)

Concordia Age = 1070.7 £8.2 Ma )
(95% confidence, decay-const. errs ignored) ‘
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