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The structure and petrolegy of Uppsr Precambrian and
Cambrian rocks have been studied in dstail, in an area 28
miles north~sast of Adelaide, South Australis, The rocks
occuy within a broad zone of high grade metamorphism on
the eastern side of the Mt. Lofty Ranges,

The Vpper Precambrian succession consists pradomin~
antly of pelitic and gsemi-pelitic schists, quartzites, calc~
silicate rocks and calc-schists, and the Cambrian ssquence
of quartzo~ieldspathic schists, migmatites, granite gneiss,
calc=silicate rocks and minor pelitic schists and quartzites,

The rocks have rsached the sillismanite grade of
metamorphism and the metamorphiasm is of the low pressure-
intermediate type.

Doleritea, pegmatites, minor grancdlorvites and granites
intrude the meta-sediments.

Mineraiogical and structural relationships of the
granite gneiss, indicate that it has heen formed by
recrystallization of the guartzo~feldepathic schists., Small
scale metanmorphic differentiation,ayppears to have accompanied
the vecrystallization., The nigmatites are believed to have
been formed by metamorphic differentiation rather than by

anatexis,



Three phases of deformation are recognised in the
Upper Precambrian rocks and two in the Cambrian, The
second deformation recorded in the Upper Precambrian
rocks does mot appear in the Cambrian rocks. Each
deformation has been accompanied by the formation of
foliation, In the Proterosoic rocks deformed by the second
and third phases of folding, the feliation is a erenulation
cleavage. The deformations fn both the Upysr Proterozoiec
and Cambrian sequences are considersed to be related,
Petrofabric studies of quarts, scapolite and biotite are
related to the respective macrosceopic structures. An
analysis of the chronolegy of cryatallization and deformation
of these rocks indicates that crystallization continued
during and after each phase of deformation,

Faulting commenced either prior to or during meta~-
morphism., Intense metasomatic activity followed a later
rhase of faulting resulting in the widespread development
of albitites and in soms cases talc ore bodies. The
albitites formed in the fault zone were subsequently
brecciated by further movement and later healed by the intro-

duction of more metasomatic flutd.,



ACKN IGEAENTS .
This projeact was initially suggested to the authez by

Dr.A.W. Kleeman, The author has discusssd various aspects

of She field work with Dy,.J.L, Talbot and Dr.X.J. Mills

of the University of Adelaide, and Dr.3, ilobhs of the

University of Sydney. Certain sections of the petrolozy

have been discussed with Dr.R.L. Oliver, Dr.A.W. Kieenman,

He.D, Virge of the University of Adelaide and Dr.A.J.E.

White of the Australian National University. Hr . A. Wnistle,

Do Ayres ama W, Lindquist, Economic Geology Dept., University

of Adelaide, assisted the author with the mineragraphy.
De.AM. Klessan read part of the ifaltial deafé and

Ur.B8. Dally wread the Introduction and Stratigraphy sections.

The author is particularly imdebtod %o Dr,.J.L. Talbot for

hie vending and eritical examination of the whole manuseript,
Hr.J. Lorenzin prepared the thin sections and Miss A.M.C.

Swan assisted =itk the lavout of sene maps. Mrs . R.3hertiand
typed the draft copies and the final manuscript, and Miss 3,
Summer the text figure descriptions, The author also wishes
to sxpress his gratitude to his wife fowr the preparation
of the photographic figurea and for the hely and sncourapement
she pave duving the writing of the ¢thesis,

The sxpenses incurred duriag the field work and the

reproduction of the line drawings were defrayed by the

University of Adelaide Research Grant Fund,



This thesis contains no material which has besn

accepted for the award of any other degree orx

diploma in any University and that, to the best

of my knowledge and belief, contains no material
previously published or written by anothar person,
except where due reference is made in the text of

the thesis.



All specinens voferred to 1a this theais ares catalogued

in the musoun of the Geolegy Depavtment of the University
of Adeluide. Specinens with the prefix A200~ have been
collacted by the author; those with the prefix Al26- ,

or GAC~ and A= are specimeas lent to the author hy Dr,A.W.
Kleeman (Univevsity of Adelaide) and Dr,G.A. Chinner {(Uni-
varsity o»f Cambridge). The catalogued iﬁ!o&u&tinn includes
the nase of the rock, the catalogue number and the approxi~
mate location., The loeation of each specimen is given as
s national grid reference as shown ot thée Cawler 1 inch to

1 mtle Hilitary Sheet (Fig.2) and reproduced on Plate 1.



1.

AINTRODUCTION,

The area investigated and discussed in this thesis covers
35 square miles of pastoral country in the Powsey Vale area,
approximately 28 miles north~esast of Adelaides (Figs,l and 2).
It contains folded and metamorphesed Upper Precambrian and
Cambrian rocks in faulted contact, Intruding them are small
bodies of dolerite, granite and pegmatite (Plate 1), Extensive
retasomatism has altered some of the metamorphic and igneous
rocks to albitites,

This region forms part of the Mt.,Lofty Ranges, an arcuate
belt made up of “Archean"; Precambrian and Cambrian rocks
(Figs.l and 3), Unconsolidataed Permian and Tertiary sediments
also ocecur within the ranges (Fig.3). The relationship between
the older rocks is shown in Table 1,

"Azchean” .

The "Archean" rocks occur as isolated inliers over-
lain unconformably by rocks of the Adeiaide Supergroup
(Fig.1). They consist of high grade meta~sediments, metaso-
matic and igneous rocks, which have undergene retrograde
metamorphism before the deposition of the Adelaide Super=-
group (Talbot,1963),

The terms "Houghtonian Complex" (Howechin,1928), “Barossa

Series" (Woelnough,1908;ilossfeld,1835) and "Houghton

Complex” (Talbot,ope.cits), have been used to describe the



FIG.1.
General relationships between the
Lower Precambrian, Upper Precambrian
and Cambrian., The area studied is

outlined,
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FIG.2.
Fart of the Gawler Military Sheet.
Scale 1 inch = 1 mile, The area

studied is outlined.
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TABLE 1,

e : Eastern Mi.Lofty Ranges,

Western Mt . Lofty Ranges

Cambrian Kanmantoo Group
Lower Cambrian 1

Kanmantoo Group?2
Lower Cambrian

Contact Conformable, uncon~
formable or faulted,

Conformable or uncon~
formable,

Proterozoic Adelaide Supergroup.

Adelajide Supergroup.

Contact Violent unconformity.

"Archean®

1. Age documeonted by fossils only in the Delamere region,

in the Southern Mt, Lofty Ranges.

2, Only 450 foet exposed compared with 30,000 feet in the

Cape Jervis region - sese text.




FIG.3.

Geological map of South Australia,
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2e

rocks of the Houghton-Baressa imitier (Plate S)f An
»jiwchean” age was first proposed by lowshin (1808} for
these bacement woeks. Their trma ag2 ie however, uaknown,
Radiomelvic determiunagticnz iwndicate that they are at least
of “ddle Pvoteromoic age (U/Py, 1,810m.y.£100, Collias
et al,,19835 1,660 mo¥ei38, Greemhalgh and Jetiery,1039),
bw$/§ioa¢_i¢o- rotfer o2dly to the age of metamorpihism, the
rocks can be oxpscted to be much eoider,
Ldslalds JUneXERois .

Unzonforsably overlying the “iAvchean™ basement is
a thick seguence, 933,000 feet, Hawson and Sprigg,19900 of
1imestones, guarisites, shalss and glacigene asdinsats,
wEich wepe depesited in an wleagated zoue oxteadiung from
¥anguroo Isisad to the northers bovrder of the state. This
sits of sxteusive sedimzustation, referred te as the
»ijetlaide Dcosyneliae” {iprigg,1933), was active during
the late Precambrian and sazrly "alasozolc tines.

The Adelaide 3upcrizronp rocks have previously been

reforred v as the "idslaide Jeries” (David, 1023}, the

»idelnide Systen” (Clarks,19938; Mawson,1943) and the

#sagiatde Supevgrowp” (Daily,10633. ilawsen and Spyigg(19350)

formally delised ths ldelaide System and subdivided he
sequence found im the Adelatde pegion ingo three series,

the Torsensian, Jturtian amd Havinesn. Imbsequenlly,

o

Al: loecality names ssntioned subsequently in the text are
given in Plate 2.



3.

1

Sprige (1932) added a fourth division, the Willouran Series,

which is considered to be older than the Torrensian., Daily
{op.cit,) proposed that the terms Supergroup and Group
replace the time~rock terms 3ystem and Series, a proposal
whiech has been adopted in this thesis,

The Adelaide Supergroup rocks pass conroruablyz iato
fossiliferous Lower Cambrian on the western and lower gsouth-
sastern sides of the Mt.Lofty Ranges, and are therefore
considered to be Upper Proterozoic in age. Rb/Sy deter-
minations indicate that the base of the Adelsids Supergroup

vocks is either Middle or Upper Proterozoic (Compston et al.,

in press),
3

Kanmantoo Group.

The Kammantoo Group sediments occupy an arcuate
belt on the eastern side of the Mi.Lofty Ranges from beyond
Angaston in the north, to Kangaroo Island in the sauth, a
distance excoeding 200 miles (Sprigg and Campana,b1953;
Figs.l and 3). They consist of a thick (more than 30,000
t«oik unfossiliferous and monotonous sequance of greywackes,
silty phyllites, siltstones, and micaceous quartzites, with

minor orthoquartzites, conglomerates and limestenes {Sprigg

1.
2.

3.

Type area about 350 miles north of Adalaide.

An unconformity between the Cambrian and Precambrian in the
Normanville~Sellick Hill region was originally propoaed by
Thomsorn and Horwitz (1961), but in 1962 they apparently
rejected this hypothesis (Thomson and Horwitz,1962).

Type saction occurs between Campbell Cresk and Rosetta Head,
Vietor Harbour, in the Cape Jervis region {Sprigg and
Campana,1953),



and Campana, op.cit.) The deposition of these "flysch
like"” sediments is believed to have been initiated by a
Lower Cambrian erogeny (Daily,1958).

In the southern Mt.Lofty Ranges, the Xanmantoo Group
conformably overlies fossiliferous Lowsr Cambrian, but in
other areas the stratigraphic and structural relationships
are snot clear, sines outcrops are poor and fossiliferous
or distinctive lithologiecal marker horizons are absent,
However, despite these difficulties many interpretations
have been put forward.

Originally, the Adelaide Supergroup and Xanmantoo Group
rocks were considered to be in faulted contact (the MNairne
Fault, Sprigg et al,,1951), Subsequently, Campana and
Horwitz €1958) suggested that the Kanmantoo Group was
transgressive over folded "Adelaide System” sediments, but
this was later rejected by Xleeman and Skinner (1959) on
the grounds that there was nc evidence for an earlier
period of folding involving the "Adelaide System”. In the
same year Horwitz et al.{1959) proposed that both the Lower
Cambrian and Kanmantoo Group sediments were transgressive
over eroded and folded "Adelaide System™ rocks. The
author has found that the Kanmantoo Group and Adelaids
Supergroup rocks are in faultad contact in the Pewsey Vale

region (see Chapter 11),



5.

Bscause of the widesproad metamorphisn affecting the
Kanmantoo Group, its age was regarded aas "Archean”
{(Woolnough,1608; Hossfeld,1935), or Precambrian (Jowchin,
19298), HMadigan (1925) was the first to assign a Camhrianl
age to these rocks, Lat-r, on structural and stratigraphic
evidence, Sprigg and Campana (1953) suggasted a Cambrian
to Ordovician age. It is now ganerally accepted that the
Kanmantoo Group is anbrian in age, and this has been
supported by recent radiomstric datiags (Waite et al,, in
press).

Early Palasczoic Orogenyv.

The Adelaide Supergroup and Kaumantoo Group
sedinments were deformed sad metamorphosed during an early
Palaeozoic orogeny. Deformation "was achieved by jostling
and warping of the Archean basemant of the gsoayncline"
(Webb,1958),

The metamorphism (Rb/Sr,apprex.465n.y.,Compston et al.,
in press) produced at its peak, & north-south elongate belt
of amphibolite facies rocks, extending from Tanunda to below
Strathalbyn, on the eastern side of the ift.,Lofty Ranges
(Fig.4). Within this belt there are granite gneisses,

mignatites and pelitic schists containing andalusite, kyanite,

1,

In this category Madigan imcluded rocks which are now known
to belong to the Adelaide Supergroup.



FIGaltc
General relationships of the meta-~

morphic zones in the Mt. Lofty Ranges.
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6
and sillimanite, as well as synkinematic dolerite and
granite intrusions (e.g. Palmer Granite, Rb/Sr, 480m.y.+1s,
White et al., in press),

Igneous activity culminated in the intrusion of post
kinematic granites of batholithic dimensions into the
Kanmantoo meta~sediments (Vietor Harbour Granite, K/A,

457 mJYe. Evongan and Richards, 1962)., A revival of tectonic
activity ocecurred during the Tertiary Poriod, particularly
in the late Pliocene to Early Pleistocene times., The area
now occupied by the Mt Lofty Ranges was strongly uplifted
by doming and faultiag, amd the landscape rejuvenated,
Since the publication of the first 1" to 1 mnile
sheet by the S.A.Geological Survey in 1951, major advances
have been madse in the understanding of the stratigraphy and
gtructure of the Precambrian and Cambrian rocks of the Mt.Lotty
Ranges. Howsver, mors detailed structural, stratigraphic,
metamorphic and igneous studies still remain to be done, part~-
fcularly on the sastern side of the ranges, where deformation
and metamorphism are domimant aspects of the geology. Here
our knowledge of the position of mineral isograds and their
significance, and the relationship of deformation to meta-
morphism, is extremely limited. In addition, the number of
phases of folding recorded in these rocks is known oniy in a

few, small isolated areas. Furthermore, many stratigraphical



Te
problems are as yet unselved, particularly the relationship
between the Xanmantoo Group and the Adelaide Supergroup meta-
sediments,

It is the purpose of the pressnt investigation to try and
elucidate somas of the preblesmss outlined ahove by the mapping
and study of a small representative area (Fig.l),

The physiographic features in the present area have
vesulted from Tortiary to Racent uplift of an old eroded
(Pre~Tertiary) land surface (Campana,1955; Dalgarno,1961).
Remnants of this surface arc now found at slevations of 1,500
to 1,600 fest, 500 feet above the floor of the adjacent
Barossa Valley. Mt . Kitchener (clevation 1,065 feet), Pewsey
Vale Peak (slovation 2,064 fest), are former monadnocks
{Specht et al.,1961), Dissection of this plateau has been
most active along the fault scarp east of Rovwlands Flat
(Fig.2,5a). Away from the fault scarp, the topography is

. maturs, outcrops ars mors scattered, and alluvial flats cover
much of the area (Fig.5b), The main watercourse is Jacobs
Creek, an antecodent stream, which cut down through the
Palaeonole rocks during the Tertiary uplift,

Bravious Investizations.

The oarliest geclogical investigations in this area
were entirely petrological (Moulden,13895;Weolnough,19804),
Hossfeld (1933) produced the first geslogical map of the area

in his study of the "Geolegy of part of the North Mt,Lofty



FIG.5A.
General view of the fault scarp topo-
graphy adjacent to Tweedies Gully,
looking north-west from location
940 200. Barossa Valley appears in

the background,.

FIG.58.
General view of the more mature
topography beyond the fault scarp,

looking east from Pewsey Vale Peak.



FIG.5A.

FIG.5B.
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Ranges", Subsequently, Whittle (1951 ) mapped and assessed
the tale deposits on the western side of the area and later,
Campana (1953) included this area in his vegicnsl mapping
of the Gawler Sheet, Chinner (1953) mappesd a portion of the
aroa during hie investigation of the granite gneisses of the

Barossa Ranges,



9.

In the area studied the Adelaide Supergroup sediments
are represented principally by mica schists with less common
quartzites, calec~silicata rocks, cale-schists and garnet
schists (Plate 1), Many o2 the quartzite and garnet schist
bands can be ir¥aced over distances of 2 to 3 miles., A few of
the thinly bedded quartzites ia the upper part of the sequence
grade laterally to quartz rich calc-silicate rocks, Ssdimen~
tary structures, such as cross-bedding and heavy minevral
iayering, are rare and are generally confined to the gquart-
zites. On a regional scale, extensive thinning of the less
conpestent beds has eccurrsed on the limbzs of the major 2o0lds,
while others (@.z. the beds overlying the garnet schists in
unit 1) ars markedly thickened.

The s;qucnco can be broadly subdivided into three main
1ithological units, a lower unit of {1) mica schists and cale~
schists, a middle unit (2) of muscovite rich schists and (3),
an upper unit of quartzites, calec=-silicates and mica :chis:s

{Table 2). The sequence is approximately 5,000 feet thick,

In his report on the Goology of the Gawler Military Sheet,

1. The thickness was measured parallel to the axial plane of
the major folds,



10.

Campana (1955) correlates the rocks in this area with the
*Torrensian Serics“f aad equates the gquartzites of unit (3)
with the "Stoanyfell Quartzite” im the type section near
Adelaide (Table 2)., The author agrees with Campana's first
cerrelation because the meta~sediments in the present area
are structurally coantinuous with Torrems Group meta-sediments
near Williamstown, However, his second correlation must be
treated with caution as the Powsey Vale Quartzites cannot be
traced continuously te the "Stonyfell Juartzite” in the type
section,

During the present iavestigation two small pebble beds,
which ressmbls tillite, were found in the upper part of the
saquence, They could be equated with the Sturt Tillite in the
type section, but in the absence of any evidence for a glacial
origian, it is considered unwise te make this correlation.
Xanmantoo Groun.

The mota~sediments of the Kanmantco Group are separated
from the Adelaide Supergroup rocks by the Nairne Fault (ses
page 4 ), These meta—-sediments consist principally of cross-
hodded quartso~feldspathic schists, migmatites and granite
greisses, with intercalations of calc=silicate rocks, pelitic

schists, minor quartziies and graphitic schists. The only

1, Now called the Torrens Greup~see page 3.



Type Ares.(Mawson and Sprigg

1850),

3. Interbedded calc—silicate
rocks, calec~schists, mnica
schists, minor gavrnet schists.
Quartzites, quartas rich cale-
silicate rocks, mica schists,
Pebble bed,.

Quarts rich cale~silicate
rocks, quartzites, mica
schists,
Pebble bed.
Yuartzites.
Minor mica schists, quartxz
.»ich cale=silicate rocks,

2+ Muscovite rich schists,
rinor quartzites, mica
schists, aillimanite=-musce~
vite schists.

1. Calc=silicate rocks,
calc~schists, mica schists,
garnet schists,

”_ﬂaﬁ-."”ﬂ

Glen Osuond slates with
occasional thin dolomite bands,
Beaumont Dolomites and inter-
bedded slates.

Upper slates (and phyllitie
phases) with minor quartzites.

+3tonyfell quartzite, in part
arkosic and argillacecus,

Lower slates (and phyllites)
with included minor
quartzites,

Montacute Dolomite ~~- blue and
grey dolomites, limestones

and sedimentary magnesites

with chert bands and minor
quartzites., Slates and

phyllites with minor quartzites,

Violant unconformity with
wArchean®™,

+ Correlation after Campana (1953),
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psrsistent marker beds ococur in the lower part of the segquence
wveast of Mt.Kitchener (Plate 1). The sequence is presentsd in
Table 3, The minimum thickness of units 1 to 6 is approxi=
mately 1,500 test. However, the thickness of ihe quartzo-
feldspathic schists, migmatites ete, of unit 7 cannct ke
determined, as they have been tightly foldad and stroungly
transposed,

Chinner (1955) prepesed the name "Kitchaner Seguence” for
the schists, calc~silicates and quartzite in the Mt Kitchener
region and equated the gquartzo-feldspathic schiasts, granite
gneisses and migratites, which conformably overly then, with
the Kanmantoe Group. However, this present study supports
Campana (1955), who correlzted the whele of the succession in
this area with the Kanmanteo Group. Furthermcve, the units
underlying the quartzo-feldspathic schistzs can be tentatively
correlated with those above the impure marbles recorded by
Millas €1964) in the Cambrai rogion, Mills {op.cit.) considers
that the impure marbles are equivalent to the Macclesfield
Marble, & foxuation carlier placed in the Lower Cambriar by
Sprigg and Wilson (19354), and later in the basal portion of
the Kanmantoo Group (Horwitz et 2l1l.,1939)., If the more recent
investigations of Horwitz et al, (op.cit.) are cerrect, the
lowest unit of the Pewsey Vale succession is above the base
cf the Kanmantoo Creup.

The thick asgquonce of hross~bed&ad quartze=feldspathic
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OLDEST

+Cross~bedded quartzo-feldspathic schists,
sigmatites, granite gneiszas, minor gsilli-
manite schists, cale~silicate rocks.

Cale~silicate rocks, minor calc-schists,
quartzo-feldspathic schists.

Fault,
“uartxite.,

S11limanite schists, garnet schists, fine
zrained quartz-biotite schiwsts,

Migmatites, guartzo~feldapathic schiats,
Fine grained, cross~bedded, quartz=~bilotite
achists with minor pelitic schist intercal-
stionsa,

Porphyroblastic muscovits schists and minor
quartzoe-feldapathic schists,.

Cale=silicate rock, often garnet bearing.
Jquartzite,

Graphite schist, minor calc~silicate rock.
Yuartzo-foldspathic schists,

+ Inman Ji11l Formation equivalent.
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schists at the top of the succession (Table 3) are litholo~
gically similar to the meta~arkoses of the Inman Hi1ll
Formation (Forbes,1957), one of the most persistent units in
the Kanmantoo Group, On the basis of mapping on the adjacent
Cambrai sheet, Thomson(pers.comm.) corrvelates the Pewsey Vale
quartzo-feldspathic schists with the Inman Hill Formation to
the south., In other parts of the Mt, Leofty Ranges, the Inman
111 Formation is overlain conformably by the Brukunga
Formation (Thomson and Horwitz,1962), but this has not been
observed in tke present area. Thus, the succession in the
Pewsey Vale region appears to occur above the base of the
Kanmantoo Group and below the Brukunga Formation.

F.rruginous quartz gravels of possible Tertiary age
(Campana,1955) form small knolls at an elevation of 1,600 to
1,700 feeat on the slopes of the quartzite ridges in the south~
east corner of the area (Plate 1). The gravels consist of
angular fragments of quartz and quartzite of varying size,
some boulders reaching a maximum diametsr of 18 imches, In
the better exposed outcrops the grain size grades from coarse
at the base to fine at the top. The angularity of the fragments,
and the proximity of the quartzite ridges suggest that the
gravels are scree deposits,

At an elevation of 1,350 feet lateritic profiles are
developed, which are believad to have been formed during the

Tertiary. At 2 lower elevation, grey sands are exposed,
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The purpose of the next four chapters ies to summarise
the pestrology and patregraphy of the various rock types in
the Kanmantoo Greup. The genesis of the Tanunde Creek
Gneiss and the umigmatites will he discussod, and the paragenesis
of certain-ltncraluhin the pelitic schists will also be given,
From the data prelégd in these discussions, conclusions will
be made tn a later chapter concerning the possible metamorphice
tenperatures and pressures to which the Kanmantoo Group rocks
have been subjected., Reference will alsc be made to the
significance of the sillimanite-potash feldspar asaemblage
in the pelitie schists,

The symbols 33 amd 33 will be refervred to in the text,
where 83 is a foliation formed during the first deformation

{B;) and S3 a foliation related to the secend deformation (B3).
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Almost two thirds of the rocks of the Kanmantoo Group
in the area mapped are quartao~feldspathic schists (Piate 1),
In different parts of the aroa they grade into migmatites or

into the Tanunda Croek Gmeiss (Chapter 3).

The quartzo~feldspathic schists are gensrally well
bedded, fine grained, pink to grey coloured rocks which closely
resemble avkoses. The bedding is defined by the concentration
of mica in layors and more rarely by heavy mineral layers.

The schists part readily along these mica layers te form
tabular outcrops. Associated with the "arkosic" schists are
t&e "greywacke" variants which are stroagly foliated and oceur
as sub=-rounded eutcrops, Cross~hogdiag is well developed and
some fore~set units are up to 12 énchos thick.

= . :

In thin section the gquartzo-feldspathic schists are
granoblastic (0.15 to O.2mm.) and exhibit a poor to stromg
foliation, Some specimens show both bedding S and schistosity
8y or S3. lany show & well defined zirdle fabric in sections
perpendicular to either By or B,

They consist of quartz, plagioclase, potash feldspar

biotite and muscovite with zircon, magnetite, hematite,
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tourmaline, apatite and monazite as accessories, Fourteen
micrometric analyses given by Chinner (19253) and six
determined by the author (Table 4) are plotted in Fig.6.

It can be soen that they occupy the arkose and greywacke
fields., Tho quartzo~faldapathic schists in ghis area are

a formation
equivalent to the Immam Hill FcrnatiouAeonsisting of meta~-
arkoses and meta-greywackes in the lowsr grade regions of
the Mt.Lofty Ranges (Forbes,1987; George,1063)., Strati~
graphic and micrometric evidence therefore suggest that
the quartzo-feldspathic schists are metamorphosed greywackes
and arkoses,

The common mineral asssmblages in the schists are:!

{1) Quartz-plagioclase~biotite-muscovite.

(2) Qu&rtz-plagiaclasa~biot1tc~nuscov1tc-potash'
feldspar,

{3) Quartz~plagioclase-muscovite.

Plagioclsse ranges in composition from Anjy to Au13.1

Albite twinning is common and the lanmellae are broad and
continuous., Microfaulting of the twin dboundaries is rare.
Most plagioclases are fresh, but some are partially

altered to sericite. Potash feldspar is commonly perthi-

tic and exhibits cross-hatchad twinning, which in sonme
speecimens ia faint or shadewy. Moneclinic and triclinie
forms have been identified by X-ray diffraction (Table 5).

The biotite in these rocks is characteristically deep

1. See Appendix 1 for the chemical analysses of the plagioclases
and potash feldspars.
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Juartz
Plagioclase
X.Feldapar
Biotite
Mascovite

Accessories

Total numbexz
counts

S S et

Modal Analyses of the Quartzo~-feldspathic Schists.

40

43,8
22.4

5.7

26,9
1.2

100.0

2,870

TABLE 4,

39B

37.3%
24.4
29.2

8.9

2.2

100,0

|

2,740

2 48
46,2 44.4
31.4 45,8

4.3 2.5
15,0 6.3

3.1 1.0
100.0 100.0
2,749 3,021

366-7C

54,9
28.2
3.0

18.1

100.0

1,387

886

43.2
24,8

15.8

100.0

|

2,227



FIG, 6.
Composition of guartzo-feldspathic
schists in tems of quartz, feldspar
and micas (diagram after Pettijohn,
1949, p.227). Analyses by Chinner
(1955) are designated by the full
circle symbol; those by the anthor

as a circle.
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TABLE 8.,

Obliguitzl = Z& values of the Alkali Feldspars.,

Spec.No. Rock Tvpe. A Comments.

4232 Quartzo=-feldspathic schist 0.870-0,925 Sharp microeiine twinning
5612 g Near momoclinie® Wavy ", "
4422 " 0.800-0,888 Sharp " "
670B " Near monoclinic® Wavy " "

27 - Monoclinie Ne = -
871A2 " 0.878 Sharp " "

17 Pegmatitic segregation 0,888 " " "

38A o i 0.925 " " "
860~1 * " 0,891 n " "

1. Obliquity (triclinicity) values have been measured according to the method of Goldsmith
and Laves, (1954),

2. Quartzo-feldspathic achisfs within the migmatite zone.

3, Feldspars whese 131 and 131 peaks have coalesced te form a broad single peak.
are considered ®o be "near monoclinie”.
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brown in colour (X = very pale brown te straw yellow,

Y = Z = deep brown) and contains abundant pleochreic
haloes. A chemical analysis of a typical biotite is
given in Table 25 Chapter 10, Its composition is similar
to that obtained by White {in prep.) for biotites from
quartzo~feldspathic schists adjacent to the migmatite
zona irn the Palmer region. Muscovite appears either as
thin bladed flakes parallel tc the biotite foliation (S,
or S3) or as squat perphyreoblasts cutting the foliation,
Quartz ocecurs as equidimensgional grains 0,1~0.,2mm, in
diameter, showing curved or slightly sutured borders,
Undulose extinction is ubiquitous. Quartz~quartz contacts
are normally curved except in the quartzo~feldspathic
schists adjacent to the Tanunda Creek Gneiss, where they
are straight and triple poinrt junctions are at 120°,
Acgassory Minsrals.

Homatite, hematite~rutile and hematite-magnetite
assehblages have been recognised in the gquartzo-feldspathic
schists, The hematite in all assemblages contains irregular
or lamellar bodies of ilmenite and commonly occurs as
rhonmbohedral platos. Rutile is intimately associated with
the hematite and magnetite forms small octahedra. Tourm-
aline has a pleochroism (E = very pale green, O = deep
green) which is common to all rock types of the Kanmantoo
Group., This contrasts with the colourless to golden brown

pleochroism shown by most tourmalines in the Adelaide
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Supsrgroup rocks. Zircgon grains are characteristically
well rounded (Fig,16,Chapter 3)., HMinor xenoblastic horn-
blende (X = pale olive green, Y = olive greon, Z = deep

green) and pale yellow secondary snidete occurs in the

schists adjacent to the Tanunda Creek Gneiss,

West and south of Mt ,Kitchener, strengly folded
quartzo~feldepathic schists contain abundant quartz=feldspar
veins and pods of variable grain size, Most veins are parallel
to bhedding (3), axial plane foliatiom (S3 or S3) or the trans~
posed limbs of small folds (Fig.7a; see also Ramsay,1958,1983),
but some ave parallel te joint planes, Many are discordant te
foliation anmd others are tightly felded; the folds exhibit
ptygmatic or similar profiles (Fig,7b), Pegmatitic pods oceur
in the hingas of small folds, Perthitie potash feldspar crystals
up te 2 eite in diametesr have besn observed in rare coarse
grained veins, Biotite solvedges and schlieren can be seen around
and within most veins, Within the migmatite zone, the guartzo~
feldapathic schists are more strongly feoliated and coarser
grained, Many have reerystallized to augan schists, the augen
consisting of coarse quariz-feldspar aggregates or feldspar
porphyrobiasts. In 2 single hand specimon all variations between
veins, augen schists and finer grained guartzo~feldspathic
schists may be present (Fig.8).

The features shown by the rocks in this zZone, namely the

development of planar or folded veins surroundad by biotite



FIG.7A.
Leucocratic veins and pods parallel
to foliation in migmatite. Location

984 253, Scale in inches.

FIG.7B.
Folded, steeply plunging leucocratic
veins in migmatite., Location 973 186.

Pencil 6 inches long (15 cms).






FI1G.8.
A migmatite showing pegmatite ( top),
augen of feldspar (centre and bottom)
and fine grained gquartzo-feldspathic
schist., Location 978 283. GSpec.

No. A200-814A.

PIG.9.
Photomicrogreph showing corroded
skeletal relics of muscovite (M)
in microcline perthite (Mi).

Location 971 160, Spec. No.A200-2B.






selvedges, and felspasy sugen in sehists, are sinfilay to those
described for cther migmatite mones. (Reud,1081; llarry,lSs2,

198 4; Gindy, 1993 ; Nehrnert,1953,1957,1962).

These rocks are coarger grained {0.2 to C.5mm,} tham
the non-mnigmatised guariso-~feldspathic schicts, and textu~
valliy =how ﬁ'l%ﬁrﬂi?ﬁgﬂhigh grade nelamorphic rociks. For
sxxmple, quartz-ieldspar bsundaries are highly sutured,
quariz -~ quarisz interfaces arse surved o amceboid and potash
feldspar-plagioclase boundaries are lobate, “lagioclass~
plagicciase boundaries however, are straight and i20° triple
points are present. livraekiia has been cbserved in a few
sanples.

Suturing of feldspars by quartz has bsen ascribed to the
repiacenent ovigin of quariz (Head,19031; Cheng,17244; Harry,
19843, Howsver, there iz mc indication of a nmetasomatic
introductton of ﬁxaz in the guartzo-feidspathic schists,
Sumll scale movemeati of 3103 activated by pressure o¥ conw
centraticn gradients could alsc explain the sutured Zfeldspar
zontacts.

Siliisanite and garmes are tha oniy additional minerals

to appear in the quartzo-feldspathic schists sf the mige-
matite sone. The sillimanite securs as fibrolitic tufis

in hiotite (c.f.Chapman,1952; Chinner,1361) or as

isclated nsedle-like prisms associated with quarts.
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2% appears sporadically as small crystals in a few
specimens, Slotite is normally deep brown, but in the
sillimanite hearing zchists it ig a characteristic reddish

brown, Mumcoviis is less comuonm in the siguatite zone and

8 compositions range fvem An;, to Angje Xeray
diffraction studies show that both momoclinic and twviclinic

forms of pofssi feldanax

are present and that obliguity
values vary in single specimens {e.,g.423,Table 8). Such
variadicas in structural state seem to be coummon im recks
metamorphosed unier the P=T conditions of the amphibolite

facies (Heier,1967,1960; Shide,1858; Guitard et al. 1980;

DMetrich,1982; Smithaon,1962),

Yaine.

The veineg have the same texture as the quartze~fsldspathic
schists in the migmatitz mone, hut are coarser grained (0.4 to
4.,5mm, )e Most conzsist of quaris, potash feldaspar and plagioclase
(Table 6 and in somo the potash feldspar content is higher
than in the country rock (e.g.42, Table 8).

The miseral asssmbiages present are:
1) Uwartzs-plagioclase~hilotita-nuscovite,
{2) YJuartzs=piagioclase~potash feldspar-muscovite.
{3) <parts=plagioclase~muscovite~{sillimanite),

{4) Junrtz~plagiocinss=potash feldspar-bioiite~
nuscevite~{sillimanite).

Apatite, tourmaline, magnetite, zircon and rutile are

accessories.



Diag.No,
Rock No,
Quartz
Plagioclase
K.,Feldspar
Biotite
Muscovi te
Magnetite

Tourmaline

Total NQ °
Counts

TABLE 8,

Modal Anslvses of Veins.

6 3 2 5 1 7 4
2B 48 2 17 814D 873 874A
32,5 40,8 41,9 36.0 30.2 36,6 24.3
19,5 31.5 34,7 20,86 61,3 16,9 38,8
39,7 20,6 11,8 21,0 2,0 29,.8 31,9

) 8.3 7.9 0,7 6.0 1.0 2.5
) 8.3
) 0.8 4,0 1.7 0.3 15,4 2.5
- - - - 0.1 0.3 -
- - - - 0.1 - -
100.0 100,0 100,0 100.0 100.0 100.0 100.0
1,920 1,783 2,373 6,003 2,560 2,257 1,422

Modal Anglvses

of Pavrent Rocks.
2 48
46,2 44,4
31,4 45,8
4.3 2,5
15.0 6.2
3,0 0.8

)

) 0.1 0.3

)

100,0 100.0

2,749 2,251
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Blagioclase (An,, to An,, ) shows a marked increase in grain
size within the veins, ranging from 0.9mm, in the small pods
to 4.5mm, in the pegmatitic veinas, It has the same composition
as the plaglioclase in the parent rock, a characteristic of
migmatites in other metamorphic terrains (Ranberg,lQSG;
Mehnert, Pt.111,1962), Albite rims {Anz) appear where plagin-
clage is in contact with potassium feldapar, Imclusions eof
reliec quartz and plagioclase from the parent rock are present

in the vein plagicclases,

is structurally triclinic, the obliquities
varying frem 0,888 to 0,925 (Table 3), EBoth vein and shadow
perthite av¢ well developed, the vein perthite "healing" the
fractures in deformed crystals, The zones around these fractures
ars totally barren o shadeow perthite and it would appear that
the albite has migrated into the fractures under the influence
of a pressure gradient (Gates,1933)., Inciusions of relic
biotite, magnetite and quartz from the hest roek are commonly
trapped in the potash feldspar and a peripheral zoning similar
to that figured by Shiddo (1958,p.168) occurs in some grains,
Uvarts occcurs as amoeboid, strongly sutured grains, The presence
of curved quartz-quartz iunterfaces and variable tripie junction
angles indicates that the quartz has not reached textural
equilibrius (Rast,1965). Many quartz grains show undulese
extinction, healed fractures and more rarely dsformation lamellae,
Biotite (X = pale brown, Y = Z = deep chocolate brown) forms

selvedges at the country rocke-vein border, Within the selvedges
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it shows a marked increase in grain size (e.g. in 814D 0,.,25:am,
width compared with 0.05mm, in the sechiats), Rarely, reaction
rims of albite and rutile ocour between biotite and plagioclase,
Muscovite is a common constituent of mest veins, appearing as
porphyroblagsta or as skeletal corroded flakes in potash feldspar
or plagioclase (Fig,0), Some grains contain altered, limonite
stained hiotite, Jourmaline forms poikiloblastic ecrystals
enclosing micreéline,plagioclase and gquartz, Its size (up to
T«3mnu,.) is usually greater than that of other minerals and the
pleochroie :chtuo_(ﬂ = pale grnnn,»G = deep zreen) ig similar
to that of the tourmaline in the parent rock. Sfllimanite is
comparatively rare in these veins and occurs as very fine
needle like crystals in quartz or microcline. The zircons in
the migmatites are generally well rounded, but some are angular,
Suarts Yeins.

Milky white quartz veins of varying dimeansions ocecur in
the quartso~feldspathic schists and migmatites (Plate 1). The
larger veins are appreximately 100-~300 feet long and 5-10 feet
wide., They are generally parallel to bedding or foliation, (383
or S3), but rare diseordant veins have been observed, Many
»f +he smallsy veins f£il)l tension gashes or jJoint plandés
and some have been boudined or folded during the second

deformation (Bg). All veins are devoid of silicate and
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sulfide mineralization and there is no suggestion of wall rock
alteration in the adjacent country rock. It is there fore con=-
sidered that they have formed by the process of metamorphic
segregation,

The origin of migmatites has been the subject of
much research in the last 100 years, Idsas concerning their
ovigin can be grouped inte four categories:

(1) Lit~par-1it magmatic injection (Sederholm,
1923; Read,1931),

(2} Anatectic melting (Eskols,19033; Harme,1862;
Mehnert,1962; Mills,l1864),

(3) Metamorphic differentiation (Stillwell,1922;
Ramberg,1952,1086; White,11956),

{(4) Mstasomatisa (Wagmann,1935; Eagel and Engel,
1988),

The corollaries of these hypotheses are discussed briefly
in relation to the Pewsey Vale migmatites.

If the granitic portions of a migmatite are the result of
lit-par-11it injection  or anatexis they should have
compositions which group around the low temperature trough
of the Or-Ab-An-3i0-H,0 system {(Kleeman,1965),

Where metasomatism is the cause of migmatisation, distinect

changes in mineralegy and composition should occur inm the

parent rock within the migmatite zone., For example, Engel and

1. Twe hypotheses have baen postulated by these authors for
migmatites on the eastern side of the MMt.Lofty Ranges.
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Engael (1958) noted with increasing migmatisation an increase
in potash feldspar, a decrease in plagioclase, biotite and
quartz, and in increase of ths soda content of the plagioclase,

Migmatites formed by patamoxrphic difier should

show:

(s) a mineralogical compositional interdepen~
dence hetween host reck and pegmatite
(Ramberg,1936),

(b) a zone surrounding the differentiation
products (porphyroblasta, veinlets etc.)
impoverished in consiituents required forxr
these products {Eskola,19832; Ramberg,1052;
Reitan,1960),

{c) the same grade of metamorphism in the
parent rock and migmatite (Ranberg,1958).

To investigate these inferences, 2 closs examination of
the mineralogy of the veias and the parsat rocks have been
made. Six veins and two parent rocks have been micrometrieally
analysed {(Table 6). The veins have bsen recalculated in terms
of Or-Ab-An and are plotted in Fig.10. The veins have a wide
variation in composition and are not grouped about the low
temperature trough, suggesting that they are neither magmatic
nor anatectic in origin.

It is also unlikely that metasomatism has contributed to
the formation of the migmatites, as the mineral assemblages
of the migmatised and non-mignatised quartzo-feldspathic
schigts are the same, Im additiorn, no major increase or decrease
in sither potash feldspar, plagioclase or quaréz is observable in

highly migmatised zones.



FIG.10.
Modal analyses of veins recalculated
in texrms of Or-Ab-An, plotted on the
Si0g-saturated surface of the
Or-Ab-An-5i0, system at 5000 bars
PHzo, projected onto the Or-Ab-in face

of the tetrahedron {after Kleeman, 1965).

FIG.11,
Orientation of planar veins and axes of
folded veins in migmatites. Fold axes
are represented as x, axial plane of
folded veins as o, veins parallel to the
axial surface of B; folds as +, veins
parallel to the axial surface of B3 folds

as o, and veins parallel to foliation as ..
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The author considers that metamorphic differentiation
satisfactorily explains the strong mineralogical and compo=—
sitional interdependence shown by these rocks namely:

(1) The plagioclase compositions in the host
rock and vein ave the same.

(2) The accessory mineral suites in the parant
rock and pegmatites are the same,

(3) The mineralogy in the veins and host rocks
are similar,.

These relationships are conzistent with recrystallization
in situ but in some cases the potash feldspar content in the
veins is higher than in the country rock (Table &), suggest~-
ing that material has pbeen added to the veins during the
differentiation.

Presumably the processes of comcretion, sescretion and
gsolution (Eskola,1932; Ramberg,1952) have contributed to the
formatioa of the veins, pods, augen ané¢ pegmatites. The
jocalisation of many veins in planes parallel to the sheared
off limbs of small folds or to axial plane foliation, suggests
#hat deformation has been inportant in initiating and creating

sites for metamorphic differentiation (c.? Ramberg,1952,1936).

As previously meniioned, the veins in the guartzo=-
feldspathic schists of the migmatite zone, occur as planar or
folded shests. The orisntation of these vains has hean

measured and plotted in FPig.,1l. The #01ldad veins plunga 59 ¢o
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75° in a direction 1852, and their axial planes strike 165~
andidip' @ 309 east te vertical. Their orientation suggests
that they have been folded during the By deformation, The
orientation of the undeformed veins is consistent with

the geometry of 3; and 33 (see Chapter 11). I% appears
then that these veins have formed during hoth periods of

deformation,
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The Tanunda Creesk Gnaiss occurs within a zone of granite
gneisses and migmatites on the sastern side of the Mt.Lofty
Ranges (Fig.4).A portion of this gneiss outcrops on the castern
side of the area, It foras tor-like, tabular or stumpy outcrops,
depending upon the composition and the fabrie of the gaeilss,
Incilusions of quartzo-feldspathic gschists and quartz reefs
occur in the gneiss,

I» hand specimen most of the gneiss is medium grained,
strongly lineated and poorly foliated, Augen like aggregates
of feldspar occur in some gneisses, and in biotite rich
variants, foliation is well defined.

Transitional Zone.

A zone containing unaltered country rock, gchists with
feldspar porphyrohln:ts and lenses o¥ pods of gneliss, separates
the quartzo-fuldsp&thic schists from the main body of the
gneiss, In this zone many gnelssic pods are berdered by quartz
lenses (Fig.12a) and others are surrounded by fine grained
naplitie™ coronae (Fig.lzh).'The waplitie® recks also develep
as isolated, irregular, bodies in the country rock or as cross~-

cutting "dykes” (Fig.13). Soms gneiss lenses distort the

1, The nane #Tanunda Creek" is takean from a stream which cuts
the gnelss, morth-east of Mt . Kitchener. This new name is
used informally in this thesis to include both "Tanunda
Creek Granite® and nMoorooroo Gneiss” erected by Hossfeld

(1925,1935) to describe different portions of the greiss.



FIG.12A,
Lenticular pods of quartz (Q) at the
border between granlte gneiss (¢) and
fine grained quartzo-feldspathic

schist (S). Location 9813 315.

FI1G.12B.
Granite gneiss pods () in well bedded
fine grained quartzo—feldspathic schists
(s). Note "aplitic" coronae (arrow) amd
discordant contact of the gneiss with
the quartzo-feldspathic schists (barbed
arrow). Location 983 315, Pen 5.5 inches

(13.5 cms ).
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bedding, while others are clearly discordant to this layering.

All the “aplitic” and gneissic bodies appear to be oriented

parallel to structural surfaces such as bedding, foliation or

fracture Zones.

In many of the gquarizo-~feldspathic schists bordering
the Tanunda Creek Uneiss, plazisciase and gicxecline
pexthits occur as porphyroblasts {0.45 to 1.0um.in diam.)
or as aggregaies of amalier randomnly oriented imdividuals.
The foliation curves around many porphyrcblasts. In the
Agrnblends bdearing sciists the plagioclases arz lrregul«
arly zoned {(Fig.14) and different grains show a wide
variation in composition (e.z.584, Fable 7). Such textural
and compositional variations suggest that egquilibriunm
textures have not been achieved during ihe crystallization
of the porphyroblasts. Most porphyroblasts show a patchy
alteraiion tc either muscovite, spidiote o¥ both, and in
sone, potash feldspar {mclusions are arranged in sones
pavallel to the crystal taces ot the plaglioclass,
¥zzmekits ococurs at the contacts hstwsen the piagioclase
in the ground -bsilnnd poiash feldapar porphyreblasts.

~ARlitigs bodiss ARd CoXouss.

These rocks occur in bands of quartso~feldspathic schists



FIG- 130
Trregular and dyke-like bodies of
tgplite" in well bedded quartzo-

feldspathic schists. Location 983 315.

¥IG.14.
Irregular zoning in plagioclase from
a hornblende bearing porphymblastic
schist collected from the transitional

zone. Location 997 237. Spec. No.

A200-584. X 30.
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TABLE 7.

Composition of Plagioclases.
(U-stage determinations)

Tanunda Creek

Gneiss

878 Anl2,.5-~13 Albite
849 An23-27 "

12 An4=7 b

22 Anl0=12 "
798 An20 "
Transitional

Zone Specimens

sse8~7C Anlé L
= 9F Anl7 »
w 7B An8lo0 "
w 7G An20 )
584 (grain 1) An40 (intermediste zone) Albite
« " ) Ani2 (core,rinm) "
(grain 2) An29 (cors) "
«C = ") Anl13 (rim) #
(overall variation) An20-28 Aibite,Carlsbad

Pgricline



rich in potash feldasparl and consist of microcline perthite,
quartz, and slightly turbid plagioclase rimmed by albite.
They differ from the gneiss and the parent rock in having
more potash feldspar and little or no biotite (Table 8).
Their grain size is generslly similar to the country

rock (0.,15mm.), although porphyroblasts occur in some
specimens. The micxocling shows a preferred orientation,
ngartan” twinning appearing in the majority of grains in
sections cut perpendicular to the lineation {B3), Hinor
biotite appears as digested relics replaced by rutile and
limonite., Rarely, remnants of heavy mineral bands (e.g.
magnetite) cut through these rocks,

Country xock = gaelas coniacta.

The contact between the gneiss and country rock is
extremely sharp on the microscepic scals (Fig.15a). The
most moticeabls change is an approximately four fold
inerease in grain size in the gneiss, Relics of the
country rock occur around and within porphyroblastic
quartsz, plaglioclase and microcline pesrthite. The por-
phyroblasts show concavse boundariss towards the small
grains, Similar textures are observed in metals whers
growing grains consume the surrounding matrix (Burgers,

1963, Figo.18). The biotite is also coarser grained and

1. Several large slabs were collected from various bands in=-
cluding those with the vaplitic" coronas. Staining with
sodium cebaltinitrite showed that the "aplite” hearing
pands were higher in potash feldspar content.



FIG.15A.
Photomicrograph of granite gneiss-~
quartzo feldspathic schist contaect.
Note change in grein size. Location

983 315. Spec. NOQA200_8669 X I{O-

FIG.158.
Photomicrograph of a typical granite
gneiss., Location 992 266, Spec. No,

A200-798., X 40,



FIG15B.
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shows & poorer preferred orientation,

In thin section most gneisses consist of mediunm

grained (0.5 to0O.9mm,) aggregates of plagioclase, potash
feldspar and gquarts, The grains bear a characteristic
curvilinear relationship to one amother (Fig.15b), Biotite
forms a poorly defimed foliation between these aggregates,
The grains in these aggregates are cemmonly equidimensionsal,
but in some specimons they are elengate in the plane of the
foliation or parallel to the limeatiom (B3). Augen of potash
feldspar are characteristic of many gneisses.

The plagioclases in the gnaisses are generally smaller
im grain size (O.6mm,) thanz plagioclase porphyroblasts in
the transitional zone and show a greater range in composition
(An, to Anmg7} Table 7) than the plagioclases in the quartzo-
feldspathic schists., Quartz and biotite relics ocecur in the
plagioclases, indicat ng that a primary recrystallization
texture was present before the formation of the gneisses,
Albite rims are generally present at plagioclase-potash
feldspar contacts and are probably the result of the unmixing
of albite from the potash feldspar (Ramberg,1962). livrmekite
tends to be more common in gneisses containing more caleic
plagioclases (c.2., Phillips,1964), Micrecline perthite
(2Vy = 866-77;/\= 0,306; Tabls 9 ) exhibits an irregular
zoning and rare Carlsbad twinning. Quartz is found as

irregular aggregates or as highly sutured, deformed grains

showing undulose extinction, deformation lamellae and



Spes.No. gee=~7C 588-7C 368 ne8
Gnelss *spittie”Corona {meiss Country Rock
Jaaris Be7 51.8 31.7 48,2
l’llgiochl' 27.4 15.5 33.8 24.8
Koz?.lé‘ﬂ‘! 23 .4 31.8 17.58 18.8
Biotite Bl 0.5 10.2 15,86
Magnetite .6 o.s* 0.2 -
Acecessorvries -
(sphene, mus~
i P — e T ———— premswast o e —— ———
i e d TR

+ Limonite

Total Nﬂo



TABLE 9,

2Vx and Obliquity Values of the Alkali Feldspars
in the Tanunda Creek Gneiss.

Spac.No. Obliquity = & aVx Comments

845A = 78-77 Microcline Twinning
878 - 86-68 " "

798 - 72-77 " "
se6-1* 0.913 - " -
see-7+ 0.918 - - "
g7e-2 0.806 - o "

4+ "Aplitic" vein,
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curved interfaces at quartz-quartz contacts. Bilotige (X
= gtraw yellow to pale brown, ¥ = Z = deep brown) is the
main ferromagnesian mineral and with horublende (X = pale
olive green, Y = olive green, Z = desp green) is
asscciated with sphene, apatits and epidote in more linme
rich gneisses. Mugcovite occurs in accessory amounts and
is commonly corroded by plagioclase and potash feldspar.
Small growths of muscovite have been observed at the tip
of soms biotites, Magustite sud pasnatita-hanatite are
the two primary oxide asssmblages im the Tanunda Creek
Gneisa. Magnetite forms skeletal aggregates distributed
unevenly throughout the ground mass, and shows varying
degrees of oxidation to martitic hematite. The primary
hematite contains fin: to coarss exsolution lamellae of
iimenite., The zircons in the gneissss are generally less
rounded than the zirceons in the schists (Fig.16) and show
overgrowths, rare sutgrowths and soning (c.2 . Poldervaart
and Eckelmann,1955, Plats 1),

Micromatric analyses of the gnoissl

and the guartzo-
feldspathic schistsl are plotted in Figs.17a and b . The
fields occupied by these two groups overlap, but the gneiss
shows less variation in composition than the gschists,
Furthernore, the gneiss gensrally contains more potash

feldspar and less quartz than the schists.

1., The majority of these analyses were determined by Chinner
(1955), See Tables 4 and 8 for those determined by the author.



FIG.16.
Zircons separated from the Tanunda Creek
Gneiss. Note overgrowths (b1 fg),
outgrowths (bl ), and zoning{l). Spec. Nos.

A200-798, 796, Locations 992 266, 992 271,

Zircons from a qxzartzo-feldspafhic schist
(Spec. No.A200-40, Location 983 164) at
the bottom of the figure, Note higher
proportion of rounded grains.

h,j X100.

abik X250.
c-g X500



FIG. 16



FIG.17A.,
Composition of the quartzo~feldspathic
schists and the Tanunda Creek Gneiss
expressed in temms of quartz-feldspar-

others (mica, accessories etc.).

FIG.17B.
Composition of the guartzo-feldspathic
schists and the Tanunda Creek Gneiss
expressed in terms of quartz~potashe

feldspar- plagioclase,
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Modal analyses of a gnoissl and adjacent country rockl,
and of a gneiss and its *aplitic" corona, collected from
the transitional zone are shown in Table 8. These analyses
show a lower quartz content in the gneias compared with
the schist and a high potash feldspar content in the
*aplitic" corona, confirming the generalisatien deduced
from Chinner's data that the gneiss 1s formed from the
ceountry rock by modification of the mineralogy.
BRelatien to Struciurs.

The prominent structurs in the Tanunda Creek Gneiss 1is
a lineation due to elongate biotite, feldspar or quartz, The
plunge of this lineation steepens from 200 in the south to 80°,
east of Mt.,Kitchener., It then shallows to 559, north of the
area mapped (Chinner,1935). A weak foliation marked by sparse
layers of biotite varies about an axiz P whiech falls within
the field of the lineations (Fig.18), The orientation of this
axis and the lineations is consistent with the geomstry of the
first phase of folding By (Chapter 11). However, the lineations
(circled)to the left of B have/igiontatian which is consistent

with the geomeiry of the second phase of felding Bs. In the
Gneiss
Tanunda Creek/and the quartzo~-feldspathic schists north-east

of the area mapped, Fleming {pers.comm,) has noted lineations

1. The gneiss and parent rock are in contact.



FIG.18,
Orientation of lineations x and
foliation o in the Tanunda Creek
Gneiss,
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with two distinct orientations, which the present author
equates with the B; and B, phases of detormation.These
observations therefore suggest that the Tanunda Creek Gneiss
has been involved in two perlods of deformation.

The Tanunda Creek Gneiss may repressnt:

(1) a magnatic intrusioen which has been deformed

and recrystallized (e,g. the Older Orthe~
gneisses of Carn Chiunneag and Inchbae, Harker,

1962);

{(2) a granite gneiss which has been formad by the
setasomatic alteration ef the country rock
€e.g¢ the composite granitic gneiss of Western
Ardgour, Harry,1854);

(3) a granite gneiss formed by the recrystallization
of the pareat rock without the addition of
alkalis or the removal of basic matarial (e.g.

the Rathjen Granitic Gneiss, Wnite,19586),
Since the zircons in the Tanunda Creek Gneiss do not show the
suhedral merphology typical of magmatic granites (Poldervaart,
1956), but the shape and outgrowths of autochthonous granites
(Poldervaart and Eckelmann,1955), the first hypothesis can
be rejescted.

Hypothesss two and three cannot be ditferentiated on
chemical grounds since the fields of the schists and the
gneiss overlap (Figs.17a and b, Howover, there are certain
features in the transitional zone which suggest a strong
sedimentary contrel for the compositioxn of the gneiss,.

(1) Potash feldspar rich waplitic" coronae and
gneisses cccur only in certain bands which
are themselves riech in potash feldspar.
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{2) The mineral assemblages of the parent rock
and the gneiss are the same,l

The features describsed above ars consistent with metamerphic
crystallization and minor diffarentiation. It is considered
that the "aplitie™ corenas around the gneissic pods and the
gquartz at gneiss=country rock contacts are ths products of
this differentiation, and that they have been formed by the
migration ef "excess" quartz and potash feldspar away from
the sites of recrystallization, The proceases controlling
the formation of the gneiss in the transitional zZone ara
1ikely to have heen operative in the zone of the Tanunda Creek
Gneiss, This is suggested by the abundance of quartz reefs in
the gneiss zone and by the similarity in the compositions of
the gneisses in both zones.

The location of the Tanunda Creek Cueiss in a2 high grade
metamorphic belt and within the ‘hinge zons of an iseclinal
fold, suggests that high metamorphic temperatures and defor-~

maticn have heen tnstrumental in its formation,

1., Compare this with the composite granitic gneiss of Western
Ardgour which differs from the parent rock {oligoclase~
biotite~quaris gnoi.s) vin containing more quartz and leas
biotite, and in the presence of microecline with nyrmekite
and other metasomatic products”. (Harry,19854).
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CHAPTER 2,

CALC~-SILICATE ROCKS AND CALC-SCHISTS.

Introduction.

Calc-silicate rocks of the Kanmantoo Group are relat-
ively restricted in occurrence, They form prominent ridges
west of Mt . Kitchener and small, lenticular bodies in the mig-
matite zone (Plate 1), Most rocks are fine grained aad banded,
the banding ranging in thicknesc from imm, te 3cm, (Figs.l9a
and b), Weathering of these rocks, produces a flaggy skeletal-
1ike outecrop. Cale~schists and unbasdad calc-=silicate rocks
are less common, Many ef the cale~silicate rocks are lineated
{e.g. hornblende prisms paralisl te By ) and small By zna By
folds are prevalent in certain areas {see Chapter 11),

Potrography .

The deap green and white layering characteriatic of
most calc~silicate rocks is due to the relative proportions
of hastingasite, diopside and petash feldspar or scapolite,
Texturally, individual layers are fine grained (0.06 to
O.16mm.) granoblastic aggregates of calc-silicate minerals
(Fig.21). Clinopyroxones and amphibeles are disseminated
throughout the matrix as single grains or clusters, and in
gsome rocks they form small {1.,0 to:2.0mm. in diam,) por-
phyroblasts. Im the unmbanded cale~silicate rocks, the light
and dark minerals are intimately intermingled and layering

cannot be recognised. Rare sinuous veins of scapolite,



FIG.19A,
BB fold showing characteristic banding
in calc-silicate rock. Location 975 289,

FIG.19B.
Large thin section of a banded calc-
silicate rock., Note sinuous metamorphic
segregation vein at the bottom right
hand comer of diagram. Location 981 290,

Spec. No,.GAC 605 .
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potash feldspar and diopside traverse some calc-silicate
rocks. In some specimens (e.g.41l) diopside aggregates
outline By folds, suggesting that crystallization continued
after the By phase o folding,

The calc-~silicate rocks vary greatly in mineralogy. The
type of variation is illustrated in Table 10. The
assenblages present are listed below and are alsc repre~

sented orn arn ACFK diagram (Fig.20).

| Dlbpsido*sclpelitt-{plngioelaso)~anphib0101-

potash feldspar.

a, Diepside~scapolite~amphibole,

b, Amphibole~scapolite~potash feldspar,
cs Diopside-scapolite-potash feldspar.
d. Diopside~amphibole~potash feldspar,
e. Diopaide=-scapelite~plagioclase,

f. Diopside=potash feldspar,

g+ Diopside~scapolite,

he Seapolite~potash feldspar.

1. Diopside~potash feldspar,

2. Diopside-scapolite~{plagioclase)-calcite,

3. a. Diopside~biotite-~scapolite~(plagioclase),
b, Amphibole=potash feldspar-biotite.

Fuarts is absent from assemblages 1 and ib and scapolite
igs more common than plagioclase, Sphene is an important
constituent in some rocks {e.gz.414, Table 10), and apatite,

pyrite and magnetite are minor accessories,

1. Comnmon hormblende or a membeyr of the pargasite~ferrohasting-
gsite series.



TABLE 10,

Estimated volume percentages of constituenis

Sg.e.No. 414 277
Band No. Band No,
1 2 3 1 & 3
Diopside 10 4% 8 20 - 40
Seapolite 38 5 45 10 40 55
Quarts 10 & - - - -
K., Feldspar 43 50 45 40 53 5
Hastingsite = - = 25 5 =
Sphene - - 5 - - -




F1G.20,
A.C.F. K, diagram showing the mineral
assemblages present in the calc~

silicate rocks.
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FIG.Z21,
Photomicrograph of banded fine grained
calc«silicat;?%khowing layers of diopside-
orthoclase~ (scapolite) and orthoclase-
scapolite- (diopside). Location 975 289.

FIG.22.
Photomicrograph showing secondary
homblende enclosing diopside. Scapo-
lite is the colourless mineral in the
matrix. Location 983 263, &pec. No.

A200-768. X 80.



FIG 2L,

FIG 22.
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Pale green to bright gresn glinonvroxans (diopside~

hedeabargite) is a major constituant up te 40 p.c.) o?
most cale~silicate rocks. Its range of composition as
determined optically (Hess,1949), varies fzom 20 to 60
percent hedenbsrgite (Tabie 11), In the Hilendeila and
Tuagkillo cale=silicate rocks, the climopyroxanes vary
from 15 to B30 percent hedenbergite (White,1958) and in the
Cambrai region, liills {1964) records a composgsitional range
ef 37 te 70 percent hedenbergite.,

The amphiboles in the cale~silicate rocks are considered

4o be meabers of thae hapting=i

on the basis of pleochroism, 2V and refractive index (see

Table 11 for 2V and R.I. measurements). The Zollowing
plecchroic gchemez are found to be typical of the two groups
of amphiboles.

Jastingsite =

X = pale olive greaon = X = pale green =~
bright yelliew green, olive green,
Y = green - deep green, ¥ = olive green,
Z = blus green - intenss 2 = green -
deepr green deep green,

Most amphiboles aprear to be in eguilibrium with diopside,
but secondary graliuns of hastiagsite enclose grains of
dicpeide and scapolite (Fig.22; c.f. White, op.cit.,

Plate 6). In some sections cut perpendicular to the By



TASLE 11.

Optical Froperties of minerals in the

Caieo=silicate facks.

Clincryroxens Amnhibole
A
Speg,No. 2Vs n, ZC % hedl gVx ax iAé
#77%7a 1,688 48 low 1.2872 18
277w 1.685 45
809 a0 1.685 45 65 1.876 20
éoeh 1.2986 48
8035 1.883 41 1.466
287 1.715 80 ilow 1,884
£23 5o t.887 44 20 80 1.6882 18
887 LeT00 40 56 1,884 21
213 1.897 35 50 1.883 24
788 £8 1.712 4% 89 44
Zsazglite Blagieclase

Snec.lla. 0, % Me T Am
2717s 1.872 53,0
277 " »
S09h 1,878 87 .0
623 1.878 §8.5
4082 1.500 38,8
768 L. 577 82.5
-3 § 1.588 4%
411 1.5685 p. 1]
404 1.877 60 -}
GIO 3 om 3@05 2wl
149 1.588 - § 3
830 48
208 49~58{zon0ei)
age 4457 * )

Ak

1. hed = hedenbergite
2, M = Me/MgeFor+Fa®"¢iin,
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lineation, idioblastic basal sections of hoernblende becone
obviocus,.

The hastingsites range in composition from 30 te 60 percent
Mg" /Mg® + Fe" + Fe™ 4+ Mn (based on the curves of Deer et al.,
1063), Mi1ls Cop.cit.), notesz that hastingsites with less than
20 percent Mg"/Mg" + Fe" + Fe'"+ Mn are limited to higher
grade cale=silicate rocks. The optical properties of the
common hornblin&.u {ndicate that they are reasonably rich in
iron (44 to 45 p.c. Mg"/Mg" + Fe" + Fe'™4 Ma, Table 11),
Another feature is the extreme variation in the amphibole
content of the bands within a simgle specimen (e,g.277;Table 10)
Suech variations suggest that conditions centrolling the
stability of the amphiboles have fluctuated considerably over
short distances. It has been pointed out that the stability
of amphiboles is dependent upon exygen pressure {Ernst,1962,
1963,19685; Gilbert,1964) and water vapour pressure {Ernst,
1962)., In addition, caleic aluminous amphiboles are censidered
to be stable in rocks containing low 3105/A1,03 and Ca~Mg/A1-K
ratios (Layton,1963; Misch,1864),

The variability of the amphibele content in the calec~sili~-
cate rocks is most simply explained by variations in bulk
composition, particularly variations im the Ca-Mg/A1=-K and
810,/A1,0, ratios.

Sgapelits normally appears as small equidimensional grains
asscciated with other calc~silicate minerals and mors rarely
as porphyroblasts studded with inclusions of diopside, The

composition of the scapolite varies from 30 to 80 percent
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uaionitel

{Table 11), and may vary from band to band within
the same specimen, Sodium rich scapolitosz are associated
with diopside, albite and calcite {e.g. 590, 408) or more
rarely with potassium feldspar and diopside (402B), The
scapolites in the Milendella~Tungkillo region (White,1959)
and Cambrai region (Mills,1964) show a more limited range of
composition(Me,, o, and Megy o4+ respectively).

Twinning in the

;. i1s poorly devsloped orx
absent and perthitic textures are rarz, Intermediate to fully
monoclinic structural foras are confirmed by X-ray and

optical studies (Tadle 12). Plagio

5 is poorly zmoned and
varies in composition from Ang te Amgg (Table 11). Biotite
(X = very pale browa, Y = Z = brown to rust brown) is common
in the <alc=schists where it may ocecur axial plane (S3) to
small folds. Juartsz is ubiquitous in most rocks, but is
generally kot & major constituent (maximum content, 35 p.c.,
404.) Epidote (2Vx = 71, 33 p.c. Fo'" moleculs, Troger,1959)
ooccurs as a secondary mineral replacing diopside, hasting-

site or hormblends, and scapolite,

In some rocks garnet foerms as skeletal, pale
brown aggregates encloesing calcite, quartz and diopside

(Fig.23), and as reaction rims between diopside and scapolite.

1.

2.

See Appendix 6 for the method of determination of scapolite

compositions.
Observations based on refractive index or birefringence

determinations,



TABLE 12,

2Vx and Obliquity Values of the Alkali Feldspars

in the Cale-silicate rocks of tixe Kanmanteo

Cxoun.
Spec.No. Ohliquitz =/\ 2V¥x
823 Near moneclinic 66~73
2771 Monoclinie 54-58
2772 Aol -
404 0,814 -
580 Monoeclinic -

Comments

Poor micrecline
twinning

Very faint wavy
twinning

" ” "

Wavy twinaing

Ne twianing

1, Dioepside bearing band,
2. Ferrohastingsite bearing band,
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It has an R.I. of 1.848 £ 0,01 and a cell size of 12,016 %
0,005, indicating a garnet rich in andradite (Skinner,1956).
Minor pale yellow epidote and deesp yallowiah green hasting-
site are lecally associated with the garnet,

The reactions leading te the formation of garnet are
probably quite complex. White (19056) suggested the following
equations for the formation of garnet from scapolite and
diopaidae,
3(CaAl,8120g). CQCOS+5CaCOg+3SiOz = 3Ca3A12313012+6002..(1)

meionite caleite gquarta grossularite,
3(CaAly8150g3, CaCOg+SCA(Mg,F.381203 = 3Caz(Mg,FnlA12813013

neionite dicpside grossularite with
somd almandine
and pyrope

+ CaC0443810; .. (2)

calcite quartz
It is necsssary, however, to obtain Fe' for the andradite
molecule and unless Fe metasomatism is postulated, (as
suggested by White, op.cit, for the Milendella garnet skarns)
there must be comsiderable exidation of the Fe™ from the
diopside. jlowever, andradite can replace diopside at high
oxygen pressures or leower temperaturss accordinag to the
experimental work of Ernst, (1963) (Fig.24, paths AB and AC).
As the garaet appears to be secondary in origin, it is
possible that the andradite molecule in the garnmet has
formed as & result of a £all in temperature during a period

of retrogressive metamorphism.



FIG. 23,

Garnet (G) onclosing diepside (D),
scapolite (S), calcite (C) and
guartz (Q). Location 981288,

Spec., No, A200~923, X 40,

FI1G. 24,
Diagram taken from Ernst (1965),
Paths AB and AC show that andradite
can be produced sither by increase
in oxygsn fugacity or decrease in

temperaturs,
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To study the distribution of Fe betwsen co-existing
amphibole and clinopyrexene in the cale=gilicate rocks, the
refractive indices of the amphiboles (n,) and clinopyroxenes
(np) from 6 specimens have besn measured., They are listed in
Table 11 and are plotted in Fig.25a, together with values
obtained by Mills (1964) for co~axisting clinopyroxenes and
hastingsites from calc-silicates rocks of the same grade and
mineralogy as those im the present area.

It can be seen that the amphiboles in the Pewsey Vale rocks
contain more Fol with respesct %o diopside than those in Mills's
area., Kretz (1960) has studied the distribution of elements
betwsan hiotite, ampiibole and slimopyroxens in skarn rocks,
metamorphosed in the P~T region of the upper amphiholite facles,
and noted that “an increase in Al econcentration of amphibole
causes this mineral tz acquirs a higher concentration of Fe
relative te that of the co=-existimz pyroxens™ {(Pig.25b), It
is possible then that the relative separation of the distri~
bution curves in Fig.25a is due to the difference in Al content

of the amphiboles in the two areas.

The original sediments from which the cale~silicate rocks

were fprined were probably cialcarsous shales and "sandy" dolomites.

J

1, It is assumed that the refractive indices are an approximate
measure of tha iron content ia these ninerals. Mills (op.cit.)
found a good correlation betwaen magnetic susceptibility and
retractive index for hastingsite amphiboles.



FIG.25A.
Refractive index diagram of co~existing
amphiboles and clinopyroxenes in calc-
silicate rocks from Pewsey Vele (full
circle) and Cambrai (circle; Mills,

1964).

FIG.25B.
Diagrem after Kretz (1960) showing
distribution of Fe/Fe+Mg+Mn+Ti between
coexisting amphiboles and clinopyroxenes.
The range in A).203 content of the amphi-

boles is given at the top of each curve.
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The layering in most rnckélis best interpreted as sedimentary
banding, accentuated to some degree by metamorphism, Variations
in bulk composition of these bands have most likely been the
main cause of the variation in mineral assemblages. The
abundance of petash feldspar in many bands suggests that the
K;C content of the original sediment was unusually high. However,
this does not necessarily {ndicate that potash metasomatism has
cceurred, as calcareous shales with as much as 10 percent K0
are recorded in the literature {Pettijohn,1937, p.370). The
predomninance of scapolite over plagioclase in the calc=silicate
rocks is probably the result of high Ublz“d Ucob {Shaw et 2l.,
1863; Shaw et al,,l263). Presusably, the volatiles rogquired
for the crystallization of scapolite, were derived from the
sedimsnts, an hypothesis proposed by White (19858) foxr the origin
of scapolits in the marbles and calewsilicates of the Milendella
and Tungkillo regions,

In ennclusion, the calc=silicate rocks in the Pewsey Vale
avea arTe considered to bhe reglionally natamorphosed calcareous

shales and "sandy" dolemites.

1. In soms rocks the layering is the result of transpesition
of the original bedding by folding on 35 ~ see Chapter 11.
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CHAPTER 8.

THE PELITIC AND GRAPHITIC SCHISTS.

PELITIC SCHISTS.
Introduction.

Pelitic schists comstitute a minor proportion of the
Kanmantoo Group Pocks in the Pewsey Vale area. They occur as
gmall lenses in the migmatite zone and overly the gale~
silicate rocks west of Mt.Kitchener (Plate 1), Sillimanite,
garnet, potash feldspar and muscovite are found as porphyro=-
blasts in many of the schists; the sillimanite commonly
axhibits a preferred orisntation parallel to the By fold axis.
Large muscovite porphyroblasts are particularly abundant in
gome schist units (Plate 1), Small veins and pods of quarts,
plagioclase and muscovite also occur in the pelites of the
migmatite horizon, west of Mt .Ki tchoner.

Patrography and paragenssis.

The pelitic schists arve generally Zine grainaed
(0.16 to 0.,03mm.), equigranular, feliated vocks im which Sy
is marked by alternating layers of biotite and/or muscovite
and quartz. The schists within the migmatite horizon are
coarser grained {av, = O.45mm.) less foliated and are
texturally similar to the quartzo~feldspathiec schists in
the migmatite zone, The foliation in some schists 1is

crenulated about Bg
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The following mineral assemblages are present}

(1) Potash feldspar-biotite~sillimanite~
plagioclass~{(garnet).

{2) Potash feldspar-biotite~sillimanite~
plagioclase~nuscovite-{andalusite),

{3) Biotite~sillimanite~plagioclase~nuscovite,

(4) Biotite~-sillimanite-garnst-(andalusits),

{5) Biotite~sillimanite~plagioclase,
Quartz occurs im all assemblages and apatite, zircen,
tourmaiine (E = very pale green, O = deep green), magnetite,
hematite and graphite are accesseriss, The hematite contains
sxsolution bodies of ilmenite, More thanrn 900 percent of the
rocks examined contain either assemblage (2) or (5),

Potash feldspaxr normally appears as xencblastic grains

in the matrix of the schists, but less commenly as
pretectonic{?) perphyroblasts (up to 1.3mm, in diam.)
containing inclusions of bietite, quartz, plagioclase,
tourmaline and rare epidote. X-ray and optical studies show
that either mierocline or orthoclass are present in the

schists (Table 13), Shadow perthite is common in most potash

feldspars. Plagioclase (An;o to Ang), Table 14) is a common

constituent of mest schists (maximum, 30 p.c.,904,628),
Deformation and composition (or primary) twins (Vance,1961;
Vernon,1965) co-exist in many specimens (eeges 124A,100B);
albite and pericline are the common twin laws, Some grains

show poor zoning. Sillimanite is commonly present as matted



TABLE 13,

2Vx and Obliquity Values of thse Alkali Feldspars
tn the Pelitic Schists of ths Kanmantoo Group.

Sgcc.No.

124A

124B

814B
100B

887

Monoelinic

Near Meoneclinie

0.888

0.875

~ P Py N

Obliguity =/\ aVx

52-56

84-65

78=80

78«80

Comments

No twinning
Faint twinning
in some grains
Twinning better

developed

Microcline twinning

" "w



TABLE 14,

Composition of Plagioclases in the Pelitic Schists.

(U=stage determinations)

Spec.No. Composition Twin Laws
1248 An37-41 Albite, Pericline
628 An30-38 Albite
100B An31~34 L
442 Anlo "
270 Anll~12 "
271 Anl18-20 e
823B An18-16 L
" Ani2 .8¢{rim) Anl4(core) "
124A An35-38 Albite, Pericline
824 Anl1s~-16 "



44,

fibrous aggregates (fibrolite) in biotite or more rarely

in muscovite, as needle like inclusicons im plagioclase and
quarts, and as stout prisms up to Smm, in length associated
with quartz in the matrix, It also replaces andalusite
porphyroblasts (Fig.28a) and occurs with microcline in
muscovite porphyroblasts (Fig.26b), Beth fibrelite and
sillimanite are present in some specimens (e.g. 100B c,.t,
Chinner,1961), The replacement of biotite by fibrolite is
net accompanied by the formation of iron ere "dust” or
potash feldspar granules {centrast with Weedland,1963;

De Keyser,19853), In n fow specimens the sillimanite exhibits
a preferred oriemtatien, the c-axes lying parallel to the
lineation By; in others fibrolitic mats are folded about
the By axis aand therefors predate the By phase of folding.
Most sillimanite appears to have grown statically, prier to
the second deformation,

As already notsd petregraphic evidence suggests that
-illlnanitu has formed from andalusite and frem the break~-
down of muscovite according to the fellowing reactioen (Heald,
1950):

Muscovite + guartzs = gillimanite ¢ potash
feldspar + water eeefl)

This reaction appears to have gone to completion in only a
few rocks. There is no indicatien that plagioclase has pare
ticipated in the development of sillimanite as suggested by

Guidotti(1983) (contrast with Guidotti and Evans, 1964),



FIG.26A.
IThotomicrograph of pelitic schist
showing sillimanite (S) surrounded by a
fine mat of sericite. Andalusite (A)
and microcline (X) occur to the right
of sillimanite, Location 977 286.

Spec ¢« NoO, A200-814A. XJ.OGO

FIG. 26B.
Yhotomicrograph of pelitic schist
showing sillimanite (S), microeline (Mi)
and relic muscovite (M). Location 976

288, Spec. No.GAC 270, X 100.
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Sillimanite may also have originatsd froem the breakdown
of biotite (Francis,1956), since biotite and £ibrelite are
closely assocliated.

Fe hiotite + dissolved "kyanito“l = potash feldspar +
sillimanite +
3Fe0 + Hzo «ef2)

However, the fidrolite and biotite are associated in both
the sillimanite-~potash faldspar and sillimanite~muscovite
schista. If the above reaction has taken places, then the
biotite has decomposed in somes cases withina the muscovite
stability field, However, biotites characteristic of pelitic
schists (45 to 35 p.c. annite?) decomposs only withim the
muscovite stability field under high oxygen pressures

(PO, = hematiie-magnatite butter; Fig.27). Since graphite
and magnetit: ars the mest common accessories in these recks,
1t seems Treasonable to assume that the PO, was probably
closs to that of the quarta~naga-tito-fnyn1£to bufter, At
the PO, of thia buffer ag biotite will deconpose within the
suscovite stability field (Fig.27). In those rocka with
titaniferous hematite as an accessory, thes POy wiil be much
higher tham the Q-M-F buffer, but still lesg than the
magneiite~hematite buffer {see Fig.%, p.318, Buddington

and Lindsley,1984), Even under thess conditions it is most

<. In the Pewsey Vale rocks the uastable alumino-silicate is
andalusite. Note also that a Mg rich biotite results from

this reaction,
2, See analyses of biotites in Vallance (1960) and Hayama (1984).



FIG.27.
Stability relationships of biotite and
muscovite,
Curves 1 to 4: Stability curves of

biotite of varying annite content
at different oxygen buffers, Data
obtained from Wones and Eugster,
(1965).

Curve 5: Stabllity curve for muscovite
in the presence of quartz at PH20=

Ploaa (Evans, 1965).
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unlikely that the biotites ware of the appropriate
composition to break down, It is therefors, concluded that
sillimanite has not eriginated from the decomposition of
bietite., This is further substantiated by the lack eof
potash feldspar and iren ors in association with the
fibrelite and biotite. The suthor sconsiders that the
sillimanite has mucleated on the surface ol the biotite
{Chinner,19061), and that the él ind Si required foxr the
growth of the sillimanite has/Zirlvnd from the selution of
unstable andalusite.

Asdalusits is & rars comstituent in the pelitic schists,
It occura as post tec%;uic-&i.o. posf 31 ) anhedyal pol-
kilohlasts, studded with inclusions of btoiitt, quartz and
more rarely microclimne (e.g.814A). Ita pressnce in rocks
1; whiech sillimanite appears to be the stable phasa
testifies %o th; sluggish nature of the polymorphic jiaversion
(Clark et al,,1987; Clark 1961; Khitarov oi nl,,1083; Bell,
1963),

fht association of andalusite and nieruc%ino is of
particular interest. This mineral pair is Zannonly found
in pelitic rocks in contact net;-erphic aureoles (e.g. Best
and Weiss,1964) and in the xore widesprsad low pressure =«
high temperature metamorphic terrains (e.g. Shide,1958),

It is normally assumed that they form from the decomposition
o? muscovite in the presence of quartzs (Turner and Verhoogen,

1980), Their appearance in the Kanmanteo Greup achists



47,
suggests that metamorphie temperaturss were unusually high
or pressures were low ov the decomposition of muscovite
took place under locally dry (i.e. Py,o <: Py oag) metamorphic
econditiosns, In view of the extreme stability of muscovite
in most of the Kanmantoo Group rocks, it is mere likely
that the latter condition prevailed,

g (X = pale brown ts straw yellew, Y=2 = rust

brewn to deep olive brown) is ubiquitous (20 te 25 PeCa)

and normally exhibits a streay preferred orientation parallel
to 81.'In soms specinens this foliatien is intensely plicated
about Bz. HMuscavita is an abundant censtituent of many
peiitic schists, Ii forms beth large (1.8 to 4.5mm, in diamn,)
and small (1.0 io 1.6mm, in diam.) porphyroblasts discordant
to 33 and appears to replace fibrelite swarms, At several

o2 the bioiite-muscovite eontactu; rutile occurs as a break-
down preiduct. In some rocks, the muscovite porphyroblasts
mave subsequently breken down to sillimanite and microcline
(Fig.26b), whereas im sthers they have beon refelded about
Bg, resultiag in curved crystals with variable extinction,
The grewth of these large nuscovites is probably relatsed to

a high activity of water and petassium ina the fluid phase
(Chinner,1961) after the cessaiien ot B, movements (see
Chapter 11), Suaztz (0.03 te O.49nm.in dian,) is found as
mosatc-like aggregates betwsen mica rich foliaes., In the

coarse “migmatitie® variants the grain boundaries of the
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quartz are highly sutured, Garnet forms post tectenic
skeletal porphyroblasts (0,43 to 1.3ma.) which are pre-
tectonic to Sg. The rotational features common to the
garnets in the Adelaide Supergroup schists, are lacking in
thess porphyroblasts. In some specimens garnet appears to
replace biotite and sillimanite, and in others the zone
around the garnet porphyroblasts is depleted in sillimanite.
Furthermore, biotite within this zone is altered to a
yellow browsn mica (more Mg rich biotite (?)) containing
nests of rutile, It would appear then, that the following
reaction (Winkler,1965) has bsen operative in the formation
of the garaet,

Biotite + sillimanite & quartzs = potash feldspar +
almandine + water,

SGRAPHITIC SCHISIS.

In the valley betwesn the Mt Kitchoner imtrusion and the
Tanunda Creek Gmeiss, banded, grey to buff coloured rocks, form
low, discontinuous outcrops. Imall gold diggings follow the
1ine of outerep (Plats 1). Most rocks have weathersd to a
white kaolinitic clayreck which extends to over a depth of 70
feet below the valley floor at Falkemburg's Hut (Chinner,1935).
Albite veins, limonite veins and pseudomorphs after pyrite,
are a feature of some outcrops. By folds and lineations (a
white mineral streaking) are prevalent in the less kaolinised

outcrops.



Betrogxaphv.

In thin section the least altered specimens appear to
consist of a fine grained {(0,03mm, ) mixture eof quartz
(25 to 35 pece.)s microcline (30 to 33 p.c.§ and graphite
{15 pece) with accessory zircon and ilmenite. The graphite
is sither evonly distributed threughout the rock or
concentrated in bands, A colourless to pale brown micaceous
mineral, which possibly represents kaolinite forming from
biotite is also present, In other specimens, albite and
albite~quarts pods, veins and baads are ubiquitous; graphite
is absent and micrecline is extremsly turbid, A yellow
brown subreunded ex rectangular unidentifiable mineral,
containing dreplets of rutile (?) also occurs., The strongly
kaolinised samples contain relics of graphite, turbid
mierocline or albita,

The alteration of the graphite schists may be due to the
introduction of hydrothermal or pneumatolytie fluids, as
suggested by Jaskin and Sanpson (1881) for the kaolinite
deposits sast of Mt .Crawford, However, the eccurrsnce ot
the kaolinised schists at the same elevation as presumed
Tertiary sediments east of the Tanunds Creek Gneiss (Chinner,
1958 ) suggests that the kaolinisatien coculd be due to deep
weathering during the period of peneplanation which took

place before the uplift of the Tertiary.
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PETROLOGY AND PETROGRAPHY OF

The next three chapters gummarise the petrography and
petrology of the Adelaide Supergroup rocks. To avoid un=
necessary repstition the petrology and petrography of these
rocks are discussed on a 1ithelogical rather than a
stratigraphical basis, Referance will be made to the symbols
S1, Sg, and S3 in the text, S1 is a foliation produced
during the first phase of folding (By), while Sz and S3 are

crenulation cleavages related to the By and By deformations.
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The pelitic and semi-pelitic schists of the Adelaide
Supergroup in the Pewsey Vale avea can be subdivided in the
field inte two main greups, the garnat schists and the bimieca
echists. The muscovite rich schists of unit 2 (Chapter 1)
have been imcluded in the bimica schists,

Miperal assenblaczes.
The mineral assomblages present in these rock types are:

1. Biotito»glrnct~plag1oclalo—nuseovito-silliuknit-.
a)Biotit'*gtyﬁ@twplngioellso-silltn.nitt-
b)Biotite~garnet-plagioclase,

2. Biotito*mnscovito~sillinlnita-plagtoclasc.
aSﬂuseovtta-aillilanito-pltgloelnlu.

b )Muscovite~sillimani te~bietite.
cIﬁn;covitowhietite»plsgiocln-..
d)Bsotito*plaziocla:.~:i111;nnitc.

e )Muscovite~biotite.

£)Bietite~sillimanite,

gz )Biotite=plagiociase,

Bimica Jchista.

Bimica schists are ubiguitous in all parts of the ssgquence.,
A high propeortion of musceovite to biotite gives rise to the
silvery blue nuscovite rich schists of unit 2 (Chapter 1),
These schists change te a silvery brown colour on the western
side of the area, dus to a slight increase in the biotite

content. A lineation (B;) defined by elengate knots of muscevite,
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biotite or sillimanite is common and in most schists one or
two crenulations (B and By) are present. The strong foliation
(S; or S3) im these rocks results in platy or slabby eutereps.
Many of the schists coentain coarse gquartz segregations, some
of which have been folded about the B; and By axes; rare
sillimanite~quartz segregaticens alse accur,
Patrography. Host schists are fine grained (0,05 to 0.08am.),
wall foliated (S;)-and exhibit cresulations parallel to B,
or By. Complete transposition o2 83 imte S or S3 is uncommon,
Many schists are strongly lineated (B3), the lineation being
dafined by elongate augen of quartz, muscovite and/or
sillimaniteo and biotite, or by biotite, sillimanite and
muscovite, The augen are ceommonly rsfelded about Bz and B3
axes,
The schists consist of quartz (30 tes 80 p.c.), muscovite
€10 to 20 p.c.), biotite (15 to 30 p.c.) and plagioclase
(5 te 20 n.,0,). Muascevite (15 to 20 p.c.) rich and hiotite
poor (O to 15 p.c.) variants are characteristic of the
middle part of the sequence (Chapter 1). Graphite and tour-
maline are snccessories.
Quarts is gencrally found as strain fres, squigranular
mosaics betwesen biotite folise, but is elongate in schists
very rich in mica, This suggests that the micas have exerted
an *influenece on the grain shape of the growing quartiz

cyrstals® (Talbot,1964), The grain size of quartz is commonly

greater in schiasts showing well developed Sz« Quartz deformed
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by Bz movements commonly undergoes & subsequent static
recrystallization, but in seme specimens it partially re~
erystallizes to small polygonal mosaics and in others it
remains as strongly deformed grains with serrated inter~
granular boundaries. Most pusceyite parallels Sy either

as single foliae or as skeletal porphyreblasts in lenses
associated with quartz; some is post tectenic to S; or
elongate aleng Sa. Those muscovites aZfected by the Bs
deformation are commonly kinked, bent or troken, Xeray
diffraction patteranz suggest that the muscovites have a 2M1
structure (3mith and Yoder,1958) ard contain approximately
15 percent paragonite (Zen and Albee,1964 ), Biogite (X =
very pale browan to strav yellow brown, Y = Z = red brown to
light yellow brown) delineatss S; and S and develops similar
By deformation features to puscovite, Sillisanite is fre-
quently found as fibhrolitic mats or stout prisms in
muscsvite. Rare outgrowths of sillimanite alse occur at high
angles to quartz-muscovite grain boundaries, suggesting that
the sillimanite has aucleatzd sn the muscovite, Ia addition,
it is found zs lineated prisms parsllel to By, or in augen
with biotite, quarts and muscevite, The sillimanite within
individual augen is strongly eriented, but its orientation
varies from augen to augen, Perhaps the sillimanite has
epitaxically raplaced an earlier formed, randonly sriented

alumino=silicate,
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The ausociation of fibrolite and muscovits has besen inter-
pretsd as one of simultanesus growth {Fiicher and Read, 1963;
Woodland,1963) and as an indication of the formationm of
sillimanite and potash teldspar from nuscovite (Bills,1064;
¥nite, in prép.). Since potash feldapay never oceurs in the
pelitic schists, the sscond hypothestis car be rejected for
this zrean, The author considers that the first ianterpretation
readily explaiess the relationships in the pelitic schiasts,
but poimts out that some sillimanite nay bave nucleatsd within
or at the graim boundaries ol the muscovite, It 1s also
suggssted that ithe Al and 31 required for the fornationm of
the sillimanite is derived 2ron the dissolution of an eariier
formed alunino-silicate and has bear transported via the
nedium of an aquzous phasz tc suitable nucleation sites.
Elaxieciags (oligoclase) is found as poorly twimned gzrains
{0.08 to 0,.,32m.) associated with quartzs aad is strongly
fraotured im specimens exiibviting B; cronslations. Tourmaline
has a pleschroism (E = eplourless, O = goldss brown) which
ts charscteristic of iie Adelalde Supergroup meta-sedinsnts
ta this area (a,f, Kanmantoo Greup tourzzlines), lest crystals
sontain an fnner: cors of graphite inclusions and soms are
poorly zsoned., It is commoanly discerdant to 33, and 33 and
therefore pcat dates thess folilatiocus. (rxashite occurs as
irregular spoage-like masses or "streamsTs" parallel io S;
or S2 and may constitute as much as 10 perceat of a schist

‘.0‘:75".
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Gaznet Schigts.

The hest outcrops of garnet schists are north-east of Trial
Hi11, but sporadic outcrops are also present im the southern
part of the area, Many of the rocks have a gneissic habit,
layers of quartz and feldspar alternating with biotite rich
layoers. In these rocks quartz augen are common, Others are
finer grained and more schistose and may grade into the
gncissose variant along strike, Crenulation cleavagesS; and
S3 and crenulations Bz and By of varying wave length ars
conspicuous in many outerops.

Petxogxaphy.

Most garnet schists coasist of quartz (40 to 65 p.c.),
biotite 20 to 40 p.c.), plagioclase (10 p.c.), garnet (5 te
10 pec.), sillimanite (0 to 10 p.c.) and the accessories
graphite, teurmaline, pyrite and apatite. In the rars nus~
covite bearing garnet schists, muscovite may constitute 20
percent of ths rock,

In thin section they coumonly show complex textural
relationships; many eca§ain 81 and 83 or 8; and S3, and in
some Sy is folded abeut the By axis (Figs.28a and b).
However, Sy is confined to the coarser grained variants.

In these rocks the gneissosity is defined by alternating

layers of sheaf-like biotite and coarse quartz~plagioclase

mosaics parallsl to the crenulation cleavage Sg. Within the
gquartz~plagioclase layers, curved trails of biotite flakes

outlining S; are present (Fig.28a), suggesting that the



FIG,.28A,
Large thin section of gamet schist
showing curved trails of S3(?) between
Sp. Location 953 268. Spec. No,.,A200-919.

Length of specimen 3.8 inches (9 cms).

FIG, 288
Large thin section of garmet schist
showing crenulated S,, Section cut
‘perpendicular to Bg. Loceation 9354 267.
Spec. No0.A200-918. Length of specimen

3.3 inches (8 cms).



FI1G 28A.

FIG.28B
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banding has been formed by transposition of 31 by folding on
S, (see Talbot 1964), A notables inecrease in grain size occurs
during the formation of this metamorphic layering {e.ge quartz
0,08 to O0.25mm, in the schistose variants to 0.3 to 1.0mnm,
in the grmeissic varieties).

Garnet appears most commonly as sickle-shaped crystals
4,0 to l.5am,) containing signoidal)discontinueus trails of
quartz and graphite (Fig.29a), This "snowball™ or *pinwheel®
structure is typiecal of metauorphic minerals growing during
deformation (Spry,1963 a), In this area the growth of the
garnet has occurred during the By deformation as the 34
foliation is commonly continuous with the internal tabric (Si)
of the garnet (see also 3axena,1084), The senss of rotation
shown by the inclusions is constant within the field of one
thin section (c.f., Peacey,1961). Soms crystals exhibit post
tectonic, idioblastic inclusion free rims, The lack of
jnclusions in the rim suggests that crystallization of the
garnet proceeded at a muel slower rate during the post B
period (see Rast,1965), Durimg the formation of S,, the garnets
underwent rigid body roiation resulting in discordance between
Si and Sa (Fig.29b), In some specimens the garnets are dis-
cordant to Sy and have therefors grown post tectonic to the
B; deformation.

Plagioclaae (An2l to 23) occurs as povikileblastic, poorly

twinned grains containing inelusions of biotite, quartz and

tourmaline, Its grain size is larger in the gneissose variants



FIG.294A.
S4ckle sheped gamet in Spec. Ko,
A200-85., TFoliatior is &;. Llocation

957 247.

FIG.29B.
Large thin section of gamet schist
showing oxientation of sigmoidal in-
clusions {outlined in ink) in gamets.
Kote the difference in orientation of
the inclusions in individual gamets,
Location 982 276. Spec. No,A200-251,

Specimen netural size.



FIG 298,



FIG.30.
Photomicrograph of pelitic schist showing
small prisms of sillimanite (arrow) in
muscovite, The matrix consists of
quartz and biotite. Location 957 144,

FIG.31.
Typical outcrop of pebble bed. Fencil

6 inches (15 cms), Location 940 195,
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(@sgs 0.2 to O.6mm, in 254 compared with 0,05 to O,15mm, in
375). Biotite (X = very pale brown, ¥ = Z = chocolate brown
to rust brown) is a major constituent of all schiasts. Accord~
ing to optical data (nx = 1,836) i1t has an Fe/Fe+Mg ratio of
48 ptrcoat.l It delineates Sy and S, and is commonly bent
in the feld hinges of Bg crenulations, indicating that crys~
tall%aatlon has mot accompanied this phase of folding in
some cases.

Muscovite pazallels S; amd exhibits a coleurless to pale
grean pleochroism, Daer et al.(1983) suggests that colour of
pale green muscovites is due to Fe", Quartx is normally
present az strain free mosaics betwaen 33 or 82 teliae, but
in rocks deformed by 33 novenents it shows a very strong
undulose extinction and mors vrarely deformation lamellae,
Staurclite appears as relic grains in the matrix of some
schists, Sillimanite occurs as unoriented needles or small
crystals in quartz, muscovite (Fig.30) or biotite. Some
aggregates have been rotated into S=shaped whorls during the
formation of Sz and display the same sense of rotation as
the micas hetween the S planes. This suggests that the
sillimanite has grown prior to the Bg deformation and after
the By phase of folding.

QUARTZITES .

The quartzites of the Adelaide Supsrgroup form prominent

1., The curves given by Wones(1963) fer the guartz~maghetite~
fayalite buffer are applied here,as graphite is ubiquitous.
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ridges in the central and southern parts of the area, They
range from 1 to 20 feet in thickness and are massive or platy
in outcrop. Bedding (S) defined by a compositional banding is
present in many outcrops, but cross-bedding is rare, The
quartzites are strongly jointed and in some a fracture cleavage
(31) is developed, A lineation (B;) defined by ribbing, feldspar
spindles and smearsd out muscoviie is prominent in many outcrops,
In hand specimen the quartzites have a glassy, saccharoidal
appsarance and show a variation in grain sixze from band to band,
Mineralogically, the quartzites consist of quartz (93 to 99 p.c.)
and minor micrecline, plagioclase and muscovite., Tourmaline,
biotite and zircon are accessories, The quartzites show pre-
dominantly equidimensional (mean dianm., varies from 3,0mm, in
209 to O.4mm., in 329) mosaics im sections perpendicular and
parallel to B;. Suchh a fabric is indicative of intense post
kinematic (tectonic) recrystallizatien (Weiss et al,.,1855),
Undulose and domain extimctien, deformation lamellae, and healed
fractures which cross grain boundaries, are common features in
the quartz. The grain boundaries are sutured and less commonly
serrated. These textures indicate that the quartz has undergone
plastic deformation (Carter et al,,1964).

Microcline and plagioclase occur as interstitial, irregular
or subrounded grains in sections perpendicular te By, and are
elongate in sections parallel to Bl‘ Muscovite is also elongate

parallel to Bi. The accessories appear as inclusions trapped
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within quartz.
PEBBLE BEDS .
Two small pebble beds occur in the upper part of the

Adelaide Supergroup sequence, 1 mile north of the Willtamstown
- Mt.Pleasant road., They generally form low sporadic outcrops,
In hand specimen small (3,0cms, to O.Scms. in diam,) subrounded
to angular pebbles eof guartsz, feldspar, granite gneiss and
albite(?) are unevenly distriduted in a foliated biotite rich
matrix (Fig.31), Many small bietite rich schlicren and schist
psbbles ars elougate parallel to the foliation Sy.

The natrix comsists of small (0,16 te O.8mm, in diam,)
angular to sub-rounded fragments of quartz and minor turbid
plagioclase sst in a foliated aggregats of biotite (X = yellowish
white, ¥ = Z = red brown), unsizaised quartz (0,08 to O.1l6mm.
in diam,) and rare twinned plagioclase, Small clots of unoriented
biotite alse oceur, Apatite, slightly rounded zircon and tour-
maline (Eyz pale straw yellow; O = yellowish green) are

accessorises,
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In the upper and lower parts of ths Adelaide Supergroup
sequence, calec~silicate rocks and calc-schiasts of variable
thickness are intimately intercalated with pelitic schists,
Cale-silicate bands 10 feet or more in thickaness, weather out
prominently and serve as useful marker Lhorizens (Plate 1); the
smaller calc=silicate bands commonly lens out along strike, In
ocuterop the calc~schists and calc=silicate rocks are intimately
interlayered (Fig.32), Individual bands of ealc-schist or calc-
silicate rock show a fine lamination which im due to slight
variations in mineralogical composition., In hand specimen the
calc~schists are generally well foliated (S;) and commonly
contain nodules of diopside or scapolite, Finer grained more
compact variants with weaker foliation are also present, On the
bedding planes of some schists, deep green amphibole prisms
exhibit a characteristic decussate texture, The calc-silicate

rocks are generally fimely banded green to off-white rocks. The

)
siliceous variants in the southern part of the area have a
saccharoidal texture, Metamorphic segregations consisting of

pale green diopside, greasy white scapolite, white potash feldspar
and deep green amphibole occur in the noses of macroscoplic B3

folds., Cleavage mullions and boudins parallel to By are common

in some areas, and some outcrops show either By, B, or B3



rIG. 32.
Typical outcrop of intercalated calc-
silicate rock (prominent bands in the

centre of the photo) and calc-schist,

Location 950 237.

FIG.33.

Photomicrograph of calc-schist.
Poikiloblasts of scapolite (S) and
diopside (D) set in a foliated matrix
(foliation is S;) of biotite and quartz.

Location 947 251. Spec. No.A200-74A,
X 40.
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mesoscopic folds, A lineation dsfined by the intersection of
S3 with the banding S, is conspicuous in many outerops.
Potrogranhy.
The calc~schists and calc-silicate rocks show a wide
range of textural and mineralogical variations. The range
of miperslogical composition is illustirated in Table 15,
The mineral assemblages that are commonly present, are listed
balow:

(1) Diopside-actinolitae~potash feldspar-
biotite-scapolite(plagioclase),

(2) Diopside~actinolite~potash feldspar-
scapolite(plagioclase),

a. Diecpside~potash feldspar-scapolite.
. be Actinolite-~potash feldspar-scapelite.

c. Actinolite-potash feldspar-diopside,
d, Diepside=actinolite~plagioclase.

e, Actinolite-potash feldspar,

fo Actinolite~scapolite,

g. Diopsidea~scapolite,

he Diopside~potash feldspar.

(3) Diopside-biotite-potash feldspar-actinolite,

¢4) Diepside~biotite-scapelite(plagiovclase)-
actinolite,

a. Diopside~biotite~scapolits.
b, Actinolite~bioetite~plagioclase.
c, Biotite~scapolits.

(3) Diopside~scapolite-calcite.
Quartz is preseant in all assemblages and tourmaline,
apatite, graphite and sphene are ubiquitous accessories,
Such assemblages avre iypical of calcareous rocks metamorphosed
to the upper almandine amphibolite facies (Turner and Verhoogen,

1960; Hietanen,1983),

Since it is not possible to describe adequately all the
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Estimated velume gore.ntng- of constituents in
Calg=-siliecate rooks and Calceschists.

Rogk Tyna Cale~silicate Calec=schist Calec=schist Cale~ Siliceous Cale-
rock silieate calec~- gili-
rock gilicate cate
rock rock
Laxer (1) (2) (1) (2)
Spec.liia. 8695 868 256B 3A 3A 732 204
Actinolite s 3 25 = - = -
Diopeida 13 18 - 23 10 20 25
Scapolite 1s 28 - 80 45 15 25
Biotits ] 30 28 - + - -
Quarts 56 20 30 13 48 60 40
Microcline 5 s - - - - 10
Plagioclase - - 20 = = = -
Tourmaline + + + - - +* -
Graphite 4o 4 i - - - -
Sphene + + - + + + +
Apatite - - - + + + +
Calcite - - - - - + +
Zircen - - - - - - +
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TABLE 16.
P e

ical

roperties of minerals in the Calec=schists,

Optical properties of m R9FR-2 2o oo s ———™

Calc-silicate rocks and Metamorphic Segregations.

Sgeé,Ne.

339

74B
74A
252
213A

SEG QHO .

74B
322B

213B
1B

204
89
213E

Aughibolos

Roeck ) aVx

Calc~silicate 79 14,5
roeck
Calc=schist 84 18

" 81 -

” - -
Segragation - -

Byzaxsnes

Rock ) 2Vs
Cale=schist 58
Cale=silicate 54
rock
Segraegation 58
Cale=silicate 58
rock

i 868.5
Segregation 55

L 63~48+%

+Grains highly strained,

Spec.Ne.

74A
2902

64
8@
127

74B
398A
322B
213B
260
204
302

Scapelites

RBock Type

Calc=schist
Calc~silicate
rock

"
Segregation
Calc=silicate
rock
Calc~schist
Calc=silicate rock

"
Segregation

Calewsilicate reck
" .

A
zcC

Noc

1.624

1,628
1.828
1.634
1.624

1,887
1,880

1.572
1.863

1.580
1l 057'4
1.566

1.870

1,580

1.575

1.565

1,570
o

1.579

Composition (%
Mg /Mg+Fe"+Fe™'4+Mn)

24
31
31

38
24

Composition(%Fe")

20
10

16

Composition

(%Meionite)
53
40,5

64
55.5
45

50
64
87
43 .5
80

L1

62
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textural and mineralogical variations in these rocks, descrip-
tions of representative specimens will be given. A typical
calc-gschist (e.g. 74A) consists of a foliated aggregate of
biotits, unstrained quartz and scapolite with polikiloblasts

of scapolits, diopside and actinolite (Fig.33). The biotite
foliation (31) is bowed around the ggapelite poikiloblasts,
suggesting that they are pretectenic te 33 (Zwart,1060)., The

scapolites have a composition ranging frem ﬂ.so to M.53

(Table 18), Resettes of secondary epidote, clinozoisite and
gsoigite replace scapelite. Digpside (approx. 20 p.c. Fe",
Tabla 18) cccurs as skeletal porphyroblasts athwart 3; and
therefore post dates the By deformation. The pleochroism of
the biotite is distinctive (X = straw brown, Y = Z = rust
brown) and optical propsrties (n, = 1.629, 74A and B) suggest
a composition near 40 percent Fe" /Fe"+Mg" (Wounes,1983).
Actinolite (X = very pale green, Y = pale green, Z = pale
olive greem, n = 1.624, 2Vx = 381-34, Table 16) forms spall
euhedral porphyroblasts {(O.3mm. in ¢iam,), which cross=—cut
both the foliatien 31 and the diopside porphyroblasts. Another
variant of cale-schist {e.g. 252,230) contains small idio~
blastic erystals (0.08 to O.5mm, in diam.) of actinolite

(nyg= 1,084 = 38 pec, Fe'r /Fe"+Ng+Fe®*4+Mn, Table 16) dispersed
in & fine gralamed pocrly ifocliated matrix of plagioclase, strain
free quartz (0,0lmm,. in diam.) and biotite (pleochreism as
above;Fig.34), In some ol these schists the actinolite occurs

as strained sheaf-like aggregates.



FIG .34,
Photomicrograph of calc-~2chist showing
post tectonic porphyroblasts of actinolite
(A) eross cutting a foliated matrix (foliation
is 81} of biotite, gquartz and plagioclase.
Location 960 270. Spec. No.A200-256B. X 100.

FIG.35.
Photomicrograph showing polygonal aggre-
gates of quartz at the grain boundaries
of large strained guartz grains, Location

945 1?5- Sp000 R’o.AZOﬂ-208¢ x 126-
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Intercalated with the calc~schists are laminated (>3.0mm.
thick) calc~silicate rocks. Commonly, the mineral assenblags
in each band is similar, but the mineral proportions change
from band to band (e.g. 3A, Table 15). Specimen 3228 is
characteristic of the calc-silicate rocks, It ia composed of
an unstrainadl mosaic of scapolite and guartz in which ars
distributed aggregates or grains of diopside {0.15 to O.6mm,
in diam. 10 pece Fe", Table 16). Dewdrop shaped sphone,
fdioblastic apatite and minor bent biotite ars also present.
idioblastic, post tectonic actinelites are mere common in
other calc=silicate rocks and are eoptically similayr to the
actinolites in tihe ecale-schists (e.g.339, Table 16).

The siliceoous calc-silicates in the soeuthern part of the
area, consist of skeletal diepside {0 to 30 p.c.; 0,15 to
O.8mm, in diam.) or idioblastic actinolite {0 to 10 p.c.)
disseminated in a granoblastic matrix of quartz (40 to 85 p.c}
0.1 to 1.0mm, in diam.) and scapolite (or potash feldspar),
They show more evidence of post-eryltallino deformation than
the calc-scaists and calec~-silicate recks previocusly desecribed.
The quartz graim boundaries are commonly serrated and domain
extinction is strongly developed. Some recrystallization has
oceurred at grain boundaries (Fig.33). Determation lamellae
have besn noted in zome diopsides Co.ge 732). It is considered

that these daformation features have occurred during the Bj

1. Triple peiat relationships and straight boundaries are shown
by quartz and scapolite,
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phase of folding, as all specimens come from areas in which
this phase has been most active,

Refractive index measurements (n,) of several gcanclites
from the calc-gilicate rocks, reveals a range in composition
€(40.5 to 62 p.c. meionite Table 16) similar to that recorded
in the Kanmantoo Group calec-silicate rocks (Table 11). The
potash feldgpaxr in the ocalc-silicate rocks is distinctly
triclinie (Table 17; e.f, potash feldspars in Kanmanteo Group
calc~silicate rocks) and generally lacks a perthitic texture,
Zoning iz rare., The tgurmslines in the majority of cale-
schists and calc~silicate rocks have the pleochroic schems,

E = colourless, U = golden brown, but in the siliceous variants
E = pale blue and O = blue and blotehy green varieties have
besn noted. This suggests that the sediments for these rocks
have been derived from differsnt source areas,

The presences of actinolite im these rocks is nateworthy,
as actinolite is mormally replaced by hornblande at higher
petamorphic grades (Shids,1938), However, Layton(1963) has
shown that members of the tremolite—actinolite series can
exist in high grade rocks rich in silica {i.8. TOoCcks with a
high S105/Al303 ratiel. The calc=silicate rocks and calc-
schists of ths Adelaide Supergroup contain quartz in abundance
(Table 15), henca it would appear that thess rocks were far
too siliceous to allew the srystallization of hornblende.

The persistence of actinolite to this high grade is alse

thought to be due to the jaek of calcite available to react
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with this amphibole to form diopside {eguation 1),

Tremolite + 3calcite + 2quartz = 5 Diopside + 3C0; + Hy0 ..l
This conslusion is supported by the occurrence of diopside
not actinclite in those cale~silicate rocks containing free
calelite,

Metamoxphic segxezations.

In the nese nf Bz folds are pods of coarsely crystal-
line calce~silicate minerals whieh are balievad to have been
formed by metamorphlic segregation, Primary diopside, scapolite,
actinolite, microcline, quartz and sphene and secondary
epidote, golsite, actinolite, calecite and chlorite are the
main constituents. There is a strong tendency for most minerals
to have idioblastic outlinss {Fig.36) rather than xenoblastic
forms which are mors common in the cale-silicate rocks. These
different textures and the restriction of segregations to B3
falds, suggest that vrecrystallization of the calc=silicate
rocks took place after the Bz folding.

The optical properties of the segregeticn minerals are
similar to those im the calc-silicate rocks {(Table 18).
However, in a few spacimens individual grains of potash feldspar
show a variation in 2Vy., For example, in specimen213A, some
grains consist c¢f untwinned ceres (2Vx=64) surrounded by cross-
hatched rims {2V,=80), others contain irregular, twinned zones
(c.f. Mackenzie,1954), Such variations im optical properties

are due to variation in the structural state of the feldapars



FIG.36.
Pho tomicrograph of calc-silicate meta-
morphic segregation showing idioblastic
crystals of scapolite (S) actinolite (A),
diopside (D), and interstitial microcline
(Mi). Location 941 172. Spec. Ko.

A200-213E. X 100.
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within single grains.
Conglusions.

A study of the calc~silicate rocks and calc~schists of
the Adelaide Supergroup has shown that a wide variety of
mnineral assemblages are present. The assemblages are typical
of calcarecus rocks astamorphosed under conditions of the
upper almandine-amphibolite tacies. The erystallization of
these rocks appears te have commenced bhefors deformation and
continued afiter the fimal phase of folding. The presence of
actinolite rather than hornblende is attributed mainly to the

highly siliceous nature of ealec~silicate rocks and eale=schists.
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The meta-sedimonts of the Adelaide Supergroup and the
Kanmantoe Group in the Povsey Vals area appear te have reached
the same grade of mciamorphism, Any differencas hetween the
assemblages ia the two groups can »s explained on 1ithological
grounds, Theretore, = discussien of the metamorphism will

iseluds beoth groups of rocks.

Metamorphic ZemiRge

Ia many high gradc metamorphic torrains, a "sillimanite~
potash feldspar isograd®™ (Guidotti ,1963) can be mapped which
separates rocks of the gsillimanite grade from the sillimanite~
potask feldspar grade of metamorphisn, {e.,z. Heald, 1930}
Chapman,1932; Hayama,h1964), This iscgrad is defined by the
reaction?

puscevite + quartz = sillimanite + potash feldspar +
watere

Ia the Kanmantee Greup rocks nuscevits has undergone a
partial or coxplete bdroakdown (as raferred to above), in
many pelitic schists, but ie stable in most guartze~feldspathic
schists and migmatites (Fig.37), Farthermore, unaltzred sus-
covite can be feund im the quartze~-feldspathic schists,
mignatites or pelitiec schists adjacent to pelitic schiasta in
which sillimanite~potash feldspar er sillimanite~muscovite~

potash feldspar assemblagas are appareantly stable (Fig.37).



F1G. 37,
Location of samples examined in isograd
study. Assmblages in these rocks are
designated by the appropriate symbols.
8, KF and M refer to sillimanite, potash
feldspar and muscovite. All rocks contain

quartz, plagioclase and biotite.
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Generally, rocks with i{he pair sillimanite~-potash feldspar

are considered to be of higher metamorphic grade than those

in whiech muscovite is stable, However, it is unlikely that
rocks in the Pewsey Vale area with the pair sillimanite-potash
feldspasr represent & higher metamorphic grade (based on ten~-
perature), than theose bearing muscovite, Unusually steep
temperature gradients over short distances would be nseded

to produce the pregsent intimate association of "higher" and
vlower? grade assemblages (Fig.37). This conclusion 1is supported
by the studies of Mr, D. Virgoe (Geology Dept., University of
Adelaide) who found a uniform Sr distribution coeftficient

(Kd = 0.94,Fig.38) in co~existing feldspars from 7 specimensl
in the Pewsey Vale region. He concluded that these rocks had
reached chemical equilibrium and that they had recrystallized
at the game metamorphic temperatures, Hence, it appears that
the sillimani te-mnuscovite and sillimanite=-potash feldspar
asseablages do not correspond to different "zones" in the usual
sense, It is suggested that the intimate association of "higherxr"
and "lower" grade assemblages is dus to variations in water
vapouy praslnro(PﬂzO), as dehydration temperatures are lowered
when PH20 is less than Pload (Yoder,1953; Greonwood,1961),

Such variations in PH0 could be due to local original differ-

ences in the water conteat of the rocks over small distances.

1, These include 2 quartzo-feldspathic schists, 3 migmnatites
(both muscovite bearing) and 2 pelitic gchists (sillimanite-
potash feldspar bearing). See Appendix 1 for the composition
of the feldspars.
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The rocks in the Adelaide Supergroup are isofacial through=-
out the whole area and mo metamorphic zones could theretore
be delineated,

Metamornphic facies and grade.

The occurrence of the diagnestic sssemblage hornblende~-
plagioclase (An33 to An46) in the amphibolites {Chapter 9),
and diopside in the calc~silicate recks of both the Kanmantoo
Group and Adelaide Supergroup, places the Peusey Vale rocks
im the almandine-amphibolite facies (Turner and Verhoogen,
1960); the abasence of epidote restricts them te the upper
part of this faclies (Kretz,1980), This is substantiated by the
presence of the assemblages sillimanite-suscovite and silli~
manite-potash feldspar inm the pelitic schiasts of the Kanmantoo
Group, and sillimanite-muscovite in the Adelaide Supergroup
schists. The colour of hornblende in the meta-dolerites (Z =
deep green) is also indicative of the sillimanite grade of
setanorphism, since at lower grades a bluish~-green or greenish-
bilue amphibole is normally present (Shido,1958; Miyashiro,
1958)., The Sr distribution coefficient of 0.94 (see p. 88 )
between coeexisting fsldspars in the Kanmantoe Group rocks,
is also similar to that of other upper amphibolite facies
rocks (Virgs, Ph.Ds thesis in prep., University of Adelaide).

Thus petrographic and chemieal evidence clearly indicats
that the meta-sediments in the Fewsey Vale area have reached

the upper almandine_amphibolite facios of metamorphism,.



FIG,. 38,
Distribution of Sr-feldspar between

K=feldspar and Plagioclase in yocks

from the Pewsey Vale area.
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Iype of metamorphlss.

After a survey of the petrography of many metamorphice
terrains throughout the world, Miyashiro (1961) proposed a
pumber of "metamorphic facies series”, based on the pressure
operating during metamorphism. He recognised five facies series,
three standard types and two intermediate groups, which are
1isted below in exrder of increaging pressurs,

1. Andalusite-sillimanite type.

2, Low pressure imtermediate group.
g, Kyanite-sillimanite type.

4, High pressure intermediate group.
s, Jadelte-glaucophans type,

Facies series 2 and 3 contain staurolite.

In the meia-sediments «f the Mt.Lofty Ranges the association
andalusite-staurolite~sillimanits 1s ubiquitous (White,1956;
Kieeman and Skinner,1959; Eggleton,1939; Oftler,1960,1963;
Fleming,1063) and in some areas cordierite (Sande,1957; Mills,
1964) and locally kyanite (Alderman,1942; Freytag,1957; Mills,
1963) have been reported.

The Kanmantoos Group rocks of the Pewsey Vale area contain
both andalusite {(relic) and sillimanite, and in the adjacent
Adelaide Supergroup meta-sediments, staurolits {relic) and
sillimanite are present. 1t would appsar then, that the rocks
in the present area and in the remainder of the Mt . Lofty Ranges
are an example of Miyashiro's low prossurc-intornadiato type

of metamorphism. However, the occurrence of kyanite in cortain
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areas suggests that locally higher preasures operated,

In the last decade the stability fields of many rock forming
minerals have been determined nxporinontally.l Although these
investigations have provided informatiom on the P-T conditions
of formation of synthetic phaszs, they are still very limited
in their application, because the systems dealt with in the
laboratory are much simpler than those in most metamorphic rocks,
Furthermore, in most experiments, Py .. = PH0, a condition which
may not be fulfilled during metamorphism (Miyashiro,1961). Never-
theless, an approximate estimation of the pressures and temper-~
atures of metamorphism can bz obtained.

The experimental studies relevant tc the assessment of the P=-T
conditions durinz the meiamorphism of Powsey Vale meta-sediments
are the decompositiorn of muscovite im the presence of quartzz,
the granite melting curve (Tuttle and Bowen,1858; Luth et al.,

1664), the alumino=-silicate phase disgram® and the muscovite

gootharnonotcr.z
Breakdewn of muscovits.

The maximum stability field of muscovite in the presence of
quartz has besn determined experimentally by Yoder and Eugster
(1955), Segnit and Kennedy (1961) and Tvans (1965). Miyashiro
(1960) attempted to delineate the muscovite stability field

using thermodynamic data. Evans{op.cit.) usad the rsaction

1. For a complete list of references, see Albes (1965) and
Winkler (1965).
2, Roefercnces are given in the following pages
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rvrate tochanique (Fyfe,1260) and fouad that muscovite decosposes
at lower temperatures than those reported by other experimsn-
ttliltt.l Mg results are less at wvariance with geological
evidence and are favoursd here (curve{1l},Fig.3%),

3imce muscovite is & stable phase, the maximum metanorphic
temperature permitted by the iater-section of curve(l) and
the gramite meliing curve (curve(2),Fig.39), is approximately
860°C, Allowing for the depressive effect of pnragoaitna on
the decompesivien temperature of muscovite, {Evans, 19635),
t--pcraturil are likely to have bheea lower,

Mancevite Gsatharmemster.

The muscevite-paragonite selvus was experinentally deter=-
nined by Eugster and Yb;or (19542 and b,1958), Subsequently,
Eugster (1936, writtea commusnication %o Albse 1960, in Albee
(19685)) measured the changs with time of the basal spacing of
a Ca free muscevite co-existing with paragonite, The apparent
1imit of basal spacings is approximately 9.943A° at 800°C,
9.976AC at 500°C, and 9,.998A° at 200°C. The basal spacings
of twe muscovites irom vocks of the Adelaide Supergroup

and tws from the Kammantoo Group are 9,981, 0,933, 9.9902 and

1. At 2 ktlebnré muscovite breaks down im the presence of quarts
at 880°C in the sysnthetic experiments (Yoder and Eugster,1955;
Segnit and Kommedy,1961) and ai 6009C in the reaction rate

method (Evaxs,1965),
2. The zuscovites fzrem these rocks contain small quantities of

paragonite - see Appendix 2,



FIG.39.

Stability relationships of muscovite,

andalusite and sillimanite.

Curve 1: Stability curve for muscovite
in the presence of quartz at PH20=
PlLoad (Evans, 1965).

Curve 2: Minimum melting curve for
granites (Tuttle and Bowen, 1958;
Luth et al., 1964).

Curve 3: Andalusite-sillimanite boundary

proposed by Evans (1965).
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9,986 respectively, indicating minimuml temperatures of 430°
to 485°C,
Ihe sluminc-silicate ralationshin.

The stability fields of the alumino~silicate pelymorphs have
been studied experimentally by Clark ot 2l.,€(1957), Clark(1i96l),
Skinner et al.(1981), Khitarov et al.(1963), Bel1(1983),
Evans(1965) and Weill (in press).

There is considerable doubt that this sxperimental system
can be applied to geological situations, particularly the
stability relationships of kyanite {sge Pitcher,1985; Rutland,
1965), The andalusite-sillimanite boundary preposed by Evans
(1965) is probably the meost raliable (it agrees closely with
that of Weill (in pressand is plotted in Fig.39, When this
curve ig compared with curve(l),Fig,.39, it is seen that =
minimur pressure of 2,5 kilobars (approx, 30,000 feet) is
necessary for the co-asxistence of sillimanite and muscovite,
This is a reasonable ocstimate as the total thickness of the
Adelaide Supergroup and Kanmantoo Group meta~sediments in the
Mt .Lofty Ranges is approximately 85,000 teot (Mawson and Sprigeg,
1950; Sprigg ard Campana,1933),

The available experimoental data therefore suggests temper~
atures in the vicinity of 460° to 850°C and pressures greater

than 2.5 kilobars.

1, See Appendix 2 for discussion.
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The sulfide and oxide mineral assemhlages in rocks from
different metamorphic terrains in Japan have been studied by
Banno and Kanehira(1961) and Kanehira et a1,(1964), Kanehira
et al.(ep.cit) found hematite only in rocks from the glauco-
phanitie terrains, but never in the andalusite~sillimanite
type terrains. They therefore conclude that the metamorphic
rocks from the andalusitv-sillimanite type terrains are in a
more reduced state tharn those in the glaucophanitic terrains,

Hematite, however, is a common constitueat of the Kanmantoo
Group rocks im the Pewsey Vale area and is present in most
opaque assemblages (Table 13), Its cccurrenc> in these rocks
shows that it may be stable in low prossurc-intnrn.diato type
terrains and not oanly in glaucophanitic terrains, Hematite has
s1so been feund in certain assemblages of kyanite bearing
pelitic schists im Vermont (Albee,1965) and Glen Cova (Chinner,
1960). These observations suggest that hematite may occur in
metamerphic terraims covering a wide range of P~T conditions,

The variation in oxide assemblages eof the Kanmantoo Group
rocks is considerad to be due to the prasence or absence of
graphite (Zen,1963), It has been shown by Miyashire(1964) and
French and Eugster(1963) that magnetite is the stable iron oxide
in the presence of graphite,

In the Kanmanteo Group rocks, graphite and hematite are

never associated, but in some specimens magnetite and graphite

have been obsarved,



IABLE 18.
Ozaguo assemblages in the motamorphic rocks

o2 the Pevasy Vale axes.
Séoe.No. Rock Type anntitai Magnotite Rutile
Quartzo~feldaspathic
40 schist + - -
45 " + - +
39B " + - +
56 - + - -
368-7C " - + .
798 Tanunda Creek Gneiss - $+ -
8438A " + + -
796 " & I -
A9~22 " * - =
866A " - + =
879~1 " - + .
824 Sillimanite schist + - -
561 Migmatite + - -

1. Hematite always contains exsolution bodies of ilmenite.
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CHAPTER 9,

INIRUSIVE ROCKS.

A variety ef intrusive rocks have been emplaced in the
mota=sediments of the Adelaide Supergroup and Kanmantoo Group
in the Pewsey Vale area, They include dolerites, pegmatites and
minor granites and granodiorites; the pegmatites are generally
jocalised in the Adelaide Supergroup rocks, and the dolerites
in the roecks of the Kanmanteo Group. The following sections
summarise the petrography of these intrusive rocks and the
origin of the granites and granodiorites is discussed.

THE MT.KITCHENER INTRUSION.!

M

The Mt.Kitchener intrusion is a small elliptical bedy
located within the rocks of the Kanmantoo Group (Piate 1). The
intrusion has beon sxtensively metasomatised and thus the granitic
aature of the intrusion is for the most part no longer apparent.
The albitites formed by this petasomatism are now strewn on the
slopes of Mt Kitchemer as angular or tor~like outcrops (Fig.40).
In the cantrs of this body partially iisltered parts of the

iatrusion are represented by fine grained biotite and hornblends

1, The term wintrusion® iz used in plaocs of a descriptive term
such as "granodiorite” as the original mature is largely
obscured by later alteration,



FIG.40.
Typical tor-like outcrop of the
Mt. Kitchemer Intrusion. Photo

taken from location 984 266 looking

east,



Fi1G.40.



FIG.41.
Geology of the Mt. Kitchener area
showing relationship of meta-sediments

to the Mt, Kitchemer Intrusion.
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albitites ~ the "ilt,Kitchener Granite" (Moulden,1895; Hossfeld,
1925), These grade into actinolite or limonite~-pitted albitites
at the perimetsr,

The unaltered rocks are fina grained granites and grano-
diorites in which biotite and hornblende show no preferred
orientation. Xenoliths have not been observed in the intrusion,
A few basic enclaves of dioritic composition occur within the
granodiorites,

The neta-gediments surrounding the intrusioa strike in
conformity with the attitude of the igneeus contact (Fig.41),
This feature suggests that granites and granodierites have been
forcefully injected into the neta~scd1§¢nts (c.f, Leedal,1952,
p«39), The lack of preferred oriontation shown by hornblende
and biotite indicates that the intrusives are post kinematic,

Petxographv.

Unaltered rocks.

The unaltered intrusive rocks vary from micro=granites
to micro~granodiorites (grain size O.5mam. to 1.0mm.). The
granites cousist of microcline, plagioclasa, hiotite and
quartz, with accessory amounts of muscovits, zircon, monazite,
magnetite, sphene, pyrite and tourmaline. The granodiorites
contain hornblende in addition to those constituents found
in the granite. Modal analyses of representative rock types
are given in Table 15,

Both rock types have a characteristic allotriomorphic

texture in which clots of hornblende and/or biotite are



TABLE 19,

Modal analyses of two variants eof the Mt,Kitchener Intrusion.

Spec.No. 143! 2sl
Piagioclase 30,1 30,8
Microcline 26.8 12.8
Quartz 29,3 22 .3
Biotite 12,0 18.2
Horunblende - 8.4
Scapelite (. (6.3
Epidote ( (
Accessories 1.8 1.0
100,0 100,0
Adamellite Granodiorite
{Nockolds,19584)
Total No.
Counts 4,236 4,883

1. Specimens kindly loaned by Dr, G.Chinner,
The meodal analyses were determined by the auther.
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randonly distributed amongst slightly larger quartz, micro-
c¢line and hypidiomorphic plagioclase. The basic enclavaes
censist of fine grained equigranular (O.15am,) mixtures of
hornblende, bictite, plagioclass and quartz,
Z2lagigoclage appears as delicate oscillatory or normally zoned
cyrastals (core, Ange_gys rim, Ang.g) with well developed
albite=carlisbad and minor albite and pericline twinning,
Deformed plagioclases exhibit glide (i.e, deformation) twin-
ning (Vance,1961; Vernen,1963), Myrmekike is common at the
contact between plagioclase and microeline, Scapolite, saricite,
épidote and caleite are secondary alteration products. Migro~
£line commonly exhibits a carlisbad twinning in addition to
the normal “tartan" twina, Perthitic textures are rare. Quartz
is "embayed" by microcline and plagioclase. In all grains
undulose extinction and healsd fractures ars preseat. Bictite
with an intense reddish-brown pleochroism (X = pale yellow
brown, Y = Z = deep reddish brown, 2 Vx = 0~19) is charace
teristic of both the granites and granodiorites, The biotite
is commonly associated with hornblende and sphene, but may
form symplectic intergrowths with quartz. Some biotites show
deformation features such as kink banding and undulose
extinetion, Pale green chlorite replaces sone ef the biotite,
A subhedral, skeletal gmphiboles (X = pale olive green, Y =
green, Z = deep green to bluish green, 2Vx = 4041 ZAC = 20=322)

is 2 major component of the granodiorites. Lamollar twinning
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is present in some grains. Zirgon appears as doubly terminated,
prismatic, colourless cyrstals (Fig.42), These are similar to
the zircons figured by Millas, (1964) for the granodiorites in
the Cambrai region.

Alkitites.

The granites and grancdiorites have been progressively
altered to biotite and harnblcndi albitites and finally to
actinolite or limonite~pitted albitites,

In the sarliest stages of altoration quariz and primary
plagioclase are replaced by albite. The quartz is strongly
enbayed, and of the eriginal plagioclase only cores of secondary
seapolite, sericite and epidote remain, A patch werk extinction
appears in the albite erystals where the roplacement of primary
plagioclass is irregular. The composition of the albite ranges
from Ang to Amyy.

Biotite and hornblends commencs to break down during the
intermediate stages of alteration, The biotite alters to an
agzregate of jaresite, limonite and rutils. Chiorite, muscovite
and phlogopite{?) (X = colourless, Y = Z = golden brown) are
minor breakdown products. Limonite and actinolite appear as
the decomposition prodycts of the primary amphibole, with
epidote as a minor §y§reduct. Simultaneously microcline is
isrgely replaced by albite,

Very few of the primary ninerals remain during the £final
stages of albitization. Most of the microcline has been

replaced and the few remaining relicg are sxtremely turbid,



FIG. 42,
Zircons separated from albitized granites
and granodiorites. Note euhedral shape
of zircons. Spec. Nos.A200-786 and 788.
Locations 979 271, 980 278.

Single crystals. X500 Aggregates X250,

FIG. 43,
Strongly deformed albite crystal re-
rlaced by polygonal twinned aggregates
of albite. Location 979 271. Spec.
No.A200-786, X 40,



FIG. 42

FI1G.43.
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Biotite may be totally replaced by Jjarosite, limonite and

rutile, or remain as bleached stringy corroded flakes. A

few relic corroded quartz grains may be present, Sphene
alters to leucoxone(?) along fractures in some instances.
Apatite begins to show corrosien when all the remaining
primary minerals have been replaced, Zircon is the only
mineral to remain unchanged during albitization and retains
its characteristic morphology in the complatasly altered rocks.
Albite is the predominant mineral present,

A discussion of the chemical changes involved in this
metasomation is given in Chapter 10,

Texturally, the albitites consist of a mixture of turbid
interlocking grains (0.03 to 1,08m.) of albite (Any) small
gquantities of limonite stained actinelite, strongly altered
biotite, secondary jarosite, linonite, hematite and corroded
quartz. In some albitites, strain free quartz aggregates are
associated with strongly deformed albite, Many of the strained
albites are replaced by polygonal aggregates of fine grained
albite (Fig.43). The characteristic texture produced by the
polygonal aggregates replacing the large albites, is called
chesshoard albite (Becke,1908)., Chesshoard albite can develop
from either potacssium feldspar or plagleclase by alkali
exchange within their framework (Brown,1863) or by deformation
(Starkey,1939; Talbot,1963). Its association with other
deformation features in the Ht.,Kitchener albitites suggests

that it is a product of deformation,
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Previous authors have presented varying hypotheses to
explain the origin of these vocks, Hossfeld(1925) considared
that the Mt Kitchensr "granite” was intrusive while Whittle
{(19553) believed that the "granite"™ was formed "in placs by
metasomatic action on local Kannantee country zock by a precess
in which quartz of the sediments is replaced by feldspars”,
Chinner (1953) concluded that the close association of the
"eranite” with meotasomatic rocks left the igneous origin open
to question,

Tho author considers that the intrusion is of magmatic
origin, The evidence in support of this conclusion is:
(1) The shape of the zircons,
Granites of magmatic origin "normally contain a majority
of euhedral zircons® (Peldervaart,1956), while granitised
sediments exhibit zircons with rounded corners and edges or
outgrowths (Poldervaart,1930; Poldervaart and Eckelmann,1953).
The zircons in the Mt.Kitchener granites and granodiorites
are distinetly euhedral,
(2) The presence of osecillatory zoned plagioclases,
Oscillatory zoned plagioclases are commonly observed in
igneous granodiorites and granites (e.g. Leedal,1952;
Phillips,1956), The conditions required for this zoning,
namely oscillation in temperature and prsasure or fluctuation

in water pressure (Turner and Verhoogen,1960) would not be

prosent in the enviroment under which granitic rocks of
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metamorphic origin are preduced,
(3) The warping of the meta-sadiments adjacent to the intrusion,
The intrusive nature of the granites and granodiorites

could bo considered as further ovidence for a magmatic erigin,

However, Smithaon (1963) has suggested that granitic rocks,

which were nevser magmatic, can intrude diapirically the super

structure,
Regional Setting.

'Granitc and granodioritic bodies are oxtremely common in

the high grade metamorphic zones on the eastern side of the
Mt.Lofty Ranges. Many have beon intruded during folding (White,
et 2l., in press) or in the late stages of felding and in the
dying stages of metamorphism (Mills,1964), Others are post kine-
matic (White,1956) and some have been forcefully injected into
the meta~sediments (Mills, op.cit.).

It is considorsd that the intrusives in the iH¢.,Kitchener
region belong to this same granite = granodiorite suite, This
is suggested by their similar mode of emplacement, their presence
in sillimanite grade meta~sediments and the simtlarity of their
mineralogy to other granites and granodiorites in the Mt,Lofty
Ranges.

They can be classified as "meso-zone" granites (Buddingten,
19583,
Conclusions.

Granites and grancdiorites of magmatic origin were injected
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into the meta-sediments of the Kanuanteo Group subsequent to
deformation. During 2his emplacement the neta~gsedinenlis adjacent
to the intrusion wers axtensively warped. Later metasomatism
altered these intrusives to albitites,

Granite pegmatites occur within the Kanmantoo Group and
Adelaide Supergroup rocks of the Pewsey Vale area. They are
believed to bz nembers of the suite of pagmatiiss which gener~
ally ocemr im the highsr grade meta=sadinenis an the
sastern side of the Mg, Lofiy Tanges. Normally they appsar as
shee?-11ke bodies parallel tc foliailon, but irregular bodies
discordant tc foliatiom ave also presant (Plaie 1).

The wall rock foliation around many of tha larger bodies is
strongly warped and on a mesoscopic scale 1% is closely conforms
%o the irregularifics in the pegmatites. These fecatures suggest
tha¢ the pegmatitss have been forcefunlly suplaced (Chadwick,
1958), Small xewnoliths have bhesn ohserved in some pegmatites.

No mineral xouming is apparent in any of thepegxatites in this
area, although Zggicion (1989) re¢ports sonimg in some pazmatites
in the Gumeracha region. Salmen piunk, perthitic potash feldspar,
white plagicclase, muscovite (often as books) tourmaline, guartz,
winor pale green beryl and biotite are identifiable ir hand
specinen. Graphic or myrmekitic intergrowths of potash feldspar
and quartg;ara 2 feoature of some pegmatites, but the normal

texiure is one of a coarsc interzrowth of plagioclase, muscovite
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and quartz, with or without potash feldspar. Less common are
fine grained "aplitic" pegmatites consisting of plagioclase,
muscovite and quartz,
Zetxography.
The grain sizs and mineral composition of the pegmatites
is extremely variable. Table 20 illustrates the grain size
aad mineral variation in several representative specimens.
Plagioclage: In most specimens examined, primary plagioclase
(Ang-Ang3, Table 21) and secondary albite are present. The
primary plagioclase occurs as subhedral, turbid, twinned
{Albite and Pericline twin laws most common) ecrystals intimately
intergrown with quartz. In some specimens the plagioclase bears
an unusual "sawtooth" relationship to the quartz (Fig.44),
which according to Gates and 3cheerer (1963) indicates that
quartz has been introduced subsequent to the crystallization
of plagioclase, The primary plagioclase commonlily exhibitsa
albitic rims when in contact with or enclosed by microcline
perthite (e.g. 267A, 121A), Close examination of the contact
between the albite rim and the potash feldspar reveals a zone
devold of shadow perthite, suggesting that the exsolved albite
has uigrated to the plagioclase. The plagioclase in the peg-
matites near the Nairne Fault Zene are strongly deforned, as
displaced twin lamellae, serrated grain boundaries and in some

cases deformation banding (Siefert,1965) are present.



Estimatesd volune pereentago of constituonts and variation

TABLE 20,

of grain sime in qunltitot.

Spec.No. 441 267B 239A 286C

% oo % €eBo % Befe % a8
Plagioclase 45 1.0-2,.6 20 Q.5~3.0 75 1,0~8,0 60 16,0-12 .0
Quarta 40 1,0-3,0 20 0,8=2,.4 20 2,0-8.,0 3s 0.2~0,4
Muscovite 18 1.8«0,.,4 ] 2,0~5,2 3 0,5=1,0 2 <: 0.1
Mieroeline - - 58 10,0=15.5 2 0.4~-0,8 3 0e2-0.5
Zircon - - + - - - - -
Pyrite - - + - - - = =
Biotite - - - - + - - -

£e8. = grain sizo in mm.
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618
239A
2587

441

TABLE 21,

Conrosition of ?1agioclases inm

the Pognatiten.

Optical X-zay?
Hta% Hio%
5.0 745
16,0 13,0
4.5 5,0
atrained 23.0

l. See Appendix 3 for methods used in this determination.



FIG.44,
Yhotomicrograph of pegmatite showing
"saw tooth" relationship of quartz to
Plagioclase. Location 000 225 - co-
ordinates taken from 1" to 1 mile
Cambrai Military Sheet. Spec., No.615.

X 4o,

FIG.45,
Pho tomicrograph of pegmatite showing
quartz (Q) end muscovite (M) corroded
by mosalcs of fine grained albite (A).
Location 965 259, Spec. No.A200-453,
X 40,
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Secondaxry albite: Many pegmatites are partially or completely
replaced by secondary albite, In the lass altered pegmatites,
the grain bourdaries of the primary minerals are corroded by
mosaics of fine grained albite (Fig.45). The primary minerals
engulfed by the albite remain as embayed relics or as "dusty"
inclusions, The strongly altered pegmatites consist predomin~
antly of albite with minor ragged relics of muscovite, quartz
and tourmaline. The albite shows abundant evidence of subse~-
quent deformation, namely, microfaulted lamellae, glide
twinning and domain extinction. The potash feldgpay in the
pegnatites is microcline (A= 06,8353 to 0.988), In many specimens
it appears as coptically continuous relics within either prinmary
or secondary albite, but in some pegmatites a.g. 2674, 1i21A
and 6368, lavrge perthitic micvocline xegacrysts up to l.3cm.
in dianeter are common, Shadow, string aand vein perthites have
bsen observed in these megacrysts. The vein perthite in many
spacimens appears to be the result of exsolution and migration
of albite into fractures within the potash feldapar grains,
Plagioclase and quartz inclusions are comnonly present within
or at the border of the megacrysts, the quarts appearing as
irrogulayr graing or as a graphic intergrowth.

Myxmgkite is found within primary plagioclase, where the
plagioclase is in contact with microcline perthite. An albite

rim (Any) separates the ayrmekite (An;,) from the microcline
perthite, The author coasiders that the myrmekite in the Pewsey

Vale pegmatites has formed as an exsclution derivative from
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alkali feldspar (Carman and Tuttle,1963; Phillips,1064) rather
than by potash metasomation (Francis,1964) or deformation
(Shelley,1964) as there is nsither evidence for potash meta-
somatism nor extreme deformation (apart from the deformation
features shown by the pegmatites near the Nairne Fault Zone)
Jusxriz exhibits strong unduloss extinction and healed fractures.
The healad fractures cross grain boundaries suggesting that
fracturing and healing of the quartz is a post crystailization
feature. Where quartz is enclosed by plagioclase or microcline
perthite, it shows a typical ameboid or "embayed" grain shape,
Myscovike is normally a minor comstituent, but may constitute
25 pexcent or more of some specimens (e.g.441). It normally
oceurs as slightly pleochroic {very pale green) interstitial
gralas or as slightly plumose or symplectic intergrowths with
quartzs {e.g. 267A; c.f. Orville,1980)., In some specimens
{@.g. 868) the muscovite appears as small coriented lathes either
paralliel, to {010} R {100; and possibly {110} planes in primary
plagioclase. Biokite (X = pale brown, Y = Z = deep brown) is
relatively uncemmon in the pegmatites and only appears in
pogmatites containing abundant potash bearing minerals. Commonly
the biotite is replaced by muscovite., Black ftourmaling (core -

E = very pale green, 0 = blue green, rims E = very pale brown,

O = blotchy yellow brown) anatite, bervl, zixcon and pyrite

are acceassorias.,
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Country rock alteration.

The country rock adjacent to or within the pegmatites
shows various types of mineral transformations and retasomatic
effects, The most common of these is the replacement of biotite
by muscovite or sericitic mats (e.2.254,256A), Suall nests of
rutile occur within the muscovite and the surrcunding foliae
are heavily stained with limonite. Garnet is commonly replaced
by a fine mat of sericite and chlorite, and plagioclase is
sericitised,

The country rock underwent a further phase of alteration
during the albitization of the pegmatites. The biotite in the
schists veverted éo chlorite and rutile, and the muscovite
produced during the first atage of alteration was corroded by—
albite. Limonite - hematite biproducts formed during the u
alteration, f
Discugalon.

The occurrence of muscovite in the contact zones around
pegmatites is not uncommon. Recent experimental work by Hemley
(1959) and Hemley:;nd Jones (1964) has shown that muscovite
can only ha stable when ax¢/ag§,valuas are relatively high (see
Hemley and Jones, op.cit., Fig.l, p.548), It 33 therefore
suggested that during the emplacenent and erystallization of
the pegmatites in the Pewsey Vale area, potash rieh fluids
diffused into the country rock bringing about the formation of

muscovite,

The subsequent formation of albite in the pegmatites ang
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in the wall rock suggests that fluilds rich in soda (i.e. fluids
with a very high ap,./aH+ value, see Hemley and Jones,1964)
were also imtroduced. The restriction of albite to a zone close
to the pegmatites suggest that these fluids came via the same
channelways as the pegmatites and have not been introducsd
externally.

The pegmatites appear to have been enplaced atter the
metamorphism, but before or during:: ~inx the faulting, This is
suggested by the muscovitiasation of the meta-sediments adjacent
to the pogmatites and by the development of brittle deformation
features in pegmatites next to the Nairne Fault Zone.

DOLERITES, META-DOLERITES AND AMPHIBOLITES.

In the northera part of the area, scattered pods and
lenses of dolerite and amphibolite are aszsociated with the meta~
sediments of the Kammantoo Group (Plate 1). Most bodies are small,
their diameters varyiag from 10 to 20 feet. Contact metamorphic
affects are absent. In hand sﬁceincn the dolsrites are fine
grained, dark grean to black rocks in which small phenocysts
{1 to 3mm.) are commonly diacernable; some specimens contain
bands of epldote. The amphibolites are dark green friable rocks
showing a hornblendo lineation and less common “augen"™ of
horablande and plaglioclase.

Batrogxaphv.
Microscopically, these rocks show all atages of alteration
from unaltered dolerites to completely recrystallized

amphibolites, The amount of metamorphic recrystallization
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varies within individual specimens. It is the purpose of this
soction to give a brief description of the unalitered and
altered dolerites.

Dolexites.

The unaltered dolerites have a characteristic subophitie
to ophitic texture (Fig.46a) and consist of augite,
labradorite with minor hiotite, olivine, pigeonite, ilmenite
and apatite. In some specimens phencerysts of plagioclase
are present.

Augite: 2Vz and OK”E measuronents (Ruezg,1964) on relatively
unaltered, unsirained augites, indicats a compositional
variation of Caggmsys MZ43-51» Fop.yg (Table 22).

Twinning on {100} is commnon and most crystals are completely
or partly schillerised. Blagioclase lathes show normal and
oscillatory zoning and avs gensrally turbid, The plagioclase
is near labradorite in composition (Table 23) but in
specimens containing phenocrysts the ground mass plagioclase
is andesine (e.g. 879=2, Table 23). Twinning is complex and
variable with the Albito - Carlsbad law the moat comumonly
obgerved twin law. Deformation or glide twins (Vance,1981;
Vernon,1965) are also present (Fig.46b). The plagioclase
jathes contain abundant inclusions of stubby naie green
pyroxens, oriented iron ore needles (magnetite?) and apatite.
Olivine is absent or rare in the dolerites of this area, but

is more common in the dolerites emplaced in the Tanunda



FIG. 46A,
Photomicrograph of dolerite showing
characteristic ophitic texture.

Location 971 278, Spec. No.GAC 147.
X 40,

FIG.46B.
Pho tomicrograph of dolerite showing glide
(deformation) twinning (arrow) in labra-
dorite., Irregular aggregates of epidote

(E) replace labradorite. Location 989 274.



FIG 46A

F1G. 46B.



TABLE 22,

Optical Properties of Amphiboles, Pyroxenes and Scapelites
in Meta~dolerites,

daphiboles
Bock Type SpecaNo. 2¥x Z/.\Q
Meta-dolerite A200-7905 68 18
“ A200-22 70 14.5
. A200-849 70 15.5
" A200-879(2) 71
" A200~790 80,84,76 (strained)
Amphibolite A200-851 70
Eyxoxanes
A A\
Rock Type Spec,No. 2Vz zC O C Compesition
Dolerite GAC 147 s0 40 15 Ca,oFogMgsy
Meta~dolerite A200-790 51 42.5 17  Ca, Fe,4Me,,
Bask Tyne dnec.Nee &a A Melenite
Amphibolite A200-3851 1,872 83
Meta~dolerite A200-849 1,568 47.5

L A200~790 1,563 40,5



TABLE 23.

Cougpalt&nn of Plag;oclnsnn in the Heta~dolerites.

Rock Tyne

Heta~dolerite

Dolerits

kBt ®

Spac.lo. ZAn core XAdn zim Ixin Lows

A200-22 H8=-59 Albite
Albite-Carlabad
A200=-790 30=70C 30~53 Albite~Carlshbad
Ala B
Albite
A200-004 70-80 358-54 Albite,/ilbite~

A200~879(2) 72~80
48=-401

GAC=-1472 76-68

liata~dolerits

Anphibolite

A%00~798

46-~30
{noned)
§7-38
{unzoned)

41-39
{zonsd)

A200~349

A437
{zoned)

Ap~782

A200=-381 43~48

{unzoned)

30~42

-1

39

38

Carlisbad, Peri-
cline

Albite~Carlabad
Albite

Albite~Carisbad
Carlsbad
Acline

Albite

Albite=arlisbad

Albits

Aibite
Albite~Carlsbad

Albite

1. Jround marce plaglioclase,
3. Specisens kindly loaned %o the authosr by Dre (3e Chinner.
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Creek Gneiss (Chinner,1955)., It is generally replaced by a

mixture of iddingsite and iron ore. Biotite (X = pale brown,

Y = Z = yellowish brown) appears as small crystals replaeing

augite (e.g. 147).

Mata-dolaxiies and amphibolites.

The transformation of thas dolerites to amphibolites has
heen arvested at various stages, In the least altered dolerites
a pale green uralitic amphibole forms along the {110} cleavage
planes and at thé grain boundaries of ths augite. Dusty mag-
netite and quartz are biproducts of this vreplacement. Other
specimens show the development of hornblende, acid plagioclase
and/or scapolite (Megp,5-47.5) at the contact between augite
and labradorite (Fig.47a). The scapolite and plagioclase also
oceur as"rivulets” across labradorite lathes (Fig.47b). The
iabradorite loses its turbid appearance in the zones where the
metamorphic minerals have formed. The hornblende at this stage
varies in pleochroism (Z axtal colour olivs green, bluish green,
pale bluish green im 790) and the metamorphic plagioclase is
normally zoned (Ansg.qy: 849). Epidote veins or aggregates form
in the labradorite of some specimens {e.z. 795).

With further racrystallization, iaterlocking hornblende
crystals replace the augite and in some casés the horablende
{inherits the {10@} twinaning of the climopyroxene. Iron ore
originally present in the augite and labradorite as fine spicules,
exsolves during recrystallization and coalesces to fora irregular

xencblastic grains. Scapolite and acid plagiocclase increasse in



FI1G.474

Photonicrograph showing hornblende
adjaceat to and rimming augite in
meta=dolerite. Metamorphic plagioclase
(P;) occurs as irregular aggregates
replacing labradorite (Fy),

Location 923 255, Spec.No.A200~3847 X 40,

FiG.41B,
Photomicrograph of meta~dolerite
showing "rivuleta” of scanolite (8)
in labradorite (P;). Hornbleade (H)
surrounds labradorite., Location 930 279,

Spac No «A200~-790 X 100,



FIG 47A.

. A g

FIG. 47B.
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size and are conspicuous as granoblastic mosaics (av.diam.0,08nm.)
within the labradorite. Twinning in the motamorphic plagioclase
is distinct and zonimg i1s prominent. Epidote, clinozoisite
and white mica occur ag alteration products in some phenocrysts.

Complete recrystallization results in the total destruction
of the ophitic texture and the formation of a granoblastic
aggregate of hornblende (X = pale olive green, Y = olive green,
Z = desp green; 2Vx = 70, 831), scapolite (Megz,, 831), plagio-
clase (Ang5.43,851) and minor quartz. Zoning is absent in the
plagioclase and rare, highly saussiterised relics of the
original labradorits may be present in soms sections., The meta~
morphic plagioclase in tha amphibolites is more anorthite rich
than the secondary plagioclasss in the less altored dolerites,
indicating an increase in basicity with recrystallization (e.f.
Walker et al,,1980), Sphene (as rims around ilmenite) and pyrite
aras acceanories,

The Z axial coleur (deep groen) of the horablendes and the
composition of the plagioclase (Angg. 437 indicate that the
amphibolites have reached the sane grade of metamorphism as the

surrounding rocks, namely, the sillimanite grade of metanorphisnm,

As yet, no rsasons have besn given for the different
mineralogical and textural development shown by the meta-
dolerites., A study of the literature, indicates that both water
content (Poldervaart,1953; Wilcox and Poldervaart,19038;

Buddington,1963; Mi11s,1964) and deformation {(Sutton and Watson,
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1951; Buddington,1963) are important factors in the recons=—
titution of bamic rocks,

In the present area, the stross field has been sufficiont to
control the orisntation of the hormblende, but the preservation
of labradorite phenocrysts up to the last stages of recrys-
tallization, the minor development of glide twinning in plagio~
clase and undulose extinction in augite, indicate that defor-
mation has only played a minor role in the transformation of the
dolsrites, What appears te be mere important is the water content
of the country rocks surrounding the intrusives, Dolerite plugs
in "dry" rocks (quartzo-feldspathic schists, cale-silicates with
no hydroxyl bearing minerals) often show only minor reconsti=
tution, For exampie, specimen A200~22, a smnall fine grained
doleritic s5ill ia a quartzo~feldspathic schist, contains horn=
blende = quaytz aggregates, minor white mica and epidote, fresh
labradorite, and a general lack of reaction rim coronae, It is
apparent here, that just sulfficient water has been available
to amphibolitise the augite, but too little to catalyse the
breakdown of the labraderite. Those apecimens which exhibit
aimost complete rocrystallization, are asscciated with rocks
eontainiag abundant hydroxyl hearing minerzis, Water, therefore

appears to have been the main agent in the recrystallization

of the deleritss.

The absents of garnet from the meta~dolsrites of the

Pevsey Vale area contrasts markedly with its common occurrence
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in meta~dolerites from other metamorphic terrains (Wiseman,
1934; Wilcox and Poldervaart,1953; Magon,1962), The pressnce of
garnet in amphibolites in the Dalradian and Glaucophanitic meta~-
morphic terrains led Shidb (1953) to consider that high rock
preossure favours its formation., An examination of the literature
since Shido's original paper has shown that her conclusiona
concexrning the paragenesis of garnet in amphibolites are basic-
ally correct. It seoms that garnet will mot form in rocks of
this particular composition whon the metamorphism is of the low
pressure ~ intersediats or andaluaite~sillimanite type. A study
of the pelites of the Kanmantoo CGreup (Chapter 5) indicates that
the metamorphism is of the low pressure - intermediate type.
This suggests that load pressures were too low to allew the

ceryatallization of garanet.
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CHAPTER 10,

ALBITITES AND ASSOCIATED ROCKS,

Alkxiixga} ocour commonly in the medium and high grade meta-
sediments of the Mt.Lofty Ranges, In the central part of the
ranges, at Gumeracha (Stilliwel) and Edwards,1951) and Lobethal
(Waittle,1951), they are associated with talc ore bodies, The
large tale ore bodies at Gumeracha are being operated at the
present moment.

Albitites are proainent in the Pewsey Vale avrea and are
particularly commen north-west of Pewsey Vale Peak and west of
ﬁt.Kitchonoré(Platc 1). Speradic outcrops of tale and small

tale ore bodies cccur within many of the albitite zones,.

The albitites are localised in fault zones at the perimeter
of the Mt Kitchener Intrusion (see Chapter 9) and within the
nata-nodinon;s. Thoy Zorm elongats bodies parallel to the
regional foliation im the meta~ssdiments (Plate 1), The contact
between the albitites and the country rock is generally sharp,
but in some éron- a transitional zone composed of country rock
interleaved with albitite, is present, It is in these transi-
tional zones that the mineralogical chitnges involved in the
formation of albitites, is most clearly observed. The replace~

nent of the country rock by the albitites does not distort the

1. In this study the term albitite iz used to describe rocks
rich in albite,
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sedimentary or tectonic structures, suggesting that a volume~
for volume replacement of the country rock has occurred {Agroll,
1938). The albitization of meta-sediments of different bulk
composition results in albitites of varying nincraldgy.'For
example, actinolite bearing albitites form from calcareous
meta~sediments, and talc-albitites from pelitic schists and in
sone cases from calc~schists, Pyrite is a major constituent in
albitites formed fyom both quartzo-~feldspathic schists and semi=-
pelitic schists.l Minor pogmatitic and fine grained quartz~
albitites also oceur in the area, the fine grained variants
forming from quartso~feldspathic schists, Commonly, one or two
gernerations of veins traverse the albitite bodies, They may
consist of albite, albite-tale, albite-actinolite, albite-
tourmaline and actinolite; small bleached xones occur in the
albitite adjacent to the albite~tourmaline veins,

Petxogxaphy.

Ihe pyxrite besxing albititeés consist of an equigranular,
fine grained albite {0.05mm, in diam.; 85 to 90 p.c.) and
interstitial xenoblastic pyrite (maximum 10 p.c.). The albite
(Ang4-g) i3 goenerally cloudy and is twinned on the albite and
albite~carlsbad laws., The pyrite is commonly replaced by
earthy limonite aggregates or pisolitic aggregates of jarosite
(C = yellow, E = pale cream to colourless). Minor corrocded
quartz and a relic layering defined by muscovite or bleached

biotite occur in many specimens., Rutile, chlorite and zircon

1, It should be pointed out that pyrite commonly occurs in the
other varieties of albitite, but in much smaller quantites.
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are accessories,

The $alc-alblitlites are normally fine grained rocks in which
pale graen crystals of tale are evenly digstributed., Coarse
grained pegmatitic and fine grained variants occur together
at several lecalities. The tale (5 to 33 p.c.) in the fine
grained rocks forws either radiating sheaf~like crystals
(0.15 toc 1.0mm.) or amhedral irregular grains; the tale is
comnonly iron stained and may contain rutile and relic biotite.
The albite (An, 5 to An,; 85 to 95 p.c.) appears as twinned,
tnterlocking lathe-like crystals or anhedral grains, which
enclose minor biotite and quartz. Rutile may eonstitute as
much as 5 percent of some rocks (e.g.378). In the pegmatitic
variants alhite (0.5, to 5.0mm.) generally axhibits strong
domain extinetion and serrated grain boundaries, indicating
that a post erystallization phase of deformation has affected
these rocks., Chessboard twinning is ubiquitous. Talc appears
as sheaf~like crystals either interstitial to or along
fractures in the alhite, Pyrite and rutile are common access~
ories.

5n1;ng;;j@_hgg;;ng_g};;;;&gg are abundant in the zones of
albitized calc=silicate rocks, In hand spocimen fine and
coarse grained variants may be present, as well as small veins
of fibrous actinolite growing perpendicular to the vsin~—
country rock border., Many fine grained rocks are massive,
with clots oy single crystals of actinolite dispersed in a

matrix of saccharoidal albite; others show a lenticular
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banding defined by alternating liayers of actinolite and
albite. In thin section the massive variants consist of a
fina grained mosaic of albite 75 to 80 p.c., Ang.y) and idio-
blastic pale green actinolite (¥ = colourless, Y = very pale
green, Z = pale green) crystals. Minor talc, rutile and
pyrite {replaced by jarosite) may also be present.

The banded varietiés result from the replacsment of layers
of varying bulk composition in the calc-silicate rocks and
cale~schists. For example, in 414 albite is conceantrated in
layers containing minor microcline and seapelite, and actin~-
olite in bands with relic diopside. In other specimens albite
accompanies actinolite in some bands and minor tale in others.
The coarse graimed variants consist of an interlocking
aggregate of subhedral to anhedral, pale groeon crystals of
actinolite {0.18 to 5.0mm.), strained albite (Ang.jo) with
ubiquitous chessboard twinning, and minor bleached relic
flakes of biotite and quartz,

Transitional betwsen the unaltered country rocks and the
albitites are zones of partially albitized meta-sediments.,
The textures shown by these rocks vary with the lithology of
the origimal rock. For examplaz, in the calc-schists white
spots of fine grained albite are abundant, but in the pelitic
schists streaks and pods of albite are presant between the

mica foliae. In rocks such as the calc~silicate rocks and
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the quavtz rich semi-pelitic schists, eross-cutting veins
of actinolite and albite are ubiquitous. The intensity of
albitization of the rocks adjacent to the albite veins, varies
with the lithology of the rock undergoing alteration, This
is particularly clear in specimen 884, a cross~bedded neta~
siltstone (Fig.48), where the zone of albitization is best
developed in the less micacsous fore~set units. Microscopi~
cally the white spots (3.0 to 5.0mm, in diam.) in the partially
albitized calc=schiats consist of finas grained albite (0,05nan,
or less in diam.), minor limonite stained actinolite (e.g5.867B),
bleached biotite, and rutile (Fig.49 c.f. Agrell,b1939,Fig.6B).

In the partially albitizod galc-silicate rocks veins of
varying thickness and mineralogy are present. These veins
change in mineralogy as they traverse bands of different nin-
evalogy. For oxample, in 414 the veins cousist of actinolite
and minor pyrite where cutting diocpside rich bands, and albite
-epidote in gcapolite rich bands (Figs.350a and b)., The potash
foldspay grains are nore altered adjacent to the veins.

In many altsred calc~silicate rocks veins are not present,
and albitization appesars to have preferentially taken place
in potash feldspar or sceapolite rich bands (e.g. 1A and 1B).

The transitional rocks between the pelitic schists and the
albitites are of special interest concerning the genesis of
talc, Specimens 380B, C, E and F are typical of the transi-

tional rocks bhetwesn a garnet schist and talc~albitite. In thin

section the least altered garnet schist (380E) shows mosaics



FIG. 48,
Large thin section of cross-bedded meta-
siltstone showing small veins of albite.
Note that the intemsity of albitization is
greatest in the mica poor horizons,
Location 978 268. Spec. No.A200-884,

Specimen natural size,

FIG.49.
Photomicrograph of partially albitized
calc~schist showing "spots" of slight
turbid albite and minor actinolite.

Location 962 285, Spec. No.383, X 132,






FIG.50A.
Veins of actinolite (Ac) and pyrite,
and epidote (E) and albite crosscutting
diopeide (D) -scapolite (S) band. Note
that albite and epidote occur in the vein
traversing the scapolite rich area,

location 974 287, Spec. No.414. X 32.

FIG.508.
Vein of actinolite (Ac), albite (A) and
calcite (C) traversing diopside rich

and scapolite rich bands. Location

971‘. 287. Spec. Noouh. X 320



FIG508B.

Ac.
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of fine crained albite aaaaciéted with covrvroded guartz and
olligzaclase boetween biotite foliae., Talce appeara in the atronzly
albitized garnet achists (3207} a¢ the borders of and within
slogite (Fig.51b). Rutile forss concomiGantly durinz tais
replacenment. Jligoclase is replaced hy a turbid wat of white
aica, and garnel vromains as relice within a chlorito-sericite
aggrogate. In the strongly albitized specinens {3803,3800)
albite and talec are predominant, the talc appegarin: as 2lou-
gate flakes coafaining relic biotite, osr 25 sheaf~like inter~
stitial crystals (Fig.512), juavres is ac lcager preseat and
only ainor relic zurnoef, apatite and tourmaline remain, Modal
aualyses of the transitional rocks, tale-albitite and pavnet
schist ave given in Table 24 and are represeated fn Tig.32.
Isl)e oxe hodiss.
3mull tale ore Bodies are daveloped in several Iocalities
ia the Cawsey Vaie area (Plate 1}; They are cenerslly cionzate
parallel %o the reziocnal foliation and are invariably surrounded
by an aureole of albitite {ofien pyrits bearing), and then a zone
of partially albitized schist. Within 2his cutermost zone zibite
veins are commoaly ptosnnt.lmlne@ inciusions of alhitite aund
crystals of pyrite, rutile and alilbite nccur aporadically in gany
taic ore bodies. Commonly structures present in the adjacent
country rock ars preserved inm the %talc ore bodies. In the
Rarawirra ore body (Ulltiver,13564) cavernous siructures vere
observed, suggesting that thers has heea a change in volume

duriny the formation of this particular hody. Ta hand specimen



FIG.51A.
Strongly albitized gamet schist showing
predominantly albite (A) and minor tale
(T), relict plagioclase (P), and gamet

(¢). Location 967 284, Spec. No.A200-
380F, X 32.

FIG.51B
Photomicrograph showing talc (T) rimming
biotite. Rutile (R) is associated with

the tale., Location 967 284. Spec. No.
A200-380F, X 80O,



FIG 51A.

FIG5IB.



FIG.52.
Diagrammatic representation of the

modal analyses in Table 24,
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TABLE 24,

Modal analyses (vol.%) of Garmet Schist, Transitional Recks and Talec~albite,

Spec,.No, Ab, Tale., | Biot. Rut. Olig. Garnet Chnl. Qtz. Apat.] Total Nc
' Counts
380D 1 e - 35,0 v 21.8 2.8 0.3 38,9 0.2 348063
380E 2 33.6 5.2 24,0 1.8 8,7 0.2 1.0 28,8 - 3410
380F 3 47.1 9.8 12.2 0.7 2.2 11.} Es 14,8 0,8 3271
3803 4 6803 14.5 4.3 00’ 405 2.6 4.0 - 003 4014
380C 5 77.3 14,9 0.8 3.4 3.5 - 0.1 - - 3217

Calculated NasO and Al1,03 contents in specimans 380D and 380C

380D 3soC
1
Na, O 17 742

A1,04 11.6  15.0

1, Nazﬁ and A1203 have been calculated from the modal analyses given above, The composition of
the nligoclase was assumed to be An,, and the albite Aby g0 The analysis of biotite 330D was
used to caleculate the proportion of 21203 econtributed by the biotite,



99,

the talc is either white or pale green and has a fibrous or
platy form, Limonite derived from the breakdown of pyrite
commonly stains the tale,

Discussion.

The featurss discussed in the presvious sections, namely
the pressrvation of tectonic and sedimentary structures in the
albitites, the ubiquitous occurrence of crosscutting albite
veins and the presance of the albitite in the fault zZones,

clearly indicate that these rocks are of replacement origin,

Chemical and nineralogical changes involved in
the albitization.

In order to explain the mineralogical changes it is
necessary to postulate an introduction of soda (compare 1.7 p.c,
Na,O in 380D with 7.2 p.c. NagC 4n 330C, Table 24), sulfur
{abundant pyrite}, boroan (tourmaline in some veins) and possibly
water, (actinolite, epidote in some assemblagss), and the
removal of potash (potash bearinz minerals absent from albitite
assemblages). Petrographic evidence suggests that the Mg
required for the formation of talc has been derived from the
breakdown of biotite. Stillwell and Edwards (1951) considered
that talc formed in the following way:

Biotite + quartz + soda- albite + talc + potash + iron.. ()
They also noted that talc formed from biotite moderately rich
in Mg {analysis A, Table 23), During the prezsnt investigation

it was found that biotites in some rocks (e.g. pelitic schists,

calc~gchists) altered to talc, and in others (e.g. quartzo-
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feldspathic schists, HMt.Kitchener Intrusion) altered to chlorite
and vermicullite (?). Two of the former bilotites (363,380) and
one of the latter (58) were analysed, but no significant
differences in Mg/Total Fe ratios were notod {(Table 25) although
56 (the biotite which altered to chlorite and vlrnicu%lito?)
has the lowest Mg/Total Fe value. More chemical and experimental
unrkl is needed to resolve this problem, The eloments released
from the breakdown of biotite to talc wizm, Al", Fe*', Fev, X',
Tiwit gy +ther leave the system {e.g. K') or react with other
elemsnts to form new minerals. For example, Ti** forms rutile
(or sphene if Ca is available) and Fe" reacts with introduced
S to precipitate as pyrite, or whan 8 is unavailable, forus
limonite. The A1"™ combines with Na,0 and S103(quartz) to form
albite.

Apart from the replacement of scapolite and potash feldspar
by albite, the main mineralogical transformation in the cale~
gilicate rocks appears to have bean the replacemsnt of diopside
by actinolite (equation (2)):

sDiopside + 3COp + Hy0 = Aetinolite + 3quartz + 3 calcite ..(2)

The COp required for this reaction may have been introduced,
but it is more likely that it has been derivad from the replace~
ment of scapolite by epidote and albite. The calcite lens in
the Nairne Fault Zone, north~west of Mt.Kitchener (Plate 1),

mey have formed as a result of thke albitization of the Kanmmantoo

1. The author suggests that a study of the reaction of biotites
of different Mg/Total Fe values to varying ay,+/apt(solutions
of different MNa+ concentrations), temperature conditions
might provide a solution to the tale genesis,



TABLE as,

Partial Chemical ﬁ&alz:ttl cf Biotites,

Snec.No. 58
810, 35,98
Al;04 17.40
Total Fe 21,58
MgO 10.30
CaO 0.13
Na,0 0.18
K20 10.19
T10, 2.76
Hn0 0.34
a0 over 100°C -
1,0 at 1000C -
Hg/Fe 0.48

3sobh
38,33
18,72
12,73
11.23
0,26
0.40
8.17
2.19

0,19

0.57

363

38,77

19,97
1%.21
10.37
2,07
O.28
7.88
2.31

G.21

0.54

40,70

18,88
14,61
11.27
0.32
1.03
6.22

3.12

1.%0

0,77

1. Analyses by D, Gray and P, Cat¢tord,
5‘80 deternined by Flame Fhotomater,
3

by atomic absorption and ¢hs
remainder by X-vay spectrography.

58 Huartzo~feldspathiec schist.
388, Iluscovite - biotite schist.
380D Carnet achist.

A Stillwell and Edwards (1051),



Group cale~silicate rocks to the morth,

Source of Soda.

Having concluded that the albitites are of replacement
origin and that soda is essentially the main constituent added
to the rocks in the Pewsay Vale area, the question arises as to
what 1s the source of the soda.,

Albitites are commonly associated with both basic igneous
rocks (Larsen,1928; Agrell,1939) and acid ignaous rocks (Leedal,
1952; Joplin,1956; Ayanov,1964), The sodic rich solutions
reaquired for their formation are considered to be derived from
these igneous rocks during the late stages of crystallization,
There are however, albitites in some terrains which are in no
way connected to magmatic bodies. Albitites of this kind occur
within the low and high grade metamorphic rocks at Broken Hill,
N.S.W. (Vernon,1961). Vernon concluded howaver, that the sodic
solutionas necesgary for their formation were derived from a
magmnatic source.

Albite-talc rocks are widespread in the central Mt.Lofty
Ranges, extending from sast of Lyndoch to Oakbank, a distance
of 27 miles (Stillwall and Edwards 1951; Whittle,1957), Juartz~-
albitites are found on the sastern side of the Mt.Lofty Ranges,
but are considered to be older than the talc bearing albitites
(Mi11s,1984), There are no magmatic bodies in the Mt.Lofty
Ranges visibly connected to the albitites, but at Encounter

Bay (Browne,1820; Bowes,1854) and Cape Willoughby, Kangaroo

Island (Tilley,1912), albitites are associated with post kine-



102,
ratic granites.

In the Pewasey Vale area, post kinematic grancdiorites anrd
granites intrude the meta~sediments and are strongly albitized
(Chapter 9). This suggests that albitite fovmation in the Pewsey
Vale area may be related to these intrusions, but in view of
the occurrence of albitites some distance from these rocks,
this hypothesis must be rejected. It zeems therefore that no

satisfactory origin for the soda rich solutions can be given,
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FOLDING.

Three phases of deformation are recogniged in the
Adelatde Supergroup rocks and two in the rocks of the
Kanmantoo Group. Each deformation is accompanied by the
formation of botk planar and linear elements {(Table 28),

In the following section the style of folds produced on &
macroscopic and mesoscopic scaie are discussed, and the
geometry of linear and planar clements are interpretted.
The symbels which have been asaigned to the planar and
linear elements associated with each deformation are
illustrated in Table 286,

The techniquss applisd in this analysis are those out=
lined by Weiss and McIntyre (1857) and Turnor and Weiss €1063).
However, in many instances the rhases of deformation avre
difficult to separate as the rasulting structures are similar
in style and differ only slightly in orientation (compare
undifferentiated data with diffarentiatsd data Figs.56 and 62).
Only in outcrops where a direct overprinting relationship
can be observed is the situaticn unequivocal, The structural
geomeiry has been built up only from these outorops.
Lithological lavering S.

In many parts of the area, the lithological layering &

i3 undoubtedly bedding, but in soms localities (e.z. the



TABLE 28 o

ADELAIDE SUPERGROUP

KANMANTOO GROUP

¥
S surface Linear slements S surface Linear eloments
First 3 = Lithological By = Lineation eor S = Litholegical B; = Lineation or
generation layering which axis of fold layoring which axis of fold
structures, in many cases in S with S in some cases in S8 with 8;
is bedding, as axial plane, is bedding, as axial plan
31= Foliation, S1= Foliation.
3econd S3y= First crenu~ Ba= Axis of fold
generation lation cleavage, or cyrenulation ABSENT
structures. Axial plane to in 33 with 3,
By folds or a8 axial plane,
crenulations,
Third 3;= Second crenu- By = Axis of fold 33 = Foliation By = Lineation ox
generation lation cleavage, or crenulation axis of fold
structures. Axial plane to in 83 or Sy in 8 or Sy
B3 folds or with S3 as with S3 as

crenulations,

axial plane,

axial plane.
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migmatite zone) it appears to have beesn formed by transe-
position of bedding or by motamorphic diffeventiation,

First deformation By
Minor B atructures

8y la.n folistion (parallel to the axial surface of By folds)

which {s defined by the preferred orientation of platy

minerals in the schists (quartzo~feldspathic schists, cale~-
schists etc.) and more rarely by lenticular pods of light

and dark minerals in the calc-silicate rocks of the Kanmantoe
Group. In the quartzites and calc=silicats rocks of the
Adelaide Supergroup 31 is fracture cleavage which appears

as closely spaced fractures where oriented at moderate to
high angles to S in some calo~silicate rocks, it is associlated
with cleavage and fold mullions (Wilson,1953; Fig.53). In
outcrops of two distinct lithologies, 81 is ztrongly

refracted (see O*'Driscoll, 1963 for the experinental pro-

e
o

duction of this phancu.gﬁﬂ}. //’

Masoscopic B, folds.,
Small 31 folds are comparatively rare in the Adelaide

Supergroup rocks. This is believed to be a comsequence of
two factors

{1) Most of the Adelaide Supergroup rocks consist of
homogeneous mica—-achisis in which bedding has been
extensively tramsposed or destroyed,

(2) In many areas 5 is equivalent to or at a slight
angle to 331. Such conditions are unsuitable for
the development of mesoscopic folds.



FIG.53.

Fold snd cleavage mullions in small
calc-silicate yock bands, Pencil

6 inches (1% cms). Location 950 237.

YIG. 54,
Asymmetric B, folds in celc-silicate
rock-calc-schist sequence, Faaler

(6 inches=15 cms) spproximately parallels
s4, Location 950 237.
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dost folds ia the Adelaide 3upergroup are assymetric and
Ray be open or tightiy appressed. The feliation 81 1a
subparallisl to the short limbs of the more appressed folds,
In goms wocks {s.z. the calec=silicate rocks) emall scale
faulting takes place along 2y; in others, extensive thinning
of the short lim® or both limbs of some folis sccurs in
Zones parallsl to 3(Fig.84; o.2, Talbet, 1884), It ig
possible that this thinning has hosn brougkt about dy = oreep
Process iavolving movement on a grasular scale (Hebbs,1963),
‘Juarta veins ars also deformed during the By deforeation and
have been iransposed iauto suail open asywmeiric folde whose
axes arz net coincident with the B; axis in the surrsunding
schists, producing locally a twiclinte fabric (c.t., Fotss,
1950a, p.43); others form tntrafolial folds within the
bimiea schists.

By contrast B felds ars common in ths rocks of the
Xaamantoo Group. They are genavally open, coucentric
(commonly dishurmomic) folds with steep oast or west dipping
axial planes (Figs.334 and B). Bath asyanetric and sysmmairic
types occur and soms are recumbent, %u#y By folds are
morely :mall scale rumpies in bedding,

The differcmces fu fold styls ia the twe groups of rocks
is attribuiad fo differences in litholegy, the iidelaide
3upergroup rocka belng predonisently leas competent mioge
schists and the Xaumantoo Group rocks weil bedded move

competent gquartzo-Zeldspathic schists, cale~silicate rocks ete,



FIG. s3A

Profile of asymmnetric By fo14a.

Pencil (6 inchss = 13 cus.)
dips steep sast,

Locatien 280143,

PIG, ssB
Protiles eof By folde.

Axisl planes of ¢ and »

dgtp eant,
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A lingation soralliel Lo By folds is well developed in both
group of rocks., Yt is defimed by =

{1) a wioeral streaking - blotite, horablende, sillimanite,
feldspar,

-

{2) cleavage or fold aullions in cale-stilicate rocks and
a »ibbing in guartxitss,

(3) intersection of 3 and 31

The prientation of the linoar and planar slements of the
By deformation is Lliut&ra%o@ in F1g.56, Ths majerity of
the ©1 axes in the jAdelatde Supergrouwp plunge 10° in o
direction 140° {Fig,.S6a) but meny are spread aloag two in=
complete girdles; those im the Kanmanteo woup rocks have a
sinilar ‘rend but are g}:tzihu%aﬁ along a more ateeply
dipping givdle (Fig,.584). The sigunificance of these distrie
butions will be discussed later.

The foliation 3% in the Adelaide Superzrour rocks fans
about an axis E whick plunges 40 iu a direction 148 {(Fig.56b).
Howaver, tiis fauniung ie in part due to the rvedistribuiion
of 33 about the Uy axis, as the majoridy of the readings
have besn vecovdad in subarea I where 4the 3z deformation
is also e=vident {compare Vig,88c, & plet of 91 in subarea I
with Pig.56b3,

The majority of the 3
“ J 1 feliation planes in the Kanmantoc

1. Gwing to the lack of cuterop and the fact that Sl‘has hean
strongly crenulatod or transrosed, only a small numbay of
asasurements could be msde.

2. 3oe Fi1z.63 for the location of subarsas in the Adelalde
Fupergroup rocks.



FIG.56.
Collective diagrame of structural elements
of the Pewsey Vale area.

a Lineation Bj, 148 points. Contours
1-2,5-5-7.5 % per 1% area.Adelaide Supergroup.

b Foliation S;, 50 points. Adelaide
Supergroup.

¢ Foliation 5; in subarea I. 32 points,

d Foliation 53, 32 points, lineation
By, 75 points. Kanmantoo Group.

e Sy, By(X) ama 133(+) data for the
Pewsey Vale Peak Synfomm,

f Undifferentiated B, and Bg axes, 250
points. Contours 1-5-10% per 1% area.
Adelaide Supergroup.

g Undifferentiated S5, and SS’ 136 points,
Contours 1-5-10% per 1% area. Adelaide
Supergroup.

h Foliatiom S,, 26 points: lineation B,,
106 points. Contours 1-5-10% per 1%
area, Adelaide Supergroup.

i Undifferentiated B; and Bg axes, 223
points. Xanmantoo Group.

3 Undifferentiated 5; and 53 planes, 101

points. Xanmantoo Group.
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Group rocks, trend 144° and dip west or sast 30° ¢, vertical

(Fig.SGd )0

Ma jor Bj structures.
Adelaids Supergroup.

lost of the evidence of By structures have been obliterated
by the B3 deformation, but there appears to be geometrical
&nd field evidence for By folds in some areas. OUne such
structure is an isolated synform centred -around Fewsey Vale
Peak (Plate 3), The statistical fold axis £ in this small
area, plunges 20° in a direction 142° and is approximately
coincident with the B; lineations (Fig.fée). However, there
is a slight tendency for 38 to spread about & second girdle
whose axis ﬂ/coincidcs with the axis of the third deformation
By, suggesiing some inhomogeneity in this swall area.

In subarea A, no mappable units ars present, but the
geometry is congistent with that of t;@ By deformation (/3
plunges 0° in a directioa 146°), A p;lliblt relic By
isoclinal structure which has besan refolded about By appears
in subarea G.

Kanmantoo Uxoun.

Cwing to the lack of marksr horizons in all but the
northern part of the area, the style of thé major By strue-
tures is difficulit %o deitermine. The form surfaces (Plate 3)
show that the major structure in the arvea iz a steeply

plunging anticline, The geometry'y of subareas 3l and 5 (Fig.64

1. See Fig.84 for the location of subareas in the FKanmantoo
Group rocks.
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suggest that the anticline is a By structurve, plunging
44~60° jn a dirvection 146° to 148° and that the western
l1imb is overturned.! In the southern part of the area,
the By structures zppsar to have been obliterated by the 33
deformation,

Second deformation B,.

By structures have not been developed in the Kanmanteo
Group rocks and are restricted in occurrence in the rocks
of the Adclaide Supergroup.

Minor By structures.

Mesoscopic B2 folds,

Few mesoscopic B, folds are developaed inm the area. Low
amplitude symmetrical folds with vertical axial planes ars
present in the bimica schists and S shaped, concentric
folds with near horizonial (10-15% gouth) axial planes are
found in the calc-silicate rocks. A crenulation? cleavage
is parallel to the axial surface of these folds. A prominent
lineation is dAefined by asymmetric or symmetric crenulations

ia 83, No mineral orisntation is developed parallel to B,
The orientation of By axes and 3, planes 13 shown in
Fig.56h. Most B; axes plunge 10° in a direction 156° and
spread along & weakly defined givdle {c.f. spread of By
lineations. Fig.56a). The S, planes fan sbout an axis ﬁ

plunging 5° in a direction 148°,

1. Facings support this conclusion.

2. The term crenulation cleavage formally defiumed by Rickard,
(1961) is used here instead of strain slip cleavage.
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Major By structures.

Major By structures have not formed in the Adelaide
Bupergroup rocks. However, small broad rumples plunging

10° in a direction 146° are present in subarves F (Plate 3,

Fig.ﬁa )
Third deformation By

HMinor structures

Mesoscopic By folds.

Small By folds in the Adelaids Supergroup rocks have a
typlical low amplitude, open style (Fig.57; c.f. Best,1963;
Talbot,1964). The axial surfaces of most By folds is a
crenulation clesavage, except in calec=silicate rock - cale~-
schist sequences where Bg folda, occur without 83, On the
limbs of aajor By folds. the wesoscopic folds are asymmetric,
whereas on the hinges of major folds they are symmetric.

In aress whers small By folds deform foliation 35
containing B1 lineations, By is distributed in a planal
(Fig.82e). This geometrical pattern ls consistent with the
By folds being formed by displacement parallel to 33 (Weiss,
1859h; Ramsay,1960), Evidence for refolding of 32 by By
movements has been observed in some localities, e.g. as in
Fig.59 which shows the crinkling of Sz about the By axis
in the hinge of the fold and 2 change in orientation of 3,

on the limbs,

1. N.B. These measurements were obtained from a B3 fold which
may not have been in situ.



FIG.57.
Oblique profile of B4 fold in mica
schists of the Adelaide Supergroup.
Length of compass 3.5 inches (9cms).

Location 929 210,

FIG.58.
Slightly disharmonic Bq folding in a
mignatite. Pencil 6 inches (15 cms)

long. Location 982 192,






FIG.59.
Small B3 folding show refolding of

Sl and 82 about the BB axis,
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The style of By folds in the Kanmantoo Group vocks is
markedly different to,and wore varied than,the By folds in
the rocks of the Adelaide Supergroup., Variazion ia fold style
is greatest in the migmatite zone where concentric, similar
and disharmonic variants (Figs.58,80, 6la and b) are present;
all fold styles may oceur within & small area, The axial
planes of these folds may curve (Fig.6la) or show a random
vrientation (but a common line of intersection) characteristie
of polyclinal foids {(Greonly,19198), Ramsay (1858) ncted a
sintilay random orientation of axial planes in the migmatites
of the loch Monar area and attributed the distortion to
movemenis resulting from plastiec flow during migmatisation.

A feature of the migmatites and some cale-silicate rocks
is the presence of a new layering parallel to S3 which appears
to have bsen formed by the transposition of original layering
by folding. Relic hinges of these folds (Bj3) plunging at
varying angles, occur between the naw layering. Ir many
localities microfaulting parallel to 33 has disrupted B,
folde and has resulted in discordant structures (Fig.80).

By lineations. In the Adelaide Supergroup rocks these
include the hinges of small crenulations and lineations
formed by the intersection of 83 with 33 or S3. They are
commonly associated with By and B3 limeations, By lineationa
tn the Kanmantoo Group rocks are defined by a mineral
orientation (biotite and more rarely muscovite), the inter-

section of 33 with S and rarely by the hinges of small

criakles.,



FIG. 60

Profiles of BB folds,

a, T,

Cy &

Disharmonic folds in migmatites;
quartz~feldspar vein cuts fold in f.
Open fold in quartzo-feldspathic
schist.

Discordent structures produced by
movement parallel to 33. ¢ - calc-
silicate roc¢k, g - migmatite. GQuartz-
feldspar vein parallel to 53 in g.
Similar and concemtric profiles in
intercalated biotite schists and
quartzo~-feldspathic schists,

Similar folding in intercalated bio-
tite schists and quartzo-fgldapathic
schists, Quartz-feldspar\'lfllanarallel to
83.

Folded quartz-feldspar vein.
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FIG.61A
Large thin section of B3 fold showing
curved trace of axial plane, Epecimen

natural size. Location 973 186,

FIG.61B
Profile of Bqg fold in quartzo-feldspathic

schist. Location 986 240.



FIG.61B.
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The foliation formed in the Adelaide Supergroup rocks
during the third deformation is a crenulation cleayage, a
cleavage represented by clossly spaced planes which commonly
fora parallel to the long limbsa of eresulations, In some
areas 33 fans about the 33 axis; for example east of Tweedie
Gully (subarea F) Sy varies in strike from 174° to 192° and
dipe 75° east to 70° west.

In the Kanmantoo Group rocks Sg is formed parallel to
the axial planes of By folds in mica rich layers of the
migmatites and as well defined banding in the calc-silicate
rocksa, |

The distributior of the By axes and Sy planes is illustrated
in Figs.82a and b, The orientation of the linear and planary
clements in both groups of rocks is essentially the same
(e.g. the majority of 33 planes strike approximately 348°
and dip east ~ 80° to vertical, and in the Kanmantoo Group
rocks 3300 and dip 50° east to vertical); the Bz axes in
the Kanmantoo Group rocks however, genarally plunge more

steeply than the Adelaids Supergroup rocks,

Major By stiructures.

Adelaide SUpexXgXouD.

The major structures ia the Adelaide Supergroup have
been produced by the By deformatioen, and are represented
by the Barossa Range Syncline (Campana,1933) and Trial Hill
Anticline (Plate 3). @Generally, both structures have 2
broad, open style with 1imbs dipping shallow east or west

(c.f. mesoscopic Bg folds ). Steepening o reversal of dip



FIG .62,
Collective diagrams of structural elements of
the Pewsley Vale area.

a Foliation 33, 81 points. Lineation
33, 139 points., Adelaide Supergroup.
Contours 1-5-10% per 1% area.

b Foliation-SS, 56 points, Lineationx
Bg, 68 points., Kanmantoo Group.

¢ Lithological layering S. 368 points,
Adelaide Supergroup.

d Lithological layering S. 295 points,
Kanmantoo Group.

e Geometry of redistribution of B;
lineations by Bj folds (Adelaide
Supergroup).

f Geometry of Bj lineations in Adelalde
Supergroup rocks (clashed great circles).
Mean S, plane from 62a (dotted great
circle)., "a" in diagram is the Kine-

matic "a" axis.
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of the limbs (e.g. the east limb of the Barossa Range
Syncline) occurs in some iocalities and in the southern

part of the area, both limbs of the syncline dip east., Most
gubareas covaring these structures are cylindrical about Ba
(subareas C,D,G,I,H) but a slight departure from this axis
iz obsezvable in subarea J. The geometry shows that both
structures plunge at a2 low angle to the south, although in
subarea C a morth plunge is indicated, Locally, plunge
reversals are common in %the Barossa Range Syncline and have
resulted in small basin and dome gtructures, Both structures
show a characteristic of similar folding vis,., thinning of
the meta~-sedimenis in the 1imbs and thickening in the hinges,
However, small scale warping of the meta-sediments on the
west 1imb of the Trial Hill Amticline about the Bg axis has
resulted in an apparent thickening of this limb.

In the Kammantoo Group rocks small, macroscopic, south
plunging (13-20°) B; felds are located west and south-west
of the keel of the Tanunda Crsek Gneiss (Plate 3). They
show sharp hinges and steeply dipping 1imbs (c.f. small By
fold, Fig.61lb) and their axial planes dip vertically or
steeply east. A small synform in the north-west corner of
the migmatite zZone possibly represents a Bg structure.

There are no macroscopic Bg folds elsewhers in the Kanmantoo
Group rocks, but mesoscopic folds which show & considerable

variation in plunge, ars ubiquitous (Plate 3).



Macroscopic Geometrv.

The geometry of 3 is shown in Figs.63 and 84, 10 subareas
in the Adelaids Supergroup rocks and 6 in the Kanmantoo
Group rocks have hsen delineated, each reasonably homogeneous
with respect to a single axis. Collective diagrams of S
for the whole avrea are given in Fig.82¢c and d).

The collective diagrams of 3 are misleading as tkoyeonvty
an incorrect picture of the structure im both groups of rocks.
For ingiance in the Adelaides Supergroup rocks, S appears to
be mildly warped about an axis ﬁ plunging 5 in a direction
160° and in the Kanmantoo rocks 3 appears to be tightly
folded abou? an axis ﬁ plunging 25% in a divection 158°,
However the data from the subarea plots show that in the
Kanmantos Group rocks ﬁ s equivalent to By in subareas 3,5
and 6 and By in 1 and 21; in the rocks of the Adelaide
Supergroup B = By in subareas B,C,P,E,G,H and I and in the

other subareas /3:'-: Bs (F,J) or By fA).

3. By axis orientations.
It has been skown that the By axes in the Adelaide Super-
group rocks arc distributed along two givdles {Fig.36a)., The

author considers that this wvariation iz the result of the

rofolding of the By gyes during the B3 deformation for the

1. The oricntation in subarez 4 is not consistent with either
By or Bg. It is possible that mevement along the fault zone
has disorientedi the structures.



FIG.63

Macroscopic geometry of 8, Adeleide

Supergroup.
A E = 146, plunge O.
B A = 165, " 1o0.
¢c B = 350, L 6.
p B =158, " 2
E £ =161, " 10.
F A =1m, "1y,
¢ =158, " 16,
H B = 156, v 10,
I P =172 " 1o0.

J B = 154 L 0.



MACROSCOPIC GEOMETRY OF S 8,

Mo of ~oles to 7S

J9

Contours /510, ...,




FIG.64
Macroscoplc geometry of 51' Kanmantoo
Group, Number of poles to S is given at

the bottom of each diagram.

L A

it

156, plunge 20°, 1-5-10% per 1% area.

2 /[2 = 162, n 20°. " nom "
3 B =146, v 4%, 1-3-54 v . w
4y B = 16, 30°, -
54 =148, v 60°, 1.3-5%6 * n w
6 £ =138, "  6°, -
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following reasons ¢

(1) By lineations are markedly different in orientation

on tho east and west limbs of the major B3 structures
(Plate 3).

(2) In individual small By folds, By is redistributed se
that it lies in a single plana (Fig.682a).

According to Weiss (1958b) and Ramsay {1960) the inter-
gsection of the plane containing the refolded axes (Bl) and
the axial plane of the subsequent deformation (B,) is
squivaient to the "a" kinematic axtsz, In the Adelaide

Supargronp rocks this line plunges 2% in a direciion 350°

(Pig.822).

The present distribution of the By axes in the Kanmantoo
Group rocks may in part be due te affect of the By daformation
as small By folids over priat By felds in some localities, and
to local strain inhomeogeneities. 3Such inhomogeneities might
be expected im Migmatite terrains whers rocks tend tc defora
by piastic flow (Ramsay,1958)

Bs axis orizatation.
Most By axes in the Adelaide Supsrgroup rocks have shallow

plunges morth or south and c mean trend of 3472 (Fig,62a).
ﬂawov.r, many are dispersed in a2 plane whichk strikes 344°
and dips 54° cast. It is most likely that this variation
in the Bg orientation is due to ¢
{1) The superposition of Bg folds on the earlier structures.

(2) The fanning of the 33 planes (c.f, Welss and Melntyre,
1957; Hobbs,1963).
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The explanations given for the Bs variation probably
hold true for the Kanmantoo Group rocks. However, local
strain inhomogenceities and the passive rotation?&ctuchad
fold hinges (Voll,1860) may also have been contributing
factors, The latter mechanism is a ma jor cause of the

variation in fold axis erientation in the calc~silicate

rocks.

CHRONOLOGICAL ANALYSIS OF CRYSTALLIZATION AND DEFORMATION

IN THE ADELAIDE SUPERGROUP AND KANMANTOO GROUP ROCKS.
Intxoduction.

The vrelationship bdetween doformation and crystallization
in metamerphic rocks has been the subject of many papers in
the last Zew years (Zwart,1960,1963; Chatterjee,1981; Spry,
1963b and c; Johknson,1962,1963)., Studies such as these
have siiocwn that their metamerphic history may be complex
and that temperaiture fluctuations have occeurrvred during aeta-~
morphism. Furthermore, these investigations have indicated
that the metamorphic hiastory may differ slightly from area
to area in the one metamorphic terrain,

The purpose of this section is to summarise the essential
data relating to crystallizatien and deformation in the
Kanmantoo Group and Adelaide Supergroup rocks. The techniques
used in this analysis are simnilar to those documented by
Zwart, (1960) and Spry (1963b},

Crystal Growth pretectonmic te B,.

Evidence for erystallization before the first deformation
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is scarce. Ome such example (A200-124A) contains
noikileblasts of potash feldspar which shows randomly
oriented imclusions of bhiotite amnd quariz, both in
sections parallel and perpendicular te By, In addition
the inclusions within ths polkiloblastsare smaller in
grain size than the surrounding matrix and the foliation
(31 ) curves around the poikileblastz. Thess obsarvations

sugges? that the poikiloblasts grew prior to the first

deformation,

»:

Crystal growth during this phase is indicated by the
sceurrence of rotated garnets, and by the growth of
blotite and muscovite parallel to S; and sillimanite to
By. In the cale-silicate rocks of the Kanmantoo Group,
hornblende prisas oriented rarallel teo Bl are present.
Migmatisation commenced in this period resulting in the
formation of guartz-~feldspar veins parallel to the axial
planes of By Zfolds.

Crystal growth pout tectenic to By

A phase of statie metamorphiss followed the Bl
deformaiien., In ths Adelaide Supergroup rocks, this is
an important period of crystallization as post tectonic,
idioblastic erystals of actinolite, diopside, tourmaline,

muscovite and stlilimanite are abundant, Idioblastic,
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tmclusion free rims also grew around the "snowball”
garnets (Fig,86), 3Static recrystallization has also

been important in the Kanmantoo Group rocks, It

appears to have contiaued over a considerable period

of time as several stages of crystal growth can be
recognised, Andalusite first crystallized in the

pelitic rocks as skeletal, post tectenic porphyroblasts,
A subsequent rise in temperature instigated the
crystallization of sillimantite, and andalusite disappeared
trom most rocks. Later, muscovite and garnet grew, both
engulfing and digestimg the earlier formed matrix (Fig.63).
In some rocks, & final phass of recrystalliszation took
place, with the resultant formatien of sillimanite and
potash fsldspar frem muscovite,

Ba

Although the B deformation is not recognimed in the
Kanmantoo Group recks, it is recorded in many of the
Adelaide Supergreup recks, During this phase 81 was trans-
posed parilially or completaly into a new foliation {eren~
ulation cleavage 33) and pre Bz sillimanite and garunet
underwsnt rigid body rotatien. Presumably the micas

orionted parallel to S,, underwent recrystaliization

during this phase,

During this phase extensive mimotic crystallization

transformed the garnet and muscovite schiasts deformed by



FIG.65.
Photomicrograph of large muscovite
porphyroblagt engulfing biotite-quarts
matrix. Note needles of sillimanite
within porphyroblast, Location 980 266,

Spac s No » A200-823A. X 100.

FIG,66.
Phntbmicrograph of gamet showing syn-
tectonic core with S shaped inclusions
and thin post tectonic rim Location



FI1G. 65.

F1G.66.
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By movements into gneisses {c.f. Paost Fy phase in the
Meine Rocks, Johnson,1963, p.128), In the post mimetic
stage, tourmaline and mors rarely fibrolite crystallized

within or athwart Sa,

Crystal growth syntectonic to Ba,

Crystallization continued during the tinal phase of
folding, resulting in the growth of biotite and muscovite
parallel to S3 or B3 in the quartzo-feldspathic schists
of the Kammantoo Group. Fost By muscovite porphyreblasts
wers erinkled during this phase, A second generation eof
quartz~feldspar veinas formad parallel to 33 ia the mig-
matites and veins formed during the first deformation
wore folded,

A secend cremulation cleavage (S3) developed in the
schists of the Adelaide Supergroup. Refolding of 8; and
S; amd rigid body rotation of the ®gmowball™ garnets took
place,

Crystal growth post tectenic to .

Is the eastern part of the area, that is, in the
Kanmantoco Group rocks metamorphism remained at its peak.
Diopside aggregates and biotits grew mimetieally on Bg
folds., Quartz~feldspar pods and veins discordant te 3,
81, and 84 orTjoint planes, developed in the mnigmatite
zone, Veins formed or folded prior to this phases were

recrystallized.
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Post tectonic erystallization however, has not always
tollowed the Bz deformation in the Adelaide Supergroup
rocks, as mschanical deformatien of crystals that grew
in the earlier phasss, is quits comwon, There are never-
theless, many specimons which are cempletely strain free
and post mimetic growth of tourmaline has oceuq&d in most
rocks.,

Canclualon.

Crystallisation in the metamerphic rocks of the Pewsey
Vale area commenced hefore the first deformation, The main
episodes of erystallization in the Kammantoo Group rocks teok
place during and after the firat and sscond deformatioans.,
In the Adelaide Supergroup rocks the main phase of orystall-
ization conmenced during the first deformation and continued
antil after the second deformation, During and subseguent
to the third phase of folding the 1qtensity of crystallization
waned,
PEIROFAERICS .
datxoduction.

The preferred orientation of guarts, ccnpolltJ and biotite
in rocks from the Adelaide Supergreup and Kanmantoo Greup has
been studied, The significance of the patterns is discussed
and the diagrams are compared with those ebtained by other

authers from rocks elsewhere in the Mt.Lefty Ranges,

1 See Appendix 4 for scapolite petrofabrics.
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The preferred orientation of the [0001] axes of quartz in
8 spoeinonsl of quartzite is shown in Fige 67 ¢« All sections
examined were cut appreoximately perpendicular te By (where
present) or to bedding 3, Measurenent of sections parallel
to By in three specimens €114,126-4,721) Lndicatogtiﬁo fabrie
was hounogeneous. Where possible 200 or more grains were
recorded from each qpacinnn.zk Planes of symmetry M1,M2 and
M2 were drawn on 21l diagrams,

The characteristics of the patterns may be summarised as

follows:

{1) All samplec¢ show partial or complete cross
girdles.( OKi girdles),

{2) A partial peripheral girdle is devsloped in
specimen A200-222.

(3) The symsetry axis m) - My is never coinmcident with By
(4) The preferrsd orientation is tndependent of 3,

(5) If S is disregardead, most diagranms apart from A200-114
and A200~222 show near srthorhembic symmetry L - 1% N

with the moneclinic syametry shown ox a meso and
macro scale),

{6) The patterns obtained from nen-linested and lineated

specimens are the same,

1., For a gengral description of the Adelaide Supergroup
quartzites see Chapter 8 and for descriptions of individual
quartzites see Appendix 8.

2. The extreme cearse grain size in 299 and 721 prevsnted the
measurement of the required number of grains.



FIG.67.
Quartz data for the Adelaide Supergroup
quartzites, Specimen numbers are placed
at the top left hand comer and the number
of [0001} axes of quartz measured at the
top of each diagram.
Spec, Nos.A200~-222, 2894, 326, 329, Al26-)4:
l-2«3~-4 p.c. per 1 p.c. area.
Spec. No,A200~721: l1l-3-5-7 p.c. per
1l p.c. area.
Spec, Nos,A200-299, 114: l-2-3-5 p.c. per
1l p.ec. ares.

Location co-ordinates are given in Appendix 4,
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QUARTZ PETROFABRIC DIAGRAMS.

4 1264
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Spec.No. my
114

721

328

222

Ar28-4

289

329

289

TABLE 27,

By

229

43°

14°

43°

By

3 m,
22°
29°
23°
100
16°
11°
23°

229
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The preferred orientation shown by these specimens is
similar to that obtained by Kieeman(1954) who studied the
fabrie of the Adelaide Supergroup quartzites from diffoerent
regions in the Mt Lofty Ranges. Talbot {1962) however,
found no preferred orientation im quarizites of the Mt .Bera
region, This lack eof preferred orientation is possibly due
to the fact that deformation has noet been as penetrative in

the Mt .Bera region as in other parts of the Mt . Lofty Ranges,

In order to study the quartz fabrie in more detail and
to determine the significance; if any, of thlfOKI]girdlas,
A.V.A. (Ramsauer,1941; Sander,1050) diagrams were prepared
trom specimen Al26-4l1, The procedure adopted for the analysis
i3 similay to that outlined by Weiss (1954). Fig.69 shows
partial diagrams of the distribution of [0001] axks for four
subareas and Figs,70A and 71A are photographs of sections
perpandicular and parallel te By, Figs.69e,7, 70B and
71B ars the orisntaion symbols and orientation diagrams for
the two sections,

Examination of the subarea diagranms {Fig.69) shows that
although the fabric overall is quite homogsneous, the maxima
iw each subarea diagram are at different positions. The
orientation diagrams indicate that the grains are not
spatially related to S-planes, but oeccur in domains, Such
a fabric has “"direction homogeneity”, {Ramsauer,1941), Weias

(1954) ebtained similar AV.A, results from quartzites

1. Specimen kindly lent by Dr, AW, Kloeman
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e Xey to orientation symbole in Fig.?lB.ZAZbOU&ues
f " " 1% " " " 708. 504 “ .
abecdPartial diagrams for [0001]\ axes

measured in section perpendicular to Bj.
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Partial diagrams.
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rhote micrographk of Al26-4, %16

Section perpendicular to ).

¥iG.70B

feVaiie trmee of & {(Key in Fig.069).



~Perpendicular to B,

FIG.70B.

FIG.70A



FIG.71A
Photomicrograph of Al26-4, X22

Section parallel to By,

FIG.71B

A.V.A. trace of A (Key fig.69)



FIGTIA

Paralle! to 8,

FIG7IB .




122.

exhibiting creas-girdle patterns,

flomogenslity of the quartz fabvries for the whols area.

Toteast the degree of homogeneity in the quartz fabric
throughout the whole arsa, the m; - my, my =~ B3, and My . gy,
intersections and the main maxima from each diagram have
bean geographically re-oriented (Fig.62), It can be seen
that the maxima and the symmetry plane intersections have

ne real homogeneisy (e.f., Christie, 1963, p.402):. The By

axis and m3~me intersection of each apecimenare plotted in
Fige.68; this diagram shows that both axes are distributed
along & girdle,

Riscnssion.

Three important features arise from this investigation,
Firatly, By is net zoincident with m3 - m; interssctions.
Secondly, the patterns obtained frem the non-lineated and
lineated specimens are the same, and thirdly, the gquartz
fabric olements are distributed approximately in the same
great circle as By (Fig.88). The first twa observations
suggest to the author that the quarts fabric was iaprinted
afteor the sacroscopic fabric had been formed and that the
preferred orientation developed during a phass of penetrative
movement by recrystallization in a.siress modium (c.2, Christie
1963), T:ie third feature suggests that the quartz fabric
elements were rotated during the By deformation (see p.!13
Zor the discussion on the distribution of By axes), but

were not recrystallized during this phase.



CEOCRAPHICAL DISTRIBUTION OF SYMMETRY PLANES B,
LINEATIONS AND MAXIMA  FROM QUARTZ PETROFABRIC
DIACRAMS.
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Kannmantoo Group.

The [0001]oriantat1on of quartz and [001] of biotite in
several quartzo~feldspathic schiasts have beeun determined
{Fig.72).

Biotite.

The main features in the biotite diagrams are:

€1) In most diagrams there is a single, strong maximum
(A200~423, 292, 584); in others a partial (A200~27,29)
or complete girdle about the lineation {(Bi in A200-
4232, Bg im A200-25),

(2) The biotites may be oriented parallel to S (A200~
584, 425), 83 (4200~422,27) or 33 (A200-29),

The biotite fabries thus give microscepic evidence of
the formation eof two deformational S planes (33 and S3)
and lineations By and Bg.
) .

The features present in the quartz orientation diagrams
are:

¢{1) Some specimens show partial peripheral girdles

(56@1,432,37} and others cleft girdles 425,209,483

c.?, Adeiaide Supergroup guartzites., The girdle
axes are coincident with the linsation.

(2} Some specimens show a strong preferred orisntation
(..80 584,§22 ’.

(3) All diagrams show menoclinic symmetry €1f the
preferred orientation of bitotite is ignored,

1. A ceniral maximum of gquartz {1010] axes in 584 has also
been recognised in X-ray texture goniomater patterns
(Analysis kindly performed by Mr.P.Williams,Univ,Sydney)



FIG.72
Quartz and biotite data for Kanmantoo Group
rocks. The specimen numbers are given at
the top left hand comer and the number of
[booi} axes of quartz (Q) and [001} axes
of biotite (B) at the top right hand comer,

A200-584 Location 997 237

" 425 " 977 258
N 29 " o84 178
b 27 " 978 184
v 422 " 976 260

" 48 " 977 174
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PE TROFABRIC DIAGRAMS

B/IOTITE QUARTZ

CONTOURS 159, per I/larea CONTOURS (234 per l/area 20
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Digcusgion.

Quartz petrofabric studies by Klseman (1954) and Mills
(1964) and Hobhs and Talbot (in press) have shown that there
is no significant orientation in the Kanmantoo Group rocks
in the eastern Mt,Lofty Ranges, However, Chinner (1935)
has obtained diagrams from the Tanunda Creek Gneiss and the
quartzites unorth of Mt ,Kitchener which are similar to those of
specimens A200~-584 and 422 {(i.e¢. they show partial peripheral
girdles and a strong preferred orientation),

The possible reasons for the development of a sirong
quartz fabric in the Pewsey Tale region and the adjacent
Tanunda Hills fChinner, op.cit.) ars 3

{1) The rocks contain less 1npurit1%; {e.g. mica,feldspar) /;

which might 1shibit quarts orientation (Weiss ,1959a)

(2) This region has been subjected to strenger penetrative

movements.

The first explanation is less likely as the rocks examined
by Mills (op.cit.) and Kleeman (op.cit.) are mineralogically
similay to thoss in thu Pewsey Vale region. Evidence for the
second explanation i= suggested by the regascopic and
microscopic fesatures in the specimens showing the strongest
prefarred orientation viz. & Lineation defined hy alongate
augen of quartz and feldspar or a quartz ribbing in hand
speacimen, and clongate guartsz parallel to the foliation in

sections perpendicular %o the lineation in thin section.
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The rocks appear on this evidence to have baen intensely
deforned (1.0, the novenents consigted mainly of axtal flow
of the vook mass paralliel to the lineation «Weiss et al,1958),
FAULTING.

Two major north=seuth trending faults oeccur within the
Pewsey Vale area, one separating the Adeleide Supergroup rocks
from thosze of ths Kanmantoo Group, the othar dﬁk-cting the
roecks on the eastern sids of Mt Kitehener (Plate 3)., The
former is the northward oxtension of the Najirne Fault (Sprigg
and Campane ,1951) and the latter is considered by Thomson
(pers.comm,) to be the Bremer Fault {White,1836). A third
smaller fault occurs on the western side of Mt Kitchener,
Lineanents (approximately sast-west) on the aeiial photographs
suggest that there are other zmall faults Iin the zrez,

Ihe Nairpe Fanlt.

The contact of the Nairne Fault is nover exposed, but
in some areas ths position of the fault e¢an be locatad teo
twithin 80 te 100 Zest. Breceia has been oshserved at only
ane locnlity (965434), Brecciated slbitite cemented with
specular hematite has beer ncted at location 874264, but
this is some disiance from the fault zone,

A wide variety of rock types are developed within ox
adjacent to the fault zone in the northera part of the
aree; these tnclude pyrite bearing albitites, coarse talc
and gquartz albitites, "sysnites®, calcite and tremolite

rock, dolerite and a small tale bedy. Within this tale
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body thsre are numsrous fragments of siderite~tale rock,
caleite~tale rock and albitite.

In thin szetion the albitites are mineralogically
similar to those ocutcropping elsewhere in the area
{Chapter 10) but are commonly more highly deformed,
Albite shows kink bands, fractures and displaced twin
lamelilas, and guartz strong demain extinction and
ubiquitous healed fractures. Spall unstrained mosaics
of quarts, albite and, more rarely, chlorite "heal"
fyractures in the deformad albite Iin some specimens,
However, not all albitites in the fault zone are deformed,

suggesting that faulting ceased prioy to the last phase

of albitization,

Ox the eastern amd western sides of Mi,Kitchener,
sporadie outcrops of coarse calc~silicate rock often
with angular fragments &£ quartzite, delineate the faults
in the Kasmantoso Uroup rocks. These calc-asilicate rocks
have an essentially linear strike in areas of strong
relief, suggesting that the atiitude of the faults 1=
approxinmately vertical, Albitites and less commonly small
plugs of dolerite are associated with these rocks. The
small fault om the western side of #Mt, Kitchenosr can be
traced for more than i mile before disappearing inte

albitite at location 974272, The fault on the sastern
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gide of Mt.Kitchener (The Bremer Fault) can be traced
for a distance of 4 miles hefors mecting a large albitite
body just north of the keel of the Tanunda Creek Gneiss,
There is no field evidence for the existence of this
fault further south, Mapping by Antmanis {pers.comm.)
on the adjacent Cambrai Sheet and by the author, suggests
that this fault represents the sheared off limb of the
anticline in the Mt.Kitchener region and that it is a
high angle thrust fault with the down~throw side to the
west.

In thin section the fault zone calc—silicate rocks
whow 5 wide varisty of textures and are extremely variable
in giaim gsize. Thay contain minerals of the same grade
as the adjacent cale~silicate recks viz, diopside,
actinolite, scapolite and sphanﬂ,‘nugges%ing that faulting
took place either prior to or during metamorphism. Many
of thz recks have been deformed by a subseguent phase
of faulting resulting in the straining and replacement
of large scapolite crystals by small zoned polygonal
aggregates of scapolite, and the development of deformation
l1amellae in diopside (e.g. A200-342). Soda metasomatisnm
appears toc have occured after this faulting as unstrained
aibite is ubiquitous in many specimens. Howaver, in
somé specimens the albitse is strained suggesting that =

further, and probably final, phase of faulting teck place,
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Thus, the evidence in the rocks of the fault zones
suggest that faulting occcurred periocdically over a
considerable period of time and that metasomatism was

active during these movemants,
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APPENDIX 3.

Chemical analyses! of co-existing feldspars.
2lagioclases.
Chenical analvaeg (K,0, Nay0, CaO in weight percent: Ba,Sr, Rb

in pepenms,)

Sample number K20 R.zo CaO Ba Sr Rb
A200/423 0.22 7.59 2.47 138 318 -
A200/871A O34 9.39 2,89 221 431 -
A200/561 0,30 8,48 2,27 191 501 -
A200/670B 0.26 9.21 3,01 200 624 -
A200/27 0.32 6.93 1.86 221 421 -
A200/124A O.1% 6.06 5,69 183 440 -
A200/887A 0.4€ 9.51 2,13 165 254 7e4

Calculated tkoor.tfcal.!cldag&r components (wcight percent).
k RpF

Sample number Or

A200/423
A200/871A
A200/561
A200/670B
A200/27
A200/124A
A200/887A

1.3000
2.,0003
1.7811
1.,83865
1.,8911
0,7683
2.,7188

Ab

84,2251
79.4563
80,2179
77.6333
58,6403
81,2785
80,4717

An

12,2539
14.3376
11.2817
14,9329

9.2276
28.2287
10,5820

BaF

0.,0378
00,0804
0,0822
00,0800
00,0804
00,0446
0.,0450

SeF

00,1171
0.1602
60,1863
0.2320
0.1565
00,1635
00,0044

[N I I

Total

77.9337
26,0238
93,4702
94,0946
69,9759
80,4835

0028 93,9144

Sample number Or

A200/423
A200/871A
A200/561
A200/870B
A200/27
A200/124A
A200/387A

1.5882
1.,9917
1,8222
1.854850
2.8713
0.,9747
2,7504

Ab

83,2791
83,8078
8811330
83.1869
g4,3229
88,0803
86.4207

An

14,9767
14,2203
11,8623
15,0238
12,8529
33,7885
10,7114

BeF

00,0240
0,0445
0,0401
00,0448
2,0809
00,0384
0,033¢

S»F

00,1222
0,1357
G.1648
0.,1993
00,1818
0,167}
00,0815

RoF

LI 2 I A

« 0024

1. Chemical analyses by D.Virgo (Zeology Dept., University of
Adelaide),
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K=feldapaxs.
Chenical analvses(X,0, Nay0,Cal in weight percent: Ba,Sr,Rb in
v Popoﬂ.c)
Sample number K,0 Na,0 Ca® Ba Sr Rb
A200/423 14.48 1,13 0,12 4760 are 321
Az200/371A 15.75 0.80 0.05 8098 440 252
A200/5281 15.92 1.14 0.07 7697 524 287
A200/670B 15,05 0,87 C.08 11108 569 237
A200/27 15,08 1.12 0,10 10417 520 247
A200/124A 13,84  1.47 0.08 B7e3: 454 199
A200/887A 15.08 0,98 0,05 3703 224 213

Sample number

A200/423
A200/871A
A200/561
A200/670B
A200/27
A200/124A
A200/887A

Oz
85,8724
93,0778
88,7637
88,9410
88,9410
81,7607
86,1774

Ab
9,.5818
7.8156
9.84865
7.3448
9.4772

12,4050
8,3180

An
0.8102
0.2381
0.35872
00,2481
0.4961
C,3721
00,2481

BaPF

1.3012
1.6862
2.1041
3,0289
2.8477
2.8331
1.,0123

BaF

0.,93898
1.2013
1.5422
2.2578
2.0734
2.0186
0.7572

S»F
00,1398
0.1636
00,1848
09,2115
01843
0.1889

00,0833

Se¥

0.1224
0.1359
0.,10645
00,1816
0,1621
0.1479
0.,0718

Quartze-feldspathic schist
”w L ]

Sample number Op Ab An
A200/423 87.7488 10,4073 00,6239
A200/871A 90.4931 7.8588 00,2317
Az00/561 87,7286 10,1197 0.3532
A200/670B 89,3935 7.8354 00,2498
A200/27 87.3230 9,.,8763 0.4873
A200/124A 83,8784 13,3078 0,3818
A200/887A 89,9439 8,9049 00,2502
Sarple nusbex Rock ivne
A200/423 Migmatite
AZoo/871A "
A200/561 ]
A200/670B

A200/27

A200/124A

A200/887A

"

Pelitic Sechiat
"

"

RoF Total
0.1218 . 97.3073
00,0957 102.8570
0.1090 101,1753
00,0803 99,3647
0,232 102 ,0492
00,0756 87.4353
00,0802 03,9191

ant.)

RbF

0.1070
00,0798
0,0024
0.0778
60,0789
0.08685
00,0603
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APPENDIX 2.

Muscovite ceothermometry and comparison of
muscovite compositions detaermined by X-vray

m %2 ; BN

The muscovite =~ paragonite solvus was first tentatively
published by Eugster and Yoder (1955) and applied later as a
geaothersometer by Grootemaart and Holland €1958), Engel and
Engel (1938), Laabert (19390) and Mason (1962). Although
Grootemaart and Holland (op.cit.) successfully appliad this
geothermometer to momed pegmatites, Lambert (op.cit.) obtained
unsatisfactory results from mica schists., Both Engel and Engel,
{op.cit,) and Mason (op.cit.) regarded their results with
caution and pointed out that as plagioclase coexisted with mus-
covite in theiy rocks, the tempsratures obtained were minimal,

The muscovite - parageonite system was again examined by
Nichel and Roy (19683) at temperatures greater tham 400°C and
pressures above 1 Kilobar. The important features arising from
this work were that at tempsratures less than 82350(0:-

€1) The lattice parameters of muscovite wers virtually

uachanged despite solid solution of as much as 20
percent paragonite.

{2) Only a small percentage of Na+ was replaced by K+
in paragonite,

{(3) No experimental evidence could be found for a marked
tempsrature (or pressure) dependence of the crystalline
solubility as claimed by Eugster and Yeder.

However, Radeslovich (1863) in his examination cf the

muscovite structure expected Na to ba tolerated in the muscovite

lattice with increasing temparature.
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Finally, Zen and Albee (1964) in thair study of the
lattice parameters and chemical composition of naturally
occurring muscovites and parvagonites, predicted an asymmetrical
solvus, instead of the symmetrical one proposed by Eugster and
Yoder €op.cit.). Hence, in almost a decade most aspscts of
muscovite ~ paragonite relationships have been examined.

Four muscovites have been chemically analysed for Na,O and
K50 to obtain possible temperatures of crystallization from
the muscovite - paragonite solvus, Thelr compositions have
alsc been determined by X-ray diffractometry.

Experimental VWork.

One metamorphic segregation, two igneous pegmatites and
onz bimica schist were crushed and pure muscovite obtained by
hand picking, heavy liquids and magnetic separation,

() Chemnical Analyals.
K;0 and Naz0 have boen determined with an Eel Flame
photometer and the results, calculated in terms of mol
percent muscovite, are given in Table 1,

(b) Dittraclomater Measurements.
The (006) and (0010) planes of muscovite were maasured
using silicom €111) and (220«)) reflections as internal
standards, Scanning speed and slit width were chosen such
that the messurements showed good reproducibility (4£0,003).
The appropriate 20 region was scanned six times and dggg

ecalculated (Table 1), The composition of the muscovites



{v)
were determined Ly usimng the recent dooz values of
synthetic muscovite and paragonite gquotad by Zan
and Albeo (op.cit.), assuming 4502 changes linearly
with composition (Table 1),

Discusaion.

The mol percent paragonite in muscovite determined from
X»ray analysis is lower than that obtained from chemical
analysis (Table 1). The "synthetic” curve should therefore
not be used for maturally occurring suscovitaes, If lattice
parameters are to be empleyed as a method for determination
of composition, then it is nocessary to use a curve censtructed
from natural nmuscovites,such as that figured by Zan and
Albee ,{op.cit.p.917). This regression curve is plotted in
Fig.l as a dashed line and is compared with the synthetic
curve (full linej). Un the same diagran in terms of mol percent
paragonite, are plotted 17 more amalyses €16 partial analyses,
1 full analysis) of muscovites for which the X-ray parameters
are knows ¢Table 1), The spread shown by these points is
discouraging and it is possible that other slements within the
lattice such as Fe2t, TFed+ Mg2% o¢te. may have a definite affect
upon lattice parameters. Thus the "natural” curve will only
provides an approximate muscovite composition,

The temperaturss obtained frem ths gecthermometer for the
four specimens are contradiectory. For axample, similar tempsr~
aturss of erystallization should be recorded by the metamorphie

segregation (A200~17) and the bimica schist (A200-87A) as both
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have formed at the same grade of metamorphism, However, 87A

containg more paragonite than 17 and therefore appears to have
formed at higher temperatures, In 27A abundant muscovite is

agsociated with minor amounts of biotite and plagioclase, and
in 17, plagioclase and potash feldspar are present in greater
quantities than muscovite. Thus 1% appsars that in 17, the

higher number and proportionm of coexisting Nat* bearing phases,
has limited the amount of Na¥ available to go into the musco-

vite lattice.
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APPENDIX a2,
TABLE 1.
R Y
. C ;
Spec.Noa. Rock Type d4¢002) °§§§:;*1§§¢§f1$ ¥§§§311t°
441 Pogmatite 9,994 88 90.9 4200
17 Seregntion 9.992 879 92,3 400°
2384 Paguatite 9,982 85,8 80,7 430°
18 Quar¢ze~teldspathic
sohist 9.986 se6 -
368 Bimica schist 8.882 88
87A " kd 9,981 83 88,0 5100
P, Siade? Granite 9.987 36,5 93,7
samnples
(pers.comm,) - 6,008 89 22.3
Lo » 9.08¢6 86 94,0
b b o.098 89 22.0
b " 9.0068 89 4,8
L] 5., 10,001 20 23.3
hd " 10,003 80 96,2
Radoslovich(1i960) n 10.049 ) 100 94.2
{pors.comm.) - 0,648 2.5 i5.1
” " 9,908 87 4.9
Skinner{19890) Andal~Kyn.schist 9.940 75 85,0
Pl‘s o=KF s 9.954 79 92,0
Barker (1965) Ab pegmatite 9,980 as 81.0

1. Temperature datormined from muscevite geotharmoneter uaing
chomical data,
2. Geology Dept., University of Adelaide.

Barker, D.3., 1965,
Alkalic rocks at Litohfield, Maine.

J. Patrology & : 1v27

Radoslovich, E.W,, 1860,
The structure of muscovite KA1, (31341 )0, o€0H),
Acta Cryst. 13 9019

Skinner, B.J., 1038,

The Geslogy and metamorphiasm of the Nairne Pyritic
Formation, a sedimentary sulfide deposit in Seuth
Australia,

Econ. G‘Glﬁo & : 546-362,




Regression curve between

(002)20 spacings and compositions of analysed muscovites and

paragonites.
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* Slade (pers. comm)
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APPENDIX 13,

Co:garison of plagioclase compesitions determined
by optical, X-ray and chemical techniques.

latxroductlon.

The composition of several plagiloclases from metamorphic

rocks, albitites and igneous pegmatites have been determined
by X~ray and Universal 3tage techriques, using the X-ray curves
of Smith (1956) and the migration curves of Emmons (1939) and
Vogel (196840, Seven of these plagioclases have been analysed
wet chemically and X-ray spectrographically by Mr, D, Virge
(Geology Dept., University ef Adelaide) and are listed in
Table 2.

Experimental msthods.

The regions 20(111)-20(1I1) and 20(131)-20(131) have been
gcanned six times, Tic slit width and scanning speed were
adjusted so that the measurements showed zood reproducibility.
Tables 1 and 2 list the results of the optical and X-ray
determinations.

Discussion.

It can be seen that the compositions ef the plagioclases
determined eptically, are in closer agreenent with the chemical
compositions than those determined by X-ray techniques {Table 2)
In addition the anorthite content of the plagioclases found
by X~ray methods is higher tham in the chemically analysed

plagicelasas,
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In the determination of plagioclase compositions from
X-ray parameters, it was assumed that the plagioclases were
in a low tamperature thermal state. If the X-ray parameters
and chemical composition of the plagioclases are plotted
on 3Smith's (op.cit.) curves, all points appear abeye the low
tenperature curves, thus explaining the discrepancy between
the X~ray and chemically determincd compositions., It would
appear then, that the composition of plagioclases cannet be
determined satisfactorily by X-ray means uniess the structural
state 1s known (c.f. Smith and Gay,1958), The Universal Stage
method appears to previde a more accurate determination of
plagioclase compositions than the X-ray method, In this
techrique a knowledge of the structural state is net necessary
for the determination of the composition of the plagioclase,
It would appear therefore that the Universal Stage method

is supsrior to the X~ray mathod,



192
615
432
239A
313A
287
441
124A
17
4862
423
881
27
670B
871A

APPENDIX 3,

JABLE 1.

X~-ray Pavameters of Plapioclases.

1

0,480
0,538
0,300
0.880
0,503
D.507
0,870 :
off graph
0,568
0.800
0.603
0,582
0,609
0,814
0,615

&

1.5
8.3
4,0
14 .0
4.9
3,0
25,0

12,8

4,0
17.0
14.0
18,0
18.5
18,8

1.100
1,190
1.101
1,302
1.180
1,140
1.483
1.752
1.281
1.140
1,412
1.3390
1,383
1.414
1.400

20€111) - 20€¢111)

An
Wt.%, from 1, Smith (1958),

26(131) - 20£131)

An

Wt.% trom 3, Smith (1958).

{x)



Spec.Ne,

192
815
432
2390A
2587
313A
441+
124A
17
462
423

561
27
870B
871A
887A

X-rayl

Wte% An

1.5
7.5
3.0
13.0
5.0
4,0
25.0
3¢.0
11.5
4,0
17.8

14.0
17.8
18,0
18,0
14,0

APPENDIX 3.
TABLE 2,
Plagioclase Compositions.

Q Chen
Wt .% Ah Wt o%
0.5
5.0
5,0

16,0
4,5
5,0

38,0 35.6
2,0
4,0

15.0 16.0
14.0 12.3
14,0 13,6
14,5 18.0
14.0 15.2
13.0 11.6

i, Average wt. porcent,
+ Plagioclase strained,

{xi)

Rock Tvype.

Albitite
Ig.pag.
Albitite
Ig.p.g-
Ig.peg.
Albitite
Ig.pez.
Pelitic schist
Segregz.
Albitite
Quartzo-
feldapathic
schist,

"”
L

"”

"

"

Pelitic schist
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APPENDIX 4,

Scapolite Petrofahxica.

The orientation of scapolite in a By fold mullion
(A200-322) and a By fold in cale-silicate rocks from the
Adelaide Supergroup and Kanmantoo Group rocks has besn
studied {(Figs.4 and 3)., It can be seen that certain
features are common to wmost diagrams viz. the development
of cleft and peripheral girdles and irregular central maxima,
The scapolite appears to show a weak or random orientation
in all diagrams,

Few studiss of the orientation of scapolite in deformed
rocks have been reported in the literature. The only data
known to the author are that preseanted by Urban (1934),

White €1936) and Wilson (193598). Their studies showed that
scapolite can be oriented in a girdle either perpendiculay
{Wilson, op.eit., Urban, op.cit,) or parallel to wp*l (Urban,
opecite.; White, op.cit.) and that the main maxima corresponds
to "b", White (op.cit.) suggests that the seapolite fabric
is due to the growth of scapolite crystals along lines {a.g2.
bedding~cleavage intersection) or plan-s'o! least resistance,
¥hen there is no plane oxr lineation preseat scapolite forms

a vuandom orientation, He considers that the scapolite

would have form rather than lattice orientation as a result

of thia mechanisn,

1, lineation,
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- FIG. le

Scapolite data for Spec. No.A200-322,

Location 950 237. Wave length of

wullion 1.5 inches (4 cms),

-1

b

262 scapolite "c" axes,

290 " L

25 3 " # L

represents e rotated to position
perpendicular to Bl‘

210 scapolite “c¢" axes, Section
parallel to B3,

963 scapolite "c" sxes,. Section

parsllel to B,.



SCAPOLITE DATA FOR SPEC. 322

CONTOURS 123 per I/area.

FOLD MULLION A.S. CALC-SILICATE.

FIG. 4. Roly




APPENDIX 4
FIG.5
Scapolite data for Spec. No.A200-411.
Location 975 289. Vave length of
fold 2 inches (5 cms).
a 161 scapolite "c¢" axes.,
b 23% " " oo

c 186 8 8 "



SCAPOLITE FABRIC DATA FOR SPEC. 411
CONTOURS 123 per Ilarca

B, FOLD KGr CALC-SILICATE

FIG 5. <0 %5
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The scapolites in specimens A200-322 and 411 have
recrystallized post tectonically since all grains are strain
free and show 120° triple point relationships. The
essentially random orientation of these scapolites presumably
is due to the lack of linear and planar elements in these

rocks,
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APPENDIX 4,

Adelaids Sagargroup.

The [0001j]nxos of quartz wero measured in four bimica
schists (Figse. 2 and 3), Sections cut perpendicular to
lineation or foliation were examinaed and in some specinmens
(A200-450, 368) two mutually perpendicular sectionsl were
studied, A detailed investigation of the quartz orisntation
in the limbs and crest of a micrefold (A200-368) was also
made. The results can be summarized as follows :

(1) All quartz diagrams show well developed cleft
girdles and in some cases, partial =miall circle
givrdles.

(2) The orientation of quartz is the same in
mutually perpendicular ssctions (e.g. A200~450),

(3) The preferred orientation of quartz is different
in the limbs and crest of the microfold of
specimen A200~3868 .

Disgussion. .

The diagrams of specimens A200-450 and 368 from mutually
perpendicular sections, on rotation cannot be correlated with
one another. This indicates that the quartz has no preferred

orientation, The diagrams obtained from 254 and 280 arve

1. 1.0, the second section was cut perpendicular to the firat
and to the foliation S;
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FIG.2.
Quartz data for Spec. No.A200-368,
Location 962 195, The number of
[0001] axes measured is placed at
the top of each diagram.,
[0001] axes measured in section perpendicular to Bg
" " " in second " u LI
" " measured in hinge of microfold,
L " " " L] ] "
" " " 4in southerm limb of microfold.
" " " " northem won N
Section parallel to BB'

Biotite diagram,



FABRIC DATA FOR BIMICA SCHIST 368.

CONTOURS 1234 per / / area




APPENDIX 4
FI1G.3

Quartz data for mica schists A200-25l4,

280 and 450. Locations 952 273, 947 192,

and 962 267. The number of [00011 axes

measured is given at the top of each

diagram,

254a First section perpendicular to S,

2540 Biotite diagram.

254c Second section perpendicular to Sy
(seme orientation as a).

280 Section ulightyoblique to S;.

450a Section perpendicular to S;.

450b

n bl to I50a.



FABRIC DATA FOR AS. BIMICA SCHISTS.

CONTOURS 1234 per //area

254a 406 Q 254b 2008

254c 225

4500 /150 Q

FI1G 3.
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are sinmilay to thosa of 368 and 450, suggesting that quartz
may also be unoriented in these rocks. It is considered
that the "pseudo™ preferred orientation exhibited in the
diagrams is due to the "Schnitteffekt" (i1.s. cut effect;
ses Sander et al., 1954; Jones, 1958), The possible reasons
for the lack of praferred orientation are:
(1) The original syntectonic fabric was destroyed
by post tectonic recrystallization {c.f, Mackie,
1847),
€2) Juartx remained as a passive component during
folding, while the micas responded to deformation.
Probably both of these facters have contributed to the

developnent of thiszx essentially random orientation.
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APPENDIX s,

Description of petrofabric specimens.
Adelaids Supergroup.
Yuartzites.

AZQ0~114. A strongly lineated (B;) weakly foliated

medium grained quarizite. Lineation defined by elongate
tracks of feldspar; quartxz slightly elongate in sections
parallel to By, Looation 942234,

A200-328. A nom foliated quartzits showing a strong
lineation (3;) defined by elongate tracks of feldspar; quartsz
occurs as equidimensional interlocking grains. Location 939206

A200-=222. A weakly foliated medium grained quartzitas,
A faint lineation defined by ridbbing ia present; quartz
aceurs in squidimensional grains with interlocking boundaries,
Location 928172,

A200~299. A non feliated coarse grained quartsite,
A lineation fefined by ribbing or msuzcovite is present;
gquarts occurs in lavge squidimensionel grains with interlocking
boundaries. Location 932199.

A200~289A. A faintly layered, mon lineated coarse
grained guartzite; quartz occurs as large equidimansional
grains with iuwterlocking boundaries enclosing small feldspar

grains. Locatton 243194,

A platy7!1no grained guartziis showing a
faint ribbing (By): quartz occurs as equidimensional inter~

locking grains, Location $36209.
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A coarse grained, platy quartzite showing
strohgly elongate tracks of feldspar parallel teo Blg quartz
slightly elongate in sections parallel to Bj. Location 0843231,
Al28~4. A platy, faintly banded mediuw grained
quartzite showing a faint lineation defined by elongate
tracks of muscovite; quartiz appears to be slightly elongats
in sections parallel and perpendicular te By. Location 935183,
The grain size of quartz varies frox 0.4 to 4.0mm. in
299, 721 and 280, and from 1,4 to 0,1 am, in the remaining

specimens.

50 13 a fine grained biotite achist which contains

small sleletal garnet porphyroblasts, quaxtz, biotite and
minor plagioclase, S1 only is present,

A200-254 is a coarse garnet ~ quartz - plagioclase =~
bRiotite schist containming S2 with minor relic hinges of 31(?).
S2 12 slightiy buckled,

A200-368 is & crenulated fine grain?hinica schist,

with microfolds oriented parallel to Ba. Crenulation cleavage

is not present,

A poorly foliated (8) fine grained quartzo-
feldspathic schist showing a lineation (B1) defined by a

faint ridging. Location 976280,
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A200-48. A slightly foliated (S) quartzo~feldapathic
schist showing & small quartz~feidspar vein parallel to S,
No lineation is present. Location 977 174,

A200-425. A fine grained faintly bhanded {S) biotite
poor quartzo~feldspathic schist. No limeation is present.
Location g973ss,

A200-584. A fine grained,non foliated,quartze~feldspathic
schist showing small porphyroblasts of feldspar. A well
defined bictite lineation {(B) is present. Location 997237,

A200~29. A foliated (3?) quartzo~feldspathic schist
{meta-greywacke variant) showing a well defined biotite
lineation (Bg). Locatiorn ¢g4173,

4200=27. A fine graimed, biotite poor, foliated (S)
quartzo~feldspathic schist, A faint lineation defined by
biotite is present. Location 9781384,

Quartz sccurs in all specimens interstitial to feldspar.
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APPENDIX G

All measurements were carried out on a Leitz 5 axis
Universal Stage mounted eon a Leitz Dialux Pol micrescope,
using standard UM 2, 32 and UMK 32, 50 objectives and a
hemigsphere of R.I. = 1,544 combined with a central plate of
R.I. = 1,52, After the mineral had been oriented correctly
with the use of am Nakamura plate {(Vogel,19640 readings were
taken, the number depending upon the amount of variation
shown by the mineral, Both comnoscopic and erthoscopic techniques
have been used. Values of 2H were converted to 2V in a manner
described by Emmons (1939)., Errors were minimised as much as
pessible, by using low angles of tilt ef the universal stage,
diaphrams at correct settings, segments and central plates
with similar B.I. etc, (ses Wyllie,1939; Munre,1963), Most

2V values given are believed te be repreducible to + 20,

Retractive Indox Maasuxemenis.
The refractive indices have been determined by oil immersion

using sodium light and are considered to bs reproducible to

+ 0,001,

The n, values of scapolite have been meoasured in sodium

1ight and their composition determined from the following
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regression curve:

No = 1.,5333 + 0,0007402 p.c. meionite.
This curve has besn constructed from the data of Shaw (1960,
Tables 61 and 7). The author has found that results obtained
from this curve are comparable with those determined Zrom
Shavw's mean refractive curve viz,
B, = 1.53468 + 0,0003807 p.c. meionite.
The compositions of several scapolites were detormined

from the X~ray curve «f Burley et al,.,(1961), but the results

proved to be unsatisfactery.

1, Nupmbers 11,12,17,18,19 have not been used in the calculation
of this regression curve, Numbers 11,17 and 18 have unusual
features of composition, and 12 and 12 are suspected of
erroneous determinations or typography (Shaw,1960, p.253),





