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ABSTRACT

\, ):.

In the central part of the eastern Weekeroo Inlier, Olary Domain, two types of granite have
been identified. This thesis explores both granite types in order to explain possible tectonic

environments and geological evolution during the Proterozoic.

The A-type Walter Outalpa granite is characterised by high SiO,, Zr, Nb, Y, rare earth
elements (REE) and low MgO, CaO, TiO,, P,O; and light field strength elements (LFSE).
High zircon saturation temperatures differentiate this fractionated A-type granite from
| potential fractionated I-type granites. The peraluminous granite is characterised by high SiO,,
Al O,, Rb, U, Th, and low MgO, CaO, TiO2, Sr and light REE. It displays strong

geochemical similarities to the Bimbowrie S-type granite.

Consistent geochemical and isotopic characteristics for the Walter Outalpa granite and other
similar A-type granites across the Olary Domain indicate a single regional crustal plus mantle
source. Partial melting of lower Archaean crust due to lithospheric thinning is proposed.
Geochemistry and isotopic analysis of the peraluminous granites suggest varying infracrustal

sources for loosely grouped S-type granites in the Olary Domain.

Previous interpretations for the depositional environment of the Willyama Supergroup
inetasediments in a continental rift setting are supported by comagmatic A-type volcanics and
granites within the central part of the eastern Weekeroo Inlier. An extensional environment
during emplacement is consistent with evidence for shallow level emplacement such as

graphic texture, and the absence of a contact aureole for the Walter Outalpa granite.

There is foliation development and evidence of folding for three deformation events during
the Proterozoic Olarian Orogeny. Timing relationships between granitoids and
metasediments in this area have constrained relative timing of emplacement. Low
temperature solid state deformation affected the A-type Walter Outalpa granite after
emplacement into Willyama Supergroup metasediments. Crosscutting relationships between
the peraluminous granite and adjacent deformed metasediments imply a late to post D,

emplacement for this granite.
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Chapter One

CHAPTER ONE:
INTRODUCTION

\,)_'*.

The Olary Domain contains surface exposures of Proterozoic Willyama Supergroup basement
inliers surrounded by Adelaidean rocks. Within the basement are intrusive bodies of
Proterozoic age. In order to obtain a better understanding of the regional geological evolution
in the central, eastern Weekeroo Inlier, a series of these intrusive bodies were studied. By
looking at the timing and method of emplacement of these granites, speculation on the events
leading up to and post dating emplacement is possible. Using geochemistry and isotope data,
further speculation on the petrogenesis of the granites will be presented. Combining the
timing and source of the granites, results in a basis for a model of tectonic setting and

evolution of the area during the Palaeo to Mesoproterozoic.

1.1 Review of literature

1.1.1 Problem of timing of granitic emplacement in gneissic terrain.

In gneissic terrains problems with determining the relative timing of granitoid emplacement
are increased. Poly deformation cause complicated foliation and contact overprinting. This,
with the problem that all granitoid emplacements (pre, syn and post tectonic) can cause
similar foliation contact relationships (Paterson et al. 1989), urged the author to explore for
microscopic overprinting structures. Variation in pluton composition, fluid/rock interactions
and strain rates, will develop similar foliation patterns across pluton wall rock contact
(Paterson et al. 1991). Continuity between magmatic to parallel tectonic foliations is the best
evidence for syn-tectonic granitoid emplacement (Schofield and D’Lemos 1998). However,

no one line of evidence should be used.

1.1.2 Correlating and classifying granitoids

The most common classification of granitic rocks is in terms of mineralogy and/or chemistry,
eg two mica granite or peraluminous granite. This method uses measurable and non-genetic
parameters. Other methods have a chemical-tectonic approach (Pearce et al., 1984) and
magma source compositions inferred using chemical and mineralogical features (Chappell
and White 1992). These methods use chemical signatures as being indicative of tectonic

environments or source regions. Genetic classifications are unclear when studying more
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Chapter One

felsic granites, because these rocks tend to be close to a near rrﬁnimum—tempeg&ture melt
composition. Therefore these granites have converging major element compo"s;tions and
mineral compositions. Fractionation will have a similar effect on the trace element
composition, for example fractionated I- and A-type granites will yield similar geochemical

signatures (King et al., 1997).

A problem arises when correlating granites. Do similarities between compared granites
correlate them or do they relate to a common magmatic evolution or source? Isotope geology
is able to distinguish between these two possibilities because magmatic processes do not

fractionate isotopes (Rollinson 1993).

1.2 Aims and Methods

The aims of this study are to present an in-depth geochemical and isotopic analyses and
detailed mapping of the granitoids and surrounding Willyama metasedimentary country rock
within the central part of the eastern Weekeroo Inlier. From such a study, timing
relationships between magmatic emplacement and regional deformation, chemical
characteristics, granite types and the petrogenesis will be evaluated. It will be determined

whether spatially separate granitoids are correlatives and grouped accordingly.

Field mapping was performed using aerial photographs enlarged from 1:25 000 to 1:10 000.
Mapping techniques appropriate to gneissic terrains were used, such as form surface mapping

(Hobbs et al. 1976).

The major and trace element chemistry of samples was determined using X-Ray Fluorescence
analysis (XRF) at the University of Adelaide and Neutron Activation Analysis (NAA) at
Becquerel Labs Sydney (Appendix A). Neodymium and strontium isotope ratios were
determined using Finnigan Mat 261 and 262 Mass Spectrometers at the University of
Adelaide (Appendix B).
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Chapter Two

CHAPTER TWO:
REGIONAL GEOLOGY

The Olary Domain is located in central eastern South Australia and contains surface
exposures of Palaeoproterozoic Willyama Supergroup as basement inliers within
Neoproterozoic Adelaidean metasediments and overlying Cainozoic sediments of the Murray
Basin (Forbes 1991). Due to the Olary Domain’s proximity to the Broken Hill silver-lead-
zinc deposits it has been the subject of a number of previous investigations. These prior

studies are summarised in this chapter.

2.1 Geological Setting

The semi-isolated outcrops of the Willyama Supergroup have fault contacts with Adelaidean
sediments to the west and southwest and an onlapping relationship to the east. Various
authors including Stevens et al. (1990) have drawn lithological and stratigraphic correlations
between Willyama Supergroup within the Olary Domain and the adjacent Broken Hill
Domain (Fig 2.1). Based on a general fining upwards of sediments Willis et al. (1983)
interpreted the Willyama Supergroup to represent deposition in a failed Palaco- to
Mesoproterozoic rift.  These were subsequently deformed and cratonised.  Similar
interpretations by Glen et al. (1977) correlated Palaeoproterozoic metasedimentary sequences
in the Gawler and Olary domains and inferred that they represented shallow water
sedimentation onto older (presumably Archaean) crust. It is interpreted that more distal facies

lie to the east.

2.2 Stratigraphy

Detailed lithological studies of the Willyama Supergroup include work by Clark et al. (1986)
and Cook and Ashley (1992) from which five conformable rock suites have been determined.
Lithological summaries include those of Flint and Parker (1993) and Ashley et al. (1997) and

are summarised from oldest to youngest as follows:
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Figure 2.1 Interpreted correlation of the Willyama Supergroup sequences in the Broken Hill Domain with that of
the Olary Domain (Ashley et al. 1997).

Composite gneiss suite:

The “composite gneiss suite” is interpreted as the basal unit of the Willyama Supergroup. It
is characterised by coarse grained and migmatitic quartz + feldspar + biotite + sillimanite *
garnet gneiss. The gneiss contains a gradation between psammopelitic and pelitic schists, and
quartzofeldspath1c members. This gneiss is probably largely metasedimentary in origin,
composed of primary psammopelitic sediments, while coarse gramed quartzofeldspathic

components may have an intrusive origin.

Quartzofeldspathic gneiss suite:

The “quartzofeldspathic gneiss suite” is characterised by irregular layering of quartz + albite
+ biotite = K feldspar. The presence of sedimentary structures such as graded bedding, low
angle ripple cross laminations and ball and pillow structures plus the presence of pelitic
schistose horizons demonstrate a sedimentary environment. Large leucocratic granitic gneiss
bodies ranging from massive to foliated types and metavolcanics, recognizable by the
presence of quartz eyes, also occur within this suite.
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'}?‘ &

Calcsilicate suite:

The “calcsilicate suite” is characterised by actinolite, diopside and epidote with minor
carbonate and fine to thick laminations. The presence of magnetite distinguishes it from the
overlying “Bimba suite”. Ashley et al. (1997) interpret the depositional environment to be a

sabkha-like evaporite.

Bimba suite:

This unit has a gradational contact with the “calcsilicate suite”. The “Bimba suite” grades
from psammopelitic and pelitic schists into laminated calcsilicate-rich rocks with marble and
albite-quartz units. Flint and Parker (1993) suggest that this formation represents a shallow-
water, mixed carbonate-pelite unit in a transitional environment between the underlying

evaporitic and overlying deep marine units.

Pelite suite:

The “pelite suite” is dominated by pelitic and psammopelitic schists with a typical mineralogy
of biotite + muscovite + quartz * Al silicates = garnet + tourmaline. Carbonaceous mica
schists passing into pelitic schists with interbedded quartzofeldspathic metasilts mark the

basal unit of the “pelite suite”.

Separating the Willyama Supergroup from Neoproterozoic metasediments of the Adelaidean
Supergroup is the Grand Unconformity of Mawson (1912). The Adelaidean rocks include the
Burra and Umberatana Groups that are less deformed than the Willyama basement and of a

lower metamorphic grade (lower biotite facies).

2.3 Igneous Activity

Significant igneous activity throughout the Olary Domain is responsible for the presence of
regional granitoids and pegmatites. The earliest igneous event formed A-type granitoids (and
comagmatic rhyolite volcanics and epiclastics) at about 1700 — 1710 Ma (Ashley et al. 1996).
When deformed and metamorphosed these intrusives appear as foliated to massive leucocratic

granitic gneisses.
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Chapter Two

A suite of later S-type (Bimbowrie of Benton (1994)) granitoids that are quigranular,
leucocratic, pink to buff coloured and biotite and muscovite bearing intrude ‘Ehe A-type
granitoids. This massive to foliated intrusive type is the most extensive intrusive suite
throughout the Olary Domain and are informally termed the “regional granitoids” (Flint and
Parker 1993). Zircon U-Pb dating has given an age of about 1590 Ma (Cook et al. 1994) for

this suite,

A relatively mafic granitoid suite also has surface exposure in the Olary Domain. These are
granodioritic to monzogranitic, have I-type affinities and have been dated by Cook et al.

(1994) at about 1630 Ma using the zircon U-Pb method.

Pegmatites within the Olary Domain have been interpreted as having developed during high-
grade metamorphism and are contemporaneous with the “regional granitoids” (Flint and
Parker 1993). Mineralogically they contain microcline + quartz £ sodic plagioclase +
muscovite * tourmaline. Mineralization includes uranium, thorium and rare earth elements,

beryl, rutile, magnetite and iron manganese phosphate minerals (Lottermoser and Lu 1994).

Amphibolites, with a plagioclase + hornblende t* clinopyroxene * ilmenite * garnet
assemblage, some containing relict igneous textures and minerals, have both conformable and
cross cutting relations with their host rocks. Similar metadiorite dykes occur within the
Broken Hill Domain and correlations have been drawn by Cowley and Flint (1993) with the
Gairdner Dyke Swarm, which have an emplacement age around 827 = Ma (Wingate et al.

1998).

2.4 Deformation |

The Willyama Supergroup has undergone two orogenic events, the Olarian Orogeny at about
1600 Ma and the Delamerian Orogeny at about 500 Ma. The earlier event reached a much
higher metamorphic grade and produced more pervasive tectonic fabrics than the latter. The
Delamerian had little tectonic influence on the older tectonic fabrics. The Olarian Orogeny
has been subdivided to three deformations OD;-ODs and the Delamerian Orogeny into two
DD; and DD; by most authors. Summaries of the Olarian deformations include Flint and
Parker (1993) and Ashley et al. (1997). Detailed studies include work by Clarke et al. (1986)

and Berry et al. (1978). Table 2.1 shows a summary of tectonic foliations and folding put
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Chapter Two

forward by various authors including the work of Marjoribanks et al. (1980) from within the

Broken Hill Domain.

Various structural models have been put forward for the Broken Hill and Olary Domains

including:

Model 1 (Clarke et al. 1986).

This model describes north-south-trending nappes of an OD; origin. The naig)pes are refolded .
in a coaxial manner about upright OD; folds whose formation coincided with amphibolite
metamorphism. The transport direction for OD; is interpreted to be southeastward. Figure

2.2 shows an example of such a model. Laing (1996) proposed a similar model for the

Broken Hill Domain,

] SUCCESSION OF MAJOR DEFORMATIONS
AGE (Approx.) 4 8s

Millions of .
Years Ds:regional northeasterly-trending folds and steep slaty cleavage Sg in the
470 ; = Adelaidean, Reactivation of retrograde shear zones Sj .

- 4
[0}
(o]
S

N
E Dy first deformation of Adelaidean (B u). Evident in Burra Group and
T basement as northerly -~ trending steep folds and cleavage S4 . I
o]
=
3
]
o

Daithird deformation of the Willyama Supergroup. Open upright folds, -
widespread Sy crenulations, local axial-plane schistosity, siriking easterly

1500 to northeasterly. Steep easterly - trending retrograde shears.

Dy;0pen to tight isoclinal folds with strong axial - planar S schistosity,
trending northerly to northeasterly.

OLARIAN OROGENY

Dy;first deformation of the Willyama Supergrou?. Recumbent {olds and
nappes, Sy schistosity paraliel to layering, Inferred transport direction

southeasterly .
1700

Figure 2.2 Succession of major deformations in the Olary Domain (Fz)rbes 1991).

Model 2 (White et al. 1995).

A second model interprets the Broken Hill Domain as a series of discrete thrust packages
separated by high temperature shear zones. The now retrogressed shear zones are interpreted
as much older thrusts formed during high-grade metamorphism in the Olarian Orogeny. This
model explains the stratigraphic repetition due to high temperature shear zones rather than

nappe formation but also predicts a southeast tectonic transport direction.
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Chapter Two

2.5 Metamorphism _ i

The metamorphic history of the Olary Domain is summarised by Flint and Parker (1993) and
Ashley et al. (1997) while detailed studies were undertaken by Clarke et al. (1987) and Clarke
et al. (1995). These papers support a general north to south increase in metamorphic grade
consistent with that found in the Broken Hill Domain. The metamorphic grade is interpreted
as lower to upper amphibolite facies (Fig 2.3). Clarke et al. (1987) used timing relationships
between different aluminosilicate polymorphs, overprinting parageneses and peak
metamorphism to produce an anticlockwise pressure temperature path for the Olarian

Orogeny (pressure increasing with cooling from the metamorphic peak).

APPROXIMATE TIME
{million years before present)

1700 18?0 1690 ]5150 ’\N\/\, 5?0
-y OLARIAN DELAMERIAN
£5 OROGENY / \OROGENY
S / /

!

- METAMORPHIC GRADE
Amphiholite
facies

Granulite
facies

Figure 2.3 Approximate timing and metamorphic grade of tectonic events during the Olarian and Delamerian

Orogenies (Flint and Parker 1993)

Retrograde shear zones within the Olary Domain are well defined and are generally east-west
striking with steeply south dipping foliations. These zones display recrystallisation of mineral
fabrics to lower amphibolite — greenschist facies (Clarke et al. 1986). Steeply plunging
lineations have been used to determine a transpression movement with a south over north

component.
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Chapter Three .

CHAPTER THREE:
LITHOLOGICAL VARIATION WITHIN THE GNEISS
COMPLEX OF THE CENTRAL EASTERN WEEKEROO
INLIER

Previous detailed mapping of the central Eastern Weekeroo Inlier includes work by Tilley
(1990) who mapped the study area at 1:10 000 scale. Clarke et al. (1995) includes a
geologiéal map partly covering the study area and Laing (1995) has produced maps including
the area at 1:100 000 summarising previous Honours projects in the Olary Domain. However,
from previous studies little information was gathered to aid relative timing of the intrusion of
the Walter Outalpa granite. This chapter summarises field and petrological observations of
the granitic bodies and surrounding metamorphic rocks. The lithological relationships are

shown in figure 4.1.

3.1 Metasediments

3.1.1 Layered gneiss

The layered gneiss outcrops around the granitoids in the study area as a thin unit varying from
50 to 400 metres in outcrop width. The layered gneiss unit is dominantly a psammopelitic
rock grading from well-layered psammitic and pelitic units, varying from 5 to 50 mm thick
(Plate 1.a), into localised migmatic units when close to the Walter Outalpa Shear Zone (Fig
4.1). The melt phase of these thin migmatitic layers is dominantly quartzofeldspathic. Grain
size varies across layers from coarse to medium grained. Occasionally inverse metamorphic
grading was noticed in outcrop and thin section, and interpreted to represent original
younging. Within this unit a tectonic foliation (S,) is parallel to the primary layering (So)
display meso to microfolding. Minor phases include magnetite & muscovite & monazite. This

unit correlates with the “quartzofeldspathic suite” of Clarke et al. (1986).
Within this unit major hematite + barite + quartz pods also occurred both north and south of

the Walter Outalpa granite. These range from 10 to 50 metre wide ellipsoidal pods, which

outcrop as topographic peaks reaching ten metres above the otherwise undulating terrain.
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Plate 1

Layered gneiss (1106-025) showing aligned biotite (S;) parallel to layering. Layering
defined by psammitic pelitic alternations. (GPS E:409124 N:6437633)

Cross polar photomicrograph of albitite (1106-054). Quartz eyes in fine grained quartz

plagioclase matrix suggest a volcanic origin. Opaques are primary magnetite and pyrite,
(GPS E:409575 N:6439510)

Undeformed Walter Outalpa granite (1106-050) containing white feldspar dominantly
plagioclase, translucent quartz phenocrysts and the mafic phase is dominantly magnetite
with minor biotite. (GPS E:407185 N:6438778)

Cross polar photomicrograph of undeformed Walter Outalpa granite illustrating graphic
texture (intergrowths of quartz into feldspar (plagioclase)). Undulose extinction is also

illustrated in quartz grains.

Surface exposure of mafic enclave. Plagioclase and quartz phenocrysts standout from

mafic (biotite) groundmass.

Cross polar photomicrograph of mafic enclave (1106-012). Phenocrysts are quartz and
plagioclase. The biotite texture is prominently irregular or flow like but, shows some
minor alignment. Phenocryst inclusions are biotite. Finer quartz crystals show incipient

grain reduction. (GPS E:409959 N:6438850)

Hand sample (1106-033) of peraluminous granite. Mafic minerals are biotite. The finer

grained felsic minerals are quartz and feldspar. (GPS E:409730 N:6437185)

Cross polar photomicrograph of peraluminous granite (1106-033). K feldspar is present

as microcline. Both biotite and muscovite are present.
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3.1.2 Migmatite Unit

A coarse grained psammitic and pelitic migmatitic unit is restricted to the southern side of the
Walter Outalpa Shear Zone. This unit is medium to coarse grained with compositional
layering varying in thickness from a few centimetres to tens of centimetres. The coarse
biotite and muscovite-rich melanosome are separated by boudinaged and folded leucosome.

These mesoscale structures are evident throughout this unit.

3.1.3 Andalusite schist

An andalusite schist is restricted to the northwestern region of the mapped area where its
contact is distinct but conformable with the layered gneiss. The mapped thickness of this unit
is consistent throughout at approximately 400 metres. It is characterised by andalusite
porphyroblasts, which now appear as relict retrograde muscovite. This schist is readily
distinguishable in the field due to the presence of these porphyroblasts, which retain their
shape. Within this unit, a gradation occurs from muscovite-rich schist with minor andalusite
porphyroblasts to schist containing prominent andalusite porphyroblasts. The andalusite
schist is a combination of the mica schist and andalusite schist of Clarke et al. (1995). It

correlates with the “pelite suite” of Clarke et al. (1986).

3.1.4 Calcsilicate

The calcsilicate unit extends to the edge of the northwestern end of the mapped area and has a
conformable contact with the andalusite schist. The calcsilicate unit contains a strong
compositional layering defined by cream coloured quartz + feldspar (albite) layers alternating
with dark green actinolite + diopside + epidote up to tens of millimetres thick. A preferred
orientation of elongate calcic-minerals defines a tectonic foliation parallel to the
compositional layering. This unit is correlated with the “calcsilicate suite” of Clarke et al.

(1986).

3.1.5 Albitite (meta-rhyolite)

A thin concordant layered albite rich rock outcrops within the layered gneiss and the
migmatite units. It is discontinuous within the metasediments north and northwest of the
Walter Outalpa granite contact (Fig 4.1). The albitite classification is based on the dominance
of albite in weathered and altered (albitised) outcrop where it appears cream and red in colour.
However, fresh rock displays quartz eyes suggesting a volcanic or epiclastic origin (Plate 1.b)
(Vernon 1986). The quartz phenocrysts are up to Smm in diameter with the matrix dominated

by quartz and feldspar. Oxides are prominent with magnetite abundant, totalling up to 25% of
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the rock. Both magnetite and pyrite appear to be primary. The petrology of this unit is

o5
consistent with that of the “quartz eye” bearing quartzofeldspathic gneiss of Ashley et al.
(1996).

3.1.6 Sheared gneiss

The sheared gneiss is a medium grained psammopeliti¢ unit restricted to the Walter Outalpa
Shear Zone. There is very little compositional variation within this unit. Its mineralogy is
typically quartz + feldspar + biotite + muscovite + sericite. M domains and aligned

microlithon minerals in a seriate polygonal texture define a strong fabric.

3.1.7 Quartz augen gneiss

This unit is related directly to, and contained within, the Walter Outalpa Shear Zone. It is
dominated by quartz augen and less common feldspar augen. Typically the quartz augen are
0.5 to 10 mm in length surrounded by pelitic M domains. Characterised by this strong

anastomosing tectonic fabric, it is distinguishable from sheared Walter Outalpa granite.

3.2 Intrusives

3.2.1 Walter Outalpa granite

This granitic body makes up the largest proportion of the study area. In the field, weathered
outcrops appear as boulders and rounded surfaces on hillsides. Usually it is either a light grey
to pink orange in colour with resistant quartz phenocrysts standing out on weathered surfaces.
The magmatic mineralogy is homogeneous. It comprises quartz + plagioclase + potassium
feldspar (including occasional microcline) + magnetite + pyrite + biotite % fluorite. Closer to
the Walter Outalpa Shear Zone secondary biotite becomes prominent. Quartz phenocrysts
from five to ten millimetres in diameter (Plate 1.c), are characteristic of this unit and clearly
distinguish it from the otherwise similar peraluminous granite unit. Graphic texture‘ (Plate
1.d) is common (although more strongly deformed samples do not show such a texture).
Typically this granite is medium to coarse grained varying from seriate polygonal to
inequigranular interlobate. Mineralogy is consistent with the leucocratic medium grained
quartz-feldspar unit (“Type B” quartzofeldspathic gneiss) of Ashley et al. (1996). It has
previously been named the Walter Outalpa Granodiorite (Belperio 1996).
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Mafic enclaves are present within this granite and they typically consist of . biotite +
plagioclase + quartz =+ potassium feldspar + orthoamphibole =+ zircon % sphene. Tfle extent is
shown in figure 4.1. In outcrop the white phenocrysts of plagioclase and quartz have a higher
relief than the mafic phases (Plate 1.e). The texture is cumulate-like with biotite surrounding
the quartz and plagioclase phenocrysts in both an orientated and irregular fashion (Plate 1.f).
The biotite appears to be secondary. Biotite inclusions are present within the phenocrysts.

Some quartz and feldspar crystals display grain size reduction to a granoblastic texture.

The eastern and western Walter Outalpa granite sheets have a mapped thickness of 300 to
700m and are truncated by the Walter Outalpa Shear Zone. They outcrop on low lying,
undulating hills as bounders and rounded surfaces. These intrusives contain quartz
phenocrysts, which are surrounded by finer feldspars (dominantly plagioclase). Other phases
include magnetite + biotite + zircon + muscovite % fluorite in a granoblastic to inequigranular
polygonal texture. Thus these sheet like intrusives have the same mineralogy as the Walter

Outalpa granite and hence the three bodies are interpreted as one intrusive.

A third granitic sheet west of the map area but still within the central part of the eastern
Weekeroo Inlier (Fig 3.1) outcrops within creek beds. Biotite is the prominent mafic mineral
sparsely distributed in surrounding medium to coarse grained granoblastic quartz + feldspars.
Minor fine grained magnetite is also present. The aligned biotite forms a tectonic foliation.

The mineralogy and texture differ from the Walter Outalpa granite.

3.2.2 Peraluminous granite

The peraluminous granite is situated north of the Walter Outalpa Shear Zone in the central
part of the study area. In weathered outcrop it appears pale red with surface exposures typical
of granitic terrain consisting of quartz + plagioclase + potassium feldspar + muscovite +
biotite &+ magnetite. Typically this unit is a medium to fine grained, inequigranular, massive
to foliated (Plate 1.g and 1.h). Its texture varies from granitic to gneissic in both thin section
and hand sample. This unit has a similar mineralogy to the Bimbowrie granites of Benton

(1994). However, it does lack feldspar phenocrysts.

A compositionally and texturally similar rock unit outcropping in the central part of the
central Weekeroo Inlier (E:400357 N:6434444) was sampled for comparison with the
peraluminous granite. It has a medium grained inequigranular interlobate texture containing
dominant microcline and muscovite. Other phases include plagioclase, biotite and minor

magnetite. No tectonic fabric was noticed in thin section or outcrop.
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3.2.3 Pegmatite

Pegmatites typically dominated by quartz + potassium feldspar + muscovite intrude and
crosscut all mapped units. Their size varies from metres to tens of metres long and several
metres wide. Their orientation also varies giving an irregular appearance. Within the Walter
Outalpa granite they vary from linear to schlieren in outcrop shape, while in the-

metasediments they are either layer parallel and cross cutting.

3.2.4 Amphibolite
This medium to fine grained unit in outcrop appears massive. The north northeast trending
amphibolite dyke consists of amphibole + biotite + quartz + plagioclase + magnetite.

Clinopyroxenes and possibly olivine are present as amphiboles.

3.3 Magnetics of the central eastern Weekeroo Inlier

As described above the Walter Outalpa granite has a relatively high percentage of magnetite
(5 to 15%). The magnetic susceptibility was also measured at various localities throughout
the study area with the Walter Outalpa granite having high readings (0.006 to 0.04). This
distinguishes it from the low magnetic susceptibility readings (0 to 0.002) of the peraluminous

granite.

This difference is illustrated by the Broken Hill Exploration Initiative regional magnetics (Fig
3.1). The high magnetics of the Walter Outalpa granite depicts a fold like geometry. Note the
third granitic sheet (west of the map area) has a much lower magnetic intensity. Line spacing

is 100 m.
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Chapter Four

CHAPTER FOUR:
STRUCTURAL DESCRIPTION OF GNEISS COMPLEX,
CENTRAL EASTERN WEEKEROO INLIER

The following is a description of the structural observations made on the gneiss complex of
the central eastern Weekeroo Inlier. They are the local observations, which have been

summarised and correlated with previous work in Table 2.1.

4.1 Foliations

4.1.1 S¢/S1 in metasediments

Within the more psammitic units, and in particular within the layered gneiss, grain size and
mineralogical gradation define a primary sedimentary layering (So). In certain locations this
gradation was inferred to represent graded bedding enabling determination of younging
direction (Plate 2.a). Parallel to this layering is a secondary foliation defined by biotite and
aligned microlithons of quartz, K feldspar and plagioclase (S;) (Plate 1.a). This creates a
continuous to spaced, rough layer parallel fabric (S;) and an equigranular polygonal texture.
Clearly recrystallisation and grain size reduction has occurred to create such a mature texture.
The absence of undulose extinction in the psammitic minerals supports this. In mére pelitic
units such as the andalusite schist, continuous parallel mica layers define S;. The orientation
of S; is consistent with that in the layered gneiss unit. The orientation of the prominent S¢/S;

foliation is illustrated in figure 4.1.

4.1.2 S, in metasediments

An axial planar cleavage is locally developed in one parasitic fold (Plate 2.b). This foliation
cross cuts the earlier S; fabric within the layered gneiss trending easterly (088°) with a
vertical dip. The fabric is defined by biotite and has been identified by other workers (see
Table 2.1).

Crenulations and a crenulation cleavage are present within the andalusite schist, which have a
similar orientation to the parasitic folds within the layered gneiss (see chapter 4.2). Hence

they may be of the same generation.
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Plate 2

Inverse metamorphic grading in layered gneiss interpreted to represent younging
(direction of pencil). Layers grading from psammite to pelite are then truncated by
psammite. This cycle is repeated. Example located west of northwestern Walter Outalpa

granite contact.

Parasitic F, fold within layered gneiss north of Walter Outalpa granite. Folding contains

axial planar foliation defined by biotite in more pelitic layers (088°/90°).

XZ section through deformed Walter Outalpa granite (1106-059). Magnetite and minor

biotite make up the mafic phases. Plagioclase and quartz are the felsic minerals.

Cross polar photomicrograph of deformed Walter Outalpa granite (1106-047).
Recrystallisation and grain reduction of quartz and feldspar overprints relict graphic

texture. Opaques present are pyrite and magnetite. (GPS N:408457 E:6437998)

Cross polar photomicrography of XZ section of deformed Walter Outalpa granite (1106-
059). Grain reduction of quartz is demonstrated. Both quartz and feldspar make up fine
grained granoblastic surroundings. Quartz crystal at extinction has biotite tails illustrating

dextral movement. Inclusions in quartz grain are biotite.

Refolded isoclinal fold within layered gneiss unit north of the Walter Outalpa granite.
Illustrates a type three refolded isoclinal interference pattern (Ramsey and Huber 1987).

S, is folded around open F, folds which trend 046° and plunge 71°.

Parasitic F, fold south of the Walter Outalpa granite. Layer parallel foliation is folded
around “Z” shaped fold. Fold axis 73°-017°. (GPS E:409124 N:6437633)

Hinge associated with major F, antiform trending 026° plunging 30° in the layered gneiss

unit north of the Walter Outalpa granite.
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4.1.3 S3 in metasediments o
A retrograde foliation defined by aligned muscovite varies in orientation from paéﬂlel to the
S; fabric to cross cutting S;. Texturally this fabric is spaced, rough, and has a dextral
relationship when cross cutting the prominent S, fabric. The general trend of Sz is 040° with a

vertical dip. Crenulations of S3 may relate to a later deformation (Delamerian).

4.1.4 Foliation in the Walter Outalpa granite

The Walter Outalpa granite contains a tectonic foliation defined by magnetite + biotite and
aligned quartz phenocrysts (Plate 2.c). This fabric varies in intensity from strong to absent
and may relate to strain partitioning typical of granitic bodies (Paterson et al. 1989). Quartz
ribbons with undulose extinction, evidence for incipient grain reduction; and the presence of
recrystallised quartz and feldspar layers imply temperatures well below the rheological critical
melt percent of Tribe and D’Lemos (1996), within a low temperature solid state deformation
zone. Where the fabric is strong it has recrystallised the graphic texture (Plate 2.d). This
timing relationship suggests a tectonic overprinting event after emplacement, crystallisation

and cooling.

Both the western and eastern Walter Outalpa granite sheets display a more granoblastic
texture relating to shearing. This effect diminishes away from the Walter Outalpa Shear Zone
where quartz phenocrysts become prominent. The quartz phenocrysts are aligned, rounded

and form a foliation with magnetite and feldspar.

Graphic intergrowths of quartz and feldspar hide, replace or overprint any pre-rheological
critical melt percentage fabrics possibly formed within this granite. Thus, no continuum from
magmatic foliation to parallel tectonic foliation (eg Paterson et al. 1989; Paterson et al. 1991)
was noticed to support Clarke et al.’s (1986) interpretation that the granite is syn-tectonic.

Graphic texture is characteristic of shallow level emplacement (Burnham and Ohmoto 1980).

Subhorizontal mineral lineations within the vertical foliation indicate elongation towards 060.

This strike-slip regime contains dextral kinematics (Plate 2.e).

4.1.5 Foliation in the peraluminous granite

There is a foliation in the peraluminous granite, which is defined by aligned biotite creating a
spaced rough foliation parallel to elongate microlithons of feldspar and quartz in an
inequigranular to seriate interlobate texture. There is a decrease in fabric intensity away from

the Walter Outalpa Shear Zone. The more deformed samples show recrystallisation of quartz
Page 15
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Chapter Four

and feldspar typical of temperatures well below the rheological critical melt percent depicting
similar relationship to the Walter Outalpa granite. The fact that the foliation rapidlg; decreases
in intensity away from the shear zone, and contact timing relationships of this unit (see

section 4.5) imply that this tectonic foliation was created by the retrograde shearing event
(D3).

The trend and distribution of the two solid state tectonic foliations, in the intrusives, is
illustrated in figure 4.1. The respective stereonet plots show a similar orientation for these

two fabrics.

4.2 Folding

4.2.1 First generation folds (F;)

The evidence supporting more than one generation of folding is the presence of refolded folds
(Plate 2.f). Here the isoclinal fold is being refolded about the axis 71°-046° of a more open
fold. This represents a type three refolded isocline interference pattern (Ramsey and Huber
1987). In this example the tectonic foliation (S;) is folded around the later open fold axis.
Within the more migmatitic lithologies similar fold interference patterns were noticed,

however it is the leucosome fraction which is “folded”.

4.2.2 Second generation folds (F3)

These folds are parasitic to major, open to isoclinal folds, trending northeast (Plate 2.g and
2.h). Transposition of psammitic layers within pelitic layers in the layered gneiss is
commonly present near such folds. To derive a precise trend of the major F, fold axis north
of the Walter Outalpa granite, detailed measurements in subarea 1 (Fig 4.1) were made and
plotted on a stereonet. This antiform plunges 30° towards 062°. The vergence of the parasitic
folds is consistent with the major fold axis mapped north of the Walter Outalpa granite.

There is no evidence that such F, folds continue into the granites.
One fold within the study area displays an axial planar cleavage (Plate 2.b). It is a tight fold

plunging east. Berry et al. (1978) interpret such folds to be of a separate generation (Table
2.1).
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4.3 Faulting and shearing i
The Walter Outalpa Shear Zone trends northwest southeast across the study area. This shear

zone is a dextral, transpressional, steep south-dipping feature (A. Bottrill pers. com. 1998).

Localised shearing is also present on both the northern and southern contacts of the Walter
Outalpa granite within the layered gneiss unit. Such shearing is subvertical with a shallow,

westerly plunging lineation.

Faulting within the metasediments is present north of the northern Walter Outalpa granite
contact where it is interpreted to be post F, as it truncates the major fold (Fig 4.1). Faulting
which displaces and crosscuts the granite wall rock contact may be related to brittle
deformation during emplacement or to an orogenic event. No relationship was observed

which would allow the timing of these events to be determined.

4.4 Metamorphism

The mineralogy of the samples studied implies, at peak prograde metamorphism the study
area reached amphibolite facies. Evidence for retrograde metamorphism is present in the
form of S; muscovite growth in the metasediments and muscovite growth within the western
granitoid.  Other evidence is present within the Walter Outalpa Shear Zone where
recrystallisation of mineral fabrics to chlorite and muscovite, and extensive hydration of

previous assemblages suggest greenschist metamorphism (A. Bottrill pers. com. 1998).

4.5 Metasediment ~ Granitoid Relationship

A distinct contact is present along the northern boundary of the Walter Outalpa granite and
the layered gneiss. The Walter Outalpa granite wall rock contact truncates the S; in the
metasediments at an acute angle. However, the presence of the mafic enclaves masks any
direct foliation relation across the wall rock intrusive contact. The corresponding foliations

do follow a similar azimuth (Fig 4.1 stereoplots).
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Along the north western contact of this igneous body, the contact is concordant (Fi%é}.Z). The
metasediment and granite foliations are parallel. This, and the fact that metasedin{éilts have a
southerly dip imply that either the Walter Outalpa granite was emplaced above the andalusite
schist or local overturning has occurred. Local younging and regional stratigraphy imply the

latter.

Figure 4.2 Schematic diagram of concordant layered gneiss - Walter Outalpa granite contact. Younging

implying overturned orientation. Foliations are consistent in strike and dip.

The southeastern contact is not as distinct and varies from truncating the fabric of the
metasediment to a parallel relationship between the metasediment fabric and the igneous

contact.

Contact relationships between the Walter Outalpa granite sheets and metasediments are not
clear due to the presence of migmatite and the Walter Outalpa Shear Zone. However, the
eastern Walter Outalpa granite sheet (Fig 4.1) is in contact with the layered gneiss. Here the
granite wall rock contact is concordant and the two tectonic foliations are parallel to each

other, trending in a northeasterly direction.

The peraluminous granite truncates the layered gneiss and its tectonic fabric along all its
contacts. The fabric within this unit has a consistently different orientation to the layered
gneiss (refer to stereonets in figure 4.1). This orientation is similar to that of the Walter
Outalpa granites but only dominant near the Walter Outalpa Shear Zone. These timing

relationships imply late to post D, emplacement.
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4.6 Discussion on the timing of the Walter Outalpa granites

The evidence presented .above implies that the gneiss complex of the central eastern
Weekeroo Inlier has undergone at least two Mesoproterozoic deformations., The first
deformation produced a layer parallel fabric. This foliation may relate to regional isoclinal
folding (Clarke et al. 1986). Another option for creating a layer parallel foliation is
subhorizontal shearing (E. Paul pers. com. 1998). Continued deformation or a second distinct
deformation folded the earlier fabric. Two discrete deformations is preferred because of the
regional evidence for three fold generations, the last of which is seen in the study area. A
shear zone represents the final Mesoproterozoic deformation to affect this region truncating

all prior tectonic features.

There are two possible options for the emplacement of the Walter Outalpa granite:

e Pre-tectonic (D;) emplacement

e Post-D; but pre-D, emplacement

based on the overprinting of crystallisation textures by low temperature solid state
deformation textures. A pre-D; emplacement is supported by concordant contacts between
the wall rocks and the granite. This interpretation is consistent with geochemically similar
granites (see chapter five) across the Olary Domain (Ashley et al. 1996). Thus the foliation
within the Walter Outalpa granites is contemporaneous with the development of the layer

parallel foliation S; in the metasediments.
The absence of any folding of the tectonic foliation within the Walter Outalpa granite

supports emplacement between D; and D,. In this case the tectonic foliation within the

Walter Outalpa granite is S, and the same generation as the folding of S;.
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CHAPTER FIVE:
GEOCHEMICAL INVESTIGATIONS

\,

' Mapping and petrology has separated the intrusives into lithological units (see chapter three).
This chapter aims to compare and contrast their geochemical signatures, to classify the
intrusives and to make correlations both within the Olary Region and across Australia’s

Proterozoic granites.

5.1 Geochemical signature of intrusives

5.1.1 Walter Outalpa granites

The Walter Outalpa granite is chemically homogenous and has a felsic affinity, exhibiting
high SiO; and low Al,O03, MgO, CaO, TiO, and P,Os (Table 5.1 and Fig 5.1). The NayO/K,0
ratio is very high throughout this unit (Table 5.1). It is depleted in low field strength elements
(LFSE) and transition metals (V, Cu, Ni, Zn), while being enriched in the high field strength
elements (HFSE) and rare earth elements (REE), in comparison to the Bulk Continental Crust
of Taylor and McLennan (1985) (Fig 5.3).

The granite sheets within the map area (eastern and western Walter Outalpa granite sheets
(Fig 4.1)) display very similar major element signatures to the above mentioned granite (high
narrow SiO; range and low Al,O3, MgO, CaO, Fe;O03T and TiO, (Table 5.1)). The eastern
Walter Outalpa granite sheet has a very high Na,O/K,O ratio and likewise low Ba and Rb
values. However, the western Walter Outalpa granite sheet has low NayO/K,0 ratios and
high Ba and Rb values. Both sheet granites are enriched in LREE and HFSE, while being
deplete in Sr and transition metals and thus display very similar immobile trace element
geochemical signatures supporting the correlation of these sheets with the Walter Outalpa

granite (Fig 5.3).

Aluminium Saturation Index (ASI) (Chappell and White 1992) for the Walter Outalpa granite
and associated granite sheets range from 1.0 to 1.07 (Table 5.1) indicating the rocks are
metaluminous. The classification diagram (Na,O + K,O versus SiO,, Fig 5.2b (Cox et al.,
(1979)) places these units in the granite field. This diagram was chosen because it combines

both alkalis in an attempt to counter problems with post-emplacement mobility, which may be
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Chapter Five

associated with these elements. The high Ga/Al and Zr + Ce + Nb + Y, shown on the
discrimination diagrams of Whalen et al. (1987) (Fig 5.6a and b) suggest an A- type character

Variation in NaZQ, K70, CaO, Rb and Ba probably relates to a post-emplacement alteration
event present in many Olarian intrusives (Ashley et al. 1997). Rare earth elements are less
susceptible to alteration events (Rollinson 1993). Rare Earth elements (Fig 5.3) show a strong
correlation between both the Walter Outalpa granite and the granitic sheets, suggesting that

the differences relate to different degrees of post-emplacement alteration.

The granitic sheet outside of the map area (Fig 3.1) has a geochemical signature, which
differs from the Walter Outalpa granite (Table 5.1 and Figs 5.1, 5.2 and 5.3). This sheet
(circled in figures 5.1, 5.2 and 5.6) is enriched in TiO,, CaO, Al,O3 and Sr (Table 5.1) relative

to the Walter Outalpa granite. It is similar to sample 1106-024 (see peraluminous granite).

All these intrusive bodies resemble the I-type, Sr-depleted, Y-undepleted, enriched in

incompatible elements (anorogenic granites) of Wyborn et al. (1992).

5.1.2 Mafic enclaves

The mafic enclaves have high MgO, Al,O3, Na,O and K,0 and relatively low SiO, compared
with the Walter Outalpa granite (Table 5.1 and Fig 5.1). They are depleted in transition
metals, P,Os, Sr, Pb and Ba but enriched in Rb. They are also enriched in HFSE, while the
light REE display varying and complicated signature (Fig 5.5).

5.1.3 Peraluminous granite

These intrusives are peraluminous with high SiO, and Al,O3, and low MgO, TiO, and CaO
(Table 5.1 and Fig 5.1). The NayO/K,O ratio is moderate compared to the other granite in the
area (Table 5.1). A geochemical signature similar to bulk continental crust, especially in
LREE, is diagnostic of this unit (Fig 5.4). The peraluminous granite is depleted in Sr,
transition metals and to a lesser extent Ba, while enriched in Rb, U and Th. They are similar

to the S-type granites, Sr-deplete, Y-undepleted of Wyborn et al. (1992).

The chemical variation across these samples may relate to their geographic position with
respect to the Walter Outalpa Shear Zone. The sample closest to the shear zone is depleted in
mobile elements such as K, Rb, Ba and U, and enriched in the immobile elements Zr, Ti, Y
and the LREE. This variation decreases with distance from the shear zone. There is a strong

similarity between the closest sample to the shear zone (1106-024) and the samples from the
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Chapter Five

far western granite sheet (Fig 3.1). These samples may represent a separate granite unit
oy
displaced by the Walter Outalpa Shear Zone. However, lack of samples prevents such a

conclusion.

The low Zr + Nb + Ce + Y and Ga/Al and high ASI suggest an S-type chemical affinity.
However, samples closer to the Walter Outalpa Shear Zone trend to higher Zr + Nb + Ce + Y
and Ga/Al and low ASI values giving a more I-type signature (Fig 5.6a and b).

These above geochemical groupings are consistent with lithologies proposed by field and
petrological observations and supported by bivariate and multi element plots (Figs 5.2, 5.3,
5.4, and5.5).

5.2 Geochemical interpretations for the various granites

5.2.1 Effects of fractionation on the granites

Fractionation processes cause S-, I-, and A-type granites to have similar geochemical
signatures. However, some trace elements have varying trends with fractionation within these
groupings. For example, Th and Y increase substantially in amount with fractionation of I-
type granites, while remain constant for S-type granites (Chappell and White 1992).
Increasing P,Os with fractionation is characteristic of S-type, while P,Os remains constant in
A-type granites. This makes it possible to distinguish between these granite types. A method
for distinguishing between A- and I-type granites is by using the Zr saturation temperature
equation of Watson and Harrison (1983). By definition, A-type granites are high temperature
melts. The Lachlan Fold Belt granites demonstrate this feature with fractionated A-types
having higher temperatures (800°C) than fractionated I-types (760°C) (King et al. 1997). This
equation uses whole rock geochemistry of granites to calculate their temperatures., If zifcon

inheritance is present then higher than actual temperatures will be calculated.

Across the Walter Outalpa granites are very high SiO,, low CaO and Sr implying highly
fractionated intrusives. A Walter Outalpa granite correlative at Ameroo Hill has no
inheritance (Fanning 1995). Therefore it is assumed the Walter Outalpa granite has no
inheritance and elevated temperatures present for the Walter Outalpa granite imply an A-type

character.
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Figure 5.3

Muiti element comparison plot for the Walter Outalpa granite and granite
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Chapter Five

Feldspar, biotite and magnetite have been fractionated in the production of the Wal{t‘g{r Outalpa
granites. The fractionation of these phases has produced negative Eu anomalieg?’(Fig 5.3),
TiO, depletions (Fig 5.3) and Fe,OsT depletions (Fig 5.1b) respectively. With the removal of
biotite, zircon was also fractionated (as inclusions in biotite) as shown by the TiO, versus Zr
diagram (Fig 5.2c). Hornblende fractionation is responsible for light REE prominence. The

fractionation of these phases is source independent.

Trace element data for the peraluminous granite imply that it has been subject to
fractionation. A negative Eu anomaly suggests feldspar fractionation. Figure 5.1d shows the
peraluminous granite could have an I-type granite trend (increasing Y with fractionation).
The few data points for this granite make classification difficult. The Bimbowrie granite has

a clear S-type trend.

5.2.2 Tectonic setting

Geochemistry signatures for granites also allow the evaluation of various tectonic settings.
The tectonic discrimination diagrams of Pearce et al. (1984) shows that the Walter Outalpa
granite plots in the within plate granite (WPG) zone (Fig 5.6¢). This is consistent with an A-
type character. Figure 5.6d illustrates possible alteration of the Walter Outalpa granite being
depleted in the mobile element Rb. A similar result is present for the eastern Walter Outalpa

granite sheet having very low Rb causing it to plot within the ocean ridge granite field.

The peraluminous granite also plots within the WPG zone. This illustrates the limiting aspect
of using trace element data to classify granites on the basis of tectonic environment. Pearce et
al. (1984) assume a mantle component in this granite classification scheme to remove the

complexities caused by totally crustal derived melts, which have such a heterogeneous source.

5.2.3 Evaluation of the relationship between the mafic enclave and the Walter Qutalpa
granite

The mafic enclaves are clearly distinguishable by their geochemistry. However, there are
some similarities between the mafic enclaves and the Walter Outalpa granite in trace element
abundances, cspec’:ially the HFSE, suggesting diffusion or mixing between the two units (Fig
5.5). The high K,O within the mafic enclaves relates to their high modal abundance of biotite

with respect to the granites, where K,O is mostly contained in feldspar.

Theories to explain mafic enclaves include the restite model (Chappell et al. 1987), injection
of mafic magma (Wiebe 1996), mafic intrusion and stoping of country rock. Bivariate plots
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Chapter Five

suggest at least some similarities between the enclaves and their host granite due tgwdiffusion
or mixing. This does not favour any of the above mentioned models. Howeverf‘:.the restite
model predicts restite will only be present as dispersed crystals in highly fractionated units
(Collins 1998), which may discount the enclaves representing restite. Possible sources for a
mafic intrusion include lamprophyres in the Olary Domain (Freeman 1995). However, trace
element compositions suggest the mafic enclaves are unrelated to these lamprophyres. The
enclaves are restricted to the northern margin of the Walter Outalpa granite, which supports
them being formed by stoping of country rock and diffusion between granitic magma and

stoped material. This is the preferred explanation.

5.3 Geochemical comparison with other South Australian Proterozoic

granitoids.

5.3.1 Comparison across the Willyama Supergroup

Comparisons between with Olary Domain granitoids are illustrated in figures 5.7, 5.8 and 5.9.
There is a strong correlation between the metagranitoid of Ashley et al. (1996) and the Walter
Outalpa granite (Fig 5.7). Similarly the Walter Outalpa granite resemble the Basso
Granodiorite, which is described as an A-type granite (Benton 1994). The Walter Outalpa

granites differ from the Antro Granite, which is described as an I-type granite (Benton 1994).

Within the central Weekeroo Inlier are discontinuous meta-rhyolite units (petrographically
similar to the albitite unit, see chapter three) with A-type affinities (Szpunar 1997). The
meta-rhyolite sample from central, eastern Weekeroo Inlier (1092-T85) correlates with the
Walter Outalpa granite supporting a comagmatic relationship (Fig 5.8), although there is some
variation in light REE. The samples from the central Weekeroo Inlier (1093-35 and 1093-1)

differ and seem to be unrelated.

The S-type of Ashley et al. (1996), the Bimbowrie Granite (Benton 1994) and the
peraluminous granite away from the shear zone, show strong similarities (Fig 5.9). This

however, may relate to fractionation of the peraluminous granite.

5.3.2 Comparison with the Gawler Craton and Mt Painter Granitoids
Two geographically close Proterozoic domains containing granitoids with A-type characters

are the Gawler Craton (K. Stewart University of Adelaide, unpublished data) and the Mount
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Figure 5.7

Multi element comparison plot of A-type granites across Qlar‘;‘-ﬁ’
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Chapter Five

Painter Inlier (Neumann 1996). Using multi element plots (Fig 5.10 and 5.11), comparisons
between the A-type granitoids of each province are illustrated. A problem arises when
comparing granitoids of similar character as to whether the similarities relate to a unique

source or whether the signal relates to magmatic processes.

There is no correlation between the Walter Outalpa granite and the Gawler Craton A-type
intrusives. The Hiltaba Suite (1600-1585 Ma) is similar but these similarities probably relate
to magmatic processes. Some similarities also exist between the Walter Outalpa granite and
the Mount Neill granite and the Hot Springs Granitic Gneiss from Mount Painter. However,
these Mount Painter intrusives are enriched in K, Th, and U. Again the Hot Springs granitic
gneiss and Mount Neill granite are much younger (1575 Ma) than the Walter Outalpa granite

and no correlation can be made.

Similarities in enriched A-type granitoids in South Australia, despite different ages in
different provinces, suggests the A-type character is due more to magmatic processes rather

than source composition.

5.4 Summary

e The Walter Outalpa granite, eastern and western Walter Outalpa granite sheets have very
similar geochemical signatures while the peraluminous granite differs from this group.

o The far western granite sheet (Fig 3.1) differs chemically from the Walter Outalpa
granites.

e The Walter Outalpa granites have an A-type and WPG character.

e The peraluminous granite has a geochemical signature typical of a crustal source. It has a
WPG S-type character.

e During emplacement of the mafic enclaves trace element diffusion occurred between it
and the Walter Outalpa granite giving the enclaves unique geochemical signatures and
similarities to the host.

e The Walter Outalpa granites are chemically similar to other A-type granites within the
Olary Domain.

» The peraluminous granites are chemically similar to other granites in the Olary Domain

previously interpreted as S-type.
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Figure 5.10 5

Multi element comparison plot for Mount Painter granites
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Chapter Six

CHAPTER SIX:
ISOTOPE GEOLOGY

An isotopic study of the intrusives has been included to aid in the correlation between the
mapped granitoids. This data set is also used to identifying both geological processes, age of

mantle extraction and sources region.

6.1 Isotopic results

Samples selected for Sm-Nd and Rb-Sr isotope analysis include three granites bodies related
to the Walter Outalpa granite, a mafic enclave, two peraluminous granite samples (one from
within the map area and one from the central Weekeroo Inlier) and the amphibolite. The

results are tabulated in Table 6.1.

Little reliance has been given to the Sr isotope results because the scattered results and several
¥7S1/*Sr (T) values are unrealistically low. The high Rb/Sr ratios responsible for these
unreliable and unusable results may relate to a post-emplacement alteration event where Rb

and/or Sr have been mobile.

The Sm-Nd is a more robust isotope system and hence show greater consistency except for
the mafic enclave sample (Sm/Nd = 0.42). Initial epsilon Nd ratios for the Walter Outalpa
granites range from -0.67 to -1.22 while the peraluminous granite has values -2.44 and -3.84.
Depleted mantle model ages for the Walter Outalpa granites, range from 2.14 to 2.44 Ga
while those for the peraluminous granite ranges from 2.48 to 2.68 Ga. From the geochemical
data (chapter five) it was suggested that the Walter Outalpa granite is substantially different

from the peraluminous granite. This is further demonstrated by the Nd isotope results.

The initial epsilon Nd ratio and model ages for the Walter Outalpa granites are consistent with
those previously obtained for other Olary Domain A-types (Fig 6.1). There is, however,
variation in the initial epsilon Nd ratio between the peraluminous granite and the Bimbowrie
unit of Benton (1994) (Fig 6.2). This may be a result of variation in metasedimentary source

rocks in the two inliers.
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Figure 6.1
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Chapter Six

The unusual results for the mafic enclave make it hard to illustrate any link betwegg this unit
and its host, the Walter Outalpa granite. This result is perceived as being unusualagecause of
unreasonably high Sm/Nd ratio which causes initial ratios to have a more evolved **Nd/'**Nd
ratio. Partitioning of Sm by a mineral phase such as garnet could cause similar results.
However, garnet is not present. The latest biotite partition coefficients for Sm and Nd also
cannot explain this résult (Charoy and Raimbault 1994). One possible reason for the distinct
Sm/Nd ratio may relate to fractionation of the REE. The mafic enclaves display REE patterns
which vary from LREE enriched to LREE depleted (Fig 5.5). The extremely low Sr isotope

value may also be related to the process responsible for the high measured Sm/Nd ratio.

As previously mentioned, it is thought by many authors that the Olary Domain has been
affected by a regional alteration event that has caused regional albitisation of the area. Such
an event could reset isotopic systems and this should be taken into account when considering

the isotopic data. Attempts at dating the albitisation have been inconclusive (Szpunar 1997).

6.2 Conclusion

Radiogenic isotope signatures within the Walter Outalpa granite are consistent, especially
between the main Walter Outalpa granite and the eastern Walter Outalpa granite sheet. The
western Walter Outalpa granite sheet differs marginally (as does its geochemistry). This
suggests that the Walter Outalpa granites are part of the same intrusive and were one
connected body when emplaced. The differing geochemical signature may relate to being less

altered by the regional albitization due to its crystallisation position.

The consistent initial epsilon Nd ratio and depleted mantle model ages for the A-type granites
in the Willyama Supergroup suggest that the geological processes responsible for these
intrusives were regional. The isotopic data can be explained by two models for the generation
of the A-type granites. These are illustrated below and in figure 6.3.

1. The Walter Outalpa granite (and other A-type granites across the Olary Domain) were
separated from the mantle at their model ages (2.2 to 2.5 Ga) similar to the underplating
model of Wyborn (1988). Here they evolved isotopically away from depleted mantle
until a melting event of this protolith occurred at 1710 to 1700 Ma. Ascent followed,
from lower crustal levels to the upper crust where it crystallised. The change in gradient
at 1700 Ma relates to the higher partition coefficient for Nd compared to Sm. Such
fractionation due to a melting event is not shown in figure 6.1 because the equation used
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to determine the model ages of the granites maintains the same Sm/Nd ratio pre and post
estimated crystallisation age. g

2. The second model suggests depleted mantle and Archaean crust mixed in the lower crust
at 1710 to 1700 Ma. Ascent from the lower to upper crust, followed with crystallisation
occurring at shallow crustal levels at 1700 Ma (Fig 6.3). The relative proportions of
lower crust and depleted mantle are speculative. However, figure 6.3 would suggést
more Archaean crust than depleted mantle (say 60:40). This second, simpler model is
preferred because only one melting event is required and a mechanism for melt

generation is present.

Depleted Mantle Depleted mantle
model age

0.5 L
Walter Outalpa ..
granite ..~

epsilon Nd
>

Archaean Crust

time (Ga)

Figure 6.3 Epsilon Nd evolution models for the Walter Outalpa granite.

The peraluminous granite isotopic composition shows variation from its geochemical

correlative, the Bimbowrie granite (Fig 6.2). This variation is source dependent. Theories to

explain the regional difference in isotopes may include:

1. The peraluminous granite is a fractionated I-type granite with either a mantle or younger
lower crust component.

2. The peraluminous granite assimilated younger rocks during ascent than the Bimbowrie
granite. '

3. The Bimbowrie granite has an older crustal source than the peraluminous granites.

The consistency between the Bimbowrie and metasediment isotopic results (Benton 1994)

discounts explanation three. Similar isotopic studies across the Olary Domain regional

granites are needed to constrain which model is correct. It would also reveal any

geographical trend, which could be linked to tectonic models for the region, similar to those

produced by Bennett and DePaolo (1987) for the western USA.
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CHAPTER SEVEN:
EVOLUTION OF GRANITE GENERATION AND
DEFORMATION FOR THE CENTRAL EASTERN
WEEKEROO INLIER.

7.1 Magma generation and migration

Possible petrogenetic models for granitic melts include fractionation of the melt from the
mantle, partial melting of crustal material, or some combination of these two processes.
Based on isotopic and geochemical data it is possible to constrain the possible source region
for the Walter Outalpa granite and the peraluminous granite outcropping in the central eastern
Weekeroo Inlier. The isotopic data for the Walter Outalpa granites suggest possible sources

to be Archaean or Palaeoproterozoic crust with a component of mantle mixing.

The problem then arises as to how melting of these sources occurred. A failed rift
environment has been proposed for the deposition of the Willyama Supergroup (Willis et al.
1983). This is supported by conformable A-type volcaniclastic and granite units (Ashley et
al. 1996). This study shows that the outcropping volcanic units from the eastern Weekeroo

Inlier are chemically similar to the A-type Walter Outalpa granites.

Models for continental rifting predict partial melting of lower crust and mantle lithosphere
due to mantle plume heating and/or basic magma intrusion and crystallisation (Creaser et al.
1991; Etheridge et al. 1987) (Fig 7.1A). It is believed that the Willyama Supergroup overlies
Archaean crust, which would have been susceptible to partial melting and mixing with
depleted mantle. This interpretation is supported by isotopic results (chapter six). The
composition of this lower crustal source for A-type granites is speculative. Possibilities
include tonalitic to granodioritic (Creaser et al. 1991) and charnockitic (Landenberger and
Collins 1996). King et al. (1997) proposes a felsic infracrustal source, similar to that which
could produce I-type granites, for the Lachlan Fold Belt A-type granites. The geochemical
and isotopic consistency of the A-type granites across the Olary Domain suggests a single

source.
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Structural models for the deformation of the Walter
Outalpa granite.

Figure 7.2

N-S schematic cross section.

Post emplacement deformation (Dq)
developed the Sq in the Walter
Outalpa granite anJ metasediments.
Do has folded Sq and the feeder.
This cross section is the current
mapped surface and thus the Walter
Outalpa granite displays a fold like
geometry. The granite sheet now dips
northeast.

Figure 7.3
N-S schematic cross section.

During Do folding of both the
metasediments and the Walter Outalpa
granite occurred. This created a Fo
antiform in the granite with a northeast
plunge.

Erosional

surface

Figure 7.4

Schematic block diagram.
Hutton (1988) proposesd
emplacement of granitic
magmas in listric faults
developed along folded
layering under extensional
conditions where space is
being created by relative
movement between the
hanging and foot walls.
Emplacement of the
Walter Outalpa granite in
this model would be
between D4 and Do and
thus the foliation in the
intrusion is So.
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A rifting environment also makes ascent of magma easier (Fig 7.1B). The WalEgr Outalpa
granites display textures typical of a shallow level emplacement (graphic texture a};d absence
of an aureole). Thus the Walter Outalpa granite has travelled far from its source. The
preferred environment for dyke initiation is extensional but dykes may also form in
contractional regimes (Weinberg 1996). Viscosity of A-type granites is typically low,
because of the presence of fluorine, boron and high temperatures, facilitating large ascents
and fast drainage of the source (Petford 1994). During ascent, fractionation of feldspar +
quartz + biotite + hornblende + magnetite + zircon would result in a granite geochemically

similar to the Walter Outalpa granites.

The emplacement of granite bodies requires space to be created, either by the process of
intrusion through material transfer or a change in crustal thickness by, lowering of the Moho
or displacing of the Earth’s surface (Paterson and Fowler 1993). Various mechanisms to
accommodate shallow level intrusives such as the Walter Outalpa granite include stoping,
cauldron subsidence, wall rock translations (roof lifting) and sill/dyke fracturing (Paterson et
al. 1991). Fracture opening in a regionally extensional environment due to felsic magma
ascent is proposed and subsequent stoping and laccolith development is the preferred model
for the emplacement of shallow granitoids (Paterson et al. 1991) such as the Walter Outalpa

granite.

Intrusion into low temperature rocks (<300°C) will cause steep thermal gradients. This
gradient produces stresses of several kbars, providing a potential shattering mechanism and
thus stoping (Paterson et al. 1991). It is this process which is favoured for the generation of
the mafic enclaves. If this is correct then the fact that it is restricted to the northern contact
suggests that younging at time of emplacement is now north. This is consistent with regional
stratigraphy for the eastern Weekeroo Inlier (Clarke et al. 1986). Inverse metamorphic

grading (Plate 2.a) is also consistent with this direction (Fig 4.1).

7.2 Regional deformation of the Walter Outalpa granite

The Olarian Orogeny is represented in the central part of the eastern Weekeroo Inlier by an S,
layer parallel foliation, folding of this foliation by F, folds (F3 folds of Berry et al. 1978) and
retrograde shearing D3;. The structural evolution of the Walter Outalpa granite in relation to
these deformations is discussed below where three possible timing relationships are

illustrated.
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Model one (Fig 7.2) '
The development of a strong secondary tectonic foliation in the Walter Outalpa granite,

overprints the primary graphic texture (Plate 2.d) and any preexisting magmatic foliation.
This implies regional deformation began after complete crystallisation of the Walter Outalpa
granites. Thus, the first model has intrusion of the Walter Outalpa granite pre D;. D; then
creates a layer parallel foliation in the metasediments and the tectonic foliation in the granite.
D, follows folding S; in the metasediments and slight folding of the feeder sill geometry (Fig
7.2). This fold like geometry (Fig 3.1 and 4.1) appears to plunge to the northeast.

In this model emplacement is lateral in one direction (N) from the feeder (as opposed to the

feeder being central as in model 2).

This model raises the question of why S; is not folded by F, folds in the Walter Outalpa
granite. One explanation for this is a competency contrast across the wall rock intrusive
contact. Supporting this contrast is the presence of shear zones at the contacts and

transposition in the layered gneiss.

Model two (Fig 7.3)
This is similar to model one except, that here D, folds the granite into a regional scale F, fold

with the major antiform (Fig 4.1) mapped in the layered gneiss representing a “Z” shaped

fold. The western contact is locally overturned (Fig 4.2).

Model three (Fig 7.4)
Alternatively, the Walter Outalpa granite was emplaced between D; and D,, to syn-tectonic

with D,. A similar model is proposed by Hutton, (1988) for the Strontian granite (a
syn-tectonic granite). This interpretation would be consistent with Clarke et al’s (1987)
interpretation that the Walter Outalpa granite is syn-tectonic. This model requires listric fault
contacts along strain heterogeneities. The reactivation of extensional listric faults associated
with rifting as contractional listric faults during D, which extend beyond the Archaean crust
into the Willyama Supergroup would have allowed rapid ascent of magma. This model also
allows for stoping of wall rock or intrusion of mafic magma along the same listric fault to

explain the mafic enclaves.

Model two is preferred because timing relationship imply a pre Olary Orogeny emplacement,

absence of listric faulting and able to explain local overturning.
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Figure 7.1 Tectonic model for the ascent and emplacement of the Walter
Outalpa granite

'\’-;y.

. Continental rifting of Archaean
< Rifting —P | crustal lithosphere initiated by the
onset of small scale mantle
convection. Basin formation
allowed for the deposition of the
Willyama Supergroup sediments.
Rifting ceased prior to ocean crust
formation.

Willyama Supergroup sediments

Mantle upwelling is also
responsible for the introduction of
basic melt into lower crust.

- Pelite Suite

= — e N ™~—_ Quartzofeldspathic Suite

LIRS PO PN T T N

S \a'"s \"\f‘*«.v"-. \-‘\."'s e ‘\:"-.'\ B \a\f "t o™
; S

TR, "w\ -..f“'-. o u'"
R
\.-"x.-"‘-..-\.-"'\.-'\.-\x\x"

Sttty \v"\. A TAELELTR \ S A TAT \ e o

Partial melting of lower Archaean crust due to very elevated
temperatures (900 - 9500C) caused by mantle convection plus
some input from the mantle. Ascent by dyking facilitated by
extensional faulting. Sheet emplacement by horizontal fracture
opening, stoping and laccolith development in the Willyama
Supergroup.



Chapter Seven

7.3 Subsequent magma intrusions and deformations

The late tectonic nature of the peraluminous granite requires perturbed mid to upper crustal
geotherms. Metamorphic conditions in the northern part of the eastern Weekeroo Inlier
suggest amphibolite facies (Clarke et al. 1995). This, and the proposed thrust style of
deformation (Clarke et al. 1986), implies minimal crustal thickening during the Olarian
Orogeny. Thus generation of S-type granite was not by decompressional melting associated

with modern orogenic belts having abnormal crustal thickening.

A model that could produce a hot crustal regime involves delamination of the mantle
lithosphere due to mantle cooling and sediment load (Etheridge et al. 1987). This is proposed
for the onset of the Barramundi Orogeny in northern Australia (Etheridge et al. 1987).
Melting is caused by lower crust coming in contact with hot asthenosphere producing I-type
granites during the Barramundi Orogeny (Etheridge et al. 1987). Similarities between this
area and the Olary Domain include sediment deposition in a failed rift environment, thrust
deformation and mixed Archaean crust depleted mantle magma generation. A similar

lithospheric delamination process may have caused the onset of the Olary Orogeny.

A similar tectonic environment in the Olary Domain could produce the Olary Domain S-type
granite geochemical signatures by high fractionation of a crust-mantle mixed source and
assimilation of Willyama Supergroup metasediments. Alternatively, Olary Domain S-type
granite may have formed by the intrusion, ascent and crystallisation of I-type granites at the
Archaean crust Willyama Supergroup contact, causing melting of the Willyama
metasediments. Density contrast across contacts can cause magma ascent to cease (Weinberg
1996).

In this second theory to explain the generation of the S-type granites, geotherms are perturbed
to minimum melting temperatures for the Willyama Supergroup metasediments causing
partial melting. This mode of magma generation produces near minimum melt composition
magmas once critical melt fraction (van der Molen and Paterson 1979) is reached. Such melts
would be slightly peraluminous (Chappell and White 1992). At such relatively low

temperatures magma migration would be minor.

The latest Mesoproterozoic tectonic event to affect the central eastern Weekeroo Inlier was

the retrograde shearing now depicted as the Walter Outalpa Shear Zone. This has displaced
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the fold limb (or feeder or limb of the horseshoe geometry) horizontally by approximately
three kilometres. It is also responsible for the tectonic fabric within the peralurninéhs granite,
overprinting the tectonic foliation in the Walter Outalpa granite sheets and the presence of

muscovite in the western Walter Outalpa granite sheet.

Following shearing, intrusion of the northeast southwest trending amphibolite dyke completed

the  geological  evolution  of the central eastern = Weekeroo Inlier.
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CHAPTER EIGHT:
CONCLUSION

Structural and petrologic study of previously undefined A-type and peraluminous Proterozoic
intrusives in the eastern Weekeroo Inlier indicate that the intrusives are pre- and post-tectonic
respectively. The area has been subject to three Olarian deformations. D; produced a layer
parallel foliation, D, folded this foliation and Djs relates to retrograde shearing. Of the various
models proposed for the emplacement of the Walter Outalpa granite (chapter seven), model
two is preferred. This model is preferred because it explains the presence of the overturned
contact along the western contact of the Walter Outalpa granite and model three requires

extension during compressional deformation.

Geochemistry and isotope geology can correlate and distinguish granitoid type in the Olary
Domain. An example is the Walter Outalpa granite and granite sheets in the map area which
show strong correlations although they have been variably affected by a post-emplacement
alteration event. They are interpreted to be the same intrusive body.- Geochemistry and
isotope geology further distinguish the peraluminous granite as being a distinct unit and
shows the granite sheet outside the map area is unrelated to the Walter Outalpa granite. These
tools clearly differentiate between A- and S-type granites when used appropriately and give
significant constraints on possible source regions and processes affecting the granites over
their evolution. A regional study of the S-type granites would be beneficial to an

understanding of their generation across the Olary Domain.

The presence of conformable comagmatic A-type volcanics and granites in the study area
supports the previous interpretation of a rift or failed rift environment for the deposition of the

Willyama Supergroup metasediments in the Olary Domain.

There are some similarities between the events leading up to and during the Olarian and
Barramundi Orogenies. A mechanism similar to that invoked for the onset of the Barramundi
Orogeny is proposed for the Olary Orogeny. Magmatic activity on the Gawler Craton of a
similar age (Hiltaba Suite is 1580 Ma) may be related to the deformation recorded in the

Olary Domain.
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APPENDIX A

GEOCHEMICAL ANALYTICAL
TECHNIQUES



XRF ANALYSIS

Sample Preparation

Samples were crushed to a gravel size in a jaw crusher before being milled in a Cr Ni mill.

Major element analysis

Powders were dried for two hours at 110°C to remove any absorbed moisture. Weighed
samples into crucibles were heated by an oven at 960°C overnight to determine the Loss on
Ignition (LOI) values. This includes organic matter and such gases as CO, and H,O. In order
to create fused discs one gram of sample is added to 4 grams of flux (Type 12:22 — 35.3%
lithium tetraborate and 64.7% lithium metaborate). Fusion occurs at approximately 1150°C

under a propane-oxygen flame in Pt-Au crucibles.

Analysis was performed by a Philips PW 1480 X-ray Fluorescence Spectrometer using a dual
anode (Sc-Mo) X-ray tube operating at 40kV, 75mA. Calibration was against several

international and local Standard Reference Material (SRM’s).

Results are presented as weight percent oxides, with both ferrous and ferric Fe expressed as
Fe203T. These oxides include:
Si02, Al203, FeO3T, MnO, Ca0, Na20, K20, TiO2, P205, SO3.

Trace element analysis
About 5 grams of powdered sample was mixed with 1ml of binder solution (Poly Vinyl
Alcohol) and pressed into a pellet. This was allowed to dry in air then heated to 60°C in an

oven for two hours to completely dry the sample prior to analysis.

Analysis was performed by a Philips PW 1480 X-ray Fluorescence Spectrometer
incorporating several analysis programs covering suites of 1 to 7 trace elements, with
conditions optimised for the elements being analysed. The programs were calibrated against
many local and international SRM’s. The dual-anode Sc-Mo tube (operated at sufficient
voltage to excite the Mo) and an Au tube were used for the analyses. Matrix corrections are
made using either the Compton Scatter peak, or mass absorption coefficients calculated from

the major element data.



APPENDIX B

ISOTOPE ANALYTICAL
TECHNIQUES



Isotope analysis

Approximately 200mg of milled sample was weighed out and added to a HF/HNO3
(hydrofluoric acid / nitric acid) solution used for digestion in a teflon vessel emplaced within
a steel autoclave. Teflon bombs were used to decompose samples and ensure that all the
refractory minerals such as zircon and monazite were completely dissolved. These vessels
were then placed in an oven at 180°C and over a period of 5 days additional HF was added for
complete dissolution. Approximately 2 drops of a Sm-Nd (**Nd-'*/Nd) spike solution was

added to 1/2 of the dissolved solution for determination of element concentrations.

Rubidium, strontium and the REE’s were separated by standard cation exchange columns
using HCI as an elutant. Neodymium and samarium were further separated using cation resin
columns of teflon and HDEHP, again HCI as the elutant. Neodymium and samarium were
loaded on tantalum side filaments opposing a rhenium filament, Strontium was loaded on
single rhenium filaments prepared with phosphoric acid. Measurements were made on

Finnigan Mat 261 and 262 solid source mass spectrometers.
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