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sutluARY

The Encounter Bay Granites are essentially pre-tectonic bíot-ite
granites that have intruded Kanm¿l,ntoo Group metasedimentary rocks i-lt the

Encounter Bay area of Fleurieu Peninsula and at Cape ltlilloughby on

Kangaroo Island. The granites are broadly concordant with bedding in
the metase<limentary rocks, but in detail the contact between the gran*

ites and the metasedj.¡nentary ro.cks is sharp

'l'he type section of the Kanmantoo Group occtrrs a.l-ong the south'-

ern coastl.jne of Fleurieu Peninsula and extends into the Encounter Bay

area, In the uiestern part of the type section, the Kanmantoo Group,

whlch includes metasandstones ancl metasiltstones, phyl1j'ces and

carbonate-rich rnetasedirients, conformably overlies fossiliferous Lower

Canbrian metasediments and is therefore regarded as Cambrian in age.

East of this boundaty, the Kanrnantoo Group stratigraphic sequence

extends without unconformif-y into the Encounter Bay area ancl is relat-
ively straight-forwa::d, despíte the andalusite-grade metanorphism a-nd

the occurrence of folds.
Two phasc+s of folding are recognised in Karunantoo Lìroup tnetÍJ-

sedímentary roc.ks in the type section. First generatíon fol<1s are of
regional significance and have axial planes defined by a penetrative

nica schistosity. Second generation folds are well develor¡ed only in
the eastern part of the type section and have axial planes defined by

a crenul-ation cleavage. The narginal. phase of the Encounter Bay

Gr¿nites in the Encounter Bay area was defonnecl during the first phase

of folding and contains a rveil rJeveloped 51 schistosity. Lov¡ pressure-

interrnediate Eype metarnorplijsm conunencecl at abotit the tine of entplace-

ment of the Encol-rnter Bay Granítes.

The rnajor varj.et¡'of the Encounter î)ay Granites is a mediun to
coarse grairred negaclystic granite which can be subdivided into a border

facies and an inner facies on the basis of texture and xenolitir pop-

ulation. Other gralite types are subordinate j.n areal extent, and

include uncontaminated nediurn graineC granite-s, leucogranj-t-es and

aplites, and hybrid granites which are -regarded as partly assinilated
netasediinentaly rc¡ck xerroliths. All graníte .,.arietie.s contain a

distinctive opalescent blue quartz.

Fe/(Fe+Ilg) ratios for bjotites in the granites are sensj-tive to

co:npositíona1 chairges due to contájitin¿ltion tr,ith netasedírnenta;:y rock.



The preservation of orthoclase in the cores of potash feldspar

megacïysts in the border facies negacrystic granite, and the enrichment

of Ba in the cores relative to the margins, is taken in conjunction with

field and petrographic observations as evidence for the early crystal-
lisation of the megacrysts. The conpositions of coexisting potash

feldspar and plagioclase megaclysts in the negacrystic granites are

generally consistent with equílibriun crystallisation.
Chemícal analyses of the Encounter Bay Granites define a

conspicuous contamination trend of the type described by urany authors

as the result of differentiation. Normative An, Ab and 0r ratios for

the gra-nites suggest that potash feldspar was the first phase to

crystallise in a liquid of the compositíon assuned for the parental

magma. Subsequent contaminatíon with netasedimentary rock displaced

the composition of the parental magma into either the plagioclase fj-eld

or the quartz field of the Q-An-Ab-0r-H20 system so that quartz and two

feldspars v¡eïe clystallising at the time of enplacernent of the mega-

crystic glanites.
0n the basis of Rb-Sr isotope dilution'data, the Ëncounter Bay

Granites were emplaced between 523m.y. and 531m.y. ago at the onset of

rnetanorphísn ín the Kanmantoo Group metasedinentary rocks. Both Rb-Sr

and K-Ar data suggest that the metanorphic conditions dj.d not wane urrtil
about 47On.y. ago.

Contamination of the border facies megacrystic granite ís
evident from ínitial SrBT ¡5y86 ratios. On the other hand, tlte uncon-

taminated granites have a high initial Sr87/5186 ratio (0.711) which is
used as a basis for discussion of the origin of the Encounter Bay

Granites



PREFACE

nEncounter Bay Granites'r is the formal collective nane herein

given to the Lower Palaeozoic granites tlìat crop out in the Encounter

Bay area on the southern coast of Fleurieu Peninsula, approximately

SOkm south of Adelaide, and at Cape l\'illottgtrby on the eastern end of

Kangaroo Is1and, Soutl-r Australia (Figures 1 and 2). Although the tvr¡'o

areas are more than 501'¡:r aparL, the granites belong to the same suite,

and nay forrn part of the same intrusive nass. The granítes have in-

truded a sequence of metasedimentary rocks which can be demonstrated to

be of Cambrian age, and is klown as the Kari:nantoo Group

This thesis is concerned u¡ith the nature and field relati-onships

of the several granite types that make up the Enconnter Bay Granites,

and with the stratigraphic, structural and netamorphic environment of

the íntrusion as a whole. Parts of tire thesis have been based on the

rdsults of a prelirninary study of the petrology of the granites com-

pleted in 1967I. The field *6¡¡ ariC ihe petrological ancl geochenical

aspects of the present project rllere completecl in the DeparÛnent of

Geology and Míner alogy at the University of Adelaide under the supel'-

vision of Dr. A.W. Kleeman and Dr. ,T.8. Jo¡.es. Irfost of the data con-

cerned wíth the study of the environment of the granites were collected

during joint investigations wíth Dr. B. Daily on the geology of the

Kanmantoo Group2. Electron probe nicroana,lyticaL data lvere obtaineci

using the C.S.I.R.O. Divísion of Soils microanalyser under the super-

vision of Dr. K. Norrish and Dr. T.R. Sweatman. Prelimínary Rb-Sr

isotope data were obtained initially during a joint research project

rvith Dr. E.J. Dasch (a visiting Research Fe11ow in the Departrnent of

Geophysic-. and Geochenístty at the Australian National University) and

Dr. R.W. Nesbitt3. However, the najority of the Rb-Sr data rr'ere

collected under the supervision of Dr. I\1. Compston during a four month

visit to the Department of Geophysics and Geochenistr:y at the Australian

National University.

Il,lilr,es, A.R. (1967). A petrological study of -"he Encounter Bay

Granites. B.Sc. (Hons) thesis, University of Adelaide (unpublíshed).
2Dai1y, B. and lnfilnes, 4.P.. (1971a , L97Ib, I972a, I972b, 1973). See

Appendi-x A.

3Dasch, E.J,, Nfilnes, A.lì. and Nesbj.tt, R.11'. (.I97I). See Appenclix A-
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SECTION 1

INTRODUC'TION

1.1 DISTRTtsUTIOTI OF PALAEOZOrc GRANITES IN SOUTH-EASTERN SOUTH

AUSTRALTA

The Encounter Bay Granites crop out in one of two inter-

secting zones of foliated ancl non-foliated granitic rocks in south-

easteln Soutir Australia and south-i\restern Víctoria. Di-scontinuous

outcrops of granitic rocl<s along 1-ire eastern flank of the Mount Lofty

Ranges fron the south-western tip of Kangaroo Island to the Anabama area

define the western zone, whilst similaï outcl'ops through the lvlurray

Basin area and extending to Dergholm jn south-western Victnria define

the eastcrn zone (Figure 2). The two zones intersect in an area of

high grade metamorphisrn centred around Palmer, approximat'ely 50km east

of Adelaide (Figures 2 anð' 3).

A Lower Palaeozoic age for nany of these granites has been

established in recent yeals as the result of radiollletric age dating

teclrniques (Fander, 1961; Evernden and Richards, 1962; Compston,

Crawforcl and Bofinger, 1966; Itrlirite, Compstorr and Kleernan, L967;

Thorrson, I97O; Dasch, lr{ilnes and Nesbitt, 1971) '

T.2 REGIONAL GEOLOGICAL ET'IV]R ONMENT OF T'HE GRATIITES

The arcuate lr{ount Loft1, Ranges metamorphic belt, which contains

nany of the gratrites, extends from the l\IesteÏn enci of Kangaroo I'sland

to Euduncla, approxinately lOOkm north-east of Adelaide (Figure 2). It

consists of Preca¡nbrian ancl Cambrian rocks, and exhibits a well defined

arrangement of nretamorphic zones (Offler and Fleming, 1968: Figure 3

of this thesi-s). On Fleurieu Pe¡rinsula, the metamorphic rocks on both

the western itncl easteTr'! flanks of tire Ranges are oveilapped by Pennian

and Cainozoir: sediments. TJre: Ranges are a Tertiary to Quaternary

topographic feature that ttas uplifted relative to the a-djacellt areas

along steepl-y rlipping, north-easter-'1y tren<iing norntal and leverse faults

(Thonrson and Hor:witz, 1962; Stuart and von sanden, 1972).

East of the Ranges, discontinuous granite outcrops extending

frorn trfurray Bridge to l(ingstoü Jefine a subsurfa-ce structure knoirn as

the Padtharvay Ridge (crDriscoll, 1960; Ludbrook, 1961), of which there

i-s l jttte geological knowlerige. Thesc granites aTe o'r'erlapped by

caitozoic secinents. Although there are rare outcrops of ¡aet¿rnorphic

rocks, as for example near Tailem Bend and i-n orie 1oc'a1ity south-west

of Keith, they have not been described i1'ì 3ny detail, and thus their



4.

relationships with the granitic rocks ate unknown. Hotvever, the

granite at Dergholm in south-rvesteln \¡ictoria occurs lvithin metamorphic

rocks of the GLenelg River Complex of possible Early Palaeozoic age

(l\'e11s , 1956) .

7,2.I Old.er Protev,ozo'Lc basqnent

Older Proterozoic basement rocks occur as isolatecl inliers
forning the core of the lrlount Lofty Ranges metamorphic belt, and aLe

unconformably overlain by Late Proterozoi-c rocks of the Adelaide Super-

group (Campana, 1958; Thomson, 1969). The inliers ate actually the

cores of regional anticlinal stluctures, in which the western limbs are

overturned and are comnronly dislocated along tl'rrust zones. They consist
of metasedirnentary rocks and metamorphosed igneous rocks that record

the effects of retrograde netanorphísm from the anphibolite facies to
the lower greenschist facies (Forbes, 1957; Talbot, 1963). Accorcling

to Talbot (i963), at least one period of greenschist facies rnetamorphisn

occurred prior to the deposition of the Adelaíde Supergroup sedirnents.

As seen in Figure 1, basement rocks (referred to as I'Archaeanr')

occur spo::adically throughout South Australia. In the pa.st, they have

been grouped as Archaean because they underlie the oldest seclinentar.'y

rocks yet recognised, and exhibit broad petrologic similarities. lloiv-

ever, there is presently no basis for either líthoiogical or

Stratigraphic correlatj.on withj.n this rock group from one area to
another, and there is insufficient radiometric data o:r which to base a

chronology of events.

An Ar:chaean age for the basenent rocks was first proposed bv

Howchin (1906), and t1,e1' have been referred to as such on maps published

by the South Aust:ralian Geological Survey as recently as L962. However,

radionetric age detelmíriations on sarnples collected froin the it{yponga

area (Figure 2) indice-teC K-Ar ages of 390 and 650 m.y. for two biotites,
and a U-Pb age of 520 m.y. for uraninite (Greenhalgh and Jeff::ey, 1959).

Furthernore, Compston, Craivford and Bofinger' (1966) obtaineci ages

betrveen 1500 and approxímately 1700 n.y. for basement rocks coilected
from Y<¡rke Peni.nsula and tc the north ot- tire Anabama area (Figure 1)

on the basis of Rb-Sr data, but also obtained ages of about 850 and

1545 n.y. for two suites of volcani-c rocl<s that unconforrnably overlie
basement in other par-us of South Australía. Cooper and Compston (797I)

suggested an age of 867 m.y. for the amphibolite facies metamorphism

of a suíte of basement rocks from the inlier to the north-east of
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Adelaide on the basis of further Rb-Sr data. Thus ít would appear

that the 01der Preca,mbrian basenìent in these areas is comprised of
rocks of a wide range of ages and/ot geological histories. None of
the ages obtained is older than l{iddle Proterozoic, but several, at
least at face va1ue, record events extending ínto the Late Palaeozoic.

7.2.2 Adelaíde Superqroup

The Adelaide Supergroup consists of a thick succession of
netamorphosed non-fossiliferous sandstones, shales, quartzites, lime-
stones and glacigene sediments that unconfornably overlie the 01der

Proterozoic basement rocks. In the type area, near Adelaide, the
succession attains a thickness of approximately 800Oni (ltlawson and

Sprigg, 1950). The sediments were deposíted in an elongate zone

knorvn as the rrAdelaide Geo-<ync1Í-nerr that extended fron Kangaroo fsla-nd

to the,nortJrern border of South Australia, and was active during Late

Proterozoic and Early Cambrian time (Sprigg , L952).

Adelaide Supergroup metasedirnents are disconformabl¡' overlain
by the earliest Cambrian meta.sedj-ments in the Sellick Hill and Dela:trere

areas on the western side of the 0lcier Proteroz-oic basen¡ent inliers
(Daily, 1963, 1969; Figure 2 of this thesis). To the east of the
inliers, Horwitz, Thomson and Webb (f959) napped an unconformable

boundary between the Adelaide Supergroup metasedirnents and overlying
.netasediments of presumed Cambrian age, including those of the Kanmantoo

Group. However, recent investigations have shown that this boundary is
a fault contact in several localities in the eastern Mount Lofty Ranges.

(Daily and Milnes, I97Ia, 797Ib, I972a) and corresponds to the Nair:ne

Fault originally mapped by Sprígg, IVhittle anC Campana (1951), Campana

(1953) and Sprigg and ltrilson (1954).

On the basis of the disconforrnable boundary between the Adelaide

Supergroup and Lower Cambrian rocl<s in the Sellick Hill and Delamere

areas, the Adelaide Supergroup is generally considered to be of Upper:

Proterozoic age. Rb-Sr radiometríc age clata for volcanic rocks near'

the base of the sequence in the northern Flinders Ra.nges indicate an age

of about 850 m.y., whilst ihe age of petrologically sinilar volcanic
rocks in north-eastern E¡re Peninsula, also associated with rocks of
Adelaide Supergroup type, is about 1345 m.y. (Compston, Crawford and

Bofinger, 19ó6; Thomson, 1966). The relatiollship betrveen the volcanics
in each of tlrese regions is not knoivn with certainty, and therefore the

base of the Adelaide Supergroup there may be as o1d as 1345 rn.y. or as
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young as 850 m.y. However, the 867 m.y. age for the high grade neta-
norphism affecting basement rocks east of Adelaide, prior to the
deposition of the Acielaide Supergroup (Cooper and Conpston, L97L), does

seem to support an uppermost Pr'oterozoic age for its base.

I .2 ,3 Cønbrian Successíon

0n the rvestern side of the basement inliers in the Sellick lli1l
area (F-igure 2) Adelaide Supergroup rocks are disconformably overlain
by a sequence of arkoses, rnottled argillaceous limestones, massive clean
linestones and pliosphatÍ.c shales of 1ow metamorphic grade containing an

abunclant Lower Cambrían fauna that includes Hyolithes (Dai1y, 1956, 1969;

Abele and McGowran, 1959). At Carrickalinga Head the uppermost form-
ation of the Sellick lli11 sequence, namely the Heatherdale Sha1e, is
conformably overlain 'by non-fossiliferor.rs alternating shales and thin
irnpure sandstones of the Carrickalinga Head For:rnation, which rnarks the
base of the Kanrrantoo Group (Campana, l{ilson and l{hittle, 1954; Dai1y,
1963, 1969; Daily and Mí1nes, 1971a).

Fur:ther south in the Delarnete area (Figure 2) , the rocks have

been metamorphosed to biotite grade (Offler and Flemíng, 1968). How-

evet, the fossiliferous Lower Cambria.n succession is alrnost identical
to Ehat at Sellicl< Hill (Daíly, 1963, 1969).

On the south coast of Fleurieu Peninsula at Madigan Inlet
(Iìigure 2), the more highll nietanorphoseci equivalents of the two upper-
most formations of the fossí1íferous Lower Cambrian succession, namely

the Forl<tree Limestone and the l-leatherdale Sha1e, are exposed in the
core of an overturned regíona1 anticline (Dai1y and Milnes, 1971a).

They are conformably overlain on the normal eastern linib of th.is
structure by an almost continuous sequence of Kanmantoo Group meta-

sediment-ary rocks that are exposed perfectly in the coastal cliffs.
The cliffs extend eastwards for nearly 45krn to the Encounter Bay atea,
and form the type section of the Kanmantoo Group (Sprigg ancl Campana,

1953; Daily and lr'lilnes, Ig7Ia, 1973). Thi-c sequence of Kanmantoo Group

metasedimentary r:ocks is also present, despite sone conplications, along
the northern coastline of Dudley Peninsul-e, Kangaroo rslanc (Dai1y and

Milnes, L97Ib, I972a, and unpublished observations)4.
Iso-l-ated outcl'ops of netasedimentar'y rocks, sirnilar in

4Tlre geol ogy oî. the Karularrtoo Group in these areas f orms part of the
subjec'E of this thesis, and is described in more detail in later sections
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appearance to those of the Kanllantoo Group, occur in the \nrestern

portior of the Nlurray Basin (Offler and Fleming, 1968). rn addition,
lithologically similar locks of equívalent rnetamolphic grade nake up

the Glenelg River complex of soutfi-western victoria (lverls, 1gs6).
However, in both ca-ses, t-heir relationship to Karmantoo Group meta-

sedimentary rocks is not known.

Fossiliferous Cambrian sediments crop out along nuch of the
northern coast-. of Kangaroo Island betleen lr{iddle River and Point
Marsden (Figure 2). They consist of a sequence of sandstones,
conglomerates and shales, the latter containj-ng a trilobite-rich Lower

cambrian fauna (Daily, 1956). Daily (1969) and stu¿rrt and von sanden

(L972) have cor:related then with the Karunantoo Group succession. How-

ever, as fossils (with the exception of worm casts) have yet to be

discovered within the Kanmantoo Group, this lithological correlation
must Tenain tentative.

The relat-ionships of a thick sequence of fossiliferous Lower

and Middle Cambrian se<linents irt stratigraphic bores on Yorke Peninsula
have similarry bee¡r described bv Daily (1956, 1-969) and Stuart and vr:n

Sanden (1972). In thei:: correlation char:ts, the Kanmantoo Group and the
Kangaroo Island fossiliferous Lower Canbrian sediments are shown to be

absent, as the rcsult- of erosion, from the Yorke Penin-sula succession
(Figure 4).
I.2.4 PaLaeozoic tectonics and metønonphism

The basement rocks, and Upper Proterozoic and Lower Ca¡nbrian

sedirnents of the li{ount Lofty Ranges were metamorphosecl and deformed as

the result of an upper cambrian to OrdcÌ¡ician orogeny (Thomson, 1969;

Stuart and von sanden, 1972). The orogenesis, for lvhich an age of
465 m.y. has been suggested by conpston, crawford and Bofinger (1966),
resulted in a complex fold belt with a se::ies of netamorphic z.ones

ranging fron a chlorite zone on the western side, to a mignatite zone

on the eastern side (Offler anrl Fleming, 1968; Figure 3 of this thesi.s).
Andalr.rsite, staurolite, kyanite and sillimanite schists, nígmatites,
granitic gneisses and granites cccur r';ithin the high grade metainorphic
zones. It ís of note that, in contrast rvith many other metamoïphic be1Es,

the high grade metam,:rlphj-sm indicated by the crystallisatjon of
andalusi'Le colnrnencerl prior to tire fírst phase of foidj-ng (Flenri-ng and

Offler, 1968).
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According to Offler and Flening (1968), at least three

generations of folding occurrecl during the orogeny, and in.some cases

a fourth generation can be recognised. irirst generation folds tend to

be inclined and aslrnmetric, with east limbs of antiforms longer than

west lirnbs, and easterly dipping a:ria1 planes. The axial traces of
first generation folds follorv the regional trends of the metamorphic

belt. Second and third generation fotds are distinguished fron first
generation folds by their more open sty1e, and by their refolding of

first generation structulces. Macroscopic thircl generation folds
apparently doninate the struic.ture in the eastern part of the metamorphic

be1t, and have NNW - SSE axial trends.
Stua.rt and von Sanden (1972) delineated the broad scale pattern

of faults within the lrlount Lofty Rangçs and adjacelìt areas from geo-

physical- data and surface reconnaissance. Moreover, they noted the

occuïrence of several reverse and thrust faults that are associated

with the overturned regional anticlína1 structures containing Older

Proterozoi-c basernent colces. As shol/n by DaiTy and I{i1nes (1971b,

I972a), the recognition of thrust faults of this type is vital to an

understanding of the geology of the metanorphi-c belt as a whole.

I.2.5 Late Palaeozoic qLaciqene sediments

Unconsolídated Late Palaeozoíc glacigene sediilents obscure large
.areas of Proterozoic and Cambrian metasedimentary rocks on Fleurieu

Peninsula, and are also present on Yorke Peninsula and in rnany localíties
on Kangaroo Island (Figure 2). In additíon, they have been intersected

in bores ín many parts of the Murray Basin (0tDriscoll, 1960; Ludbrook,

1961). O¡r Fleurieu Peninsula and Kangaroo Island, the glacigene

sedimentS lÉìst unconfolnrably on smoothed and striated surfaces of base-

ment, Adelarde Super-group and Kanmantoo Group metasedimentary rocks.

. The glaci-gene sedi.ments consist of boulder sands and silts,
associated r,/ith rythmically bedded thin sands and clays containing

dropstones. Erratics, most of which are granític, occur h'ithin the

sedinents and are randomly stTewn over the present Lancl surface. Many

of them have been 1oca11y derived from or.t-tcrops of Encounter Bay

Granites, although several exotic types can be recognise.d.

The age of the glacigene sediments has only recentl,v been

established as Lower Permian (Bahle, 1957; Ludbrook , 1956, 1967 ;

Harris and lr{cGowran, 1972), although a Pernrian or Permr¡-Carboniferous
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age had been favoured by ear:lier rvorkers (Florvchin, 1BgB, 1899, lgo0,
r910, 1926; campana and lvilson, 1955). Ludbrook (19s6 , L967) described
Lower Permian marine foraminifera in glacigene sediments from Cape

Jervis, localities on Yorke Peninsula, and in bore cores fron the
Murray Basin, and suggested that the sediments were at least in part
depositecl in a marine environment. Crorr'el1 and Frakes (1971) suggested
that sedimentation occurrerl in a discontinuous marine and lagoonal
epeiric sea.

The direction of movemeut of Late Palaeozoic ice acïoss Fleurieu
Peninsula, as documentecl by the striations, grooves and other features
on glaciated su::faces, was approximately from east to Ìvest (lr{i1nes and

Bourman, Ig72)s. The nulti-glaciation h¡,pothesis of Crowell and Frakes
(1971), which inclttdes an injtial south to north movement of ice acïoss
Fleurieu Peninsltla, followed by a second phase developnent of sepalate
ice tongurls in an irregular system of original stream valleys is not
consistent with the evidence presently available.
1.2.6 Post-Palaeozoic sediments

Tertiary sediments of the St. Vincent and Murray Basins overlap
the flanks of the lr{ount Lofty Ranges netamorphic be1t, and are also
found as isolated outliers within the ranges at heights of up to 24on

above present sea leve1. They range in age frorn Eocene to pliocene
(Glaessner and lVade, 1958; Stuart, Ig70; Ludbrook, 1961, 1969).

The oldest post-Palaeozoic sediments yet knovrn ín the vicinity
of the lt{ount Lofty Ranges are of Eocene age. However, Dr, p. wellman
(private communication, 1971) has obtained a Jurassic age for the
basaltic rocks of tholeiitic affinities that occur on Kangaroo Island on

the basis of K-Ar data. Previous interpretations had classified the
Kangaroo Island basalts as a sui-te of extrusive rocks of sinilar age but
different origin to -"he Tertiary and Q,raternary basaltic rocks of the
Mount Ganbier region of the f--ar south-east of south Australia. The

present inclination (Dr. P. lVellinan, private communication, I977) is to
relate the Kangaroo Island basalts lc the tholeiitic suite of Jurassic
dolerites in Tasrnania.

Quaternary anð Recent deposits in the region effectively mask

a large proportíon of the older sedirnents and rocks. They írrclude beach-
dune sandstones that are spectacularly develo;red in the I'lurray Basin area

ssee Appendix A
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(Hossfeld, 1950; Sprigg, 1952; Blackburn, Bond and Clark, 1965) and in
coastal areas of southern Kangaloo Island and Yorke Peninsula. Yottnger

deposits, including tire aeolian sands of the I'lurray Basin, as well as

outr{'ash from the lr{ount Lofty Ranges and coastal beach and dune sands,

are all part of the modern landscape.

1.3 NATUR E AND FIE:LD RELATIONST]IPS OF L'HE GRANITES

The Palaeozoic granites6 of south-eastern South Australia can be

conveniently divided into sghilt_o:g7 and non-scJtistose gïanites on the

basis of fiel,d observations. Thel'may be further classified into ple--

tectonic 01' s)'n-tecLonic, depending on the degree of development ancl

orientation of the schistosity in relation to the penetrative struct-ural

elements ín the contiguous rocks, or pgst--rtggt_onic.. In addition to this

classification, the grairit-es can be groupecl into suítes on the basis of

the presently available fie1d, petrogl'aphic and chemical dala, including

that obtaine<l during this investigation. It rernains to be seen however,

in the light of detailed stmctural studies of the margins of tire

granites and irnportant Iìb-Sr and K-Ar data noiv being gathered by the

South Australian Geological Su:.'vey, rvhethel ornot such a schene is

telrable.
Grariites of the Cape I'iilloughby and Encounter Bay areas that

constitute a large portion of the westenr gr:anite belt are grouped as

the non-schistose Encounter Bay Granites, on the basis of the above

scherne. The granites of símilar type that crop out at Cape Kersainl: and

east of Cape clu Coueclic, along the southern coast of Kangaroo Island

(Figure 2), are also assigned to this suite. The Encountel Bay Granit-es,

which are to be described i¡ great-er detail in the follorr'ing sections,

aïe grey colour:ed biotite granites containj.ng distinctive opalescent

blue quartz, The rnajor variety is a coarse grained negacrystic granite

th¿it contai,n-s ¿,bundant 1aTge, ovoid cr'1'stals of pota.sh feldspar, and

fragments of mr:tasedinentary roclis. i\trere exposerl , the conta-cts bettr'een

t¡e ¡.;ranites alrcl the cont.igucu.s Karrnr¿rn1-.oo Group metasedintentary rocks

are sharp.

6The term "graili.Les" is u-sed here in its i¡r'oadest sense

TScl'tistose granites are those that contain an obvicus penetrative
preferred órjentation of Dne oï nore mil'ter:i1s, usualll' mícas' Granite
ichistosity of tllis tlpe is dj-stinguislted l'::on the non-penetrative
preferrecl orientatio;-r r:f rninerals slrch as ¡iiicas and feldspars corunonly
ref=erled to as f loi'r layeriirg oz f l. o',v fc,lialiorl
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The major part of the easterrì granite belt is comprised of the
suite of granites that are exposed at Long Ridge, Mannum, lr{urray Bridge,
Srvanport, west of Coonalpyn and Tintinara, south of Keith, and at
Dergholm in south-western Victoria (Figure 2). This granite suite,
herein referred to as the lrlurray Bridge Granit-es, includes extrusive
varieties (trlarvson and Dallwitz , 1944; tr{arvson and Segnit, I945a;
Henstridge, 1970). The intiusive members of the suite are non-

schistose, generally coarse grained, red coloured granites that contain
srnoky quar:t.2. Contacts with metasedimentary rocks are not exposed,

although rare fragments of metasedímentary rocks occur rvithin the
granítes. At Long Ridger'lr{annum and Murray Bridge, the granites nay be

intrusive into Karylantoo Group rocks. Further east horr¡ever, the nature
of the intrutled rocks is quite unknown. The extrusive granite varielies,
which crop out to the south of Keith in association with intrusirre
granites of the same suite, include feldspar - qûartz porphyries,
feldspar porphy'ries, and flow-ba.nded rhyolites (Henstridge, 1970). A

distincti,ve feature of this grarrite suite is the ubiquitous occurrence

of accessoly fluorite.
Other granitic rocks of the eastern gr:anite belt include the

non-schístose Meningie granite (lvlawson and Parkin, 1943; Mawson and

DaIlwitz, 19.1:l) and the Taratap granite (Nlawson and Parkin, J_943), as

shown in Figure 2. The Meningie granite ís similar in te;rture to the
coarse grainecl varieties of the Encounter Bay Granites, but is so

poorly exposed and in such a highly weathered condition that positive
identification of any distinctive features is not possible. The Tar:atap

granite is also similar in texture to the coarse grained varieties of
the Encounter Bay Granites. It contains large euhedral feldspar
megacrysts that are characteristicalTy aligned as the result of flow,
and abundant bioti'te-rich hornfels xenoliths. The presence of snoky

qua:rtz instead of the distinctive opalescent blue quartz suggests that
it may not belong to the Encounter Bay Granites. On the other hand,

its grey colour and absence of accessory fluorite distinguish it from

the lrÍurray Bridge Granites. Thus the relationships of both the lvfeningie

granite and the Taratap granite are ullknown.

A number of apparently unrelated schistose granites occur within
Kanrnantoo Group metasedimentirr'y rocks in the zone of inlersection of the

tlo granite belts in the region of Pa}ner. These include the Rathjen
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Gneiss (White, 1966), the Palmer Granite (llhite, Compston and

Kleeman, 1967), the Reecly Creek granite (Sando, 1957), the Monarto

Granite (Johns and Kruger, 1949), and the Tanunda Creek Gneiss

(Hossfeld, 1925; Chinner, 1955; 0ff1er, 1966). All are considered

io be pre- or syn-tectoníc, and contrast with the non-schistose
Encounter Bay Grani*uês ârd l{urray Bridge Granites. The lvfount Crawford

granite gneiss (Mi11s, 1963), which occurs within Adelaide Supergroup

netasedimentary rocks, is also placed in this category.
The Anabana Granite (lrlirams, 1961) occurs a significant distance

to the north of the zone of intersection of the granite belts and rvithin
Adelaide Supergroup netaseclimentary rocks. Cornpston, Crawford and

Bofirrger (1966) have shown it to be of Lower Palaeozoic age, but at
present its relationships lvith the granites further south are not
known.

It is within this franework of the regional geology of the

Mount Lofty Ranges metamorphic belt and the nature and field relation-
ships of the adjacent rocks that the geology of the Encounter Bay

Granites and their inrnediate environment wí11 be discussed.
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SECTION 2

TTIE ENVIR.OMIENT OF THI TNCOUNTE;{ BAY GRANITES

2 .I GEI|ERAL DESCRTPTTON

The Encounter Bay Granites cro p out in the Encounter Bay area
as discontinucrui mas;(]s along the coastline at Rosetta llead and Port
Elliot, and on the adjacent snall islands (Figure 7; plate 1). The

contact of the granites witl.. the surrounding Kannarrtoo Group nìeta-

seclimentaly rocks is exposed in only two localities, namel1' Rosetta
Ilead al'rd lVright Island. In all other localities the contact i.'s cbscured
either by post-PaTaeozoic to modern sedinents or by the sea, and so its
position can only be inferred. However, the outcrops are interpreted
as remnants of the north-Ivestern wa11 of a. large pluton of Encounter
Bay Granites that may have extended for a considerable distance south

and east of the plesent coastline of Encountet Bay. i

I'ate Palaeozoic to Recent sedinents blanket ¡nuch of the land
sulfa-ce in the Encounter Bay area, and overlie the Kaunantoo Group

metasediments rvi'th narked unconfcrmity (Figure 7) . Late Palaeozoic
glacígene sediments, which include boulder sands a:rd si11.s and valve-
like deposits containing drop-stones, occupy ice-eroded depressions in
the Kanmantco Group bedrock (Bournan, 1969; crowell and Frakes, 1g7l).
A 'I'ertiar'" (Eocene) sand¡, lirnestone has been intersected ín a bore
approximately 51<m west of Rosetta Head (Bourrnan and Linclsay, rg73),
but outcrops of Tertiary sedlments have not been recognised. Yo_ur,¡ger

secljntelrt.s include beach and dune sandstones (probably of Pleistocene
age) which crop out up to 7On above present sea leve1 in coastal areas.
outwash, alluvium and present-day beach ancl dune sands make up the
modern seclinents.

The occurrence of a glaciated granite surface at Port El1iot,
together v¡ith the abundance of erratics of Encounter Bay Gra:iites in
areas or" glacigene seciiments thrcughout Fleurieu Peninsula, demonstlates

that the granit-es wel:e exposed ciurj-ng the Late Palaeozoic glaciation,
and at the sarne 1er¡el within -r-he intrusíon as presently exposed. In
fact, the present broacl distribution of the granite our-crops is inter-
preted as the re.sult of the dissection of an originally extensive pluton
of Encounter Bay Gra-nites by a rvesterly or north-rves1-erly moving ice-
sheet (l'lilnes and Bottrman, I972). Thus tlie long-held opinion that Tnany

of the landforlns in the Encountor Ray a'rea are principally the result
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of ice action (Howchin, 1910, 1926; canpa-na and lrrilson, 19s5; Bournan,
1969) is probably correct. IÌowever, there has been significant sub-
seqllent erosional rnodífication of some of the granite landforms, as
indicated by the occurrence of features characteristic of inselberg
structures, for example sheeting, flared slopes and gnanunas. rn
addition, there is a narked development of tafoni, micropecliments ancl
corestones (Bourman, 1969; lr4ilnes and Bourman, Ig72) ,

Cape Itrilloughby is a pronrinent outcrop of Eltcounter Bay Granites
forming the eastetnmost extension of Ðud1ey Peninsula, Kangaroo Islan¿
(Figures 2 anð. B), As in the Encounter Bay area, the granites are very
well exposeri j-n the coastal cljffs, but poorly exposecl inland from the
coast where a significant proportion of the 1anc1 surface is covered by
thick vcgetation. Furthermore, a calc::ete crust, overlying plioce¡e to
Pleistocene carbonate-rich sediments, covel.s much of the central po::tio¡
of the lieadland and considerable a-Teas of the rest of Duclley peninsula.

The contact between the granites and the Kanmantoo Group meta-
sedj-mentary rocks is exposed on the coast to the north-east and the south-
west of the headland, as seen in Figure g. Thus the outcrop is inter-
preted as a part of the north-lvesteln wa11 of a more extensive granite
body which nay be continuous with that in the Encounter Bay atea, over
50km to the north-east. The occurrîence of Late Palaeozoic glacigene
deposits with abundant erratics of Encounter Bay Grani-tes funme d1,ately
tvest of Cape ltrilloughby, and along the north coast of Kangaroo fsland,
indicates that the granites here were also exposed during the glaciation.
2.2 THE YATiIIíANTOO GROUP

The Kanmantoo Group is a tirick repetitious sequence of meta_-

sedinentary rocks, and is shown on South Australian Geological Survey nìap

sheets (Thomson and Honvitz, rg62; sprigg, 1954) as forming the major
part of the lvfount Lofty Ranges Ìretamol:Þhic belt to the east of the Older
Protelozoic basenent inliers and on the soul.hern parts of Fl.eurieu
Peninsula and Kangaroo fslancl. The Encounter Bay Granites ancl other
granite nasses such as the Paiiaer Granite, the lr{onarto Granite, the Reedy
Creek granite, tìre Rathjen Gneiss and the Tanunda Creek Gneiss (i;igure 2)
occllr withj-n Kanmantoo Group rnetasedinentary rock.s, as noted in an earlier
section. However, the age of the Kan¡iantoo Group and it-s relationships
with rocks of known Lor.ver Canibrian anci Proterozoic age have long been a
source of controversy among-st geologisLs -rr'orking in the Mount Lofty Ranges.
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2.2.I L\.euious iraestíqations

Howchin (f906, 1910) assigned a Ca:nbrian age to all post-
basenent netanorphic rocks on Fleurieu Peninsula, including the

Kanmantoo Group metasedirnents in the Encounter Bay area. However,

Tilley (f919b) ailuded to a possible Proterozoic age for the Kanmantoo

Group on the basis of a suggested correlation with Proterozoic sedirnents

that underlie the fossilíferous Lower Cambrian sequence at Sellick Hi11.

Madigan (1925) discovered a flaggy limestone on the south coast

of Fleurieu Peninsula, during a traverse along the coastline from Sellick
Hill to Victor Harbour, and equated it with the Delamer:e rnarble, which

he believed to be of Cambrian age. 0n this basis, he argued that the

rocks exposed to the east of ttre narble were also likely to be <¡f

Cambrian age because they appeared to be stratigraphically overlying the

marble. Thus the earlier suggestion of Howchin regarding the age.of the

Kanmantoo Group in the Encounter Bay atea receíved considerable suppolt

fron l4adiganrs interpretation. l-lowevor, in 1926, Howchitr relegated the

Kanrnantoo Group to the Proterozoíc on the basis of his investigations in
the River Inman va1ley near Grey Spur (Figule 2), where he suggested that
Kanmantoo Group metasedirnentary rocks unconformably over'1ie rocks of the

basenenl inlier. He corrcluded that the Encounter Bay Granites had in-
tr"udedrra sedimentary series wl'rich, as superior to tlte Basal Grits, can

be no other than the Adelaicle Series'r (Adelaide Supergroup using the

presently accepted terminology) .

Sprigg and Campana (1953) collated data accumulated by the South

Australian Geological Survey during regional mapping of the Kanmantoo

Group, and pr.'oposed that the type section of the Kanmantoo Group should

be the section "observable along the south coast of Fleurieu Peninsula,

between Canpbell Creek and Rosetta Flead, Victor Harbour, rr'here the form-

ations are well exposed and very characteristicr'. They described the

Kanmantoo Group in this se,ction as consistíng mainly of quartzites and

nicaceous quartzites, siltstones, quartz schi.sts and phyllj.tes stra-ti-
graphically over'lying nottled limestones and "(?) coprolitic phyllite
siatesrr. lvforeover, they supported a Cambrian age f-or the rocks as

proposed by Nladigan, but suggested that they might extend into the

Ordovician.
Carnpana, lVilson and lVhittle (1954) and Daily (1963, 1969)

suggested that the alternating shales and sarrclstones of the Carrickalinga
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Head Formation, which conformably overlie the Heatherdale Shale at
Carrickalínga l{eacl , mark the base of the Kanmantoo Group. Iìorvever, the
relatíonships of the Carrickalinga Head Fornration to Kanmantoo Group

rocks in the type section and elsewhere was not known.

Fo::bes (1957) described and subdivided the sequence of meta-

sedimentary rocks between Grey Spur and Port E11iot (Figures 2 and 9),
btrt lvas not certaín of the stratigraphic relationshíps of any but the
youngest formation, whicl-t he correlated wíth the Kalmantoo Group. FIow-

ever, subsequent workers suc.h as Crarvford and Thomson (1959) , HorwtÍz
and Thonson (19ó0), Thomson and llorwitz (1962) and Thomscn (1969, 1970)

applied h1s scherne, with only minor modification, dir:ectl¡, to the
Kanmantoo Group. Consequently, a dilemma regarding the base of the
Karrmantoo Gloup arose. Thomson and his co-workers recognised the
sErangway Hill Formation (strangway Hill Beds of Forbes) as the basai
formati,on on the eastern side of the basement ínliers, and suggested

that -it was transgressive over rocks of age ranging fron the Olcler

Proterozoic to the Lower Cambrian. 0n the other hand, Campana, l{i1son
and Whittle (1954) and Daily (1963, 1969) recognised the Carrickalinga
Head Fornation, confonnably overlying Loruel Canbrian fossiliferous rocks
on the western side of the basenent inliers, as the basal formation.
2.2.2 Ihe Kønmantoo Group in its tupe section , and- on Dudleu Peninsula

Daily and lr{ilnes (1971a, 1973) have described the stratigraphic
sequence of metasedímentary rocks constituting the type section of the
Kanmantoo Group. The sequenee lvas confirmed by subsequent inr¡estigations
of Kanrnantoo Grcup metasedirnentary rocks exposed along the north coast of
Dudley Peninsula (Dai1y and lt{ilnes, I97Ib, T972a, and unpublished observ-
ations), and along the Ìrfount Barker Creek, over 100ktn north of the tfpe
section. 0n the basis of these investigations, and of an examination of
several intervening areas, it has been possible to demonstrate that the
Kanmantoo Group conformably overlies Lorver Canbrian fossiliferous rocks
and is therefore probably Cambrian in age, and to completely revise the
pre-existing stratigraphj c nomenclature for the Kanmantoo Gror:p (Dai1y

ancl Nlilnes, 1972b). The irnplicatíons of the nerv stratígraphic scheme,

with regard to the interpretaticn of the stratigr;rphy and structuïe of the
eastern part of the }{cunt Lofty Ranges , are considerable.

The geology of the t¡'pe section is -.holn in Figures 5, 6 arLd 7,

and the corresponding stratigraphic scquence is summarised in Figure 10.

Except for a section of approximately lkn in length west of Campbell Creek
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(Figure 5), the stratigraphic successiorr occurs on the nornal eastelly
dipping linb of an o\¡ertlrrned regional anticline and is relatively simple,
despite the amphibolíte facies metamorphism anci the occurrence of sna11-

to large-sca1e parasitic fo1ds. The Kanmantoo Gr:orç conforrnably overlies
Lov;er Cr,,nibrialt fc,ssíli.ferou.s met.asedrim-orts, i.ncluding the upper membe;: of
the Forl.:tree Limestone and the lleatl"rerdale Shale lr'hich forn the cor-e of
the regional fo1d, and can be traced almost continuousl¡, eastwards into
contact with the Encounte.r Bay Granites at Rosetta Head,

The netasandstones, metasiltstones and pl'ryllites of the
Carrickalinga lJead Forrnatir¡n, the Tapanappa Formation, the Balquhidcier

Formation, the Petrei Cove Formation and the li{íddleton Sandstone are
generally sinilar and to a large degree:--eiretítious. They will not be

described here. However, certain of the formations contain unique
lithologies or lithologic inte::l'als, rr'hich can and have been used success-
ful1y as marker beds (Dailv and Milnes, r972b). For exanple, the Back-

stairs Passage Formatiolt is composed of well-laminated, light coloured
metasandstones with prominent cross-bedding and sna11 to large scale
slumps. The Talisker Calc-siltstone ís a formation of banded calcaleous
phyllites, which conta.in abundant pyrrhotíte in some localities. The base

of the Tunkalilla Formation is marked by a distinctive blue-blacl< coloured
carbolraceous phyllite interv¿1s that also contain signíficant amr¡unts of
pyrrhotite. Similar phyllites mark the top of the fornation, arrd occur
sporadi,cally throughout the overlying Balquhidder Forrnation as wel1.
In fact, rocks of this t)'pe are confined to the Brown Hill Subgroup.

The stratigraphic sequence in the type section is duplicated,
with sone conpl.ications, along the northern coastline of Dudley' Peninsula
(Daily and N{i1nes, I97Ib, L972a, and unpublisl'red observations; Fígure B

of this thesis). The geology here is dominated by an overtlrrnecl regional
anticline (the counterpart of that in the type section) rvhich fornis the
core of a rarge scale thrusted block composed of Adelaide supergroup

netasediments. However, a succession of Kanmalrtoo Gloup netasediments

occurs on the normal easterly dipping linb of the regional fold. The

Lowermost lt{adíga-n Inlet lr{ernber of the Carrickalinga Head Formation ís
absent due to farrlting, but the middl.e rnernber of the formation is ill
faulted contact r,¿ith a sequence cf basal Cambrian meta.sedir¡ents, narnely

the lfount Terrible Formation and overlyíng lVargkonda Limcstone, which
occul withín a cornplex fault zone rnarking the eastern edge of the
thrusted block (Daí1y and Ì{i1nes, 1972a). unfortunately, the uppernost
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part of the Tapanappa Fornation, all of the Brown Hill Subgroup

(Tunkali11a Formation and Balquhidder Formation), some of the Petrel
Cove Forrnation, and some of the I'fiddleton Sandstone are missíng due to
lack of outcrop in Antecharnber Bay (Fígures 8 and 10). Flolvever, from

Cape St. Albaris southrvards to the contact rvith the Encounter Bay

Granites at Cape Willoughby, it is possible to traverse a significantly
thicker and better exposed interval of Middleton Sandstone than is
present in the Encounter Bay atea. T'he forrnation here consists of lçel1-

laminated, light col-oured, relatively pure metasandstones in be<ls

generally less than lm thick. Cross-bedding is very cornmon, and cut-

and-fill structures, slumped beds and shale-chip conglonerates are

pres ent .

Two groups of basic dykes occur within the Kan¡lantoo Group in
the areas examined during this investigation. Along the south coast of
Dudley Peninsul-a west of Cape Hart (Figure 8), a number of extensively
contaminated metadolerites harre intruded the Middleton Sandstone along

fractures trencling at approxinately 1200. The dykes are up to SOm wide,

and have a complex and variable níneralogy and-texture. Many of tlieut

contain megacrysts of quartz and feldspar, in addition to xenoliths of
rnetasandstone and carbonate-rich metasediment. Several contain streans

of quartz and carbonate xenocrysts. Others contain epidote-filled
.lniaroliti.c cavities. The dykes occur h/ithin tensional fractures in the

metasandstones, and are parallel to a conspicuous joint set that has

controlled albítísation in the Encounter Bay Granites at Cape lVilloughby.
-The fractuïes and joints are approximately normal to the contact betv¡een

the granites and the NljCdleton Sandstone, but the relationships betlveen

the granites and the dykes are not exposed.

Two sinj-1ar extensively contaminat.ed basic dykes crop out along

the south coast of Fleurieu Peninsula in the vicínity of Tunk Head

(Figure 6). Madigan (1925) recorcled the dyke that crops out in the

wave-cut platform to the east of Tunk Head.

The second group of intr-'usive basic dykes consists of fine to
niedium grained metadolerites that occur both ivithin the Encounter tsay

Granites at Rosetta Head and Port El liot, and within the Karunantoo Group

metasediments in many plac.es along the soutir coast of Fleur:ieu Peninsula.

These rr¡il1 be discussecl in relat-ion to the structural and netamorphic

environment of the Encourr'Eer Ba¡, Granit-es irr subsequent sections.
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2.3 TT]E NAI'URE OF THE CONTACT BET\TET] THE GRANITES AND THE KANMANTOO

GROUP

2.3.I Encor"Lnter Bqu a't,ea

The contact betleen the Encounter Bay Granites and the Kanmantoo

Group is exposed along the landward sides of Rosetta Head and lVright

Island, where a coarse grained megacrystì,c granite containing large

crystals of potash feldspar, plagiocl-ase, and opalescent blue quartz ís
in extremely sharp contact wi-uh rr'e11-1a:ninated metasiltstones and

phyllites, and porphyrobl.astic andalusite-cordlerite schists of the

Petrel Cove Formation (Figure-q 7, 11 and 12). The gr:anite js concorcl-

ant with bedding in the netasedinents on a broad scale, bltt in detail
may transgrcess bedding. The contact plane has an approxinate ciip of
45 to 600 towards the east, as recorded by Brorvne (1920) and Bowes

(1954). Thus the Encounter Bay Granites actually overlíe the Kanmantoo

Group. Because of the limited exposure however, it is irnpossible to

determj-ne rvhether this is a ninor i,rregularity in the contact, or j-1.s

true nature.
The contact is not exposed elservhere in the Encounter Bay are,J.

However, if the trend of the granite outcrops (as seen in Figure 7) ís
taken to approximate the trend of the conLact, then the granites must

transgress the stlatigraphic bounclary between the Petrel Cove Format-ion

and the overJying Micicil.eton Sa.n<lstone. The lattef forntatj-on crops out

irnmediately adjace¡:t to the ¿ranit.es at Port E1liot.
Within the Petrel. Cove Fornation on Wright Island (Figure 11),

thete are several markedly concorrìant granite sheets, most of lvhích are

less than 1m wide (['1ate 2: I,2 and 3), Although they are not

connected to the main granj-te mass at the present 1evel of exposure,

they are eviclently offshoots from it, and have been intruded along

bedding planes in the nretasediments. The r+'icler sheets are generall¡'

cornposed of coarse grainecl megacrystic granite of a similar type to the

nain graníte mass. Horvever, thi-nner sheets c.onsist of fine r:o nerlium

graínecl granite. Transgressive veín offshoots froin the granite sheets

have also been noted (l']late 3: 1, 2 and 3). At Rosetta He.ad, glanite
sheets occur lvithin tire rnetasedj-nent-s nearLhe contact, but are poorly

exposed (Figu::e l2).
'lhe contact between the main rnass of megacrystic granite and the

lietasediments is very sharp, but extreniely irregula-r due to the growth

of feldspa'r a.nd quas:tz crystals from tlte granite acl'oss the contact
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(Plate 3: 4). There is little variatíon in the grain size of either
the granite or the rnetasediments near the contact, although a thin
(1 to 2mm wide) bíotite-rich zone occurs within the metasedíments

along the serrated boundary.

The main mass of megacrystic g::anite near the contact contains

abundant angular well-laminated netasil-tstone xenoliths that become

progressively disoriented rvith respect to beddirrg in the adjacent meta-

sediments \rith distance ar{ay from the contact (P1ate 4: 1) . The

xenoliths and the host granite in such instances rarely show evidence

of deformation. Hov/e\¡er, well developed penetrative deformation.

structures do occur in the adjacent metasedinents, and in parts of the

granite sheets.

In accordance with all of these obsewations, the contact bet-

ween the Encounter Bay Granites and 'tlre Kanmantoo Group metasediments

on Wright Is1and and Rosetta Head is interpre ted as an intrusíve contact.

In many places along the contact at Rosetta Head, the nega-

crystic granite and the metasediments have been extensivel-y altered by

late-stage, fracture-controlled albitisation. -The rocks resulting fron

this alteration have been described by Browne (1920) and Bowes (f954).

The alteration is a widespread and characteristic phenomenon within
the Encounter Bay Granites.

2.3,2 Cape WiLlouqhbu

The Encounter Bay Granites here are intrusive into the Midclleton

Sandstone. The contact between the granites and the metasediments is
not well exposed, but the broad scale relationships, as shown in Figure

8, indicate that the contact is probably roughly concordant rvith bedding.

Discordant relationships between the granites and the metasedinents are

apparent in the trvo localities where the contact i-ntersects the coast-

line (Figure 13). In these localities, the granites appear to overlie
the netasediments as in the Encou-nter Bay area.

Tilley (i919b) briefl.y described the contact relat.ionships

exposed on the coastline to the north and south-west of the Cape. He

referred to the transg.cessíve nature of the granites, the presence of
metasedimentary rock xenoliths in the marginal phase, the lack of any

obvious contacf- rnetamcrphic zone, and the occurrence of "small aplitic
veinstr that "proceed into the nicaceous quartzites'r. Furthermore, he

noted the present of tounnaline-filleci ttq,s,artz geodes" in the granites

near the contact.
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The marginal granite variety is a nedium grained megacrystíc

granite similal to that exposed in the Encounter Bay area. It contains

clisorientecl xenoliths of lrliddleton Sandstone metasediments, particular-
ly near the contact exposed on the coastline north of'Ehe Cape (Plate 4:

2 and 3). These have sharp boundaries with the granite, and as noted

by Ti1ley, do not shcw any obvious contact metamorphic effects.
Fine grained, pink coloured aplite dykes have intmded both

the negacrystic granite and the netasediments near t.he northern contact.
There is also abundant evidence of late-stage, joint-controlled meta-

sornatic altelation (albitisation and greisenisation) in the r¡icjnity
of this contact exposure, particularly within the granite. Near the

contact on the coastlíne to the south-west of the Cape, abr.¡:rdant

pegrnatites containing smoky qûarluz occur rvithin the rnetasediments.

2.4 THE STRUCTURAL EN¡.IR)NMENT )lt THE GRANITES

2"4.I Intz,od-uctíon

The s'üratigraphy of the Kanmantoo Group in its type section and

in the adjacent Brolvn HílI to lvliddleton area has been described by

Daily and l''lilnes (1973) and is sunrmarised in Fi-gu::e 10. The Petrel Cove

For:mation is the highest stratigraphic interverl exposed in the type

section, rvhereas in the Brown Hill to Middleton area there is a con-

tinuous sequence through the upper part of the Ba.lquhidder Formation,

the Petrel Cove Formation, and part of the overlyíng N{iddleton Sand-

stone (Figure 7). The two areas are separated by a zone of no outcrop

so¡ne 8k¡r wide. Moreover, rocks in the Brown Hill to Nliddleton area do

not contain metamorphic ninerals such as andalusite and cordierite that
are conspicuous in metasediments of equivaleirt stratigraphic position
in the type .section. This ís the basis for the separate description of
the two areas.

There have been few previous investigations of the structural
geology of the Kanmantoo G,roup in its type sectíon or in the Brorçn Hill
to Middleton area. Hobbs and Talbot (1966) and Talbot and Hobbs (1968,

1969) clescribed types of rnetarnolphic layering in the Petrel Cove

Formation metasediments near Rosetta Heacl, and presented an analysis of
strain in the rocks, using the cieformecl sllape of smal1-scale sedimentary

st.ructur:es as a basi.s for their calculations. Asthana (1958) s+"udiecl

the orientation of joints in the llncounter Bay Granites at Port E1liot
arrd i,l-r tire nearby Kanmantoo Gro.rp riietaseclinents in tire Port E11iot and

Ir{icldleton quamies. R.G. l¡/iltshire (prívate cornmunication, 1970) marle
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a b::ief study of the structural geology of the Karrmantoo Group in the

type section.
2.4.2 Tupe sec'bion of the Ko-rrnantoo Gro'ttp

(i) Description of structural elenents

An i.ntelpretation of observatj-olrs and measnrenents of structur-
al elernents in the Kanmantoo Group netasediments exposed between

Campbell Creek and Tunkalilla Beach has already been published (Dai1y

and lulilnes, 1971a) . The present interpretation of these data can be

surnmarised with reference to Figure 14 as follorvs:
a. poles to So indicate a statistical fold axis plunging

towards O47o at a low ang1e, although mesoscale F1 folds
plunge at variable angles both to the north-east and the

south-west;

b. intersections of So with 51, long axes of phosphatj-c noclules

(in the Heatherdale Shale), and the elongation of boudins

resultj-ng frcm the deformation of calc-silicate bands, a1'e

paralle1 to the axes of mesoscale F1 folds;
c. nesoscale F1 fold axes and the long axes of phosphate

nodr¡.ies ancJ caic-silicate boudins define a great circle
distríbution which may be t-he result either of refolding
or of inhomogeneous strain;

d. a l-ineation defined by the elongation of calcite and mica

crystals on S1 surfaces in calcareous and pelitic intervals
respectively pi tches at up to 2Ao from L1, and is inter-
preted as a first generation structure (Li) rvhich developec1

parallel to the direction of maxímun elongation; arnd,

e. a lineation defined by the preferred orientation of horn-

blende poíkiloblasts and chl orite porphy'roblasts on S1

surfaces in calc-silicate boudins and pelitic íntervals
respectively is approximately paral1el to Ll and rnay re-

present a first generatioil strlrcture.
The rocks occupving this interval of coastline cc'nsist of the fossil-
ife::ous Lorver Cambrian Forktree Lirnestone ancl Heatherclale Sh¿le, and

the basal formaticns of the Kanmantoo Group from tl-re Carrickalinga
Head Formation up to and inclucling the nlajor part of the Tapanappa

Formation (Figures 5 and 10). This conrplete sequence occ-urs to the

east of lladigarr Inlet on thc llonrìal easteln iinb of a regioria.l Fi

anticiine which is overturned to the west-. All mesoscale folds
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observed are FI structures, and conform to the style of the regional

structure, in that they are inclined and as¡nnmetríc, with east limbs

of anticlines longer than H'est 1imbs. lrloreover, they exhibit an axial

plane schistosity t]nat dips steePl)' towar:ds the south-east' rn many

instances, díslc.rcation of the overturnecl west linbs of anticlines and

east linrbs of synclines lras taken place along fault zones tha1. nearly

parallel the axial plane -schistosity (P1ate 5: 1).

The metasediments betv¡een Turrka1illa Beach and R.osetta Head

(Figures 6 anð 7), constituting the Bro\^rn Hill subgroup and part of

the Petrel Cove I.'ormation of the lVattaberri Subgroup (Figure 10), also

occur on the normal eastern 1ímb of the overturned regional anticline,
but are at least l4klu eastrr'ards along the coastline fron its closure.

The mesoscale folds mapped in this interval of coastline as F1

stïuctures contrast with the style of the regional fo1d. Folds in

metasandstone units are broad, open structures rvith both limbs normal

and dipping at moderate angles away from the hinges. Folds in phyllíte
and rnetasiltstone units, particularly within the Petrel Cove Formation,

are smaller scale str-uctur:es that tend to be rnoderately tight and up-

right (Plate 5: 2,5 and 4). At present, neither the nature of the

transítion from one fold style to the other, nor the precise location

of the transition in the type secticn, is known. However, it is per-

haps signifícant that the h1ghly appressed and overturned F1 folds

occur in the lowermost formations of the stratigraphíc sequence, where-

as the nore open upright folds occur in the progressively younger

formations. A simila-r situation has been observed along the north

coast of Dudley Peninsula, where highfy appressed and overturned F1

folds occulr jn tl're vicinity of the overturned regional anticline in
Adelaide Supergroup and basal Kanmantoo Gror-rp rnetasedirnents, while

latge-scale open F1 folds characterise the deformatíon in Tapanappa

Formation metasediments at Cape Coutts (Figure 8), some 4.Skm fr:on

the regional fold hinge.

The axial plane schistosity ín F1 folds is defi.ned by the

preferred orientation of micas, and is particularly well developed in

pelitic units. In many netasj-ltstones and fine grained metasandstones,

51 defortrts sedimentary structures (Talbot and Hobbs, 1969; Plate 6:

1 and 2 of this thesis). In ad.dition, i-t comnonl¡' enwraps small

quattzo-feldspathic clots, âtrd in sonie localities east of Nert'land

Iiead (Figure 7), cordierite and andalusite porphyrobiasts. ltthen
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present in sufficient abundance, the resulting augen define a unique
augen layering parallel to 51 (P1ate 6: 3 and 4 of this thesis; Talbot
and Flobbs, 1968). An elongation of the augen in s1 is responsible for
the distinct but often discontínuous lineation on 51 surfaces (Plate 7:

1). This lineation is markedly different in orientation to the inter-
section of So and S1 surfaces and the direction of elongation of calc-
sílicate boudins, both of which are paralleL to the axes of F1 folds,
and is interpreteJ as an Ll lineation which developecl parallel to the
clirection of maximum elongation.

A fine scale crenulation of 51 is conspicuous in nelites in the
Balquhidcler Formation near coolawang Creek (Figure 6), and becomes pro-
gressively more distinct eastwards. It provides evidence for the over-
printing of first generation structures. In fact, this crenulation in
the pelites of the Petrel Cove Formation is the expression of a

penetrative strain-slip cleavage (S2) which is axial plane to rnesoscale

F2 folds. F2 folds are especialLy well developed adjacent to pre-F2
rnetanorphic pegmatites (Plate 7: 2, 3 anð, 4; Ptate 8: 1). These

folds refold small-scare F1 fo1ds, and are responsible for the local
variation in the plunge of F1 fo1cl axes from north-easterly to south-
wester ly.

A distinctive striped layering (sr) occurs at a low angle to s1

in the rnetasedirnents of the Petrel Cove Formation,'and is best developed
in the coastal exposures just tvest of Petrel Cove. It is a penetrative
planar -structure on an outcrop scale, and has been clescribed by Talbot
and llobbs (1968), who also reported th" occurrence of similar layering
in the Kanmantoo Mjne area, some 60km north of Rosetta Head, in meta-
sediments assigned by Daily and Milnes (L972b) to the Tapanappa

Forrnation. The stripes are Jight culoureC iayers containing quartz and

plagioclase, and are of variable width up to Scm. They are bordered by

thin biotite-rich zones, and cornrnonly contain a nedian biotite- andfor
quartz-firled fracture (P1ate 8: 2). The stliped layering exhibits
features such as refractj-on across lithological boundaries and flaring
(Plate B: 3 and 4). Nforeover, thin quartz-feldspar-mica pegrnatites
that parallel the stríped layering often define planes of sma11-sca1e

dislocation, especiall;- in the hinge zones of mesoscale F1 folds (p1ate

9: I and 2), The stripes cut across 51. Ilowever, a relict 51

schístosity, outlined by the p::eferred. orientation of nuscovite and rare
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biotite, rather than biotite as in the host netasediment, can stil1 be

observed lr'ithin tire stripes. It is of interest that the alteration of
metasedj.ments in fractured and brecciated zones that occur along the

shorter linbs of mesoscal.e F1 folds in several localities between King

Head and R.osetta Head (Plate 10: I and 2) is superficially similar to

that present in the stripes. Tour-maline-fj-1ied fractures l4rere noted in
these brecciated zones in the coastal exposures just east of King Beach.

The albite and chlo-'-'ite schists that crop out along the coastline west of

PetreI Cove (Borves, 1954) are considered to represent albitisation of

Petrel Cove for:maticrn metasediments in sisrilar: fractured and brecciatecl

zones.

Although the striped layering is not obviously related to any

known folds, its relative age can be deduced from the stnrctural
relationships observed in the field. It clearly cuts across and there-

fore post-dates 51. However, i.t has been fcrlded on a sma11 scale by

52 in andalusite schist bands, and therefor:e pre-dates 52 (Plate 10: 3).

(ii) Geometry of the structural elements

The structural geometry of the ¡netasediments ín the type section

of the Kanmantoo Group betrveen Canpbell Creek and Tunkalilla Beach

(Daily and lr{ilnes, I97Ia) has been summarised in the preceding section

with referetlce to Figure 14. Measurements of structural elenents in
the metasediments betu¡een Tunkalitla Beach and Rosetta Head are pre-

sented in Figures l5a, 15b, 15c and 15d.

Poles to S¡ betleen Tunl<alilla Beach and Rosetta Head show a

great circle spread, and indicate a statisticalS fotcl axis plunging at

25" towards 200o (Figure 15a). This is supported by the attitudes of

L1 lineations Cefined by the intelsection of S1 ancl S0 surfaces, ancl

the elongation of calc-silicate boudins (Figure 15b). Hoivever, axes

of mesoscale Ft folds are distributed around trvo point maxina, jndica.t-

i.ng plurrges towards the north-east and the south-tr,'est at shallot-r angles

(Figure 15c). This variation in plunge together rvith the signi-ficant

spread of poles to 51 (Figure 15c), may indi-cate refolding of first
generation structures. L2 lineations (the axes of crenulations in 51)

plot as a diffuse maximum plunging at 65o totvarcls 165o (Figure 1.5d)9,

Bstatistica.l. is not used lrer:e in its strict- sense. Si:atistical f o1c1

orientations have been estimated froln si:ructural diag::ams by eye

9l,lesoscale F2 folris are Llncomnon, but generally oco:r near the nargins
of pre-F2 pegmatite dykes in the Petrel Cove Formation. No attempt
was made to measure thei-r' orientation in such localities
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which coincides with the distribution of li.neations (Li) defined by

the elongation of augen in 51.

2.4.3 Bt,oun HLLL area

(i) Description of structural elenents

In the Brown Hill area (Figure 7), large scale north-easterl¡r
plunging F1 folds in metasandstone.s and interbedded netasi.ltstones and

phyllites of the Balquhidder Formation occupy a natrow north-easter'1y

trending zone, The folds are uplight, and have the t¡road open style
typical of F1 folds in netasandstone units in the eastern part of the

type section. The axj-al plane schistosity is defined by the preferred

orientation of micas. A lineation formed by the intersection of 51

and So surfaces is para11el to F1 fold axes. 51 surfaces in pelite-s

contain a nineral lineation defined by the preferred orientation of
rnicas. The lineation has a steep south-easterly pitch in 51, and ís
interpreted as a first generation stïuctule (Lï). It is best seen i.n

the Lincoln Park quarry, south of Blown Hill.
(ii) Geometry of the structural elements

The few measurements of attitudes of structural elements taken

in this area have been plotted in Figure 15e. Poles to So lie along a
great circle, and indicate a staListical F1 fold axis plunging at 35o

towarrls 0510. This is supported by the attitudes of L1 lineations.
Two measured Li lineations plunge steeply towards the south.

2.4.4 MiddLeton area

(i) Descrip tion of structural elements

East of the Brown l-till area, ir1 folds in rnetasediments assigned

to the Petrel Cove Formation and. the lr{iddleton Sandstone have been over-

printed by large- and sma1l-scale F2 folds that plunge at shallow angles

towards the south-east. The relationships between F1 and F2 structtires,
both of rvhich exhibit valyi-ng degrees of development in the area, are

best examined in the MiddL,,eton quar::y about l.6km uorth-west of

lr{iddleton (Figure 7) .

South-easterly plunging F2 folcls are the dominant structures in
tlre Middleton quarry, and are morlerat-ely appressed, j.nclined folds in
whiclr the northern limbs of anticlínes a::e longer than the southern

1inbs, and tend to be ove.ri:urned. The J.arger foids contain small-scale

refolded F1 folds in pe1ìtic. unj-ts (Plate 10: 4 and 5). An axial plaIre

schi.stosity to F2 folds is l'rot rr'el1 developed. However, a prorTìineni set
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of paral lel fractures occurs in F2 folds in metasandstones and is
paralleI to the inferied axial plane of tJre folds (Plate 11: 1).
The inbersections between bedding surfaces and the fractures defines

a prominent ridge-and-furrow lineation rvhich is paral1el to the axes

of F2 folds, and is referred to here as L2 (Plate 11: 2).
TJre fractures (which are hereafter termed 52) are closely

spaced in the hinge zones of F2 folds, and to a large extent have

controlled albitisation and the emplacenent of thin pegrnatites (P1ate

11: I, 3 anà 4), They have also been planes of post-alteration
rnovement, and are presently characterised by thin coatings of fibrous
hornblende (see Appendix B). Thin brecciated zones rna¡' para1le1 the

fractures.
A well developed axial plane schistosity in some mesoscale

folds in fine grai-ned netasandstones in the Middleton quarry can be

seen in thin secticns to crenuls.te a relict schistosity that is approx-

imately parallel to beclcling (Plate 12: 2). An examination of the

axial plane schistosity surfaces shows a conspicuous míca-streaking

lineation that is not paral1el to the intersection betrtreen bedding

and the axial. plane schi.stosity (Plate 12: l). Such folds have the

style of F1 folds in the Brown lli1l area and in the eastern part of the

type section, but the presence of two schistosities makes their
identification diffic.trlt. In contrast rvith these fo1ds, smal1-scale

F2 folds in the ì'liddleton quarry are characterised by a poorly developed

axial plane schistosí'ry (Sz) that overprints a moderately well developed

schistosity parallel to beclding. However, in these folds, ít is the

older schistosity tha.t contains a prominent mica-streaking lineation.
The nica-streak-ing lineation is sinilar in nature to the Ll lineation
recorcied in metasediments in the ty?e section and j-n the Brown Híl1

area, and has been tentatively Cesignated Li. In the lvlidclleton quarry,

it is readily seen on the,surfaces of large-scale F2 folds where it is
orientecl aE a significant angle to the intersection bettr'een beddi¡lg ancl

52 (Plate 12: 3 and 4). In vi-ew of these observations, the mescoscale

folds of uncert.ain affínities are best interpreted as first generation

structures that for:ined in metasediments containing a pre-tectonic bed-

ding plane sc:hj.stoslt¡,'. Tiie prr:ninent mica-streaking lineation that
occurs on the ar.iel plaric sclristcsity to these folds is thelefore L j.

F2 folds were not observed in the rather poor exposures outside
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the lr{iddleton quarry, or in the snral1 quarry exposures north-west of
Port El,1íot. In these localities, folds presently interpreted as

first generation structures because of their orientation and style
form the doninant elements. Such folds are best seen in the exposures

to the north df the lliddleton quarry. They are inclinecl, and plunge

at steep angles towards the south-east. The axial plane schistosity
is a pronounced mica prefe::red orientation which overprints a poorly

preserved presuned pre-tectonic bedding plane schistosity in some

specimens. The intersection of bedding with the axíaI plane schistosity
is para1lel to the axes of the folcls. However, a pro;ninent mica

streaking tineation on schistosity surfaces pitches up to 2Oo from ilte

intersection between bedding and the axial plane schistosity.
51 surfaces in phyllites of the Petlel Cove Formation equivalent

exposed in the quarries north-west of Port Elliot and in the cuttings
along tl-ie Crowts Nest road exhibit a fine-scale crenulation. The

crenulation appears to have a sinilar orj,entat.ion to the conspicuous

mica streaking lineatj-on (presumed Ll) on S1 surfaces in netasandstones

in the N{iddleton area, but is interpreted as a-second generation

structure.
The exposures of Middleton Sandstone along tlie coastline at

l"{iddleton are dominated by F2 structural elenent-s. Although F2 foLds

arê rrot coÍr.tnon, the attitude of the prominent ridge-and-furrow 1íneation

(Lù indicates a shallorv easterly plunge for such structures.
(ii) Geonetry of the structural elements

Poles to So measured in the Þliddleton quarr)' (Figure 15f) do

not reflect the attitucies of first generation fo1ds, but define a

statistical F2 fold axis plunging at 5Oo towards 118o. This agrees very

well with the attitudes of measured F2 fold axes and L2 ridge-anci-furrow

lineations (Figure 16a). In addition, i.t i.s consistent with the dis-

tribution of poles to F2 fractures in metasandstones.

The distribution of measured nica streaking lineations in the

lrliddleton quarry indicates a statistical plunge tottirrcls I22o at 650,

r+'hi1st the attitude of the related schistosity indicates a steeply

plunging inclined style for fold: herein interpreted as first generation

structures (Figure 16b).

The structural elements So and L2 measured ín the exposures ar-

Middleton Beach clc-fj-ne an F2 fold axis plunging at 2Bo towards O9Oo,
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and this is supported by the attitude of one nesoscale F2 fold axis
(Figure 16c).

In ai1 other parts of the lt,licld1eton area, first generation

structures are doninant. Poles to So define a. statistical F1 fold
axis plunging at 600 towards 7420 (Figure 16d). The rather diffuse
distribution of So poles on the westem side of the diagram nay reflect
the influence of second generation fo1ds. The attitude of the statis-
tical F1 fold axis js confirmed by the distribution <¡f mica streaking
lineations ancl the attitudes of poles to the axial plane schistosj.ty
(Figure 16e), and approximately coincides wíth the orientation of
presumed fi:r:-st generation structures mapped in the tr{iddleton quarry.
2.4.5 The ccr:tact betu¡een. the granites and th.e Karrnantoo Group

The structural elernents at the contact between the granites
and the Kanmantoo Group har¡e been studied in the Encounter Bay arett

on1y, and are best examined on lVright Island (Figure 11). The most

obvious of these structural elements ís a proninent schistosity, wliich

occurs in both the nargi-nal granite phases and ín the Petrel Cove

Fornation rnetasedimerÌts .

The schistosity is spectacularly developecl in thin granite
sheets, near the margins and constrícted portions of wiCer but strongly
boudina-ged sheets (PJ.ate 13: I and 2), and iir the main granite rnass

wíthjn a metre or so of the contact on the nort-he::n par:t of the island
(Plate 13: 3). It should perhaps be rnore correctly termed r lÐfr"g
schistosity, since it is defined by an alternation of layers, Iess than

2nm wide, contaíning extensively recrystallised biotite and quaxtz.
The layers enlvrap 1a::ge potash feldspar: and plagioclase megacÐ'sts

(Plate 13: 4). lvfany of tiic feld-spars have been rotated. However,

most have .¡:etained their oliginal structures anC t-extures su.ch as growth

twinning, composítional ::oning, and zo'naI arrangement of ínclusions.
lvlany have also retained thei-r-' gross external morphology, but recrystall-
isation of their rnargíns has occurred with the associated development

of strain-shadow structures. In additionr myrmekitic intergrowths are

conìlnon in the recrl'stallised margins of the potash feldspar rnegacrysts.

Biotite-rich layers consíst predominantly of fir-ie grained biotite
crystals, but rnay contain nediul to coarse graìned augen-shaped biotit-e
crystals. lrforeover, biotite has a strong preferred orientation in the

plane of the layers. Quartz layers co:rsist of a rnosaic of unstressed,
fine g::ained equigranular crystals. lulicrofolds in the layered
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schistosity are relatively common in the strain shadows of large

feldspar negacrysts, and have as axial plane schistosity the very

biotite schistositl' that paltly defincs the layered schistosity

(plate 14: I and 2), This seemingty anbiguous si-tuation must reflect

a monogenetic origin for both the microfolds anrl the layered

schistosity. In some localities, metasedinentary rock xenoliths have

been markedly deforned in the piane of the schistosity.

The schistose gïanite is best classified as a protomylonite

(l{iggins, 1971). The schistosity is interpreted as a post-consolidation

feature imposecl as the result of plastic deformation at sufficiently
high ternpeïatures to al1ow recr:ystallisation of the deformed quartz'

waters and Krauskopf (1941) ancJ subsecluently Fliggins (1971) have applied

the term I'protoclastictrto the schistose nargins of granite plutons, and

have suggested that the schistosity is due to late intru-sive movements

of the plutons. In this area however, the schistosity is considered to

have been imposed during regional deformation. The valiable development

of the schjstosity i.n the granites along the contact, together with its

conplete absence from the internal parts of the pluton, is taken as

evidence for the high yield strength of the granites at this tíme, and

suggests that the pluton possessed rigíd body properti.es during the

regional defornation.
Mesoscopic folds occur in the meEasediment's írunediately adjacent

to the granite sheets, especially on the southern side of the island'

Many of the folds are tTuncated by the granite sheets, and by thin

granite veins which are offshoots from the sheets. These folds there-

fore pre-date the ernplacenent of the granites. However, other exarnpl'es

occur in which the granite sheets and their vein offshoots are folded

rvith becl<ling in the metasediments. Tl-rese folds were clearly developed

after granite emplacement. Folds predating granite etlplacement vary in

orientation, and seem to have been disoriented during granite emplace-

ment. On the other harrci, folds post-dating grartite emplacement have an

orientation that is consistent with the attitude of the schistosity in

the gîanite sheets and ín the metasediments, and v¡ith the atti"ude of

first generation folds in the metasediments near Rosetta Head' It

would appeal from these obseruations that the granites were emplaced

aftet: the initration of folding in the metasediments, but had

crystallised prior to the nain pha.se of fir-st generation foLding and
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associated 51 schistosíty development. The early folds are assuned to
have developed during tlie initial stages of first generation deformatíon,

since older tectonic structures have not been recognised in the region.
Moreover, the presence of a poorly derreloped schistosity oriented at

moderate angles to bedding in a few metasediments xenoliths rvithin the

granites is consistent rvith the incipíent developnent of Si duri.ng

folding prior to granite emplacement.

Younger structures also occur rvithin the metasediments and

granite sheets on l\rright Island. Fine scale crenulations of the 51

rnj-ca schistosity in the metasediments and of the schistosity ín the

granite sheets define an L2 lineation, which plunges steeply towarrls

the south-east. Thin sections of contacts betrveer granite sheets and

metasediments show that L2 is the expression of a penetrative aLthough

pooril' developed crenulatíon cleavage (P1ate 14: 3).
Broad kínk foldi.ng of bedding and thin graníte sheets has also

been noted (Plate 14: 4). The folds occur as isolaterJ structures in
narrow belts, and plunge at rnoderate angles towards the south-east. An

irregular fracture set ís approxínately parallel to the axial planes of
these fo1ds. The folds are sinilar in orj.entation to F2 folds mapped

between King Beacl-r and Rosetta Head, and in the MiddLeton area, but their
relationships have not been studied.

A snal1 zone of knotted andalusite schist bccurs rr'ithin the meta-

sediments on the southern side of Wright Island, but is visible only at
low tide. The andalusite porphyroblasts have crystallised in thin bands

paral1el to bedding, and along the margins of cross-cutting granitic
veinlets, and post-date the development of the 51 schistosity.

A 6-7m wide cataclastic zone crosses the contact on the southern

side of Wright IslanC (Plate 15: 1). Cataclastic textures are con-

spicuous in the na::gínal parts of the megacrystic granite, in rvhjch the

51 schistosity and nany xenolj-ths are deformed, but are not so obvious

in the adjacent metasediments. The cataclastic zone consists of a number

of thin sub-zones of rnylonitised granite that grade outwards into cata-

clastic granite, anC follows a major joint set that has controlled
albitj-sation in the granites in this locality. The cataclastic deform-

ation however, is clearly post-albitisaticn since the albite megacrysts

are strongly fractured alrd brcken apa::t, and the rock possesscs a

moclerately well der¡eloped fluxion stlucture (P1ate 15: 2), The textures
present are strikingly different from those of the
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graníte, and are interpreted as the result of low temperature brittle
defornation. ltfinor post-albitisation defornatíon of si¡nilar joint sets

has occurred in the granites in other localities.
The structural relationships between the Encounter Bay Granites

ancl the metasediments of the Petrel Cove Forrnation are not as easily
examined at Rosetta Head because of the relatively poor exposure of the

contact. Flowever, there are some interesting features in outcrops along

the wave-cut platform near the southern tip of the headland. The mega-

crystic granite here has been cornpletely albitised, and is littered with
albitised metasedimentary rock xenoliths (Plate 15: 3). tr{oreover, it
is complete1y devoid of any deformation textures. The adjacent meta-

sediments contaín several noteworthy structures, perhaps the most obvious

of which are lnesoscopic folds that are developed in bands paraIlel to
bedding (Plate 15: 4; Plate 16: i). The conplicated style of these

folds, and theír occurrence in an interval of otherwise planar-laminatecl

rnetasiltstones, suggests that they forned prior to consolidation of the

original sedinents. The peculiar structure illustrated in Plate 16: 2

probably has the same origin. '

Sma11-scale defornatíon foids occur along narrow zones of dis-
location that mark the extensions of ¡lranitic veinlets in this locality
(Plate 16: 3 and 4). The folds plunge at shal1.ow angles to the north-
east, and are reminiscent both in style and orientation of F1 foids
elsewhere withín the Perrel Cove Formation (e.g. Plate 10: 1).

One additional feature is the development of very sma11 post-F1

andalusite porphyroblasts, similar to those observed on the southern

side of Wright Island.. in thin bands para11e1 to bedding and immediate'Ly

adjacent to thin cross-cutting granitic veinlets (P1ate 17: I and 2).
2.4.6 Discussion

The observations and measurenents of structu:cal elements macle

during this investigation indicate the presence of two nain phases of
deformation in the Kanmantoo Group metasediments in the type section and

in the Brown Hill to lt{iddleton area. }Vith the exception of parts of the

Middleton area, first generation structures are dominant throughout the

region. However, second generation structures are moderateli'we11

developed in the eastern part of the type sectíon, and are dominant in
the exposures at Mi<idleton Beach and in the llicldLeton quarry.

There are several features of the structural environment of the

Encounter Bay Granites that will onLy be adeguately explaíned after the
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conpletion of a more comprehensive investigation of the structural
geology of the Kanmantoo Group than was attempted itere. The variable
developnent of structural elements in the areas described is one

example. This, together with the irnperfect outcrop ín the Encounter

Bay area, has prevented an unambiguous correlation of structural
elements betrveen the t¡.pe section and the Brorvn Hill to lvliddleton a1'ea,

and even rvithin the latter atea, on the basis of the present structural
data. The variabí1ity in style and orientati.on of F1 folds fron over-

turned, highly appressed, north-easterly plunging structures in the

vicinity of the regional antic.line at Madigan Inlet, to relatively open,

upright south-westerly plunging structures in progressively younger

formations further eastwards in the t¡'pe section, and moderately

appressed, overturned folds plunging steeply to the east in the Micldle-

ton area, is also inexplicable on the basis of the present data but is
nonetheless considered to be an imporl-ant observati,ol-t.

Notwithstanding, the present data provide an adequa-te basis for
interpretation of the tine of emplacement of the Encounter Bay Granites,

at least jn the Encounter Bay area, in relation to the structural
defornations recoriled ín the contiguous Kannantoo Group metasedimentary

rocks¡ The following observations are considered most pertinent to this
discussion:

a. sorre mesoscopic folds in Petrel Cove Formation metasecliments

adjacent to the granite sheets, and in metasediment xenoliths
in graníte sheets on Wright Islald, pre-date the emplacernent

of the granites;
b. the promínent layered schistosity that occurs within some

parts of the megacrystic granite at the contact between the

granite and the rnetasediments, and is particularly well
developed in boudinaged granite sheets rvithin the meta-

seditnents on Wright Island, is paral1e1 to the 51 schi-stosity

in the nletasediment-s and is axj.a1 plane to nesoscopic folds
which deform both the granites and the netasediments; and,

c. metasediment xenolj-ths within the granites clo not contain

porphyroblasts of metarnorphic rninerals such as andalusite or

cordierite, which occuf in abundance in parts of the con-

tiguous Fetrel Coi¡e Formation, and many are also devoid of
tectonically írnposed ntica preferred orientations.
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It was not possible to measure the attitudes of granite boudins. They

appear to pl-unge at rnoderate angles towards the south, and may be con-

sistent with the attitude of either of tlte first generation lineations
(L1 or Ll), or with the attitudes of L2 lineations (Figures 15b and 15d).
However, they appear to have formed simultaneously with the 51

schistosity, since this structure is especially well developed in the
rnargins and constricted portions of the boudins (Plate 13: 2) . Thus

the boudins are considered to be first generation structures. Unaltered
netasedinentary rock xenoliths wj thin the negacrystic granite are

abundant, and consist of well-lalninated fine graíned metasandstones and

metasiltstones of identical lithology to rnetasediments of the Petrel Cove

Formation. Many exhibit such sedimentary stTuctures as fine-sca1e cross-
bedding, ripple marks and shale-chip conglomerates. Althorigh it is
possible that the absence of a mica schistosity in many of tl're xenoliths
examined is the result of recrystallisation, the lack of evidence of
alteration or recrystallisat-ion of the xenoliths suggests that a pre*
ferred orientation of mica liad never developed in them.

Thus the Encounter Bay Granites are consiclered to have been

enplaced prior to the rnain phase of first generation defornation, anci in
this sense are regarded as essentially pre-tectonic. The texture of the

schistose granites indicates that, at least near the margins of the
pluton, the granites h¿.,d a1:nost completely crystallised prior to the

ínposition of the S1 schistosi1-y during tl're maj-n deformation pTrase, whictr

occurred at sufficiently high temperature to promote recrystallisation
of the deforrned c1ua.rtz. Abundant myrmekitic intergrowths in the re-
crystallised margi,ns of feldspar megacrysts apparently formed as the

lesult of exsclution subsequent to the deformation (see for exampie

Ashworth, 1972), although Shelley (1964) and Parslow (1971) regard
myrmekite of this type as related to stress acting upon solid but stitl
hot granite. The absence of deformation structures within the granites
away from the contact suggests that the pluton behaved essentíal1y as a

rigid body during the deformatiorr.
' The remarkable concordance of the granite sheets with bedcling in

the country rock nretasediments is worthy of comment. It indícates that
the bedding planes were preferentially available as planes of lçeakness

to the intruding granites, and ma;'lLave controlled the ernplacement of
ttre pluton as a rvhole, since it is genelalJ.y concordant with beclding in
all localitíes whele the contact is exposed. In fact, the ready
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accessibilíty of bedding planes to igneous emplacement seems to have

been a characteristic feature of several intervals within the Kanmantoo

Group at about the tine of granite emplacelnent. For example, concordance

of the granites occurs both within the Petrel Cove Formation (in the

Encounter ISay area) and the lt{iddleton Sandstone (at Cape lVilloughby).
In addition, s imi larly concordant feldspar-quartz-mus covite- tourmai ine-
spessartite pegmatites, of approxinat-ely the same age as the granites
(as described in a later section) occur within Tapanappa Formation nìeta-

sedinrents east of Snapper Point on the north coast of Dudley Peninsula
(Fígure 8). This situation does not appear to have ensued in post-
granite emplacement tirnes however, .since pegmatite a-ncl dolerite dykes

of this age are clearly discordant.
Second generati.on structures have overprinted the S1 schistosity

in the granites and adjacent metaseclirnents on ltlright Island. However,

the sporadic developnient- of conspicuous second generation structural
elements has prevented a reliable assessment of the broad scale effect
of this deformation on the granites. 0n the other hancl, these structures
provide an important reference point in a discussíon of the relative ages

of pegmatite and metadoleríte dykes in the type section of the Kanmantoo

Group. For exa:nple, both pegmatite-s and metadolerites occur as traûs-
gressive dykes Ì{ithin the Petrel Cove Forrnation, and do not exhibit
recognisable filst generation strtrctural elements. However, thel' have

been str:ongly folded and boudinaged cluring the second phase of de-

formation. In fact, second generation structures including mesoscopic

folds and an obvíous crelrulation cleavage are comrnonly best developecl

immediately adjacent to these dykes. Thus the pegmatites and the meta-

dolerites appear to post-date the first generation of folding, and pre-
date the second. Símilar rocl<-types intruding nretasediments further
west in the type seition are probably of the sane age, althor,rgh this
can not be confi-rmed because of the poor development of second generatì-on

structures. There are however, thin cluartz-t:tch pegmatites in the

vicinity of Madigan Inlet that are folded about Si as axial plane

cleavage, ancl clearly must- pre-date the first phase of deformation.
The origin of the striped layering (Sr) vrithin netaseCiments of

the Petrel Cor¡e Formatíon is not completely rrnderstood. The stripes
are post-F1, pre-F2 stTuctures that seem to har¡e been forrned as the

result of the differential migration of lnineral components in the

immediate vicinity of a set of fracture pianes, possibly of tensional
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origin, that occur at a low angle to s1. This suggestion is supportecl
by an electron microprobe examínation of the stripes (Appendix c). The

marked concentration and/or depletion of post-F1 andalusite porphyro-
blasts adjacent to stripes in andalusite schist bands (plate 5:

2) provides evidence for the mígration of Al wíthin the envirorunent of
the stripes du::ing the crystallisation of andalusite.
2,5 THE METAMORPHTC EIWIRONMENT OF TI]E GRAN.TTES

2.5 .I fniz.oduction
Previous investigations of the netanorphic petrology of the

Kanrnantoo Group in its trpe .section and on Dudley Peninsura, Kangaroo

Island, are few. Til1ey'(1919b) referred briefly to the Kanmantoo

Group rnetasediments adjâcent to the granites at Cape lVilloughby. Browne

(1920), in an investigation of the field relationships and petrology of
the granites in the Encountcr Bay area, discovered the ninerals
andalusite and cordierite in the metasediments exposed along the coast-
line near Rosetta Flead. Bowes (1954) nade a more conìprehensive petro-
logical and chemical examination of the netasediments in the Rosetta
Head locaIity, and subdívided the roclis into tliree groups; namely

quartz-biotite schists, andalusite and cordierite schists, and albíte
and chlorite schists. He consiclered that the metamorphic assernblages

ü/ere a direct result of the emplacement of the granites. Offler ancl

Fleming (1968) briefly describecl the occurrence of cordierite and

andalusite ín the netasediments near Rosetta Head, and suggested that
the minerals were "produced during a deformation phase before the
intrusion" of the Encounter Bay Granites.

In a publication describing the stratigraphy of the Kanmantoo

Group in the western part of the type section between Canpbell Creek

and Tunkalilla Beach, Daily and Milnes (1971a) summarised the results
of a brief exarninaLion of the metanorphic petrotogy of the rocks co]lect-
ed during that traverse, and suggested that the grade of metamorphism

was between the almanciine isograd and the staurolite isograd as defined
by Winkler (1970). A stratigraphic investigation of the remainder of
the type section, ín additiorr to the Brown Hill to N{icldleton area, has

now been completed (Dai1y and Milnes, 1973) together with petrographic
studies of the rocks collected. The results of these investigations
suggest that earlier interpretation of the rnetanorphism, although
col'Tect, was oversimplified to a large degree.

fn order to present a more accur'ate interpretation of the nature
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of the netarnorphism, it was necessary to describe the various meta-

morphic minerals and mineral assemblages in relation to readily
identifiable structural elements in the rocks, particularly the S1 and

52 cleavages. This technique of describing the time relations betrveen

crysta1 gror,,'th and deforrnation has been generally used to deterrnine

fluctuations in the grarie of metarnorphism with tine (e.g. Zwart,
1962; Spry, 1965, 19ó9; Offler and Fleming, i968). Horvever, an

attempt has been rnade here to assess the grade of metamorphism

associated rvith recogni-sab1e structural events, and so elucidate the

long-standing problem of the.relationship of the metamorphism to the

Encounter Bay Granites.
. A comprehensive investigation of the metamorphic petrology of

the Kanmantoo Group in this region was not within the scope of this
thesís. The metamorphic petrology has therefore been discussed in
relation to specific structural events, contrary, to normal presentat.ion.
2.5,2 Metamov,phic petz'cloøu

(i) The type section of the Karunantoo Group

The fabric of the metasedimentary rockd tlrroughout the type

section of the Kanmantoo Group is domj.nated by a well developed 51

schistosity defined by the preferred orientation of groundmass micas.

A second generation rnicrofolding of Si becomes app.arerrt as a penet,r:ative

structural element (Sz) east of Coolawang Creek (Figur:e 6), and more

particularly, east of Newland Head (Figure 7). It should be emphasised

however, that practically all of the nretasedinents except the phyllites
retain aspects of their original detrital texture despite the defomation.
Such textures include a marked variation in grain size of the quartzo-
feldspathic constituents, their ubiquitous angular grain shape, arrci the

occurrence of pebbles composed of quartz, quartz + feldspar anrl carbonate

in several intervals.
With the exception of a calcareous phyllite sequence (Talisker

Calc-siltstone), several sulphide-rich intervals within the Tapanappa

Formation, and. a number cf carbonaceous and sulphide-rich phyllites
confined to the Brown HJ 11 Subgroup (Figure 10), the Kanmantoo Group j-s

doninated by netasandstones, metasiltstones and phyllites. Conspicuous

rneta.morphic milreral assemblages al'e uncomnon, and are confined to thin
calc-silj-cate bands and segregations distribu*-ed throughout ti're type

section, ancl to some phyllite intervals, especially rvithì-n the upper part



38.

of the Balquhidder Formation ancl in the Petrel Cove Formation adjacent

to the Encounter Bay Granites at Rosetta Head and on l\rest Island
(Figure 7). The following assemblages of major mineral,s seem to be

representative of the varíous rock types:

1. metasandstones and metasíltstones *

quartz + plagioclase + biotite + muscovite t calcite
t chlorite 1 garnet t scapolite I epidote;

2. phyllites -
quartz + plagioclase + biotite + muscovite t chlorite
t garnet r anclalusite t cordierite;

3. carbonaceous and sulphide-rich phyllites -
quattz + rnuscovite + pyrrhotite + carbonaceous mat.erial;

4, calc-silicates -

quartz + plagioclase I hornblende r garnet t chlorite
r calcite 1 biotite 1 muscovite r pyrrhotite r epidote.

A. Metarnorphic crystallisatíon in relation to structural
deformation

a. Pre- to syn-F1 metarnorphic crystallisation
Metamorphic elernents attributed to pre- to syn-F1 crystall-

isation include sma11 quartz-rich aggregates, groundmass biotite and

rnuscovite, biotite porph¡roblasts, and cordierite, andalusíte and

chlorite poi.kiloblasts. Quartz-ricl'r aggregates and biotite porphyro-

blasts oc.cur with groundmass rnicas throughout the type section. However,

cordierite and andalusite poi.kiloblasts are restricted to some phyllites
in the upper part of the Balquhídder Formation and in the Petrel Cot¡e

Formation in the eastern part of the type section.
Metanorphic elenents of pre-F1 age are unconnon. Relict elements

of seciimentary origín, such as quartzo-feldspathi-c groundrnas.s minerals,
are not included in this discussion. However, some sma1l aggregates

composed mainly of quartz, together with opaque rnj-nerals and micas, fray

represent pre-F1 structures. Tl-re aggregates are enwrapped by the S1

nica schi-stosity, but generally contain a random internal mica fab::ic
(Plate 18: 1 and 2), Moreover, the grain size of the minerals within
the aggregates is always finer than the grain size of the same ilínerals
in the groundmass of the rock. The aggregat-es are unlikely to be

Temnant seclinentary qttartz-rich laminae because of their uniforn dis-
tribution through the host metasedinients. OffIer and Fleming (1968)
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described símilar aggregates that precede the first appearance of

andalus|te in parts of the northern lrfount Lofty Ranges, and suggested

that they were ttpseudomorphs after andalusite produced during a peak

of metanorphism when the andalusite stability r"ield was just enterecï'.

Sorne poikiloblastic cordierite augen in metasediments in the Petrel

Cove Forination exhíbit a randorn inclusion fabric (P1ate 18: 3 and 4),

and may represent pre-Fl crystallisation.
N{etamorphic elements fo¡ned during the first phase of deformation

include the micas that clefine the 51 schistosity. These micas are

generally fine grained, although biotite porphyroblasts (sometimes

partly altered to chlorite) have been noted. 51 is also contmonly narked

by a preferred orientation of opaque mineral laths that may have

crystallised during the first phase of defontation.

Cordieritel0 poikiloblasts are geneïaIly enwrapped by the ground-

mass S1 schistosity, and occur as augen with oríentecl internal inclusion

fabrics in which the inclusions define either a planar fabric oriented

at a significant angle to 51 (P1ate 19: l- and 2), or an S- or Z-shaped

fabric (Plate 19: 3 and 4). In both cases, the intelnal fabric is
continuous with the external fabric. These texturesll are interpreted

as the result of crystallisation and rotation o1- the augen during the

formation of 51. As the corclierite augen are generally enlrapped by Sl ,

and the inclusíons within the augen are invar'íably finer grained than

the groundmass minerals, the cordierite is probably early-syn-F1.

Andalusite commolrly occurs as s-shaped poikiloblasts with s-

shaped inclusion trails which are continuous with the external S1 fabric
of the host rock (Plate 20: i). These poikiloblasts are thus considered

r0In additío:r to coldierite poikiloblasts in these netasedi.ments, there
are ínclusion-fi1led poikiloblasts composed of a nicrocrystalli-ne,

e1lotv-brown coloured, almost isotropic material, which has been
identified by electrorr mícroprobe analys-is a-nd X-ra¡' diffraction as

kaolinite (Appendix D). The poikiloblasts are sinilar j.n texture to
cordierite po ikiloblasts. Moreover, cordier-ite pcikiloblasts are
comnonly part 1y aitered to a similar material. Thus the poikiloblasts
are interpreted as altereii cordierite poikilobla-sts.

tlAs suggested by Powell and Treagus (1970) in relation to garnets, both
planar anC S-shaped fabric-s may occur rr'ithin the same augen but appear
different because of the I'cut effectrr.

v
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to be the result of late-syn-F1 cr/stallisation and rotation. Horvever,

the outer margins of some poikí1ob1asts transgress the groundmass S1

schistosity and therefore represent po-st-Fl crystallisation (P1ate 20:

2 and 3).
Syn-Fr andalusite and chlorite occur in poikíloblastic clots in

some phyllites in the eastcrn part of the type section, and may coexist
with late-syn-Fl S-shaped andalusite poikiloblasts and early-syn-F1
cordierite augen. lt{any of the clots also contain porphyroblastic quartz
and muscovite. The andalusite and chlorite generall¡. es.rr a-t the

rnargins of the ciots, where they have overgrown the grounclmass 51

schistosity but have been subsecluently rotated prior to the ultimate
crystal.lisation of the external 51 fabric (Plate 20: 4; Plate 2I: 1).
Post-F1 overgrowths of both andalusite and chlorite occur at the margins

of the clots
b. Post-Fl metamoïphic crystallisation
The major porphyroblast crystallisation in rnetasedilnents in the

type section of the Kanrnantoo Group occurred during the post-.F1, pre-F2

static. phase, when andalusite, chlorite, garnet; hornblende, muscovite,

scapolite and epidote crystallised in rocks of appropriate lithology.
These minerals have grown across the groundmass S1 schi,stosity and con-

tain relicts of it, but are cleformed b¡' the 52 crenulation cleavage in
rocks in which this structure is developed. The following minerals and

nineral assemblages are characteristic of this net.amorphic episode:
1. phyllites -

chlorite t andalusite t rnuscovite t scapolit.e t garnet;
2. cal c-silicates -

hor"nblende t plagíoclase t garnet r chlorite t epiclote;

3. nretasandstones and metasiltstones -
muscor¡ite t garnet 1 chlorite t epidote.

In addition, theie are several minor conponents such as tourmaline and

some opaque minerals which appear to have crystallised across the ground-

mass 51 schisto-si-ty, and are similarly attributed to this metamorphic

episode.

Post-F 1 andalusite occurs both as overgÌolr'ths on syn-F 1

poikiloblasts, and as poikilobla.sts that have grolrn across the ground-

rnass 51 schistosity in andalusite schists in the eastern part. of the

type section. The poikiloblasts retain relicts of the schistosity in
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the form of oriented opaque mineral laths and quartz gtains that are

planar and continuous with the groundmass 51 fabric of the rock
(Plate 21: 2).

Post-F1 chloríte al,so occurs in phyllites throughout the type

section as subhedral and euhedral poikiloblasts that have grorvn across

51, but contain undeflected relicts of 51 in the fornr of opaque mineral

latlrs and lenticular: quartz grains (PIate 2I: 3 and 4). Muscovite of
simjlar habit occurs in phyllites, but is less conmon than chlorite.
Scapolite occurs in phyllite.s about lkm east of Coolawang Creek in
sma11 porphyroblastic clots that appear to have grown across 51 (Plate

22: 1).

Calc-silicates occur throughout the type section as deformed

thin bands that paral1e1 bedding, and as boudins that ar:e elongate

parallel to F1 fold axes. 0n the basis of theír nineralogy and

conposition (see Appendix E), the calc-silicates are consiclered to have

been originally impure dolomitic siltst.ones. The S1 schistosity in
these rocks is a relict structure defined by the preferred örientation
of lentic.ular or lath-like opaque rníneral grains and in some cases,

pale brown micas. This structure contrasts strongly wíth the well
defined S1 schistosit)' in the surrounding metasediments, and is taken

as evidence that the present calc-silicate níneralogy is predominantly

the result of post-F1 cr/stallísation. This proposal is supported by

textural changes near the contacts between nany calc-silicates and the

surrounding quartzo-feldspathic metasediments, including a significant
increase in grain size of biotite in the quartzo-feldspathi,c meta-

sediments as the contact is approached, together with a simultaneous

decrease in degree of preferred orientation. Hornblenciel2 ¡see

Appendix E) occurs in rnany calc-silicates as medi-um to coarse grained

poikiloblasts which generall), exhibit a lackdjpreferred orientation,
although in some speciments they may shorv a moderate degree of preferred

orientation para11e1 to the relict S1 schistosity. Hornblende poikilo-
blasts cutting across the relict S1 schistosity cont-aín undeflected

opaque mineral inclusion traírs that are continuous with the schistosity

l2Hornblende in these calc-silicates,vas previously incorrectly
identified as actinolite on the basis of its optical characteristics
(Daily and ltfilnes, I97La)
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in the groundmass of the rock. Garnet (see Appendix E) occurs in calc-

silicates as chemically zoned subhedlal poikiloblasts that also cut

acïoss, but have inherited the groundnass scl-ristosity.

Garnetl3 occuts in rnetasandstones and metasiltstones through-

out the type section as porphyroblasts that cut across the groundmass

S1 schistosity (Plate 22: 2,3 and 4). As in the case of the calc-

silícate galnets, they are zoned fron core to rim (see Appendix E).

They commonly coexist with rnuscovite, chlorite, epidote and tournaline

which also appear to have grown across 51.

In a locality about halt way between King Beach and Rosetta

Head (Figure 7), abundant round-shaped cordierite poikiloblasts occur

in pelites nithin 1m of a metadolerite dyke. The pelites contain a

relict 51 schistosity defíned b¡' micas and opaque rnineral laths, and

the cordierite poikiloblasts appear to have grown across this (P1ate 23:

I and 2). Smal1 andalusite poikiloblasts and euhedral rnuscovite and

chlorite laths coexist with the cordierite and are similarly interpreted

as post-F1 minerals. As netadolerite dykes are post-F1, pre-F2 in-
trusions (page 35), the coarse grained post-F1 'cordierite appears to

have crl'stallised as the result of a 1ocal increase in temperature

along the margins of the dYke.

Post-F1 metamorphic nrinerals that occur in phyllites in the

.eastern part of the type section, where the 52 crenulation cleavage ís

best developed, are deformed by 52. Textures sucl'L as *.he microfolding

of chlorj-te and andalusite porphyroblasts, and the sma11 scale clis-

location of these poikiloblasts along zones cr)flnnonly defined by trains

of opaque mineral grains (Plate 23: 3 and 4), are especially evident

in sorne phyllites in the Petrel Cove Formation in which 52 assumes the

characteristics of a strain slip cleavage.

I 3The occurrence of garnet in Kanmantoo Group metasedíments throughout
the type section, as well as in Adelaide Supergroup and Kanmantoo

Group lnetasediments on Dudley Peninsula, has not been previously
recoided. The widespread development of garnet-rÍ-ch heavy mineral
sands on beaches along the south coast of Fleurieu Peninsula has
long been consiclered an anomaly, in view of the apparent absence of
garnet in the netamorphic rocks of the region, but can now be readily
explained either by direct coastal rveathering anC erosion of the neta-
,"ãir*r,tr, b1, rewortitg of Permian glacial seclirnents derived from the
metasediments, or by a combination of these processes
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c. gg¡Inqty_

A petrographic examination of Karunantoo Group metasediments in
the type section seems to indicate a rej,ativel¡, simple sequence of meta-

norphic crystallisation. This sequence began wíth the formation of
qua'rtz-tich aggregates and the crystallisatíon of cordierite during the
pÌ'e- to early-syn-F1 phase of deformation, was followed by the syn-F1

crystallisation of andalusite and chlolite, and encled rvith the post.-F1

clystallisation of a wide variety of porphyroblastic rnínet'a1s including
andalusite, chlorite, garnet, hornblencle, muscovite, and scapolit-e.

B. ì'fetamorphic pegmatites and veins

Pegmatites occur in abundance thror.rghout the type section of
the Kanmantoo Group. N'lany are composed of the metanorphic ninerals
that characterise the post-F1 assenrblages of the host metasediments.

For example, pegmatites in garnetiferous rnetasedirnents that occur in the
lotver member of the Carriclialinga Flead Formation contai,n garnet as v¡e11

as calcite, nuscovite, quartz and chlorite. Veíns in the Talj-sker Calc-
sj-ltstone âr€, corìposed nainly of coarse grained calcíte. Pyrrhotit-e-
rich pegmatitcs occur in intervals containing abundant sulphides.
S:apolite-rich pegnatites occur in Balqu.hidder Formatíon metaseclirnelrts

that contain abundant scapolite porphyroblasts. Andalusite-rich
p:gmatites that also contain ¡nuscovite and corundum, occur r,;íthin the
P'elre1 Cove Formation, which includes anCalusite ancl cordierj.te schists.
This marked association between the mineralogy of the pegmatites and the
post-F1 mineralogy of their host rocks supports a metamorphic/metasomatic

origin for the pegmatites (see for example San lr{íguel, 1969). Rivalenti
and Sighínolfi (1971) go so far as to propose that such pegrriatites r¡ere

forned in rochs in whicir there hras a loca1 lorv pressure gradient.

; The mineralogy of these peginatites suggests that they were formed

during the post-F1, pre-F2 static phase, at which time f-he same minerals
crystallised in the adjacent meta-sedintents. An identical age for the
pegmatites was deduced on the b¿rsis of structural observatíons along the
coastal section between King Beach and Petrel Cove (page 35).

(ii) The Brown FIi1l ro ltfidcil.etcn area

The sequence of metaseciimentary rocks between Brorvn llil1 and

N{ld;Lleton (Figure 7) includes part of the Balquhidcler Fonnation, the
Pqtr.e_l-Cove Foination anr-l part cf the overl)'ing l'liddleton Sa.rrdstone, and

is consider:ed to conesfcnrl approximately to t-he section exposed along

the coastline l¡etiveen Nervland llead and Rosetta llead (DaiIy ancl lrfiines,
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I972c). However, the metamorphic petrology of the stratigraphically

ecluivalent rocks in the two sections ís quì-te different. Nfeta-

sediments in the Blotvn Hill to lrliddleton area contain none of the

distinctive minerals present i-n netasediments in the type section'

However, the occurrel)ce of plagioclase of oligiclase-andesine composition

in metasecliments in the former area suggests that the metamorphic gracle

is not si.gnificantly lower than in the type section'

In the Brown Hill area, an 51 mica schistosity is the doninant

structural element. Groundmass biotite and rnuscovite and rare

porphyroblas*,s of biotite represent syn-Fl metamorphic elements. Pre-F1

netamorÞhic elements comparable rvith quartz-rich aggregates and cordierite

augen in metasedinents in the type section are not knotvn. Post-FI meta-

morphic elements include biotíte and/or chlorite poikiloblasts that have

grown across S1.

Further east towards Middleton, the geology is complicated by the

variable developnent of first and second generation structural elements.

The nost conspicuous metamorphic assernblage in this area is epidote +

quartz, which occurs in finò grained rnetasandstones in the Middleton

Sandstone as bands and lenses that tend to minic bedding, even to the

point of outlining bottom sets in cross-bedded strataI4. Epidote

generally replaces pre-existing plagioclase in these rocks. However,

the age of the assemblage in relation to the first an<l second phases of

structural deformation is difficult to establísh because of the poor

development of overprinting relationships in the host rocks. Chlorite

and hornblende occur wi-uhin netasiltstone i.ntervals in the Middleton

Sandstone exposed along lr4iddleton Beach (r-igure 7), but are simila.rly of

unknowri age relative to the first and second generation deformation

phases. Groundmass mica fablics of three ages can be recogtrised in

lr{iddleton Sandstone metasediments in the l'4id<lleton quarry, T'hese include

lt*The nretasediments of the lliridleton Sandstone have been <lescribed by

Cra¡ford and Thomsorr (1959) as "phyllites and greytvacke lvith irnpure
marbles". Thus they irave alluded to the epiclote-ri-ch bancls and lenses
as originaily carbonate-rich sedimenl¿¡r' bands. T'his interpretatíon
ís accépted irere, especially Ín view of the capacity of the epidotc-
ric¡ bands to mimic bedding. The epiclote-rich bands and lenses are

cornparable rvith the calc-silicate bands and rods in the tYpe section,
and may have had a similar structural and metamorphíc historl'
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a relict pre-F1 bedding plane schistosity, a tì/e11 developed syn-F1

schistosity axial plane to first generati.on fo1ds, and a poorly
developed syn-F2 schistosiLy axtal plane to second generation fo1ds.

Pegmatites containing epidote and chlorite occur rvithin the

Middleton Sandstone, and are well exposed at N{iddleton Beach. These

pegmatites are similar, in terns of the association between pegmatite

and host-rock mineralogy, to the post-F1, pre-F2 metamorphic/metasor¡atic

pegrnatites that occur throughout the type secti.on.

(ii i) Dudley Peninsula, Kangaroo Island
The netamorphic petlology of the Kanmantoo Group and Adelai<le

Supergroup rocks collected on Dudley Peninsula during joint strati-
graphic investigations rvith Dr. B. Daily has not been studied in detail
at this stage. HoweveL, there are several prelinrina::y observations of
irnportance to this discussion.

The repetition of stratigraphic units, including such character-

istic intervals as the Hallett Arkose equivalent arid the Brighton Line-

storie of the Adelaide Supergr:oup and the Talisker Calc-siltstone of the

Kanmantoo Group, on both sides of the regional-anticline on the north

coast of Dudley Peninsula (Dail"y and ltfílnes, 197lb), will enable changes

in metanorphíc grade to be closely documented. In fact, the prelíninary
evidence does indicate an increase in metanorphic gracle from tr'est to easL

.as the Encounter tsay Granites at Cape Wílloughby are approached. This is
iest revealed by the appearance of diopside in carbonate-rich meta-

sediments on the eastern side of the thrusted block of Adelaide Super-

group metasediments (Daily and lt{ilnes, 1971b , I972a), in contr:ast with

its absence in rocks of equivalent 1íthology and stratigraphic position
further west. However. there is a nagnificent der¡eloprneni of s)'n- to
post-Fi netanorphic minerals such as andalusite, hornblende, scapolite

and garnet in the Adelaide Supergroup metasecliments, which crop out at

least 121cr from the granites at Cape lVilloughby, compared with a con-

spicuous paucity of these ninerals in Kannantoo Group rnetasediments even

closer to the granites. Thus, Kannantoo Group metasedímentary rocks in
this area appear, on the whole, to be of such conposition (for example,

deficient in carbonate and alumina) that they fail to contain nineral
assemblages that are indicators of metamorphic grade.

2.5.3 Relationshit: of the metc,morph ism to tþ.e empLo"cement of the

Encounter BaA G!!n!i!Bs

The Encounter Bay Granítes lìtere emp laceC prior to the nain phase



4,6.

of first generation deforinatlon on the basis of the structttral features
\-

exp-q¡çd_ngAï the contact.,be-tween_ the gla.nites and the Kanmantoo Group at

Rosetta Head ancl on lVright Island (pages 33 and 34). lr{etamorpìrism of

the Kanmantoo Group in this area began rvith the pre- to early-syn-F1

crystallisation -of quartz-ricir aggregates and cordierite in meta-

sediments of appropriate cornposi-tion, c-ontinued with the late-s)'n-St

crystallisation of andal-usite and chlorite, artd ended in the post-F1

structurally static phase where the crystallisation of andalusite,

chlorite, muscovite, garnet, hornblende and scapolite occurred in meta-

sed.irnents of applopriate compositíon.

C.g1Ç-lerite is reltricted to some phyllites in the'upper pari: of

the Balquhidder Format:Lon and in the Petrel Cove Formation in the eastern

part of the type section, arrd its crystallisation records the hj-girest

grade of metamorphism attained in the regiorr. Cordierite makes its first
appearancìe as altered augen in pìryllite bands that crop out on the coas1.-

line at the eastern end of the hearlland tha-t separates Parsons Beach

from l{aitpinga Beach (Figure 7) - it has not been recognised in roclcs

j-n the type section to the west of thís localit'y, nor in rocks in the

Brown Hitl to lriiddletolì alrea. Moreover, the generally poor outcrop

inlancl has so far prevented its discovery awa)¡ fron the coast. Andalusitc

occurs mait'rly in some pelite-s in the upper part of the Balquhi.clder

Fornation and in the Petrel Cove Formation east of Newland Flead in
associatíon with cordieríte. Flowever, rare altered post-Fi poikiloblasts

that occur further west in the type sectíon, for exarnple in Tapanappa

Formation metasedinents near the western end of Tunkalil 1a Beach and at

Tunk l-lead (Figure 6), are consi<ler:ed to be altered andalusite poikilo-
blasts. The pr-ríl<iloblasts ale col;ìposed nainly of rrery fine grained

il1ite (see AppenCix D). lrfany andalusite poikiloblasts in the eastern

part of the type section are pa.TtIy altered along cleavages to opti.cally

-similar material . lvlinerals such as hornblende and garnet, which are

characteristic of calc-sllicate lithologies, occur throughout the type

section. Scapolite holever, is confined to certain phyl1ítes that occur

about 1km east of Coolatvang Creek (Figure 6).

As renrarked upon, the Kanmantoo Group ntetasedinents on Dudiey

peninsu.la, Kangaroo Island, are generall¡. of inaprropriate burlli chemical

compositioìì to contain mirreral assemblages that arer indicators of Ineta-

morphic grade. This may l:xplain the lacli c¡f e.i¡ídence for r:ontact
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metamoqthism in the Kanmantoo Grortp metasediments in the vicinity of the

Encounter l3ay Granites at Cape Itrilloughby. On the other hand, the

occurrence of syn- to post-Ft netamorphic rnineral assenblages of
andalusite gra<le in Adelaicle Supergroup metasedirnents more than 12km

from the granites suggests that metamorphism occurred on a regional sca1e.

Unfortunately horvever, a relationship between the metalnorphism and tire

Encounter Bay Granites ín thís area can not be established on the basis

of the data presently available.
The entire type section of the Kanmantoo Group, as well as Dudley

Peninsula, occurs within the regional andalusite-staurolite zone of meta-

morphism (Offler and Fleming, 1968; Fígure 3 of this thesis). Thus,

the paucity of andalusíte in all but the netasecliments in the eastern

part of the type section is best ínterpreted as the resttlt of an absence

of metasedirnents of appropríate bul-k chemical composition. The absence

of staurolite in metasedinents throughout the type section may be the

result of a lack of metasediments of app::opriate bulk composition, or
conditions of insufficiently high tenpelature and pressure during meta-

rnorphism. At present, there is no evidence in suppolt of either
possibility. The restrictecl occurrence of cordierite to some pelj-tes in
the eastern part of the type sec.t-ion nay'have been controlled solely by

the presence of rnetasediments of appropriate bulk composition. However,

the conspicuous 1ocal developrnent of very large post-F1 cordierit"e
poikiloblasts near a post-F1 metadolerite dyke intr:ucling metasedimen*.s

of the Petrel Cove Fornation (page 42) suggests that proximity to a heat

source, such as the Encounter Bay Granites, may have influenced the

development of cordierite on a broader scale. The absence of cordierite
and andalusite and other porphyroblastic minerals in Balquhiddel Formation

and Petrel Cove Forrnation metasediments in the Brown Hil 1 to Middleton

area, compared lvith their abundance in metasediments in the same strati-
graphic position ín the type section, is anornalous. It may be the result
either of inappropriate bulk compositions of netasediments in the Brorvn

Flill to lr'liddleton area, perha-ps due to facies changes along strike frorn

the type section, or the effect of sígnificantly lower conditions of
metamorplric grade than existed in the type section. However, in vier,¡ of
the occurrence of plagiocla.se of oligoclase-alid.esine composition in the

metasedirrents in this area, the fonner suggest-ion is favoured. Alternat-
ive1y, the interpretation of the stratigrapiry and structure of the Brorvn
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Hill to Middleton area (Daily and Milnes, 1973; pages 26-29 of
this thesis) may not be correct.

The lelationships between structural deformation, metamorphism

and the ernplacement of the Encounter Bay Granites in the Encounter Bay

area can be-d-educed fronl field and petrographic evícience, and are

illustrated diagrammatically in Figure 17. The crystallisation of
cordierite appears to irave been approxj-mately synchronous with the

ernplacement of the granites, and records the highest grade attained
during metamorplìism in the region. Andalusite and chlorite also began

crystallising during the first phase of deformation. Additional
andalusite and chlorite, together with muscovite crystallised after the

first phase of deformation was complete and prior to the second phase of
deformation, and significantly post-date the emplacement of the granites.
The cry.statlisation of the calc-silicate mineral assernblages, and

ninerals such as scapolite and garnet, also occurred at this time.

Brorune (1920) and Bowes (1954) interpre'ued the andalusite-

corrji.erite assenblage ín metasediments in the Petrel Cove locality
(Figure 7) as havíng crystallised i¡r the contacf aureole of the Encounler

Bay G::anites. Offler and Fieming (1968) regalded both andalusite and

corclíerite porphyroblasts in the metasediments in this locality as sytr-

tectonic, but considered the Encounter Bay Granites to be post-tectonic.

,Thus, the1. suggested that the crystallisatíon of andalusite and

cordierite could have been caused by the I'rise of isothermal surfacesrt

preceding the emplacement of the granites. The present data indicate
approxirnate contenporaneity between the peak of netamorphism, as

indicated b)' tìre crystallisation of pre- to early-syn-F1 cordierite, and

the emplacement of the Encounter Bay Granites in the Encounter Bay area.

These data iherefore support the suggestion rnade earlier that the

restricted occurrence of cordierite in some metasedirnents ín the eastern

part of the type section nay be due to the presence of metasediments of

appropriate conposition in the therrnal aureole of the Encounter Bay

Granites. However, the emplacement of the granites does not appear to

have been responsible for the syn- to post-Ft crystallisation of
andalusite and other minerals, in.rierv of theil much wider distribution.
In fact, 0ff1er and Flerning (1968) have recognised metamorphism of
andalusite gracle and higher, ',vhich occurred as early as pre-F1, on a

regional scale throughout the i'Íounl; Lofty Ranges.
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2,5 .4 Condi.tions of me tarnorphism of the Kanmantoo in its h¡pe

section
A suggest-ed nodel for the relationships betrveen structural and

rnetamorphic events in the Kanmantoo Group and the etnplacement of the
Encountel Bay Granites in the Encounten Bay area i.s depicted in Figure
17, The cliagrar,r illustrates the folloruing sequence of e\rents:

1. the, inj,tial developrnent of first generation fo1ds, and of
an incipient S1 schistosity in the Kannaritoo Group meta-

sedinents;

2. the emplacement and crystallisation of the granites prior
to the main pliase of first generation cleforrnation;

3. the pre- to early-syn-F1 crystallisation of qvartz-rich
aggregates and cordierite at about the tine of granite
emplacement, and at the hlghest metamorphic grade attained
in the region;

4, the late-syn-F1 to pr:st-F1 crystallisation of andalusite and

chloríte; and

5. the post-F1, pre-F2 crystallisation of andalusite, chlorite,
muscovite, hornblencle, ga.::net and scapoli,te.

The metamorphic seqrrence seens to be one of progressj vely lower grades

follorving the initia,I crystaliisatíon of cordierite. Off ler and Flemi.ng

(1968) regarded the nietamorphic nineral assenblages throughout nuch of
tlre Mount Lofty Ranges as characteristíc of lorv pressure, intermedjate-
type metamorphis,l as defÍned by I'líyashiro (1961) . Moreover, t1'rey suggest-
ed that in the areas of highest grade, the metamolphísm occurred at
pressures (Oroau, = Pflrrid) between 5 and 4kb, and at temperatures in the
vicinity of 650oC15. The metarnorphic minerals in the Kanrnantoo Group

metasediments in the Encou;rter Bay area are certainiy consistent v¡ith
conditions of lorv pressure, intermediate-t¡rpe metamorphisni, but are
Tepresent.ative of lot¡er temperatures and pressures than the assemblages

upon which Offler and Fleming based their estimates. The coexistence of
cordierite and andalusite fortunately prorrides a basis for asses-slnent of
these conditions.

Winkler (1967, 1970) defined the transition froir the greenschist
facies to the amphibolite facies of Abukumu-type ineta.morphisrn by ttLe

l5Using the alumino-silícate data of l,iervton (i966a, I9ó6b)
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incoming of diopside, grossula'rite/andradite, tr{g, Fe- amphibole,

staurolite, and cordierite (on1y at relative1y lorv to moderate

pressures), and the dísappearance of the assemblage quartz + chlorite.
The crystallisation of cordierite at about the time of emplacement of
the Encounter Bay Granites and the coexistence of cordierite with syn-

to post-F1 andalusite in some metasedirnents suggests that the conditions
of metamorpl'rism were consistent witir the andalusite-cordierite-muscovite
subfacies or" the amphibolite facies. Winkler suggestecl the reaction

chlorite + rnuscovite + quartz = cordierite + biotíte
+ alunino-silicate r. water . . .1,

which occurs at pressures between 2 and 4l<b and over a temperature range

from 515 to 54OoC, for the paragenesis of cordierite uncier conditíons of
low pressure, intermecliate-type netamorphism. At pressures higher than

4kb (PaoarL = Pftrrid) however, almandine is reported to be Dresent in
lieu of or together ivith cordieríte according to the following reactions:

chloríte + muscovite + quartz = almandine + biotíte
+ alumino-silicate + water ...2, and

cordierite + biotit"A = alrnandine + biotiteB + alumino-

silicate + quattz .,.3,
of which 3 is highly pressure dependent. The absence of garnet of pre-

to syn-F1 age in Kanmantoo Group rnetasedinents in the type section is
significant, and indicates that if the cordierite crystallised according

to reaction 1, the pressure r{as less than 4kb.

Hess (1969) suggested several reactíons for the formation of
cordierite in quartz-muscovite pelítes, including

chlorite + nuscovite + quartz = biotite + cordieríte + garnet

' + water ...4,
rvhich takes place at pressures below 2.7kb and over a temperatule ra.nge

fron 510 to 550oC16. Jlowever, the ubiquitor-rs occurrence of garnet with
cordierite in the products of each of his reactions indícates that they

did not apply to the paragenesis of cordieríte in the type section of
the Kanrnantoo Group.

l6The data gíven by Hess (1969) for reaction 4 is at variance with that
given by ltrinkler (1970) for reaction 1. This is due to a difference
in chlorite composition, since Hess used an Mg-Fe chlorite in hís
calculations, whereas llrinlilerrs data (vide Hirschberg and lVinkler,
1968) refers to chlorite compositions rrthat have not been extremely
F e- ri ch[
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Seifert and Schreyer: (1970) studied the stability 1i-mits of

li{g-cordierite according to reactions involving the assemblages chlorite
+ al.umino-silic.ate and chlorite + pyrophyllite. The results of their
investigations indicate that

chlorite + ancialusite + qvaTtz = cordierite + vapour ...5
is the stable cordierite-forming reactíon at pressures down to at least
1kb, whereas cordieríte can be formed directly from pyrophyllite-bearing
parageneses onl,y at pressures well below 1kb.

It seems like1y that cordierite formed in the metasediments in
the type sectiorr of the Kanrnantoo Group according to reactiolls such as

1 or 5. The occurrence of andalusite with cordierite in some meta-

sediments, although these mínerals did not form símultaneously, is con-

sistent with metanorphic crystallisat.ion at pressures below about Skb

and tenperatures less than approximately 54OoC, as definert by the inter-
section of the experimerrtal equilibrium curves for these reactions with
the andalusite/si11imanite phase boundary (Figure 18).

Syn- to post-Ft mctamorphic ninerals in pelites containing
cordíerite include andalusite and chlorite, whi'ch may occur together
with qualtz and muscovite in conspicuous clots. Thís is perhaps col1-

sistent with reaction 5 having been the stable cordierite-forning
reaction ín the area, sj-nce Seifert and Schreyer (1970) nade particular
reference to the conmon occurrence of the assernblage andalusite + chlorite
+ quartz as a prgcur:sl of cordierite in the outer parts of thermal
aureoles. In the Petrel Cove Formation nietasediments, these clots may

well be products of the retrogression of cordierite.
Post-F1 metamorphic cr1'staili sation produced further andalusite

and chlorite, almandine garnets significantly rích ín spessartite and

grossularite components, hornblende, scapolíte and muscovite in meta-
sedirnents of appropriate compositi.cn. Although the pressure-ten'ìperature
conditions of their format'íon are not precisely assessable from the
available data, the minerals are expected to have crystallised within the
stability field of chlorite + andalusite + quartz (Figure 18).

A crystallisation field for the metasediments in tlie type section
of the.Kanrnantoo Group can only Þe based on an interpretation of the para.
genesis of cordierite in tire light of recent experimental data. Thus, a
tentative crystallisation field is shov;n in Figure 18, and encompasses Lhe

crystallisatíon of cordierite and andalusite, and the post-F1 crystallis-
ation of andalusite, garnet, hornbiende, scapolite, chlolite and muscovite.
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SECTION 3

THE EÌii i)i]NTER BAY GRAN]TES

3.1 ¿,. it1DUCTf)N

Possibly the earliest recordecl geological investigation con-

cernecl lvith the Encountel Bay Granites is a brief petrological
description of a "biotite granite" froln Granite Islancl , in tlie Errcounter

Bay area (I'{oulden, 1895) . Subsequently, Galtrel l (i903) published the

results of an investigation of the míneraTog,y and chenistry of the potash

feldspar megacrysts, for which he recorded an anolnalously hlgh Ca

content, in a rn€gacrystic granite from Granite Island.
The fil:st detailed descriptions of the Encounter Bay Granit-es and

theír field relationsirjps were published by Ti11ey (1919a, 1919b), and

concer:n the outcrops at Cape l{illoughby, Ka:rga-roo IsL and. Ti1ley
recognised several gra.nite varieties, includíng a najor megacrystic

granite and subordinate ap1-ites and vein-1ike albitites. Furthernor'e,

he assigned a Palaeozoic age to the grani-tes on the basis of an inferred
Proterozoic age for the country rock metaseclinents and a p::esuned, Perno-

Carboniferous age for the overlying glacigene sedi.ments, and suggested

that the granites were ernplaced during the closing stages of a Late

Cambrian or Ordovicían orogenic episode.

Browne (1920) dcscribed the fie111 relationshíps and petrology
of the Encounte:: Bay Granites in the Encounter Bay area, where he too

found that a negacrystic granite was the major graníte variety. Browne

and Tilley each recognised the relationship betrveen the granites in the

Ëncounter Bay area and at Cape Wilioughby, and Til1ey (1919b)

described the granites as "chonolithic masses of limited suiface extent,

which are connected at depth to a single batholit(h)ic chamber'r. Ba.se<i

on the opinicn of Horvchin (1906, 1910) that the cor;ntry rock rnetasedinents

in the Encounter Bay atea were of Cambrian age, and also on the fact'Lhat
the granites are overlain by glacigene sediments of presumeci Per';uo-

Carboniferous age, Browne supported Ti11ey's suggestion of a Palaeozoic

age for the granites.
I'lawson (7926) sunuria::ised the ear'1ier work of Tilley (1919a,

1919b) anC Browne (1920) j-n the context of a brief report on tire f-ield
relationships and petrology of the igneous rcicks of South Aust-ra1ia. At

this time, there rvas considerable uncertúncy ¿rbout the age of th<l

Kanmantoo Group metasediments, and conseqtrent.[y Nlarçson cou1c1 on.Ì¡' suggest
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a rtpre-Permo-carboniferous" age for. the Encounter Bay Granites.
Kleeman (1937) describecl in sone detail the field relationships

and petrology of a gra.nite variety knc'wn as therrquartz mica diorite"
(Browne, I92O), which occurs as inclusions withj-n tl-re megacrystic granite
on Granite Island. FIe recognisecl several varieties of the rquartz mica
diorite" and, contrary to the magnatic origin proposed by Browne, suggest-
ed that each of these varieties repre.sentecl different stages in the
assimílatíon of metasedinentary rock xenoliths.

Bowes (1954) investigated the fj-eld relationships, petrology ald
petrochemistry of the Encounter Bay Granites and the contiguous Karulantoo
Group metasediments at Rosetta lìead, where the contact. between the
granites and the metasedinents is exposed. He suggested that thermal
metamorphism of the metasecliments within the aureole of the granites
resulted in the fonnation of "ancialusite, cordierite, albite and chlorj-te
schiststr, which are well developed in parts of the Petrel Cove Formation.
In a subsequent paper, Boives (1959) briefly descríbed the field relation-
ships of the Encounter Bay Granites exposed at port E11iot.

Asthana (1958) studied the relationshíps of joints developed in
the granites at Port Elliot and compared them with joints present in
Kanmantoo Group metasediments in the nearby Port El1iot and Middleton
quarries and at lr{ìddleton Beach (Figure 7). In addition, he clescriSerl
the occurrellce of biotite and felclspar alignme:rLs in the granites at port
E11iot.

Fander (1960) examined several specirnens of the Encounte:: Bay
Granites in the Encounter Bay area as part of a study of the accessory
minerals in South Australian granitic rocks.

slade (1962) studied the chemlstry and x-ray diffraction
properties of potash feldspar megacrysts collected from e- 'traverse acïoss
a contact betlveen the megacrystic granite and the t¡quattz mica dioríte"
exposed on Granite Islanrl. He suggested that the variation in chemistry
and X-ray properties of the potash feldspar megacrysts weïe consistent
v¡ith the origin proposed by Kleenran (1957) for the ,quartz nica diorj-te,r.

lr{i1nes (1967) described some aspects of the field relations and
petrology of the Encounter Bay Granites in the Encounter Bay area in an
Honours thesis presented to the Department of Geology ancl l{ineralog¡r at
the universíty of Adelaide. This was a prelíminary stud1,, and together
with the eallier investjgation.s sunm¿rlisecl above, has forrne,l the basis
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for the present investigation of the Encounter Bay Granites and their
environment.

3.2 THE NAI'URE AI::ID F.IELD RELATI)I.ISHIPS 0F TÍIL'" ENC)UÌ'IIER BAy GR.ANITES

rN ?T]E ETICOUNTER BAY AREA

3.2.1 The meqacr.usiic qrani'be

(i) General descrintion
The major granite varietylT in the Encounter Bay area is a coarse

grainedlB notr-schistose megacrystic biotite granite. It contains large

ovoid potash feldspar megacrysts, which invariably enclo.se fine grained

rancloinly or zonally arranged inclusions of plagioclase, quartz and

bi-oti't.e. Iúany potash feldspar megacrysts are rnantled by plagioclase as

in "rvitrorgite" rapakivi granites (l\rah1 , 1925). A distinctive opalescent

blue qua-rtz occurs as coal'se grained subhedral megacrysts as well as

groundmass grains. Plagioclase occurs as medium to coarse subhedral

megacr)¡sts, and biotite is present as mediun grainecl laths and clusters
of finer c.ry51r1r (Plate 24: 1, 2, 3 and 4) . The megacrystic granite
is greyish-blue in colour wirere seen in several smal1 quarries and in
the coastal. spray zorte, but i s pink to buff cofoured in weathered

exposures.

The nregacrlr5¡i. glanite coutains a 1a'rge variety of xenoliths.
The nost conspi cuous and abund¿¡nt of thcse are apparently unaltered
fragments of metasedimentary rocks that are identical ín Lithology arrd

textur.'e trr some of the contiguous Kar¡nantoo Group lnetasediments. These

xenoliths :ile completely variable in size from snal1 chips several milli-
netres in diameter to ve'ry Targe blocks tens of metres in length. The

largest metasr:c1írnent xenolíths nay represent wa11 or roof pendants, as

suggested b.¿ Bowes (1954, 1959). For exanple, the large metasediment

inclusion irnmecliately south of the jetty at Rosetta Head (Figure 12)

appears Lo be sti11 c.onnected to the Petrel Cove Folmation rnetasedinents

17ln general, valieties of the Encounter Bay Granites have been cla-ss-
ified and rramed according to the scheme proposed l-ry Streckeisen (1967).

I Bcoarse is the term used in this thesj-s to describe granites and their

are the tenns used to describe grarrites and their minerãts ln'ith averfre
grain sizes of between 2nun a.ncl I cm, and 2rn¡n or less respectively
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forming the r,va11 of the intrusion. Flolnferses, hybrid granites, fine
grained granites and gr:anophl'ric leucogranítes also occuï as inclusions
within the negacrystic granite, a.d ar.e gene1.al1y ress than lm in
di'ameter, although hybrid granite inclusions may attain large dinensions.
Ifith the exception of large xenoliths of metasedimentary rock and ìr¡rbricl
granite, xenolíths are not shorr,n on the accompanying na-ps (Figures rl,
7.2, 19, 2I and 22).

The negacrystic granite can be subdivided intc¡ two types o¡ the
basis of the field dj-stribution of unalterecl Karurantoo Group meta-
-sedinent xenoliths, and texture, For example, the rnegacrysti c granite
exposed on l\rest rsland, Rosetta Head, lvright Islancl , Graníte rsland,
seal rsland, ancl in the vicinity of Green Bay at port Elliot (Figures 7
and 19) is litterecl r.r¡ith unaltered rrretasecliment xenoli_ths e 1). 0n
the other hand, the megacrystic granite exposed in the remainder of the
Port Elliot area (I)" ¿) does not contaín unalterecl metasediment
xenoliths, but does contain abundant segregatíons of tourrnaline-rich
pegmatites, and inclusions of fine grained gra.nites ancl granophyriclg
lcucogranites.

ÐÆ-! megacrystic granite i.s also characterisecl by a bimorlal
glain size distribution, such that coarse fel.dspaï, quartz and less
commonly biotite crystals are set in a fine grainecl groundnass, rvhicir
commonly exhibits granophFic textu::es (piate 2s: l). This textur:e is
païiicularly well developed in expo-sr;res in the vicj-nity of G::een Ba.y zt
Port Elliot, wh':re the type r negacrystic granite contains abundant
ciffuse schlieren of light coloul'ed granite of extremely variabte g,'ain
size (Plate 25: 2 and 3). The schl j eren comrnonJy sur::ou.nd unaltere¿
rnetasedinent xencliths, and rnay also contain small tour:maline_rj-ch
pegnatite clots aird pods.

TYP"-e rnegacrystic granite is confined to the port E1liot a.rea,
and j-s exposed everytvhere but ín t-he immediat:e vicinity of Green Bay
(Figure 19). In contrast lvith type I negacrystic granite, type 2 cÌoes
not possess arì obvious fine g''ained grouncmass (plate 2s: 4), or
leucogranite scl-rl ieren.

The tlo varieties of megacrystic granite are separated by a north-
west to south-ea-st trending fau-lt, a.1ong r+hich the::e has been consiclerable
arteration, approxinately 4cn] east of Gleen Ba¡, (Fígui:es 19 and 20). The

l9The te::m
Barker (1

8ÆSILyl'fg is used according ro the clefínition proposeC by
s 70)
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fault plane clips steeply torvards the south-west. It is bounded to the

rl'est by type l megacrystic granite, which contains a number of inter-
secting dykes of fine grained granite, and to the east by a fine grained

pink cotoured albitite which grades eastwards over a dístance of 1 to 2n

into partly albitised type 2 megacrystic granite. The fault is readily

recognised, because it truncates rnany of the fine grained granite d)'kes

that occur withín the type 1 negacrystic granite (Plate 26: 1).

The fine grained albitite on the eastern side of the fault is composed

of ¡nediun to coarse grained albite and opalescent blue qualtz megacrysts

in a fine grained groundmass of quartz and a1bíte, with sone biotite
clots (Plate 26: 2). It was interpreted by Br:owne (1920) as an in-

trusive dyke of rrsoda aplite". However, it seelìls more likel)'to have

been a fine grained leucogranite tha'b was contaminated by t¡pe 2 mega-

crystj.c gra.níte during its emplacement along the fault, and n¡as sub-

sequently a1r:ered during late-stage albitisation that affected the

Encounter Bay Granites.

Typu 1 megacrystic granite is interpreted as a border facies and

is conside::ed to have been emplaced in a nobile, yet crystal-rich
condition rr'híle being simultaneously contaminated by stopecl fragments of

Kanmantoo Group metasediments. The fine grained grouucimass that is
characteristic of type 1 negacrystic grarrite may ha'u,e resulted either

fron rapid cooling, or fron a sudden loss of water vapoul, or fron a

combination of the two processes. The leucogranite schlieren are also

considered to represerrt products of the inhomogeneous crystallisation of

the granite as a result of one or other of these conditions. It is of

interest that Parslow (196S) described tlte "frequent developrnent of

patches of very variable granularity and linited extent'r in the Cairns-

more of Fleet Granite near its c.ontact with the country rock. He

explained the patches as products of disequilibriun conditions resulting

from the variation in wa.t.er content durilg crystallisation.
TWÊ_2 rnegacr¡.stic granite ís j.nterpreted as a s1ow1y cooled

inner facies which rvas rlot contaninated by Kanmantoo Group nìeta-

secìimentary rock fragrnents. Altl'rough a nonnal contact betlveen both

megacrystic granite varieties is not exposed, it seems 1ike1y that the

type 2 megacïystic granite was shielcled frorn the countïy rock Kanmantoo

Group netasediments by the type 1 megacrystic granite.
(ii) fnclusions r,¡ithin the rnegacrvstic Eranite
Each of the two varieties of the lftegacrystic granite contains
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abundant inclusions. Inclusions that occur withín the border facies
megacrystic granite are as fo1lows.

1. Unaltered metasedilnentaly rocks.
Metasedimentary rock xenoliths exhibit well-defined

layering with associated sedimentary features such as ripple-
¡narks and sna1l-scale cross-bedding, and are lithologicalty
and texturally identical to some of the contíguous Kannantoo

Group metasedírnentary rocks. However, xenoliths containing the
ninerals andalusite or cordierite, ivhich occur in abundance in
parts of the Petrel Cove Fornlatiori, have not been identified.

' Metasediment xeno.liths are extTemely variable in size. Sone

large metasedilnent fragments that occur within the granite
immediately adjacent to the exposed wal1 of the jntrusion are

- clearly wa11 pendants. Other large netasediment fragments that
occur within the granite some distance fron the wa11 of the

intrusion are possibly roof pendants , and may indicate the close
proxjmity of the present 1eve1 of exposure to the original roof
of the intrusion. All rnetasedinent xenolit}rs have very sharp

contacts with the negacrystic granite (Plate 4: 1; Plate 27:

I and 2).
2. Hornfels.

Hornfels xenolíths are non-layereã, and are conposecl of
fine grained, equigranular quarrluz, potash feldspar, plagioclase
and bíotite. The¡, occur as round inclusions from lcm to 1m in
dianeter (Plate 27: 3), and have relatively sharp contacts with
the negacrystic granite. The grain si.ze of. the snaller hornfels
xenoliths is conmonly coarser than that of the larger xenoliths,
a f-act that indicates significant recrystallisation of the smaller
xenoliths.
3. Hybricl granites .

Trvo types of hybrid granite, ivhich together constitute
the rrq':artz. ¡nica diorite', of Browne (1920), occur as inclusions
rvithin the border facies megacryr5l-.iç granite. Type A hybrid
grgtlle is a dark grey to black rock which contains some mega-

c-r1r5ir of plagioclase, opalescent blue qua::tz and potash feldspar,
and clot.s of hiotite andf or hotrrblende, set in a very fine grained
grcundmass of the same nj.nerals. 'type B hybrid granite is s-imilar
in texture and mj.neralogy to type A, but contains abundant
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nìegacrysts, a coarser grained grourrdmass, ancl is lighter in
colour. Both type A and ty'pe B ir1'bricl granites contain in-
clusions of hornfels-type fragnents, aany of wl'rich exhibit
layering.

The hybrid glanites are best exposed on Granite Islanci

(Figure 21), rr'here they occur together in a large irlegular
dyke-like bocly, and as snallel round inclusions within the mega-

crystic granite (Plate 27: 4 and 5). Type B hybrid granite
conmonly occurs both as an intermedia+.e phase at the contact
bel:ween t1'pe A h),brid granite and the megacrystic granite, and

as disclete inclusions rvitliin the megacrysti-c gr:anite. In com-

parJ,son lvith :netaseciiment xenoliths, hybri<1 granite xenoliths
h¿ve dj.ffuse contacts with the megacrystic granite.
4. Biotite-rich material.

Biotite-rich inclusions with round outlines and di-ffuse
malgin.s occur within the border facies megacrl'stic grani.te, a1-

though lhey are not conmon. These inclusions consist predorninant-

ly of biotite ancl plagíoc1ase, ancl may -represent extensively
recrystallised fragments of pelitic metasediments.

5. Granophyric leucogranite.
Fine grained, pínk to bu.ff coloured granite patches

composed of potash felclspar , quart.z and plagioclase intergroi,,'n in
granophyríc texture have been napped within the borde.r facies
negacrystic granite, but are nüt coirìmon. They are getìera1l.y r:ound,

are rarely greater than 30cm in dianeter, and har,,e relaLtively
-shar:p contacts rvith the negacrl'stic granite.
6. Fine to rnedium grainecl leucogranites.

Leucocratic granítes of variable texture and glain size
commonly occur as diffuse pink to buff coloured patches or
schlj-eren in the b,ol'der facies negacrystic grani-te, and are

especially vrell exþosed ín the vicinitl, e¡ Green Bay at Por:'t

El1iot (Figur.e 19; Plate 25: 2 and 3'). Patches of thi.s material
ate variable in shape, and usually have such diffuse contacts rvich

the megacrystic gr'anite that they are often difficult to delineate.
In accordanc.e ivith the explanatioli given b), Parslorç. (196S) fo-r

si,milar patches in the Ca1rnsmolre of Fleet gr:anite, the leuco-

granite pa.tches and schlieren are probably best intet'preted as

inhonogeneities in the border facies megacrystic granite rather
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than inclusions.
Inclusions that occur within the inner facies negac::vstic
are as follows
I . Granophy,ri c leucogranite .

- Round, pink t.o buff coloured patches of fine grained

granophyric-textured granite composed of potash feldspar, quartz
and plagioclase, are colnmon in the inner facies megacrystic
gra:rite (Plate 28: 1). They are rarely greater than 30cm in
dianeter, and have r:elatively sharp contacts with the mega-

crystic granite. Similar inclusions occul' within the border
facies megacrystic granite.
2. Fine grained rnegacrystic granite.

Inclusions of fine grained pink to red coloured nega-

crystic granite within the ínner facies megacrystic granite have

round outlines and relatively sharp contacts rvith the megacrystic
granite, and are rarely greater than lm in diameter (Plate 28:

2). They are composed of fine grained quartz, feldspar and

biotite, and contain meditun and coarse-grained megacrysts of
plagioclase and opalescent blue quartz.
3. Hornfels and hybrid grani-ues.

Round, dark colourecl xenoliths of hornfels and hybrid
granite occur within the inner facies rnegacrystic granite, but
are not conmon, and are always smaller than about 30cm in
diameter. In addition, rare layered hornfels xenoliths occur

within the inner facies megacrystic graníte (Pl ate 28: 3) .

Xenoliths of these t1,pes have relativel¡' sharp contacts rvith the
megacrystic granite.
4. Schist-1ike materiai.

Dark coloured inclusíons of mica-rich schist-1ike
rnaterial occur within lhe inner facíes megacrystic granite
inmediately east of its far.rlt contact rvith the borcler facies
negacrystic gr -¿.m- l -G.reen Bay, Port Ellict (Figure 20)

The inc.lgslons are.Í-rregu]g.r in sliape, are up to lm in length,
and are commonly surrouncled by massive opalescent blue quartz
(P1ate 28: 4). Sma1l clots of schist-like material up to 10cn

in diameter occur rvithin the nega.crystic granite exposed on the

eastern side of the roclcy cove, approxirrately 10Cm east of Green

Bay (Fígure 19; Plate 28: 5), and in thin pegmatite clykes in
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the megacrystic granite along the coastline north-east of
Comrnodore Point. Tl're schi.st-like material, while variable in
rnineralogy and texture, is generally composed of fine grained

megacrysts of apatite, quartz and c.hlorite, togethe:: r+ith clots
of fine grained brown biotite, set in a very fine grained

groundrnass of muscovitc and green biotite. Molybdenite and its
alteration product porvellite have been identified in specinens

of this material. The mineralogy of this rock-type and its
association in part with pegrnatite dykes -suggests that it rray be

of hydrothernal origin.
The inner facies megàcrystic granite is also characterised by

the presence of abundant circular clot- or pod-1ike pegmaLite boclies,

which may be concentrated along north-east to south-west trending joints.
It{any pegrnatites consist predontinantly of tournaline and quartz, and are

zoned slrch that a tourrnaline-rich core is surrounded by an intermediate
quartz-rich zone, which is enwrapped by an outer nargin of feldspa.thised

megacrystic granite (Plate 29: I and 2) . Sone pegnatite pods are corn-

posed of quattz, feldspar, apatite and muscovit-e. All pegrnatite pods

have diffuse contacts with the megacrystic granite, partly as a result
of feldspathisation of the granite in the imnediat-e vicinity of the pods.

The pods are variable in size, but rarely exceed In in marimum dianeter.
The observations listed here indicate that.several types of

inclusions are restricted to one or other of the two varieties of nega-

crystic granite. In particular, unaltered rnetasedimentary rock xenoliths
are restrj-cted to the border facíes negacrystic granite whereas pegrnatite

boclies occul only within the inner facies megacrystic grar-ríte. The

different. distributíon of metasediment fragments and pegmatite bodies may

therefore reflect different and independent syn- and post-elnplacenìent

processes or events in each of the host granites: for example a con-

centration of late stage components (particularly volatiles) and

relatively slow cooling in the inner facies nìegacrystic granite, as

dis'Linct from contamination an<1 relatively rapid crystallisation,
possibly due to loss of volati les, in the border facies megacrystic

granite. Hornfels, hybrid granite and granophyric leucogranite j.nclusions

occur within both varieties of the megacr:ystic granite. These inclusions
nay represent processes ot events in a honogeneous parent granite nagna

prior to its emplacernent into the Kanmant-oo Group netasediments.
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(iii) Accurnulations of otash felds ar me acT sts
Zones of accumulation of very coarse grained potasìr feldspar

megacrysts occur in many parts of the bor:cler facies niegacrl's*uíc granite,
particularly ín association with groups of xenoliths, but have not been

observed in the inner facies megacrystic glanite. fn general, the rnega-

crysts have accurnulate<l amongst groups of hornfels and hyb::id graníte
xenoliths (Plate 29: 3 and 4). The megacrysts vary in shape fron sub-

hedral and euhedral to rounded, and are packed closely together to the

virtual exclusion of other mínerals.
The concentratj-on of potash feldspar megacrysts j s interpreted

as resulting fron the entrapment and accumulation of early-formed potash

feldspar crystals during the movenlent of xenoliths through an essential.ly
liquid magrna. The absence of quartz ancl plagíoclase megacrysts from

these zones, ancl the large size of the potash feldspaï megactrysts,

suggests that potash feldspar was possibly the first felsj-c mineral to
crystailise from the magma, and that it may have continued to crystallise
for a significant length of time prior to the najor crystallisation of
other felsic ninerals. However, the presence of inclusions of plagio-
c1ase, qúartz and biotite within the potash feldspa:c megacrysts, and

their zonal arrangement in some cases, J-ndicates that these minerals had

connenced crystallisation from the magna during the fornation of the
rnegacrysts. Nevertheles.s, the fact that the inclusions are significantly
finer grained than the same mínerals in the groundnass of the rock,
supports the suggestion that the najor crystallisation of these mine::als

post-dated the fo:rmation of the potash felclspar ïnegacrysts. As the

border facies nteg¿lcrystj-c graniie seems to have been ernplaced in a mobile

but crystal-rich condition, on the basis of textural evidence already
described, the entrapnenL and accumulation of potash feldspal megacrysts

must have occulre;d prio-r.'to the emplacenent of the Encoun-uer Bay Granites.
Tlre occurrence of similar'potash feldspar negacrysts (as well as quarT.z,

plagioclase and biotíte megacrysts) in hybrid granite xenoliths wiihin
both varieties of the megacrystic granite is taken as evídence that these

xenoliths were incolporated into the granite rnagma pri.or t-o its enpìace-

ment ínto the Kanrnantoo Group metasediments , and during its early stagcls

of crvstallisation, and that the xenoliths attaj.ned a significant clegree

of chemical equilib::ium rvith the lnagrrìa.

The absence of zones of accunulation of potash feldspar nìega-

crysts in tire inner facies rnegacrystic granite'rnay only be apparent, j_n
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view of the comparatively srnal1 area of exposure of this granite variety.
Alternatively, such concentrations may have been rewor!<ed or othenvise
obliterated during the subsequent crystallisation of the inner facies
megacrystic granite.

(iv) Layering wi thin the megacrystíc granite
Several types of j-ayering have been mapped within the megacrystic

granite. The most common type is composed of an alternation of biotite-
rich layers lvith quartzo-feldspathi.c layers which may or may not be

depleted ín biotite. The zones of layerinq are alwa-ys of limited extent,
and the layers rarely exceed 3n in length. Planar biotite-rich layers
in a layered zone withín the inner facíes megacrystic granite north-east
of Comrnodore Point at Port Elliot (Fígure 19) exhibit sharp bottom

contacts, but gradational upper contacts v/íth biotite-depleted medium

grained quartzo-feldspathic layers (Plate 30: 1). The biotite crystals
appear to have a preferred oiientation jn the plane of the biotite-rich
layers, and two small tabular hornfels xenoliths withín one biotite-rich
layer have a sinilar ori-entation (Plate 30: 2).

Planar biotite-rj-ch I ayers and associated irregular biotite-rich
patches and schlieren occur in a layered zone within border facies mega-

crystic granite near the base of the steps on the eastern end of Granite
Island (Figure 21). The biotite-rích laygïr alternate wíth biotite-
depleted quartzo-feldspathic layers in which very boarse grained potash

feldspar megacrysts may be concentrated (Plate 30: 3). Sone potash

feldspar megacrysts project into the overlyíng biotite-rich layers. As

in the layered zone at Port Elliot, biotite crystals ín the biotite-rich
Iayers have a preferred orientation in the plane of the layers.

A spiral-shaped zone of biotite layering occurs v¡ithin the borcler

facies megacrystic granite on the Granite Island coastline just south of
the previous locality (Figure 21). The zone consists of a series of
concentric biotite-rich layers alternating rvith quartzo-feldspathic
layers that may contain concentrations of pot-ash feldspar megacrysts

(Plate 30: 4). Several of the biotite-rích layers are snlit into two

or more layers along their length.
Mineral layering has been described in many granites, and has

been explained as the result of processes such as partial assimila*.ion
of cóuntry rock xenoliths (Pítcher and Read, 1958), variation in rvater

vapour pressure and subsequent crystal accurnulation governed by density
contrast (Harry and Emeleus. 1960; Erneleus, 1963; Bateman et al, 1963;



63.

Claxton, 1968; Coats and lVilson, 1971), and intense differential move-

ment (Coats and l\Iilson, 1971) rvithin a c.rystalli.sing magma. The tayered

zone in the inner facies negacrystic granite at Port E11iot shov¿s features
that are consistent with grarrity settling of early-forned biotite crystals
in an essentially fluid magrna. Biotite-rj-ch layers in the planar layered
zone rvithin the border facies megacrystic granite on Granite Island nay

also have formed i:r this way. It is unlikely that the coarse grained

potash feldspar megacrysts that are concentrated in some granite layers
are magmatic cumulates because of their relatively lorv specific gravity,
However, j-t is possible that the potash feldspar megacrysts were concen-

trated by magmatic currents, ancl forced to sink beneath blankets of sedi-
nenting biotite crystals. The irregular biotite-rich patches and schlieren
associated rcith ihe layereci zone in this locality are possibly the result
of reworking of tlie biotite-rich layers by magmatic currents. Similar
biotite-rich patches and schlieren in some parts of the border facies
megacrystic granite are associated with trains of biotite-rich xenoliths
(P1ate 3i: 1) , although biotite layering does not occ.ur j-n these

localities. The origin of the spiral-shaped làyered zone within the
border facies megacrys[ic granite on Granite Island is not knorrn. The

layering exhibits some features in conmon rvith that in the other tl,/o
localities, but the spiral shape of the zone, and the splitting of single
biotite layers along their length are difficult to explain.

The occurrence of biotite-rich layering of similar type in both
varieties of the megacrystic granite suggests that the process or pro-
cesses responsible for the layeling rvere effective in a homogeneous

granite magma prior to its enplacement. Moreover, the association of
biotite with coarse grained potash feldspar crystals indicates that the

developnent of the layering occurred during the early stages of crystallis-
ation of the magma rr'hen biotite and potash fel"dspar seem to have been the
only major crystalline phases.

A second type of layering occurs r^¡ithin the inner facies mega-

crystic granite immediately north of the sma11 cove, north-east of
Commodore Point at Port Elliot (Flgure 19), and consists of zones in
which thin bancls of medium gra:'ned leucogranite alternate with mega-

crystic granite (Plate 31: 2), The leucogranite bands in each zone are
2 to Scm wide, are irregularly spaceci and often bifurcating, and are of
limited extent. The layer:ing in adjacent zones may intersect at a high
angle. The origin of the layering is not clear. It occurs within the
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negacrystic granite neaï a gradational colrtact between the megacrystic

granite and a younger neclium grained granite. It ís possible that the

leucogran1te bancls resulted from the j-n[roduction of naterial along

irregular fractures or joints in the nìegacr-)'stic granite during emplace-

ment of the mediul grained granite.

A poorly developed preferred orientation of biotite crystals,

and in rare cases, feldspar crystals, occurs in both varíeties of the

megacrystic granite. These mineral alignments lver.e first recorded by

Asthana (1gS8) in the granites exposed at Port E11iot. They are difficult

to detect in many outcrops, and no attempt was made to measule them'

IJolever, they appeaT to be o¡ite variable in orienta'Eion, and are

possibly due to flow alígnment of biotite and feldspar in a nobile magma.

(v) Aib itísation of the megacrysti c anite

Late-stage albitisatíon of both varieties of the negacrystic

granite was controlled by a proninent vertical joint set that st'likes

towards SOOo and is approximately norntal to the contact between the

granites and the Kanmantoo Group rnetasediments. The joint set is com-

posed of closely spacecl joint planes, which appear to have providec

access to the materials responsible for the alteration. The albit-ised

zones are thus dyke-like in forn (Figures 11, 12,19, 2I and 22), Many

joint planes within the albitised zones exhibit features such a-s polished

surfaces and slickensicles that- indícate post-albitisation movement. Sonte

a1l¡itisecl zones show evidence of post-alteratíon brecciation' Intense

post-albitisation cataclastic deformatj.on has occurred in a joint zone of

this type in the border facies megacrystic granite on the southern side

of lVright Island (Figure 11).

The albitised megacrystic granite is texturally identical co the

normal megacrl.stic granite, but is cornposed of albite, quartz a'nð

biotite: all pre-existing potash feldspar has been replaced by albite.

The albitised megacrystic granite can be readily distinguishecl from the

unaltered megacrystic granite in the field because of the typical white

or orange colour of the albite crystals, compared with the grey or pink

colour of the felclspars in the unalter:ed granite. This colour <ìifference

is conspicuous near the margj-ns of the albitised Tohas where many potash

feldspar megacrysts have onl-y been píLr-*.I! albitised (Ptate 31: 3) ' The

nargins of many albitised zones are definecl by one or more dark coloured

bancls, 2 ta 3cn wicle, containing ver;- fine grained clay-like rnateria1

(Plate 3J: 4).
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Parts of the border facies megacrystic granite on the westel'n

end of Granite Island, and in many places at Rosetta Head, exhibi-t a

greater degree of albitisation than is evident in the albitised joint
zones. The resulting rock type is a coarse gra.ined megacrystic albite-
chlorite rock, which is iclentical in texture to the border facies mega-

crystic granite. Browne (1920) sugges'Eed that the megacrystic albite-
chlorite rock (rvhich he tenned I'albite nica syenite") was the end product

of magmatic differentiation of the Encounter Bay Granites. Boles (1954)

referred to the varieties of megacrystí.c albite-chlorite rock as I'coarse

albite chlorite rocks of igrreous aspectrf , and srrggested that they forined

by rrrecrystallisation and partial mobilisationl' of albite- and chlorite-
rich metasediments during emplacemen'L of the Encounter Bay Granites.

The albite-chlorite rock at Rosetta llead crops out in a nunber of places

along the contact between the granites and the Kanmantoo Group meta-

sediments (Figure 12), and commonly contains albitised :netasediment

xenoliths. 0n the south-western tip of Rosetta Head, the albite-chlorite
rock interfingers with border facies rnegacrys'Lic granite along joints
that have the same orientation as albitised joi'nt zones elsewhere in the

granites.
The contact between the border facies megacrystic granite and

the all¡ite-chlorite rock (PLate -22: 1) is gradational over about 5cm,

and is rnarked by a significant decrea-se in quartz conte¡rt and a change

in colour of the qlartz from opalescent blue to colourless as the albite-
chlorite rock is approached. Albjtisation of potash feldspar and

plagioclase occurs to various degrees witl-rin the megacrystic granite up

to 1n from the contact. In addition, the alteration of biotite to
chlori'ie in the nìegacr)'stic granite is generalIy apparent several centi-
netres fro¡r the contact.

The nature anC field relationships of the megacrystíc albite-
chlorite rock are not consistent r+ith the origín proposed by Bowes

(1954). The partial albitisatíon of both varieties of the megacrystir:

granite along joints of a particular orientation, together with the fact
that the rnegacrystic albite-chlorite rcck is identical in texture to the

border facies megacrystic granite, suggest that the albite-chlorite rock

has resulted from albitisation of border facíes megacrystic granite in
appropriately fractured and jointed zones. A.lbite-chlorite schists
(Bowes, 1954) that occur within Petrel Cove Folmation metasediments near

Rosetta Head are similarly interpieted as the result of al.bitisatíon of
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pre- existing metasediments .

3.2.2 Fine anã. medtum euen-qrainecl oz,anítes

There are several outcrops of fine and nediuu even-grained
granites in the Encounter Bay ar:ea, but a1l are of timited extent, The

major exposures occur at Port El1iot (Figure 19).
(i) A pink to buff coloured meciilun even-grained granite composed

nainly of potash feldspar and opalescent blue quartz, with plagioclase
and minor biotite, crops out at Knights Beach and forms the vrestern-
rnost exposure of the Encounter Bay Granites at Port Elliot. rn fact,
the nedium grained granite appears to em¡elop the border facies mega-

crystic granite exposed i-n this loca-lity. Its contact lvith the border.

facies megacrystic graníte is well exposed, and is gradational over
nearly 1n (Plate 32: 2). The transiti-on froln nedium grained granite to
megacrystic granite is marked by an íncrease in average grain size due

to an inc::ease in the abundance of feldspar and opalescent blue qaattz
megaclrysts. However, the groundmass of the megacrystic granite is finer
grained than that of the nedium grained granite.

The age relationships between the medium grained granite and the
border facíes megacrystic. granite are not clear from the nature of their
rnutual contact. The megacrystic granite contains a number of unaltered
rnetasedirnentary rock xenoliths, and js therefore considered to be in close
juxtaposition to the north-h/estern r,¡a1l or roof of the intrusion. As the
medium grained granite does not ct,ntaj.n metasedimentaïy rock xenoliths
(or inclusions of any type), it is considered to be younger than the
megacr:ystic granite. However, the graCational contact between the two

may indicate that the mediun grainecl granite was ernplaced prior to com-

plete solidificatj,on of the megacrystic granite, as suggested by Br:owne

O'92O) and Bowes (1959). The leucogranite patches and schlieren in the
border facies negacrystic granite in this locality were identified by

Browne (Ì920) and Bowes (1959) as contaminated mediurn graíned grani-te.
This led Borves to suggest that the patches and schlieren represented
rrthe tops of smal1 cupola-type masses íntruded into the porphyritic
granite".

The contact betrveen the medj_urm grained granite and the mega-

crystic gra;rite is cut by an aplite dyke a.pproxirnately 4Ocn wide, rvith
which pods of tourmaline-quartz pegmatite up to 1m in clianeter are
associated. Snal 1er a'plite veins aïe associated lr'ith the main dyke, ancl

also cross the contact.
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(ii) A pink to grey coloured nedium even-grained granite of
similar type to that described above, but in contact with inner facies
niegacrystic granite, crops out along the coastlj.ne about 180m north of
the sma1l cove to the north-east of Corunodore Point (Fígure 19). l'he

rnedium graíned granite is conposed of potash feldspar, opalescent blue
quattz, plagioclase and biotite, and in some patches it contains

abundant pyrrhotite. The contact zone betleen the medium grained gr:anite

and the megacrystíc granite is about 30m rvide, and the transition from

medium grained granite to megacrystic grani-te is marked by an increase

in average grain size clue to an increase in the nunber of feldspar and

quartz megacrysts.

The age relationships between the two rock types are not apparent

fron the nature of the contact. I-lolever, the absence of inclusions
(except pegmatites) in the medium grained granite is taken as evidence

that it is the younger of the trvo rock types. Moreover, the width of the
contact between the medium grained granite and the megacrystic grariite ís
an indication of the considerable intermixing that occurred during ern-

placement of the medium grained gr'ani.te prior t-o consoliclation of the

megacrystic granite.
Several tourmaline-rich pegmatite pods, up to 40cn in diameter,

occur wíthin the meclium grained granite. Pegrnatites of this type are

characteristíc of the inner facíes megacrystic granite and are throught
to have resulted from the concentration of late-stage volatiles.

The mediur grained granite has been albitlsed along sets of
closely spaced vertical joint planes, resultíng in the formation of a

white albite-quartz-biotite rock identical in texture to the unaltered
granite (Plate 32: 3). The joint set has the same orientation as that
along which albitisation of both varíeties of the ¡negacrystic grani.te

has occurred. As in the megacrystic granite, joínt surfaces in albitised
zones in the medium grained granite exhibit features such as polishing
and slickensides that indicate post-albítisation rnovenent (Plate 33: 1).

(iii) An ova1, almost flat-1ying sheet-1ike mass of buff-coloured
rrredium even-graineci granite crops out within the borrier fasies nega-

crystic granite just east of Green Bay (Figures 19 and 20). The eastern

rnargin of this mass is truncated by the fault which separa.tes the inner
facies megacrystic granite from the border facies rnegacl'y.stic granite.
The medium grained granite, which is sinrilar in composition to the other
nediun grained granites described above, overLies the border facies
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megacrystic granite. Its contact with the border facies megacrystic

granite can be seen in a vertical joint plane on the searvard side of
the rnass, and is gradational over approximately 1n. l{ithin this contact

zone, there are trvo distinct but discontinuous layers of fine grained

leucogranite, each about 6cn wide, separated by megacrystic granite.
The nedium grained granite contains rare snia1l xenol.iths of

laminated rnetasedi-ment (Plate 33: 2) and fine grained leucogranite
(Plate 33: 3), a feature that di.stinguishes it from the medium grained

granites near Knights Beach and north-east of Conmoclore Point. In
addition, the granite contains a large tournaline-rich pegnatite pod

rinmed by a fine grained feldspathised zone (P1ate 33: 4).
(iv) A sheet-like body of fine grained grey coloured granite

crops out rvithin the border facies megacrystic granite approxímately

30n seawards along the fault from the sheet-like mass of medium granite

described above, and is similarly truncated by the fault (Figure 20).

A series of irregular vein offshoots from the top of the fine grained

granite sheet intrude the overlying megacrystic granite, and are also

cut off by the fault (Plate 26: 2). A dyke-like bod¡' of rnedium grainecl

granite appears to truncate the western end of the fine grained granite

sheet.

The contact between the fine graíneC granite and the border

facies megacrystic granite is sharp, a condition which indica.tes that
the megacrystic granite was solid at tire time of empl.acement of the fine
grained granite. On this basis, the fine grained granite must post-date

the nedium grained granites.
Discontinuous biotite-rich layers occur in the fine grained

granite near íts upper contact with tÌre megacrystic grani-te. These

biotite-rich layers may be the result of accumulation of early-formed

biotite crystals near the cooler nargins of the fine grained granite
sheet during its emplacenent. Near its lorver contact with the negacrystic

granite, the fine grained granite ap¡rears to be interlayered with mega-

crystic granite. This structure may have resulted from contamination

of the fine grained granite during its emplacement.

3 ,2 ,3 . Red 'l.eucogz.anùte

A fine even-grained, brick-red coloured granite rvith a grano-

phyr ic texture, herein terned the red leucogranite, c.rops out along the

coastline immediately south of I,'ishernans Bay at Port E11iot (Figure 19).

The red leucogranite, rr'hicJr wes refer:red to as the "red aplite" by ì:rovlne
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(f.920), contains potaslì feldspar and opalescent blue quartz, rvith w¡ite
plagioclase and minor biotite and mu.scovite. It is characterised by an

abundance of granophyric quartz-feldspar intelglorvths. The contact
between the recl leucogrartite and the rnedium even-grained granite is
gradational over 2 to 3m, and is marked by a decrease both in grain size
ancl biotite content, and a significant increase in potash feldspar con-
tent, as the red leucogranite is approached.

The age relabionships of the red leucogranite and the medium

grained granite are difficult to determine frorn the limited exposure

of their mutual contact. The same p:cobleln was experiencecL by Browne

(1920), but he suggested that t}re red leucograníte was youngeï than the
rnedium grained granite. Support for his suggestion is providecl by the
abundance of tourmaline-rich pegriratites within the red leucograníte,
since pegnatites of this type are considered to represent concentrations
of late-stage volatiles. Large, coarse grainecl quaïtz-muscovite-albite-
tourmalit-te pegmatites also occur within the red leucogranite imnediately
north of its contact with the medium grained granite. Furthermore,
there is evidence for late-stege grej.senisation in parts of the recl

leucogr:anite, in the form of diffuse quartz- and muscovíte-rich haloes
around many tourmaline-rich pegmatites.

As in the case of the megacrystic granites, and the mediun

.grained granite north east of Commodore Point, the red Ieucogranite has

been albítised in jointed zones in rvhich the joints alre vertical and

strike towards 3OOo. The rock-type formed as a result of albítisation
in these zones consists predorninantly of white albite and quartz, and

is perhaps best termed an albite leucogranite, although i.t is identíca1
in texture to the red leucogranite. The alternation of recl leucogranite
r{ith zone-s of albitised red leucogranite has produced a striking red and

white nacro.scopic banding in the field (plate 54: f ).
Zones of albitj-sed red leucogranite may be up to 7m wide. How-

ever' the contacts beth'een the red leucogranite and its albitised
equivalent are transjtional over approximately 2cm. A number of con-
spicuous dark coloured bands or 1a¡'ers, each approxj_mately 2cm wide,
occur rr'ithin the albitised zones and are pa::a1le1 to the contacts with
the red leucogranite (P1ate 34: 2). The same bands occuï around remnant
reci leucograníte ienses witl'rin the albitised zones (plate J4: J). rn
both situation-s, the cíark bands become less ciistinct with distance avay

from the unaltered recl ieuccgran:i-te. The dark coloured bands contain
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an abundance of very filìe grained clay-like material. A1tþough the

origin of the dark bands is not clear they are thought to repr:esent

ilsti11-stands'r of the contact between the red leucogratlite and its

altered equivalent during albitisation. Thus, the recurrence of the

bands with distance from the red leucogranite, together with the fact

that they beco:ne less distínct with clistance from the red leucogranite,

suggests a nurnber of separate stages of albitisation, r:ather than a

continuous albitisation process.

3.2.4 Fíne raíned miarolí'ai.e

Afinegrainedgranoplrl'ric-texturedr.ockcomposedofpotaslr
feldspar, quaTtz, plagioclase and rnuscovite crops out in a snall c¡rarri"

inland from the red leucogranite, and also on the beach in Fisherrnans

Bay (Figure 19), but its field relationships are obscured by nodern beach

and clune sands.

Browne (1920) referred to this rock as a rrgreisenised soda

granophyre't. Hot^rever, it nornally contains abundant potash feldspar'

The stríking feature of the rock is the occurrertce of abundant mi¿rrolitic

cavities, in which coarse grained muscovite and.c¡uartz are found together

with tournlaline and albite, thus producing a spotted textule.

The granopþyre is similar in texture to the red leucogranite,

exc.ept for the rtiarolitic cavities. Therefore it is interpreted as a

late-stage derivative of the Encounter Bay Granites. The gr:anophyric

leucogranite inclusions that occur in both varieties of the megacrystic

granite are texturally very siní1ar to the miarolitic granophyre.

3.2.5 Hubrid tes

tÌybrid granites were first <iescribed in the Encounter Bay area

by Browne (1920), who used the term ¡rquartz mica diorit'e" to refer to

them. Kleeman (1g37) subdivided Brorrners rrquartz mica diorite" into trvó

varieties; namely I'hornblende dioriterr and ttquartz-mj-ca diorite". ln

addition, Kleeman described another vatiety of the hybricl granites, the

I'adamellite porphyry", to which Browne had earlier al1uded. Bowes (1954)

recognised minor occullences of the hybrid granites at Rosetta Iiead, but

did not describe them in detail.
The hybrid granites are fine grained rocks t'¡hich contain a grcuncì-

mass rich in biotite andf or hornbl,ende, together with coarse grai-nerÌ

megacrysts of opalescent- blue quartz, potash felcispar and plagioclase

simí1ar to those pTesent in the surrounding ìriegacr;rstic grattite. Acco:lci-

ing to the scheme propùsed by Steckeisen (1967), the hybrid granites
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could be termed fine gr ained nìegacrystic mela-sranites However, hybrid_

granites is considered to be the nost useful term for the purpose of this

discussion. Trvo types of hybrid granite are readily distinguished in the

field: Type A hybrid granite is the tern used to describe Browners

trquartz mica diorite'r, and KleemanrS rrhor.nblende diorite" and rrquartz-

mica diorite"; and eB ríd ranite is the terrn used to describe

the tradamellite porphyry" of both Brorrne and Kleeman.

Rocks similar to the hybríd granites in both mineralogy and

texture have been recorded and described in granites from many parts of

the world by workers such as Grantharn (1928), IVe1ls and Wooldridge (f931),

Thomas and Smith (1932), Batenan et al (1963) and Phillips (1968). In

nany cases, these rocks were ínterpreted as nodified xenoliths of nafic

country rock. However, Bateman et al (1963) suggested that they might

also be either "clots of early formed crystals[ or 'trefractory material

that was not melted rvhen the magma was f ormedrt.

The hybrid granites in the Encounter Bay area crop out mainly as

a broad, irregular dyke-1ike body on Granite Island (Figure 21). The

dyke-1ike body, which is approximately l50rn wide, clops out on both the

no::thern and the southern side of the island but is obscured beneath a

cover of soil and calcrete in the central part of the island. Large,

irregular-shaped bodies of hybríd granite up to 20m ín diameter, and

smaller subrounded bodies lOcm to l¡n ín diameter occur as inclttsions

within the border facies megacrystic granite on Granite Island, as well as

other parts of the Encounter Bay atea,

A large, heterogeneous collectj.on of hornfels inclusions occurs

witl'rin the hybrid granites. The inclusions are particu)arly dífficult
to see in type A hybrid granite, unless a careful field study is made,

because of the very fine grai.ned groundmass and dark colour of the rock.

However, inclusions are obvjous in type B hybrid granite. Earlier workels

including Browne (1920) and Kleeman (i937) did not record these in-

clusions. The occurrence of the inclusions in the hybrid. granites how-

ever, is responsible for an enigmatic xenolith-within-xenolith relation-

ship.
(i) Type A hybrid granite

Hybrid graniteO crops out on the northern side of Granite Island

along the roadway to the screwpile j etty, and also cn the southern side

of the island in a locality known loca-11y asrrNaturers Eye". The otttcrops

in these localities ïepresent the extreinities of the broad dyke-1iì<e bocly'
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In addítion, hybrid graniteA occurs as scattered xenoliths within the

megacrystic graníte.
Hybrid graniteO is a dark grey coloured, very fine grained rock

containing coarse grained megacrysts of opalescent blue quartz, plagio-
clase and less commonly potash feldspar, with some biotite and/ot

hornblende clots (P1ate 35: 1). The potash felclspar megacrysts are

commonly mantled by plagioclase. Inconspicuous dark coloured and fine
grained hornfels inclusions which do not contain rnegacl'ysts of quartz

and feldspar occur within hybrid graníteO (Plate 35: 2). In addition,

an indistinct layering, produced by differences in the grain size of
groundmass minerals and megacryst abundance, has been observecl in a

specimen of hybrid BraniteO collected fron Naturers Eye (Plate 35: 3).

An intertonguing contact between hybrid graniteO and the border

facies-negacïystic granite is well exposed at Natule's Eye, and is sharp

(Plate 36: 1). However, h1'6tid graniteg is commonly present as an inter-
nediate phase at the contact (Plate 36: 2), and nay represent modif-

ication of hybrid graniteO. Biotite-rich schlieren that occur in the

narginal parts of the megacr:ystic granite (Plate 36: l) rnay also

represent products of reaction between hybrid graniteO and the mega-

crystic granite.
Large potash feldspar megacrysts, as well as quartz and plagio-

clase megacrysts, conmonly straddle the contact between the hybricl

granite and the megacrystíc granite. These potash feldspar megacrysts

are identical +-o potash feldspar negacrysts that are considered to have

formed a1- a vety early stage during the crystallisation of the nega-

crystic grarrite. 0n tl¡e other hand, potash feldspar negacrysts witliin
the hybrid granite contain abundant groundrnass mineral inclusions. Thus,

potash feldspar seems to have grown as porphyroblasts in hybrid BraníteO

while crystallising as phenocrysts wj.thin the negacrystic granite. A

similar origin is envisaged for the quartz and plagioclase negacrysts

within hybrid graniteO. A prccess such as this indicates conditions of

chemical equilibrium or near chenical equilibriun between the hybrid

granite and the megacrystic granite, and therefore the hybrid granite

parent material is considered to have been incorporated into the nega-

crystic granite at a very eat'ly stage in its history, certai-n1y prior to
emplacenent into lts present position within the Kanmantoo Group meta-

sedirnentary rocks.
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(ii ) eBh id nite
Hybrid graniteu is a fine grained, light grey coloured rock

whj-ch contailrs abundant coarse grained potash feldspar, opalescent blue

quartz and plagioclase nìegacrysts, and is littered vith disoriented

megacryst-free hornfels inclusions, many of lvhich are layered (Plate 37:

I and 2). As described above, hybrid granite' cornmonly occuls as an

intermediate phase at the contact betleen hybrid graniteO and the mega-

crystic glanite. However, it also occurs as discrete inclusions of

variable size and shape rvithin the negacr)'stic granite on Granite Island

as well as in other localities.
The texture of hybrid granite, is variable, and in many cases,

closely approaches the texture of the megacrystic grani.te. The contacts

betrveen hybrid grarlite' and the border facies megacrystic granite are

generally intertonguing, and are gradational over I to 2cm, but are

difficult to locate precisely in some outcrops because of the similarity
in texture of the two rock types. Large potash feldspar negacrysts (and

negacrysts of quartz and plagioclase) commonly stra.ddle the contact bet-

ween hybrid graniteB and the megacrystic granite (Plate 37: 3).

On the basis of field e.¡idence, h1'brid granite' is interpretecl as

a nodificatíon of hybrid graniten, brought about by recrystallisation ancl

metasonatism during crystallisation of the megacrystic granite. This is
. consistent with the relationship between the hybrid granites proposecl by

Kleeman (1937).

' The hybrid granites are interpreted as the result of r¡ariable

degrees of assimilation of material that rvas incorporated into the nega--

crystic granite magma prior to the crystallisation of potash feldspar:

negacrys'ts, at an ear11, stage in the history of the nagma. A discussion

ofthenatureofthehl'bridgraniteparentmaterialmustbebasedona
consideration of the features of hybrid graniteO, sj-nce this is the less

altered of the tr^ro hybrid granite varieties. As desclibecl a'Dol'e, hybrid

graniteO is a very fine grained rock containing inconspicuous hornfels

inclusions, and scattered megacrysts of plagioclase, quartz and potash

feldspar. The hornfels inclusions are generally finer grained than the

groundmass of the hybrid granite, and aIe megacryst-free. They are

interpreted as less eliered fragnent.s of the parent of the hybrid
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g'*anitez2. rt therefore seems 1íke1y that the hybrid granite parent
rock was of sedimentary or metasedirnentary origin.
3.2,6 Minoz, aníte uæietíes

(i) A líte d kes

Aplite dykes occur only at Port E11iot (Figure 19). They are
pink to 'lruff coloure<l, fine grained, granular-textured rocks that may

contain neciiuln grained feldspar and opalescent blue quartz tnegacrysts.
West of Green Bay, a fine grained pink coloured aplite dyke,

approxinately 30cm wide, crosses the contact between the border facies
megacrystic granite and the medium even-grained granite. The dyke also
appears in the cliff face marking the western side of Green Bay, in
association with smaller aplite dykes (Plate 38: 1), and is probably
the extension of a similar dyke that crops out at the edge of the path-
way on the eastern side of the Bay (Figure 19). Tourmaline-rich
pegnatite pods occur within the dyke, for example near the contact
between the border facies megacrystic granite and the nediunr grained
granite west of Green Bay. The probable extension of the dyke on the
eastern side of Green Bay contains a pegmatitic.core of opalescent blue
quartz, with minor tourmaline.

Just south of comnodcre Point (Figure 19) , a Socm rvirJe aprite
dyke within inner facies nìegacïystic granite strikes at 3OOo, para1le1
to the proninent joint set that has controlled albitisation in the
grani.te.s in this area. Apparently as a result of its orientation, the
dyke has been altered to a fine grained albite-quartz rock.

On the southern side of the sma11 cove, north-east of Commodore

Point (Figure 19), there is a linited exposure of an a-p1ite dvke rhat is
composed of feldspar and quartz Í-ntergrown in a distinct granoph¡r1'jç

texture. The granophl,ric intergrowths are especially conspicuous as

bulbous-shaped areas protruding from the contacts of the dyke rvith the
inner facíes megacrysti.c granite towards the centre of the dyke. These

int.ergrowths may have resulted from rapid cooling and crystallisÞ.tion
of the aplite near i-ts contacts with the megacrystic granite.
22Iclentical structures have been observed in pegmatiti sed migmatite at

Vivonne Bay, on the south coast of l(angaroo Island, irhere irregular
patches of extensively netasonatise<l and recrl,stall.ised migmatite
contain disoliented "ínclusionsrr of unaltered, rvelL-laninaied
tite. rn this situation, and perhaps in the case of the hybriÏn1gln1-
granites, Þarticularly type B hybrid granite, sonìe degree of mobility
must have been present in the rocl< during alteration
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(ii) Quartz veins

Quartz veins intruding both varieties of the megacrystic granite

have been noted in many parts of the Encounter Bay area, inclûding Port

*E_IIiot,and Rosetta Flead, but they also occur in associatioi with the

nedium even-grained granite north-east of Commodore Poil-rt at Port E11iot'

In all cases, the emplacement of quartz veins appears to have been con-

trolled b1' joints.
At. Port E11iot , quartz veins are post-albitisat-ion features, and

are comnìonly seen to cut à.ro* albitisecl ioint zones, for exanple near

the contact between the nedium even-grained glanite and the red leuco-

granite north-east of Comrnodore Point. In additjon, many quartz veins

within the megacrystic granite exhibit diagonal fractures, which suggest

post-enplacement differential movement along the joints (Plate 38: 2).

The diagonal fractul'es aïe consistent in orientat-ion for the exposed

length of the qûartz veins, and are also consistent in orientation rvith-

in different quartz veins in the same joint set in a particular 1ocality.

3.2.7 Ì[e.tado Lenite d"ukes

Irfetadolerite dykes intrudir-rg the Encounter Bay Granites have been

described b1' earlier workers including Chewings (1894), Moulden (1895),

Browne (1920), and Bowes (1954, 1959) .

At F'ort Elliot, a fitte to nediun grained metadolerite mass,

presumed to be part of a dyke-like body, occurs amongst the boulders on

the eastern side of the r:ocky cove east of Green Bay (Figure 19). The

mass is only exposed at lov¡ tide, and therefore its field relationships

are not known.

Several fine grained metadolerite dykes are exposed at Rosetta

Ltead. 0f these metadolerites, two have intruded the border facies lnega-

crystic granite (Figure 12). The northernmost of these dykes can be

traced almost continuously fron the contact betvleen the border facies

negacrystíc granite and the Kanrnantoo Group metasediments south-eastwards

to the coastline, tvhere it is well exposed in a high cLiff face at the

head of a narrow gulch (Plate 38: 3). The southernmost netadolerite

dyke can only be traced a short dístance seawarcls fron the contact bet-

ween the border facies negaclystic granite and the Kannantoo Group

metasediments.

Contacts between the netaciolelites and the negacrystic granite

are well exposed only in the cliff section j.n wirich the northetnmost
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dyke intersects the coastline. Unfortunately, this locality is
particularly difficult of access, and thus tl're contacts tvere not able

tr¡ be readily exanined. Ilowever, the contacts of the southernrnost

metadolerite dyke with the megacrystic granite are part11' exposed, and

significant alte::ation and recrystallísation of the megacrystic granite

for up to SOcm away frorn the metadolerite can be seen. It{oreover, the

margins of the netadolerite dyke show evidence of rapid cooling, in the

forrn of a significantly finer grained texture than is present away frotn

the rnargins, as well as signs of contanination by the megacrystíc

granite in the form of quartz and altered feldspar xenocrysts.

T'he northernmost metadolerite dyke can not be traced from the

negacrystic granite across the contact into the Kanmantoo Group meta-

sedirnentary rocks, and so the dyke ís sholn on Figure 12 extending only

as far westwards as the contact. The southernmost metadolerite dyke can

be traced for a short distance into the Kanmantoo Group netasediments

from the megacrystic granite, and is seen to abruptly change directj,on
(Figure 12). The probable extension of this dyke is exposed on the

wave-cut platform in Petrel Cove and is st.rongly folded and boudinaged.

Metadoleríte dykes within the Kanmantoo Group nretasedirnents near

Rosetta Head have been dated, on the basis of their structural and neta-

morphic relationships, as post-F1, pre-F2 intrusions and are thus

significantly younger than the essentíally pre-tectonj-c Encounter Bay

Granites (Daily and Milnes, I973). The fact that the metadolerite dykes

within the megacr)'stic granite at Rosetta Head are not in any way

deformed is taken as further evidence that the Encounter Bay Gra-nites

were essentially unaffected dur:ing the regional defonnation episodes

that post-date theit emplacenent.

3.2.8 Joiniivtq in the Encounten BaU Gz'ani-t;es

Asthana (1958) studied the jointing in the Encourtter Bay Granì-tes

at Port Elliot, and cornpared the orientation of the joints with th¿rt of

a poorly defined biotíte and feldspar alignrnent, in an attempt to define

the nature and orígin of the joints according to the method outlined by

Balk (1937) . 0n this basis, Asthana recognised north*easterly trending

primary "tension" joints, many of which tvere infilled rr'ith quartz and

pegmatites; north-westerly trendj-rLg primary "iongitudinal'r joints,
which were para11el to the mineral alignment and which showecl evidence

of later novenents; and north-north-tçesterly tlelrdinq rrslLearil joints.
A further study of the jointing in the Encou,nter Bay Granites was not
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attempted during the present investigation. Ilorvever, note was taken of
the fact that the joint set controlling albitisation in the granites
corresponds to the orientation of the north-westerly trending prinary
longitudinal joints of Asthana (1958).

3.3 THE NATURE AT|D FIELD RELATIONSHIPS OF THE ENCOUNTER BAY GRANITES

AT CAPE WLLLOUGHBY, KANGAROO TST.AND

The field relationships of the Encounter Ba1' Granites at Cape

Willoughby are depicted ín Fígure 13.

3.3.I The meqacrust¿c qraníte
The major granite variety is a pink to buff coloured, fine t-o

nedium grained megacrystic biotite granite rvhich is simí1ar to but finer
grained than the border facies megacrys [ic granite in the Encounter Bay

atea (Plate 39: 1). The affinity of the megacrystic granite (and other
granite varieties at Cape lVilloughby) to granites in the Encounter Bay

area is initially apparent because of the ubiquitous occurïence of dis-
tinctir¡e opalescent blue quartz. The presence of coarse grained potash
feldspar megacrysts that contain abundant randomly or zonally amangecl

fine graíned quartz, plagioclase and biotite inclusions, and ar:e commonly

mantled by plagioclase, further enhances the textural similarity of the
megacrystic granités at Cape Willoughby and in the Encounter Bay a:rea.

A variety of inclusions occurs within the megacrystic grani-te
at Cape Willoughby, although they arîe not as abundänt as in the border
facies megacrystic granite in the Encounter Bay area. Metasediment

xenoliths consist of dark colouled, Ì{e11 laninated biotite quartzites,
which are textrrrally and lithclogically identical to netasediments of
the contiguous ltfiddleton Sandstorre. These metasediment xenoliths are
rarely greater than 1m in diameter, and generally have sharp contacts
vrith the megacrystic granite (P1a te 4: 2 and 3; Plate i9: 2). Horv-

ever, the margins of some Inetasediment xenoliths have been considerably
modified by metasomatism and recrystallisation to procluce a rock-t¡pe
similar in texture to hybrid granite, (Plate 39: 3)" lrlon-la¡'ered

hornfelses (Plate 39: 4), hybrid granites, fine grained granonhyric
leucogranj.tes, and rare coarse grained quartz-feldspar pegmat,ites also
occur as inclusions within the rnegacrystic granite.

Biotite layering occurs in palts of the megacr')¡stic granite, and

is cornposed of biotite-rich layers alternating rvith quartzo-feldspathì c
layers (P1ate 40: I and 2). The layerì-ng is always of limited extent.
Biotite crystals commoniy have a preferred or1entatiorr para.11e1 to the
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plane of the layers, and some small tabular hornfels xenoliths that

occur rvithin the layerecl zones may have the same orientation. In one

loca1ity, the layering resembles sedirnentary-type cross-stratification
(Plate 40: 2) .

3. 3, 2 Red Leucogranite_

A red leucogranite crops out as an inhomogeneous north-westerly

dipping sheet-1ike body in a zone of complex geotogical relationships

in the inlet immediately west of Cannon Hill (Figure 13; Plate 40: 3).

In the westernmost part of the sheet-1ike body, the red leucogranite is
a fine even-grained rock. Furtl'rer eastlvards hotvever, it contains

abundant mediurn grairred feldspar and opalescent blue quartz megacrlsts.

Til1ey (1919b) descríbed the red leucogranite as "an ap1ite rvith develop-

nent in part of a distínct granite porphyry facies'r. In addition, he

recorded the occurrence of distinctive quartz-tourmaline segregatic-,ns in

t¡e red leucograni,te, and suggested that they resulted from the crystall-
isation of late-stage volatile.s in miarolitic cavities (Tí11ey, 1919a).

The red leucogranite l-ras been dissected along prominent near

vertical north-westerly trending joints, and the moderately steep rrorth-

westerly dipping sheet-1ike form of the body is readily apparent from a

study of these joint exposures. The upper contact of the sheet with the

rnegacrystic granite is gradational ot'er about l-Ocni (P1ate 41: 1). At

the lower contact, the red leucogranite appears to be interlayered with

negacrystíc granite (Plate 41: 2). However, the contacts between

leucogranite and megacrystíc granite are gradational over only 1 to 2cn.

Just sea-wards of the sheet, there are seveïa1 3 to 4n diameter: masses of

red leucogranite, with associated irregular dyke offshoots, that are

clearly intrusive into the megac::vstic gr:anite. Thus the re<l leuco-

granite sheet is consídered to be ilrtrusive into the negaclystic

granite, and its gradational upper contact and layered bottom contact

are possibly the result of contamination by megacrystic granite.

3,3.3 Hl.tbz'id gz'cmites

Hybrid granites, similar in texture to the hybrid granites in tl-Le

Encounter Ba¡, area, occul as a large dyke-like body westv¡ards a.long the

coast from Barn Bluff (Figule 13), and as xenol.iths within the mega-

crystic granite, fol. exarnple just south of Pink Bay. Hyblid graniteU

is the predominant type, a-nd j.t is litterecl with 1a¡'ered and non-layered

netasediment and hornfels incl-usi.ons, most of rvhich are less than lOcn

in dianeter (Plate 41: 3 and 4). The contact between hybrid granite,
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and tlìe nìegacrystic granite is gradational over 1 to 2cm (plate 42:
1). h{oreover, coaïse grainecl potash feldspar negacrysts (as well as
plagioclase and quartz megacrysts) stlacldle the contact between ¡ybricl
graniteu ard the megacrystic graníte, as in the Encounter Bay aïea.

i{ybrid graniteo is conparativeJy rare at cape rvilloughby, but
has been observed as round inclusions rçithin the megacrystic granite
(Prate 42: 2). Horvever, it is of interest tha.[ hybrid graniteu, both
in discrete inclusions and in the large dyke-1ike body, becomes ciístinct-
1y finer grained with distance fron its contacts wíth the megacrystic
granite and tends to aoproach hybrid graniteo in texture.

Tilley (1919b) did not record the exposures of hybrid granite
along the coastline at Cape I{i11oughby. Holvever, his il1arge elliptical
(in cross section) rnass of grey aplite" inland from the coastline at
Barn Bluff appears to be an extension of the dyke-like bocly of hybrid
granite exposed on the coastline west of Barn Bluff. The hi,brid granite
exposed on the coastline just south of Pink Bay (Figure 13) may rep¡esent
the nor:thernmost extension of this dyke-like body, although this can not
be substantiated because of a lack of outcrop in the intervening aïea.
3.3.4 Aplite dukes

Thin red colourerl aplite veins intrude both the red leucogranite
and the megacrystic granite along the coastline just west of Cannon llil1
(Figure 13). Smal1 tourmaline-rich clots are cornnbnly assocíated with
these aplites, which have sharp contac.Ls with the other rock types.

Red coloured aprite dykes occur in other parts of the cape
lvilloughby area, and are intrusive into the rnegacrystic granite. All
have sharp contacts wíth the megacrystic granite. Nfany contain
conspi cuous pyrrhol.ite.
3.3.5 Late-s j oini;- eontr,oLLed aLtenation of th.e qz,anites

(i) Albitisation
rn his study of the Encounter Bay Granites at cape willoughby,

Ti11ey (1919b) descríbed several varieties of "whíte pegmatite", some of
which he napped as veins, others of whích he mapped as irregular masses
within the megacr¡'stic granite. FIe described the varieties of the "rçhite
pegmatiterr as rralbitite" , "qua'rtz-albítitet' and ,musco\¡ite albitite..'lvith regard to the origin of the albitites, Tilley suggeste<l that they
represented the "fina1 differen+.iate or end product of the residual
magmarr, havíng at first rejected the possibi]ity that they rnay have
ej'ther representedtran ínimiscible phase of the 1íquid residr-ra1 magna,', or

e
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that they resulted fron the ilalbitisatíon of or:iginal potassic rocks".
However, a study of the occurrence of identical rock-types in identical
situations in the granites in the Encounter Bay a-rea has indicated that
such rock-types are best interpreted as the result of albitisation of
pre-existing potassic rocks.

As ín the Encounter Bay area, albitisation of all granites
(including the red colourecl aplite dvkes) has taken place in near

vertical jointed zones in a prominent joint set striking towards 5000,

appr:oxinately normal to the contact betrveen the granites and the

Kanmantoo Group metasedínents, The albitites are distinguished from tl-re

unaltered megacrystic gr:aníte by their characteristic white colour, due

to the predominance of white albite. The alteration is most intense
immediately aðjacent to joint planes in the altet'ed joint zones, and

becornes less pronounced away from these planes. Furthermore, the thick-
ness of albitised negacrystic g::anite zones is conpletely variable from

a few centímetres to several metres, clepending on the intensi'ty of
j ointing .

The unaltered megacrystic granite and its albitised equivalent
are identical in texture. The contact between the negacrystic granite
and its albitised equivalent is commonl-y sharp, and is marked by a

significant decrease in quartz content as the albitised zone is approach-

ed, although atbitj.satíon of potash feldspar nay occur within the mega-

crystic granite several centimet::es from this contact. Such partly
albitised zones of megacr)'stic granite, consisting of albite, opalescent

blue quartz, and bictite, correspond to Tilley's rrquartz albitite".
Howevel, thc field relationships indicate a continuous gradation between

megacrystic granite and albitite in the albjtised joínt zorìes, arrd sub-

division of tl:e altered rock types is not considered to be realistic.
Of note is the consíderable evidence of post-albitisation novenent

paral1el to the joints in the albitised zones; for example, the occuï-

rence of thin cataclastic zones.

0n the eastern side of Barn Bluff, a prominent rnass of jagged-

¡'eathering albite-muscovite rock occurs in a complexly fractured and

jointed zone. The rock type was descri-oed by Tilley (1919b) as
rrmuscovite albititer'. The contact betrveen the albite-muscovite rock and

the megacrystic grani.t-e is gradational over approxi-nately 30cm.

The albite-nuscovite rock occurs at the intersection of two sets

of joints: one set of joints is nearly vertical and strikes toruarcls
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3OOo, whereas the other joints dip at very shallol angles torvards 1150.

The vertical joint set has controlled the albitisation of the granites
at Cape lViltoughby. 0n the other hand, the shallow joint set has con-

trolled late-stage greisenisaticn of the granítes. Thus the field
relationships-of the albite-rnuscovite rock suggest that it may have

developed as the result of rnixing of the components of albitisation and

greisenisation in this zone of joint intersection.
The albitisation post-dates the emplacernent of aplite dykes at

Cape lVilloughby, as in the Encounter Bay area, since aplite dykes have

been albitised along cross-c:r:tting joints. Furthermore, displacement of
one such dyke along these albitjsed joints indicates that the joints
have acted as planes of post-albitisation movement.

(ii) Greisenisation
Ti1ley (1919b) described the effects of greisenisation only in

relation to the red leucogranite. However, greisenisation has affected
all rock types at Cape htilloughby, including the megacrystic granite,
the hybrid granites, the red leucogranite, and the aplite dykes, along
joints that dip at a very shallorv angle towards 1150 (P1ate 43: 1).
Such joints are cornmonly characterised by the presence of thín quartz
veins, The alteration of negacrystic graníte inrnediately adjacent to
the quartz vein has resulted in the formation of an albite-quartz-
.muscovite-epídote tock, which is texturally identical- to the megacrystic
granite, but is narkedly different in colour and cornposition. The zone

of altered megacrystic granite varies in width from one joint to the

next, but is commonly 5 to 10cm v¿ide (P1ate 43: 2), and is separated

from the unaltered megacrystic granite by a thin altered zone of brick-
red coloured megacrystic granite. This colour appears to be due to an

intense clouding of the potash feldsparr prêsumably by'rery fine grained

iron-rich particles.
In many locali-ties, pronounced deforrnation o:Ê the megacrystic

granite has oc.cumed along these shallow dípping joints, resulting in
the formatj-on of a moderately well developed schistosity. The deform-

ation probably occurred during alteration, since cataclastic textures
are not evident.

The greisenised joint planes are easily recognised, especially
along the coastline, by the dark greenish colour of the altered rock.
In rnany places along the coastline, the lower portion of the altered
joint is preserved as a dì-stinct, sornetínes strongly dissected capping
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due to the removal of the overlying joint b1ock during

(iii) The relative es of oint- control 1ed alteration
The relative ages of albitisation and greisenisation are

difficult to determine from their field relatíonships. There are
localities in which both types of alte::ation occur in close juxta-
position. For example, at the head of the narroh/ inlet imnediately south
of the líghthouse, a zone of albitisecl megacrystic granite is cut by a

series of shallow dipping join't planes along which greísenisation has

occurred. The altelation resqlting from greisenisation is conspicuous,
and appears to persist tlrrough the albitised zone, thus indicating that
greisenisation occuned later than albitisation. On the other hand, an

extensive zone of a.ltered megacr)¡s'Eic granite at the south-western ti-p
of the Cape (Figure 15) shols eviclence that- suggests that albitisation
occurred later than greisenisation. In this localit¡', zones of
greisenised rnegacrystic granite, which are not restricted to the
immediate environment of shallow dipping joints, have been albitised
along near vertical joints striking towards 3OOo. Furthermore, the con-

tacts between the greisenised megacrystic granite and the albítised zones

are sharp. At Barn Bluff, the occurrence of an unusual albite-muscovite
rock is perhaps consistent rvith the simultaneous alteration of the nega-

crystic granite by the cornponents of albitisation änd greisenisation in
a zone of intersecting joints.

Thus, there is presently no unambiguous evidence on which to base

an assessment of the relative ages of albitisation and greisenisation,
and further field tr'ork is required in order to provide an answer to thi.s
problern.

3,4 FURTHER OCCURRENCES OF POSSTBLE ENCOI]NTER BAY GRANITES

Sprigg (1954) nappecl a number of discontinuous outcrops of
rrgranite, pegmatitic granite and granod.iorite" of prestrmecl Lower

Palaeozoic age in the .south-western portion of Kanga:roo Island. These

granites are especíaI1y well exposed at intervals along the coastline
between vivonne Bal, anci Cape du coedic (Figure 2), but are difficult of
access.

At Cape Kersaint (Figule 2), a granite (hereafter referred to as

the Cape Kersaj,nt gTana te is exposed along the base of the clj ffs in four
prominent headlands. The granite is a coalse grained, pink coloured,
textural1y inhornogeneous rock composecl of pale opalescent blue qua::tz,
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potaslì feidspar, plagioclase and bioti'te. Potash feldspar occurs as

abundant coar'Se grained euhedral ancl ovoid megacrysts which ale ir-

regularly distributed throug]-rout the granite (Plate 43: 3). The nega-

crysts commonly contain fine grained biotite inclusions, as well as

quartz and plagioclase inclusions. Groundmass biotite c'rystals in the

granite aTe al.ranged in a clistinct but irregular schistosity, which en-

wïaps the feldspaï megacrysts. The schistosity is considered to be

prinary, rather than an imposed defornatíonal feature' Abundant xeno-

liths of unalte::ed netasedimentary rocks litter the graníte' I'lany

exhibit well developed layering. Tn some cases, this layering outlines

mesoscopic fold stluctures that nay be of sedirnentary origin (P1ate 43:

4 and 5). The larger xenoliths appear to have a random orientation in

the graníte, but snal1 hornfels xenoliths telrd to be strung out parallel

to the schistosity. N{any hybrid granlte xenoliths were observed'

Pegmatites however, are rare.
The cape Kersaint granite is similar in many respects to the

megacrystic granite facies of the Encounter Bay Granites. However, the

relationshíp of the granite either to the count1y rock, whích consists

mainly of nigmatites as exposecl at Vivonne Bay and along the banks of

the Stun-Sail-Boom River, or to the Encounter Bay Gra-nites, is unknown'

Furthernror:e, the extent of the Cape Kersaint granite is not yet known'

Texturally identical granites are exposed along the Stun-Sail-Boom River

(Plate 43: 6), but the granites mapped by Sprigg (1954) westrvards along

the coast from Stun-Sail-Boom Ríver (Figure 2) have yet to be invest-

igated.
The granite about 6km east along the coast fron Cape du Couedic

forms Spectacular. outcTops, known 1oca11y aS rrRemarkable Rocks", extend-

ing from sea-level to the top of the 150 to 2o0rn high cliffs. It is a

coarse grained grey coloured glanite composecl of opalescent blue qvaTtz'

potash feldspar, plagíoclase and biotite. lvloreover, it is litterecl with

xenoliths that include layered netasedimentary rocks, non-layered horn-

felses, and hybrid granites. Further features ínclude -joint-controlled
alteration which texturally resenbles albiti-satiort. Therefore, as in

the case of the Cape Kersaini granite, the Remarkable Rocks granite has

several characteristics that suggest an affinity with fhe Encounter

Bay Granites. However, its field relat-ionships are not exposed.

Graníte outcrops inlaud from Cape du Couedic \'iel'e erlso napped by

Sprigg, but weTe not studied in any cletail du-ring the present invest-

igation.
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THE PETROLOGY OF THE ENCOT]NTER BAY GRANIT.4S3.5

3.5 I The meqacr'ustic granite

(i) The border facíes megacrYstì c g ranite

The borcler facies megacrystic granite is a coarse graíned biotite

graní.Ee that contaj-ns abundant coarse grained megacrysts of potash feld-

spar, opalescent blue quart z and plagioclase in a fine to nedium grained

groundmass of quartz, feldspar and biotite. Macro-moda1 analyses23 and

total-rock chemical analyses24 of several specimens of the border facies

megacïystic granite are given in Appenclices F (Table F1) and G (Tab1e

Gl) respectively. The modes ef the border facies megacrystic granite

have been plotted on Figure 23 
"

potash feLdspar occurs in the border facies megacrystic granite

as large euhedr.al to ovoid megacïysts, and also as fine to nedium grained

groundmass rnaterial . The grounclnass rnaterial inclucl es subheclral potash

feldspar crystals and anhedral potash feldspar of interstitial habj-t.

Some of the grounúnass potash felclspar is intergrown tvith quartz in

granophyric texture (Plate 44: 1 and 2) - The occurrence of potash

feldspar of such clifferent habj ts is considered to reflect more t-han one

generation of grorvth (von Eckermanlr, 1937; Turner and Verhoogen, 1962;

Volbor:th, 1962; I-libbard, 1965; Ðawes, 1966; Kerrick, 1969) '

potash feldspar rnegacrysts are nost cornmonly ovoid in shape, anrl

consist of an euhedral core sharply bounded by a granophyric quartz-

feldspa-r zone (Plate 44: 3 and 4) . The granophyric zone grades outwards

into a potash feldspar rim which is continuous wíth interstitial ground-

mass po.Eash feldspar. These st.ructures are similar to the pota.sh feldspar

phenocrysts in some feldspar porphyries (Plate 44: 5 and 6), and were

recog¡1secl by both Browne (1920) anrl Boles (1954) in the border facies

negacïystíc granite. Similar structuïes have been described by Savolahti

(1956), Shelley (1966) and Vorma (1971). In the case of the border facies

megacrystic granite, the granophyric zones are considered to nark the

change in conditions and rate of crystallisatíon consequent upon the

emplacement of the granite into its present envirorunent. Subsequent

cryst.allisaiío,r resulted ín the formation of the groundmass minerals and

the outer zortc3 of the rnegacrysts, and culminated ín the crystallisation

of interstitial potash feldsPar.

23Th" techniclue used in macro-rnodal analysis is discussed in Appendix F

2aAlt total-rock chemical analyses were carried out by X-tay
fluorescence. The methods of sample preparation and analysís are
discussed irr Appendíx G
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The euhedral cores of manl' potash feldspar megacrysts exhibit
concentric zones containing fi:re grained plagioclase and biotite
inclusions, and also contain randomly disposed inclusions of plagioclase,

biotite and quartz. The zonal arrangement of inclusions in euhedral

potash feldspár megacrysts is usually interpreted as resulting from

nagmatic grorvth of the megacrysts (schermerhorn, 1956; Hibbard, 1965;

Kemick, 1969). As the inclusions within the megacrysts in the border

facies megacryst-ic granite are significantly finer grained than the same

minerals in the groundmass of the granite. the rnajor crystalJisation of

these minerals probably post-dated the crystallisation of the megacrysts.

Plagioclase inclusions in potash feldspar negacrysts are corrunonly

aligned with their (010) faces paral1 el to crystal faces in the ho-st

negacryst. The plagioclase is generally saussurítised, and is surroundeC

by clear albitic borders rvhich appear to be the result of late-stage

alteration of the potash feldspar. Biotite inclusions in potash feldspar

megacrysts are commonly rinmed by both quartz and muscovite. The slrape

of quartz inclusions in potash feldspar megacrysts is quite variable.
Irlany autltors hat'e distinguished at least two generations of quartz in-
clusions on the basis of grain sltape (see for example Savolahti , 1962;

Terzaghi, 1940; Vorma, 1977), the most characteristic grain shapes being

desc::ibed as rtaussenkonkave quartztt and "drop quartzrr. Both forms are

present ín pctash felcispar negacrysts in the border facies megacrystíc

granite (Plate 44: 7 and 8). Quartz i.nclttsions in potash feldspar mega-

crysts have been accorded a variety of origins from the prorlucts of
eutectic crystallisation with potash feldspar to replacernent veinlets,
depending on their morphology. However, Vo11 (1960) attrj-buted the shape

of quartz and other inclusions in potash feldspar to the degree of misfit
of the host and inclusion crystal lattices.
. Mantlíng of potash feldspar megacrysts by plagioclase is a conlmon

feature in the border facies megacïystíc granite, and can be likened to
the texture of wiborgite ::apakivi (l'lahl , 1925; Savolahti, 1956, 1962:,

Votborth , 1962; Simonen and Vorma, 1969; Vorma, 1971). The plagioclase

rnantles may consíst of several plagioclase subhedra or a single plagio-
clase crystal, and are of variable width (P1ate 45: 1 and 2).

Potash feldspar irregacrysts are typically perthitic, and exhibit
one or more of the faniliar filtn-, vein- or patch-perthite textu.Tes

(Plate 45: 3, 4 and 5). Pa';ch-rerthite textures a,r'e particularly dis-

tinctive, and consist of corrparatirrely large equidirnensional areas of
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lame11ar-twinned albitic plagioclase separated by rvisps of potash fe¡J-
spar. In accordance with the suggestions of many authors, such textures
are considered to be the result of exsolutíon, perhaps of original sodíc
anorthoclase.

Many potash feldspar megacrysts exhibit sinple tlinning. In some

megacrlrsts however, apparent twin-individual.s separated by a very ir.-
regular twin-plane are 1íke1y to be trvo crystals intergrown in synneusis
relationship (vance, 1969; plate 45: 6 of this thesis). rn the latter
case, st:ríng-1íke quartz anhedra comnonly occur along the "twinn planes.
Potash feldspar megacr)'sts mfI also exhibi-u areas of cross-hatch,tlsin-
ning as well as areas in rvhich trvinníng is absent. The cross-hatched
areas are generally developed near the margins of the megacrysts. The
groundrnass potash feldspar is also cross-hatch twinned. Volborth (1962)
described a similar distribution of cross-hatch twinning in potash
felcspar negacrysts in rapakivi granites in Nevada, and suggested that
the untwinned rnegacryst cores were early-formed orthoclase wjrer:eas the
rims were conposed of late-forrned microcline. Evidence supporting thj-s
suggestion will be discussed in a subsequent section.

PLagioclas¿ occurs both as negacrysts and as fine grained ground-
nass material, but in contrast to potash feldspar, the groundmass plagio-
clase does not possess an interstitial habit. Plagioclase megacïysts are
commonly subhedral, and exhibít pronounced oscillatory zoning which is
visible even ín hand specimen. The cores of the megacrysts, whích have
a composition of about 4n40, nay be extensively saussuri.tísed. Removal

of the altered cores <iuríng weathering produces a pitted texture on

exposed granite surfaces. Many oscillatorily zoned plagioclase crystais
are untwinned, or exhibit only very fíne ramellar twinning (p1ate 4s: 7

and 8). Several of the internediate zones of oscillatorily zoneð, piagio-
clase grai-ns contain bleb-1ike and vermicular qtartz inclusions, foming
myrmekitic intergrowths rvith the plagioclase (p1ate 4ó: 1). such
textures have also been descrjbed by shelley (1966), and may have de-
veloped simultaneously with the granophyric zones in potash feldspar
megacrysts as ihe result of rapid simultaneous crystallísation of quartz
and plagioclase. 'Iypical bulbous rn1-rmekitic intergrolths of plagioclase
and quartz commonly occur at the boundaries betrveen plagioclase and

potash feldspar grains, and have also been noted at the boundaries betleen
quartz ancl potash feldspar grains. HovJever, these represent crystallis-
ation at a rnuch later stage than the zonal nl,rmekitic intergrowths in
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plagioclas e megacrYsts .

Rare ovoid plagioclase megacïysts, consisting of a-n intrer

myrmekitic zone surrounded by a quattz-ftee outer zone, have been

observed ín specinens of the border facies megaclystic granite (Plate

46: 2). Their origin is not clear, but they may represent xenoqrysts'

Many plagioclase cïystals have clear a1bític borders against

potash feldspar, but not against other mínerals (Plate 46: 3).

schermerhorn (1956), Ramberg (1962), and Peng (1970) have described

sinilar textures, which they ascribe to late-stage replacement (that is

albitisation) of the contiguous potash feldspar. Intergranular albite

may also occul at the mutual boundaries between potash feldspar grains '

euottz has a distinctive opalescent blue colour, and occurs as

subhedral to euhedral megacrysts, and as fíne to medj'um grained ground-

mass material-. The interstitial spaces between quartz grains are

occupiecl by fine graíned potash feldspar (Plate 46: 4 and 5).

Quartz megacrysts display an unusual concent'ri.c zonal variation

of the opalescent blue colour, a feature recor:ded by Browne (1920) ' This

phenomenon is not obvious in the field, nor cari it be seen in thin- or

polished-sectíons. However, the colour zoning is clearly visible by eye

in the c.ut and polished surfaces of hand specirnens of the granite (Plate

46: 6). rn view of the occurlence of zoned plagioclase, and potash

feldspar megacrysts that contain concentric zones of fine grained in-

clusions, colour zoning in quartz megacrysts nay also be a growth

phenomenon. Prelininary electron microprobe analyses of qvaTtz megacrysts

indicate a significant but variable concentration of 41, which nay be

correlated wj.th colour changes. Frondel (L962) also noted the possibility

that zonation in qvari-z nay be related to variations in the concentration

of trace elements, including A1

Biotite (Z=Y=dark brown, dark brown-green, or dark brown-red:

X=straw or buff) occurs in the border facies megaclystic granite both as

rarrdornly oriented rnedium grained crystals , and as aggregates of fine to

nedium grained crystaLs. Nlany bíotite crystals contain file grained

musco\¡ite aligned para1lel to the biotite cleavage. Schermerhorn (1956)

described muscovite of this habit as rrearly nluscoviterr. Acicular

ilmenite and haematite also occur along cleavage planes in biotite (Plate

M: 7), In acldition, zircon is present as fine graíned inclusions

surrounded by pleochroíc haloes (P1ate 4ó: 8) '

Biotitecrystalsmalr6"partLyalteredtoclrlorite,probablyas
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the result of mild deuteric alteration. The appearance of fine rutile
granules in bíotite invariably accompanies the chloritisation.
scherrnerhorn (1956) reported both rutire ancl sphene granules along
cleavage planes in altered biotites in the gianites of Trancoso,
Portuga.l. The appearance of these ninerals nust be relatecl to the
exclusion of Ti from the chlorite lattice.

Accessory minez,als inclucle zircon, apatite, opaque minerals,
muscovite, chlorite and rutile. Muscovite, opaque minerals, zircon and
a}ìatite conmonly occuï as inclusions in biotite, whereas chlorite and
rutile occur as alteration products of biotite.

The cape IVilloughby megacrystic granite, chemíca1 anarl,ses for
which are given in Appendix G (Table G2), is generally finer grained than
the'border fac:i.es megacrystic granite in the Encounter Bay area, and is
cluite vari-abie in texture, despite the statement by Ti11ey (l91gb) to the
coTìtrary. Fine grained varieties of the cape l{illoughby megacrystic
granite consist of scattered nedíum to coarse g::ained megacrysts of pot-
ash feld-spar, quartz and plagioclase in a fine grained groundmass cf
these minerals and biotite. Conspicuous granophyric intergrorr,ths form
borders with shalp inner contacts around euhedral potash feldspar cores
j n both megacrysts and groundrnass cry-stals. The coarse grained varieties
of the Cape Willoughby megacïystic granite closeJ,y resemble the border
facies rnegacrystic granite in the Encounter Bay atea in texture. Ti1ley
(1919b) described the petrography of the cape witloughby megacrystic
grarrite in sorne detaí1. He recorded the zonal distribution of the ooal-
escent blue colour in quaTtz megacr),stsj and alluded to the origin of the
zones as growtl-r features. Moreover, he identified the granophyr:ic ínter-
growths around euhedraL potash feldspar (and rare quartz) crystals eLs

products of ttlater crystallisationrr. As in the bo::der facies negacrystic
graníte in the Encou¡Ler Eay area, these granophyric int,ergrowths are
considered to mark the change in conditions and rate of crystallisation
that occumed at the time of emplacement of the granite into its pïesent
envirorunent. In keeping with this suggestion, the var:iation in texture
of the Cape tViliiiughby megacrystic granite can be accounted for in terms
of differences in the post-emplacement rate of crystallisation.

(ii) The inner facies me gac-rystic granite
0n a textural basís, the inner facies megacrys.tjlc granite can be

distinguished from the bordel facies negacrystic granite because of the
absence of a fine grai.ned granoph¡'ric-textu::ed ground:nass, and the
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absence of granophyric border zones around potash feldspar: megacrysts.
Otherwj-se, the ttvo r¡arieties of megacrystic g::anite are sinilar in tex-
ture and nineralogy.

Macro-modal analyses of specimens of the inner facíes mega-
crystic granite are given in Appendix F (Tab1e F2), and have been plot-
ted on Figure 23. TotaL-rock chemical analyses of specirne¡s of the
granite are given in Appendíx G (Table G3). As inclicated in Figure 23,
the inner facies megacrystic granite is clearly different from the
border facies negacrystic granite on the basis of proportions of rnajor
minerals.

Pyrrhotite and pyrite occur in abundance in parts of the inner
facies megacrystic gt'anite, and have been notecl in the border facies
megacrystic granite in one locality at Port El1iot. Pyrrhotite occurs
as fine to rnedirun glained subhedral crystals which are partly replaced
by marcasite (Prate 47: 1). lr{ediun grained pyrite euhedra are also
conmon (Plate 47: 2).

(iii) Tnclusions within the m s tic anÍ tes
Total-rock chemical analyses of specimens representatíve of

several types of inclusions within the megacrystic granítes are given in
Appendíx G (Table G4). lr{etasedinrenLs.Ty rock xenoliths are fine grained
and biotite-rich. They invariably exhibit well-defined bedding larnina-
tions, as well as srnall-sca1e sedirnenta.ry structures. Mica preferred
orientations within the xenoliths are uncomnon. if present however,
nica preferred orientations are poorly developed in contrast to the con-
spicuous mica schistosities that occur in lithologically siní1ar meta-
sediments in the Karrmantoo Group countTy ::c¡ck.

Granophyric leucogranite incl-usíorrs aïe generally fine grained,
and are composed of cross-hatchec nicrocline perthite, quartz, and
lanellar-twinned plagioclase of oligoclase composition. lr4icas are sub-
ordinate constituents. Granophyric intergrowths of quartz and microcline
are characteristic of these inclusions.

Fine grained negacrystic granite inclusions that occur rvithin the
inner facies negacrystic granite consist of opalescent blue quartz mega-
crysts, and less commonly potash feldspar and plagioclase megacrysts, in
a fine grained ground:rrass of these mínerals with ninor rnu-scovite and
biotite. Opaque minerals are associated with biotite crystals, rvìrj_ch

may be partly altered to chlorite. 'rhe potash feldspar is a cross-
hatched microcline perthite which is generally cLoude,i. by fine grai.ned
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alteration products. Plagioclase crys'Ea1s are less altered, and exhibit

compositional zoning from core to rim. Some inclusions of schist-like

appearance have an unusual and highly variable texture and mineraTogy,

and are thought to be the products of late-stage hydrothermal crystal-

lisation. T'he material is composed mainly of muscovj-te, which varies

in size from extremely fine crystals to rnediun grained poíkilitic 1aths.

Chlorite, biotite, and apatite, with ninor rutile, qvaTtz, and molyb-

denite are the other constituents. Fine grained muscovite occurs in

large patches and schlieren in which it shows a moderately well develop-

ed preferred orientation. Fine to medium grained poikilitíc chlorite

laths have g::own across the muscovite schistosity, and clearly post-date

its development. Biotite occurs in round aggregates of laths which may

possess a preferred orientation. Rutile, molybdenite and fine to medium

grainecl a.patite subhedra a,re generally intergrown witl-r biotite in these

aggregates.
(iv) Albitised meg acr:vstic q::anite

Albitisation of both varieties of the mega,crystic granite along

north-weste'rly trending vertical joints has resulted in the alteration
of pre-existing potash feldspa.r to albite, and the decalcification of

pre-existíng plagioclase. Many specimens of the albitised megacrystic

granítes exhíbit evidence of post-albitisation deforma.tion in the form

of peripheral granulation and brittle fracturing oi quartz and albite,
kinking of lane11ar-twinned albite, and pronounced undulose extinction

or defornation 1atnel1ae in quartz. In some specimens, thin cataclastic

zones containing granulated quartz and albite were notecl.

pre-exi-sting potash feldspar megacrysts, groundmass crystals and

interstítíal naterial can be recognised as distinctive fine-sca1e chess-

board-trr,inned albite (PLale 47; 3 and 4). Original plagioclase occurs

as lane11ar-twinned albite, in which the twin lame1l.ae are cornrnonly

spindle-slraped and kinkecl (Plate 472 5). Pr:e-existing structures with-

in potash feldspar megacrys*us have been perfectly preserved despi te the

alteration of the potash feldspar to albite. For exanple, original

simple twin boundaries, zonal arranger¡ìents of inclttsions, granophl'ric

border zones (ín the border facies megacrystic granÍ.te), inclusion

shapes, anci perthite textures can still be recognised. Even original

plagioclase incl.usions and albitic perthite fabrics are preser:ved as

1ame1lar-twinned albite in a chess-board-t-winned host. Similar

observations regarding the formatíon of chess-albite by atbitisation of
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pre-existing potash feld*.par have been recorded by many authors (for
exarnple Starkey, 1959). callegari and De pieri (1967) suggested that
chess-board tlvinning may result from the <ievelopment of ínternal strain
duríng replacernent of potash feldspar on account of the markecl difference
between the cel.l volumes of potash feldspar and albite. Biotite occurs
as aggregates of fine grained ragged laths, which are notably free of all
but small rutile inclusions (Plate 47: 6), and as relict nredium grained
laths and plates which contaín abundant lutile granules. The aggregates
of fine grained laths appear to have developed at the expense of larger
biotite crystals during the deformation.

with more extensive albitisation, the opalescent blue quartz
becomes pale blue in colour, or colourless. Biotite is replaced by
phlogopite, with associatecl rutile granules. Some of the pirlogopite may

be further altered to chlorite, which also contains abundant rutile
granules (PLate 47: 7 ancl 8). Despite these mineralog]cal changes, the
texture of the altered rock remains identical to that of the original
megacrystic granite.

The features described above are also present in specimens of the
albíti-sed Cape lVilloughby negacr).stic granite. TíItey (1919b) referred
to these rocks as quartz albitites.

(v) Megacrystic albite-chlorite rock
The megacrystic albite-chlorite rock is considered to be the

result of more intensive albitisation of the border facies megac::ystic
granite than is observed along north-r+esterly trendíng vertica-1 joints.
This interpretatíon j-s supported by total-rock chemica'J. anarl,ses of
specimens of both the albitised border facies rnegacrystic grani.te, anrJ

the megacrystic albite-chlorite rock given in Table G5. However, the tex-
ture of the megacrystic albite-chlorite has remained identical to that of
the original negacrystic granite.

rn general, the megacrystic albite-chlorite rock consj.sts of
albite with interstitial aggregates of fine grained chlorite. Albite
occurs both as chess-board-twinned and 1amel1ar-twinned megacïysts and
groundmass crystals. Many of the crystals are flactureci and partly gl:,a¡.-

ulated, and sone contain. kinked twín l-ane1lae. Chlorite laths rnay also
exhibit well defined kink banCs. These stn¡ctures are interpreted as the
result of post-albitisation deformation. Fine grained zircon and

apatite, as well as rutile, occur as inclusions in chiorite. Sorne spec-
j-mens of the megacr)/stic a1bíte-chlorite rock contain abunclant muscovíte,
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which is closely associated with the interstitial chlorite aggregates.

Relict biotite andf o''^ phlogopite laths may be present, and are invariably
littered with rrtile granules. Colourless anhedral qua'rtz occurs in most

specirnens of the megacrystic a1bíte-chlorite rock, and exhibits pro-

nounced undulose extinction. lulany such quartz grains are partly replaced

by a1bíte (P1ate 48: 1). Relict qutrtz negacrysts presently composed of

albite can be recognised in specimens of the megacrystic albite-chlorite
rock by their subhedrai equidinerlsional shape.

There are variations in texture and in the relative proportions

of albite and chlorite in the negacrystic albite-chJ.orite rock, as re-

corded b), Borves (1954). However, these variations reflect differences

in the texture and rnineralogy of the orígina1 megacrystic granite.

The dyke-1ike albitites that occur withín the Cape l{i.11oughby

megacrystíc granite are not plirnary intrusive rocks, as suggested Lry

Ti1ley (1919b), but have resulted fron joint-controlled albitisation of

the megacrystic granite anci appear to be the equivalents of the nega-

crystic albite-chlorite rock in the Encounter Bay area. As describecl by

Ti1ley (1919b), the albitítes are composed essentially of chess-boarcl-

and 1arne11ar-twinned albite, with minor euat*tz and interstitial nus-

covite. N{any specirnens show evidence of post-albitisation cleformation

in the form of brittle fracturing anci cataclasis. Despite the deformation,

the albitites display textures that are ídentical to those present ín the

adjacent megacrystic granite.
(vi) Greísenised megacrystic granite

Greísenísatíon of the megacrystic granite and other graniEe

varieties at Cape l{illoughby was controll.ed by joints that dì.p at a

shallow angle towards the south-east. Many such joints alre quaïtz-

fi11ed. The greisenised negacrystic p;ranite consists nainly of quartz

and muscovite with minor feldspar. Quartz occurs as agglegates of sub-

polygonal grains of varyi4g size. Muscovite occurs in fine grained

aggregates which appear 1-o represent altered feldspar crystals, an<l in
thin schlieren. In ad<lition, thin qr-rartz-muscovite veinlets conmonl¡,

penetrate the altered granite. Further away from the joints, the mega-

crystic gran:i,te has been extensively sericiti.sed, and is conposed mainly

of quarrz, muscovite, pota.sh feldspar and pldgioclase: biotite and rnany

feldspar cï¡r5¡u1t have been replaced b)'muscovite. Significant
quantitles of epidote and rutile e,r,pear tc be by-proCucts of the respec-

tive alteration of plagioclase and biotit,e. Anhedral opaque ninerals
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are also present, and are commonly associated lvith the muscovite. The

overall texture of the altered rocks horvever, ís practically identical
to that of the original negacr)'stic granite.

The rnegacrystic glanite adjacent to many greisenisecl joints
exhibits a layered schistosity, rvhicl-r is defined by an alternate de-
velopment of thin zones conposed of fine grained qvartz or rnicas. Micas
in the inica-rich layers have a well developed prefemed orientation
parallel to the layering.

TilJ ey (1919b) recognised greisenisation of the red leucogranite
only, and suggested that the. alteration repïesented rrpneumatolysis"

along rrfissures" developed prior to its consolidation. The layerecl
schistosity developed in the megacrystic granite adjacent to the
greisenised joints is similar to that present ín parts of the megacrv.stic
granite near íts contact with the Petrel Cove Formation metasediments on

Itlright Island, atrd appears to have developed during deformation along the
joints at elevated temperatures. In this regard, tl"re schistosity con..

trasts lvíth the post deformation brittle <leformatíon experienced by the
albitised zones

3.5.2 Fine and medium eu en-qra'Lned qranites
Macro-modal analyses and total-rock chemical analyses of fine and

nedium even-grained granites are given in Table F3 and in Table G6 res-
pectively. Figure 23 shows the field of fjne and rnediu:n even-grainecl
granite.s partly overlapping that of the inner facies megacrystic granite,
but displaced towards the potash feldspar apex of the triangular dia.gram.
The nredium even-grained granites thai crop out near Knights Beach (4-Sg),
adjacent to the fault east of Green Ba¡, (4-7s,4-ro3) and north-east of
conunodore Point (4-10, 4-15) at port E1liot (Figure 19) are similar in
texture, rnineralogy and conrpcsitior.. They consist mainly of rnicroclíne
and opalescent blue'quartz, with plagioclase ancl mirror biotite.

Mícroclin¿ occurs as cross-hatched, simple-twinnecl anheclra that
contain quattz ínclusions and sericitised plagioclase inclusions rvlth
clear albitic borders. Perthite textnres, including coarse-scale patch-
perthite, are connon (Plate 48: 2). Some rnicrocline crystals are par:tly
replaced by skeletal muscovit-e (Plate 4g: 3). In the mediunr grained
granite north-east of Cornrnorlore Pointr post-crystailisation deformatign
is indicated by subgrain developrnent along microcline boundaries, and by
a marked subgrai,n development in quarlz cryst-als (plate 4g: 4).

PLagi,oc\ase is present as anliedral anC subheclral grains whic¡ are
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zoned and contain extensively altered cores. lrlany plagioclase grains

sho¡ oscillatory zoning. The average composition of the unaltered parts

of several crystals was determined opticaliy to be about AnZZ,

Corrosion of plagioclase by microcline is a cormon fea.ture, and probably

represents late-stage replacement of plagioclase (P1ate 48: 5). In

addition, myrmekitic intergrorvths of quartz and plagioclase conunonly

project into microcline from the nutual bcundaries betleen plagioclase

and nicrocline crystals, and betleen adja-cent nicrocline crystals.

Quartz occurs as subhedral equant grains which trend t<-rrr'ards a

g::anular. habit, especially in the medium grained granite at Knights

Beach. Some qwar1-z grains exhibit euhedral crystal outlines against

microcline. Rare granophyric intergrowths of quartz wjth ¡ricrocline

have been noted in these granites.
Bíotite (Z=Y=dark brown to dark reddish brown: X=straw to buff)

is present as aggregates of crystals, or as individual crystals. Zlrcon,

apatite and opaque minerals occur as incl.usions in biotite crystals

(plate 48: 6). l'4uscovite j-s conmonly intergrown with biotite. Sonte

biotite crystals are in fact rimmed by fine grained muscovite.

The medium grainecl granite north-east of Conmodore Point has been

albitised along north-westerly trending vertical joints. The resulting

rock consists of chess-board- and lanellar-twinned albite (P1ate 48: 7) '
qüaTtz and biotit.e. Chess-albite appears to pseud'omorph microcline

(P1ate 48: 8). Holever, ïare textures that indicate chess-albit-e re-

placing qvaTtz have been noted (Flate 49: 1). Biotite occurs in the

albítisecl meclium grained granite as interstitial aggregates of crystals,

or as indívidual crystals with associated muscovite and opaque minerals,

and does not appear to have been altered. Ilowever, fractures in some

albite cr:ystals are fi11ed with fine grained biotite and muscot'ite.

The fine grained sheet-1ike granite (4-52) with ir'r'egular vein

offshoots intnrding the border facies megacrystic granite aliacent to the

far-rlt east of Green Bay at Port E1liot (Figures 19 and 20), has a similar

rnineralogy and texture to the mediun even-grained granites describeci

above, but ís significantiy different to these granites in terms of

chenicat cornposition (Tab1e G6). In this respect, the fine graine<J

granite more closely resembles the borcler facj-es megacrystic granite.

The meCium grainecl granite (9-2) occurs as an inclusion in the border

facies megacrystic granite on l{est Island and can be sj,Lnilarly class-

i fi ed.
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3.5.3 Red Leucoqranite

The red leucogranite, for which total-rock chemical analyses are

given in Table G7, is a fine grained granite conposed mainly of micro-

cline and opalescent blue quartz, wíth plagioclase and rninor muscovíte

and biotite. It is characterised by an abundance of granophyric inter-
growths . Micy,ocLine occurs as cross-hatched and perthitic anhedra, with

very fine interstitial outgrotvths, and is partly replaced by muscovite

along cleavages and grain boundaries. The crystals are clouded by very

fine grained opaque granules which appear to be responsible for the red

colour of the feldspar in ha14 specimen. ?uætz crystals are generally

anhedral, and may exhibít'sutured and granulated borclers. PlagíocLase

anhedra are white in hand specimen, due to clouding by clay nineral

alteration products. The compositiorr of several plagioclase gtains vlas

deterrnined optically to be about Ãnzl. Mieas include rnuscovite, which

comrnonly replaces microcline, an<i biotite (Z=Y=dark brown: X=straw),

which generally occurs as fine grained individuaJ- crystals.
The red leucogranite has been altered to a white albite leuco-

granite along north-westerl¡, trending vertical'joint zones. The albite
leucogranite, for rvhich a total-rock chernical analysis is given in Table

G7, is conposed almost entirely of chess-board- and lanrellar-twinned

albite and pale opalescent blue quartz. Relj-ct granophyri.c intergrowths

of quartz and microcline are pïesently represented'by intergrowths of

quartz and chess-al.bite. Both quartz and albite boundaries may be gran-

ulated, and quartz c'rystals commonly exhibit deformation lamellae. In

addition, sone specimens of the albíte leucograníte contain thin cata-

clastic zones. These features are consistent with the evidence for post-

albitisation deformation of the albitised joint zones observed in the

fie1d. Albite crystals in the aibite leucogranite ar:e commonly clouded

by fine grained opaque mineral granules, and also contain abundant smalI

biotite and muscovite 1aths. In addition, very fine grained interstitial
aggregates of biotite and rnuscovite occur in some specinens. In fact,
the dark coloured layers observed rvithin the albite leucogranite near its
contacts rvith the red leucogranite seem to be due to intensive clouding

of albite crystals, together rvith the occurrence of abundant fine grained

biotite andfor clay minerals as interstitial aggregates.

The inhomogeneous red leucogranite that c::ops out south of Cannon

Hill at Cape I{i11oughb1, (Figure 13) as a sheet-like body with associated

dykes is irrtrusive into the megacrystíc granite, and varies from a fine
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even-grained aplitic rock to a fine grained megacrystic granite, The

rnegacrystic variety of the red leucogranite is characterj.sed by abundant

spectacula,r granophyric intergrowths which border euhedral quartz and

feldspar negacrysts (P1ate 49: 2 and 3), and which practícal1y
obliterate man)¡ groundrnass microclíne crystals (Plate 49: 4). Similar
textures occur tvithjn the borcler facies megacrystic granite, as described
on page 84, Apart from microcl.ine, quaTtz and plagioclase, which are

the domj.nant minerals in the leucogranite, biotite and rnuscovite are

present in rninor a-mounts. Bi otite occurs mainly as ínterstitial
aggregates of fine grained crystals. Muscovite may be associated rvith

biotite, or is present as, skeletal crystals replacing nicrocline.
The texture of the red leucogi:anite at Cape Willoughby suggests

rapid crystallisation of a partly crystalline lnagma. Rapid crystallis-
ation may have been achieved by rapíd cooling due to emplacement of the

leucogranite into a cold environnent, or by sudden loss of volatiles, or
by a combination of these conditions. As the contacts between the red

leucogranite and the megacrystic grar:ite are not sharp, ít seems unlike-
ly that the envirorunent was suffíciently cold to account alone for rapid
crystallisation. Consequently, rapid loss of volatiles may have been an

important process in promoting rapid c::ystallisation. The occurrence

rvithin the red leucogranite of miarolitic cavities fi11ed with tournaline
and quartz (Til1ey, 1919a) is taken as evidence foi the role played by

volatí1es during crystallisation. A similar argument can be advanced

for the crystallisation history of the red leucogranite in the Encounter

Bay area.

5.5.4 Fine grained miarolitic qnanophune

The fine grained miarolitic granophyre is texturally simili;.r to
the red leucogranite, except for the presence of abundant míarolitic
cavities fil1ed with quartz, nuscovite and mínor albite. Tournaline and

opaque minerals also occur within the miaroles, but are l.ess cotilnon.

Total-rock chenical anal1'ses of tlo specimens of the granophyre are given

in Table G8.

Muscouite occurs in the granophyre as skeletal crystals replacing
microcline, and as racliating aggregates within miarolitic cavities. fn
some specimens, muscovj-te ha.s replaceC microcline to such an extent that
a granophyric quartz-Lnuscovite intergror,,'th occurs in place of the
original qrrartz-microcline intergrorvth (Plate 49: 5). Crôss-hatched

micnocLi,ne anhedra are invariably' clouded with very fíne grainecl opaclue
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rnineral granules. Granophyric intergrowths of gúartz and microcline are

comrnon, as in the red leucogranite. PLagíocLase occurs as lamellar-

tpinned crystals that har¡e a composition of about Anzg. lvlany crystals

have rnyrmekitic borders . Quav'tz js invariably anhedral, and commonly

embays plagioclase and microcline cïystals in t.ypical replacenent tex-

tures (P1ate 49: 6) . Such textures are particutarly evident ltear the

margins of the miarolitic cavitíes.
Brow¡e (1920) suggested that the fine graíned rriarolitic grano-

phyre resultecl from late-stage greisenisatíon of an origína1 grarrophyric

leucogranite. Textures indicating replacernent of feLdspars by nuscovite

and quart z, and the occurrence of euhedral muscovite and quattz filling
miarolítíc cavities (which Browne did not comment upon) support thi s

hypothesis. Granophyric textures in the fine grained niarolitic gr¿tno-

phyre are similar to those present ín the red leucogranites at Port

Elliot and Cape Willoughby, and may have resulted from conparable con-

ditions of crystallisation. The occurrence of niarolitic cavities in

the granophyre and the red leucogranite at Cape Willoughby, and the

association between tourmaline- and muscovite-rich pegmatites and these

rocks, indicates that volatiles have played an important role during

crystal-lisation. On the basis of the field association between the

granophyre and the red leucogranite at Port E11iot, the granophyre might

be ínterpreted as a variant of the leucogranite.

3. 5. 5 Htbz'id qranites
eA brid ranite(i)

Both the I'hcrnblende diorite" and the rtquartz-ni-ca dioriterr of

Kleeman (1937) are herein grouped as Type A hybríd granite. The two

varieties ate identical in texture, and therefore can not be distín-
guis|ecl in the field or in hand specimen. However, they can be distin-
guished in thin section on the basis of the presence or absence of horn-

blende. 1n addition, they exhíbit significant chemical differences, as

seen in Table G9.

On the ba-sis of field relationships, h,vbrid graniteO is consider-

ed to be the less assiniilatecl of the two hybrid granites (see page 72

This is supported by petrographic observatíons. For exarnple, the pro-

portion of megacrysts to groundrnass in hybrid graníteO is approximatei.y

1:10, rvith plagioclase megacrysts being the nost abundant.

PLagiocLase megacrysts vary in shape fro¡n subhedr¡r1 to anhedral,

and exhibit both nonnal and oscillator:y zoniug (-Plate 49: 7 and B). The
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cores of some plagioclase megacrysts have a composition of about An+2.

Some megactysts contain srnall rectangular potash feldspar inclusions,
which nay be arranged ín concentric zones (Plate 50: 1). othel mega-

crysts contain randomly disposed inclusions of hornblende. Plagioclase
also occurs as fine grained lath-sl'raped to equidirnensional crystals
which are conpositionally zoned.

Potash feLdspar is present as fine grained, generally untwinned
groundmass anhedra, which may be concentratecl in vague patches, and as

the cores of large plagioclase-mantled megacrysts. The :negacrysts may

be extremely poikilitic (P1ate 50: 2), and are cornposed of a patch-work
pattern of equidimensional plagioclase and untwinned potash feldspar
crystai. lites, which are rimned by anheclral quartz, or in some cases

sphene (Plate 50: 3). The qualtz antd sphene in these intergrowths ex-
hibit optical continuity over relatively lar:ge areas, and have the fonn
of grapliic texture. rnclusions of hornblende, biotite, sphene, opaque

rninerals, epidote, calcite and apatite occur in abundance in the mega-

crysts, and tend to be of larger grain size than the sane minerals in the
groundrnass. In some megacrysts, non-poikilitic perthitic potash feldspar
cores ¿'\re surrounded by an inter¡nediate zone of patch-rvork texture (P1ate

50: 4). Most potash feldspar rnegacrysts are bordeled by plagioclase,
which tends to form gradational contacts rvith the inner zones. It is of
interest that similar textures in potash feldspar megacrysts ín xenoliths
have been alluded to by schermerhorn (1956) and Phillips (1968). These

textures are taken as evidence of the grorr'th of potash feldspar mega-

crysts as porphyroblasts in hybrid graniteO.

Quartz occurs in hybrid graniteO as fine grained groundrnass

anhedra, and as coarse grairied subhedral megacrysts. The megacrl,sts are
typically zoned with respect to their opalescent blue colouL, as are the
quartz negacrysts in both varíeties of the megacrystic granite. The

borders of the megacrysts 'are commonly serrated (Plate 50: 5), and may

be sumounded by thin rims composed of fine grained potash feldspar.
Parts of these rims protrude into the megacrysts (plate S0: 6).

Groundntass minenaLs are fine grained and in a<idition to the min-
erals described above, include biotite. hornblende (in some varieties of
hybríd graniteO) and sphene. Biotite and horiblende do not exhibit a

preferred orientatir¡n. Biotite (Z=Y=dark brolvn gïeen: X=strarc) commonly

contains opaque rnineral, zircon and r:uti1e inclusíons. Ilornblende
(Z=green-blue: Y=dark green¡ f,=ye11ow-gïeen: Z>y>x) may contain sphene
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and zircon inclusions, and is generally less abundant than biotite in

those rocks in rr,l'rich it occurs. It may also be preserlt as rare skeletal

and poikí1jtic nìegacïysts. Prj-smatíc apatite crystals are abuudant

throughout the groundrnass.

(ii ) eB bricl ranite
TypeBhybridgraniteiscoarsergrainedtlrantypeAhybrid

grani-te, and contains a greatel proportíon of negaclysts to groundmass

(approximately I:2). Potash feldspar accounts for the gI.eatest nurnber

of megacrysts. The absence of horltbl.ende anci the paucity of sphene are

also cotlspicuous features of hybrid traniteU'
Potash feLd.spaT occuÏS both as mega.crysts and groundmass crystals'

The megacÎysts ate conmonly orroid in shape, and may be mantled by plagio-

clase. They are composed of oltþoclase or microcline perthite, and in-

variably contain quaTtz inclusions. Some groups of quattz inclusions

within anheclral groundmass potash feldspar cr.ystals forn granophyric

intergroivths which paTtLy outline euhedlal crystal cores (P1ate 50: 7) '

Biotite and plagioclase inclusions occur in most potash feldspar mega-

crysts.
pLagíoclas¿ megacrysts are generally subhedral, and exhibit both

norntal and oscillatory zoning. The coles of some megacrysts have a

cornposi-tion of about An+s. Many rnegacrysts contain abundant. fine grained

rectangular potash feldspar inclusions, which rnay be arranged in concen-

tric zones. Groundmass plagioclase cr¡'stals tend to be lath-shaped, and

may be extensively altered. They are commonll' zoned in similar fashion

to the mega-crysts.

Biotíte [Z=Y=dark brorvn t-.o dark red brot'¡n: X=straw) is fine to

medíum grained , and occulls in rarrdorn orientation. 0paque mineral and

zírcon inclusions are relatively conìmon'

Accessory mineral,s include apaü-te, zircorr and opaqte nitrerals.

Apatíte occuïs in abundance in the groundmass as fine grained euhedral

prisms. Anhedral sphene and skeletal tourmaline have been observed, bltt

are not conmon. In some specimens of hybrid granite', t'he assemblage

cl.rlorite + epidote occul's in a,ssociatíon with biotite, ancl may repre-sent

the alteration of pre-existing hornblende'

3.s.6 .!pJL!98_

The aplites occur a-s dykes rvitirirr the mega,crystic granites at

port E11iot, and are fine g::ai-ned rocks rvith a di-stinct gtamrlar texttire'

Tlrey are composecl mainly of cross-hatchecl nicrocline, plagioclase (of
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composition about Ãnzl) and cluartz. Biotite and muscovite are pl:esent

as interstitial aggregates of fíne 1aths. Granophyric intergroivths of

microcline and quartz are rare) except in the dyke at the southern side

of the sma1l cove nolth-east of Conmodore Point, Port Elliot (Figure

19). Many apiite dykes contain segregations of tourmaline and qúartz.

Total-rock chenical analyses of two aplites are given in Table G10.

3.6 THE MTNERA LOGY OF THE ENCOUNTER EAY GRANITES

3.6.1 Mi,ccis chLorite and" hornbL ende

The compositions of mica-s, chlor:ite and hornblende jn different

varieties of the Encounter Bay Granites were measured by X-r:ay fluores-

cence analysis of rnineral separates25 ancl by electron probe microanal)'sis

of the minerals in polished-thin sectíons of Che granites. The results

are given in Appendix H.

(i) Megac::y stíc qranites

Biotite i:r the border facies megacrystic granite (Tab1e H1) ex-

hibits a range il compositiorr, and occupies a linear field on the tri-

angular díagranis shown in Fígures 24 anð 25. Fe/(Fe+lvfg) ratios for these

bíotites vary from 0.58 to O,67. Electron microprobe analyses indicate

that the biot|te within single specimens of the border facies nìegacr)'stic

granite is homogeneous in compo-sition, whether it occurs as inclusions in

potash felclspar rnegacrysts or as ground:nass cr¡r51¿1s (Tab1e H1). This

observation is consistent with the suggestion that biotite began crystal-

lising during the fornation of the potash feldspar negacrysts (see page

61). In specimens 4-634 and 7-52, biotite contained rvithin hornfels

xenoliths has the same composition as that in the groundmass of the host

granite.
I Biotite has been analysed in only two specimens of the íntre::

facies megacrystic granite (Table I{2). The composition of the biotite

within each specimen is sinilar, and ín both cases, lies lvithin the rarrgr:

of compositíon of biotite in the borcier facies negacrystic granite, bu:t

near the Fe-rich extrenity (Figures 24 and 25).

Analyses of bi.otite in xenoliths rvithin the tnegacrystic granites

are given ín Table H3. Specimens 3-10 and 3-19 are metasedimentary rock

xenoliths, and contain biotite of significantly different compositi-on to

that j-n the enclosing border facj-es megacrystic glanite. However,

25The minerals were separated f'ron crushed and sized fractions of the
granites using standard eieccrol:ragnetic and heavy 1j-quid techniclues
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biotite separated from a xenolith of extensively recrystallised, biotite-
rich material (9-B) lies lqithin the compositional range of biotites from

the border facies megacrystic g::anite. The netasedimentary rock biotites,
as plotted in Figures 24 and 25, fa1l beyond the extension of the linear

field of border facies negacrystic granite biotites towards the total
alkalis - lr{gO and the 41203 - MgO sides of the díagrans, Thus the Linear

field of biotj tes from specinens of the border facies megacrystic granite

is interpreted as the result of variable contamination of a honogeneous

païent magna by metaseclimentary r:ock containing biotite of similar com-

position to that in the metasedimentary rock xenoliths 3-10 and 5-19, and

in one specimen (V3) of Petrel Cove Formation netasediments (Tab1e I-13).

As the biotite present in hornfels xenoliths in specimens 7-52 and 4-634

is not compositionally different from the biotite in the groundmass of

the host granite, or to that in potasit feldspar mega.crysts, it seems líkely
that the contamination of the borcler facies negacrystic granite occurred

either prior to or during biotíte crystallisation. This suggestion is

supported by field and petrographic evidence in relati-on to the hybrid

granites.
Tabl e H3 also lists elect::on microprobe analyses of micas and co-

existing chlorite in a specinen of schist-líke materíal t4-84) of
possible hydrothermal origin that occurs n'ithin the inner facies nega-

crystíc granite. These a:ralyses indicate that biotite of lower

Fe/(Fe+l'Ig) ratio than analysed in two specimens of the inner facj.es

negacrystic g::anite coexists wj th muscovite and an Fe-rich chlorj te

(ripidolite according to the classification proposed by Deer, Howie and

Zussman, 1962).

(if) Albitised meg acrystic granites and meg acrystic albite-
chlorite rock

Petrographic evidence indicates a change in the composition of the

biotite dur:ing albitísation of the rnegacrystic gra:rites. One of the

first signs of alteratj on is the appearance of numbers of small rutile
granules within bioti.te crystals. lt¡ith more extensive albjtisation of

the host rock, the biotite is progressively altered to phlogopite and

then chlorite, both of which ate Tittered with smal1 rutí1e granules.

This alteration sequence is confirmed by X-ray fluorescence and electron

nicrôprobe analyses of the nicas and chlorite in specinens of a.lbitised

megacrystic granite (Tab1e H4) and in one specimen of negacrystic

albite-chlorite rock (Table IJ5). The end-prodttct of albitisation of the
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megacrystic. granite, as represented by the megacrystic albite-chlorite
rock, contains a lr{g-rich chlorite (sireridanite) and a subordinate Ti-

poor phlogopite.
T'he alteration of biotite to phJ.ogopite and chlorite as a result

of albitisatíon of the host granite is illustrated in Figures 26 and 27.

The total-rock compositions of specinens 7-53, 7-55 and 7-54 have been

plotted on Figure 26. The linear relationship between the total-rocl<

compositíon and the conposition of muscovite and bjotite (7-55), and

phlogopite and chlorite (7-54) indicates that these ininerals are par*u of

equi 1ib:riuin assemblages .

The loss of Ti fron biotite as a result of il-s alteration during

albitj sation is an interesting phenornenon2S. Ti-rich chlorites are

apparently unknown, and so chloritisation of bíotite containíng signif-
icant TiO2 is expec*"ed to result either in the loss of Ti from tire

system, or the formation of rutile inclusions in the chlorite. On the

other hand, Tí-rich phlogopites are relatively comTnon, and nay contain

up to 9ea TiOz (Dr. K. Norrish, private communication). Thus the loss of

Ti fron biotite during its alteration to phlogopite is unlikel-y to be an

effect of this compcsi-"ion charrge a1one, but nay be related in some way

to the physical conditions under which the alteration occurred. 1-t is

possible that unrler certain condjtions of pressure and temperature, Ti

. is incompati:b1e v¡íth the available octahedral sites in the phlogopite

structure.
(iii) Fine and medium even-grained granites

Bíotites in five specimens of fine and medium even-grained

granites (Table I-16) aïe very similar in composition, and are signi-fícant-

1y enriched in Fe relative to lrlg compared with biotites in the Inega-

crystic granites. As shown ín Figures 24 anð 25, bt.otítes from the fine

and nediurn grained granites plot at the Fe-rich exten-sion of the fielcl

of biotites from the border facies megacl'ystic granite'
(iv) Fine grained miarolitic granolth)'re

Muscovite separated from two specintens of the fine grained

niarolitic granophyre has been analysed (Table H7) and plotted on Figures

24 and 25. It fa11s wíthin the range of cornposition of muscovite co-

26It rllo,Id be noted tha-t changes in Ti02 concentration can only be

neasu:red by electrori probe microanalysis, since X-ray fluo::escence
anal¡'sis of +-he mi-ca ãnd chlolite separates v;i11 tre influence<1 by the
presence of rutile inclusions
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existing with biotite in specímens of the border facies megacrystic

granite.
(v) Hyb4d granites

Biotite in two specimens of hybrid graniteO (Table HB) is

sinilar ín composition to biotite in the most- contaninated specinens of

the border facíes megacï)'stic granite, and to bíotite in metasedimentary

rock xenoliths in the border facies megacrystíc granite (Figures 24 and

ZS). This is consistent with the suggestíon that the hybrid granites

represent material of sed.inentar:y or netasedimentary origin Íncorporated

into the megacrystic granite at an early stage during its crystallisation

history, and subsequently'modified to varying degrees. Biotite in hybrid

granite' (Table H9) ís significantly lnore Fe-rich than that in hybrid

graniten (Figures 24 and 25), as would be expected of sedinentary 01'

netasedimentary rock more extensively assimilated by the negacrystic

grani te .

Hornblende is present in both speci,mens of hybrid graniteo

examined and its aveïage composition from microprobe analyses is given

in Table Il8. The hornble¡de has a slightly higher Fe/(Fe+I{g) ratio than

the coexisting biotite, and co:rtains about I.27 atoms of A1 per formula

unit in tetrahedral sites. However, set¡eral spot analy-ses within a

single large hornblende crystal in specimen 3-29 indícate a significa.nt

range in composítion from hornblende to actinolite (Table HB). In facL,

colour changes within the crystal suggest that it may hat¡e a core of

actinolite and a rim of hornblende. Cornpositional variabilily of thjs

nagnitude within a single amphibole cr:ysta1 must indicate conditions of

significant dist-'quilibrium during its formation. Conditions of such

disequilibrium ilâ1r r',':1i have occ.urred as a result of thermal and meta-

somatic alterati¡n of materj al incorporated into the grarrite at an early

stage of its crystallisation history.
(vi) I)i -scuss íon

Biotites within the ínner facies megacrystic granite and the fine

and medium even-grained granites are uniforrn in cornposiuíon (Figures 24

and 25). However, biotites within the border facies nega-crystic granite

exhibit a significant range of conposition, and are more I'fg-rich. This

is best explaineci as tl-re result of varying degrees of contamination of

granite having approximately the composition of the inner facies mega-

crystic granite, by rnetaseclimentary rccks that contaín comparatively

lvlg-rich biotite. As the conpositiorr of biotite tvithin a given specimen
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of the border facies megacrystic graníte is uniform, the presence of

xenocrysts of biotite deriveC directly from rnetasedimentarl rocks during

assimilation can be discounted. Therefore it -seens likely that the

crystallisation of comparatively lr{g-ricli biotj-te in the border facies

megacrystic granite \,y'as effected by a. compositional change consequent

upon contamination. This rnay have been accompanied by an increase in

oxygen fugacity rvhich, according to the experinental data of llrones ancl

Eugster (1965), also favours the crystallisation of lr{g-rich biotites.
A conparison of the chenist::y of hornblende in specimens of

hybrid graniteO (Table HB) rvith that of hornblende in calc-silicate bands

and segregations in the country rock Kannantoo Group (see Appendix E) is

interesting. Hornblende in specj,mens of hybrid graniteO contains about

I.27 atoms of tetrahedral A1 per formula unit, and compares very well

with the hornblende in granitic rocks of intermedj-ate age in the Sierra

Nevada Batholith (Dodge, Papíke and l'4ays, 1968). 0n the other hand,

hornblende in three specincns of calc-silicate rocks contalns between

1.65 and 1.78 atoms of tetrahedral A1 per formula unit. Harty (1952)

and others have suggested that the amount of At substituting for Si in

ampliiboles is a clirect function of temperature of crystallisation. DoCge,

papike and Mays (1968) <iescribed a decrease in tetrahedral A1 content in

hornblende in progressively younger granitic rocks in the Sierra Nevada

Batholith, and suggested that tliis trend recorded progressively lower

temperatures of crystallisatíon of the granites. It is difficult to

reconcile these suggestions with the comparative data for hornblende in

rocks in the Encounter Bay area since the hybrid granite is considerecl

to have recrystallised fron sedj-mentary or metasedimentar¡' rock material

at magmatic temperatures, perhaps in excess of TOOOC (Figure 18), wherea.s

there is no evidence to suggest that the country rocks attained temp-

eratures even approaching this va1ue.

cooper ancl l,over:ing (1970) suggested that the Ti content of

amphiboles is an indicator of netamorphic grade, and a comparison of the

Ti content of the calc-silicate hornblendes (0.05 atoms per formula unit)

with the hybríd graníte hornblende (about O. 13 atons per for'mula unit) is

at first consistent with the expected hígher temperature of cr¡r51"1-

lisation of the latter. Llotvever, the single amphi-bole megacryst in

specinen 3-29 contains a ïange of Ti concentration from 0.01 to 0.13

atoms per fonnula unit, which exceeds the variation bettveen t-he hnr:rblendes

in the calc-silicates a.nd the hy51i¿ granites.
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It thus appears that the composition of hornblende, and in
particula.r: the amount of Ti and tetrahedral 41, is dependent upon factors
such as the envj.rorìnent- and mode of crystallisation in addj-tion to
temperature.

3.6.2 Po'bash feldspar meqacyusts

Petrographic studies of feldspals in granitic rocks have long
been recognised as an inportant guide to the crystallisation history of
these rocks. Within recent years hov¡ever, feldspars have been studied
in sufficient detail to provide a basis for routine determination and

classification of unknoln specinens using X-'ray diffraction techniques.
The work of Goldsmith and Laves (1954), snith and lvfacKenzie (195s),
srnith (1956), lr{acKenzíe and smith (L962), orville (1967), wright anrl

Stetvart (1968) and l{right (1968) is ímportant in this regard. The inter-
pretation of these X-ray data has been largely based on the results of
accurate X-rlry cr¡,sta11ograpl-ric structure analyses of set'eral feldspars
(Chao, l{argreaves and Taylor, 1940; Cole, Sfrum and Kennard, Ig4g;
Bailey and Taylor, 1955; Ferguson, Trail1 and Taylor, 1958; Jones and

Taylor, 1961; Brown and Bailey, 1963; Finney-and Bailey, Ig64; Cole-
vil1e and Ribbe, 1968; Bailey, 1969; and Ribbe, Megaw and Taylor,
1969). As a result, routine x-ray díffraction techniques are now

cornmonly used to investigate the nature of granitic potash feldspars in
orclel to assess aspects of the crystallisation history of the host roclts
(for example Rao, 1960; smithson, 1962; Dietrich, rg62; r,,farrno, Hytönen

and Vor¡na, 1963; Nilssen and Smithson, 1965; Suna, 1966; I\rright, 1964,
1967; Stei-ger and llart , 1967; Ti 11ing, 1968; Fershtater, 1968;

Ragland, 1970).

Potash feldspar megacrysts ín both varieties of the megacrystíc
granite are considered, on the basis of field and pet-rographic evideuce,
to repïesent early-formed phenocrysts. Potash feldspar negacïys-Ls in the
border facies mcgacrystic ,granitc are composed of euhedral cor-es sharply
bounded by granophyríc borders, l,rhích seem to be the product of rapid
simultatleous crystallisa.tion of potash feldspar and quartz consequent

upon the emplacement of the graniLe. During the present investigation,
potash felCspars front several specimens of rnegacrystic gra,nite 1!'ere

examined for variations irr structural state aìrd chemistr-v that might be

consistent l,rith their suggested origin.
(í) X-r'ay diffractj on properti es

samples were collected sequentially across selectecl potash feld-
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spar nìegacrysts in both varieties of the megacrystic graníte, and their

X-ray diffraction properties we::e neasured according to the techniclues

described in Appendix I. As also di-scussecl in Appendix I, the

20.204/060 parameter is a unique and sensitive indicator of the degree

of A1,Si order in alkali feldspars, and has been used to estimate the

degree of order in the feldspars encountered during this investigation

with reference to Figure 28. Anolnalous alkali feldspars, as described

by lVright and Stewart (1968) and Iirright (1968) , are readily distinguished

using l{rigìrt's 20.2O4 - 060 grapl'r. These felcl-spars aÏe character:ised by

sy.stematically low values of the c ce1l edge and systematically high 20

values for the ZO4 reflection as discttssed in Appendix I, ancl they ex-

hibit a different but patallel relationship beth'een A1,Si order and the

parameter 2O+¡OSO to that observed for norrnal feldspars (Figure 2B).

- potash feldspar fragments sarnpled from rnegacrysts in specirnens of

the border facies ancl the inner facies megacïystic granites (Tables 15

and 16 respectively) have been plotted on portion of the 20,2O4 - 060

graph of lrrright (1968) in Figure 29. Potash feldspar in megacrysts in

specimens of the border facies megacr¡'stíc granite exhíbits a range of

apparent struc.tuaal states betwcen the low albite III and naximum lnicro-

cline alkali-exchange paths. On the other hand, potash feldspar in nega-

cïysts ín specimens of the inner facies rnegacrystic granite exhibits a

.Tange of apparent structurai states between the Spencer B and maximum

nicrocli.ne alkali-exchange paths. Both varieties of the megacr:ysti-c

granite yíelded potash feldspars that are anornalous in terms of 2A4 a'nd

060.

Megacrysts iir specinens of the border facies megacrystic granite

contain both triclinic and monoclínic or near-monoclinic potash feldspar

phases, as indicated by the structure of the diffraction patterns in the

region of the 131 and 131 reflections. In fact, some fragrnents contain

mixtures of lnonoclinic ancl triclínic phases, resulting in a smeared and

often uni¡te1ligible patter:ns in the 131 - 131 region. Notwithstanding,

severalmegacrystsexhibitas¡251s¡¿ticvariationinAlrSiorderand
2O.I3I-131 fron cor:e to rim, indicating the presence of orthoclase in the

core and phases of higher Al,Si order towards the rin (Figure 30). 0ther

nìegacïysts contain an erratíc and non-systematic variation in one or both

of these parameters. The preservation of orthoclase r¡itli Spencer B

orrlering i¡ several of these megacrysts is consistent rvj-th the suggested

nagr¡atic origin of the megacrysts, and also tJith the suggested origin of
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the border facies megacrystic granite as a rapidly cooled crystal-rich magma.

It is unlikely that the potash feldspar crystallised from the magna as

orthoclase because tire temperatures at this time are expected to have

been well within the stability field of sanidine (MacKenzie and Smith,

1961). However, the orthoclase cores of the megacrysts are considerecl

to represent the partly ordered equilibrium polynorph of potash feldspar
that rva.s stable at the time of enplacement of the megacrystic granite.
As orthoclase is known to be the stable potash feldspar polymorpìr ín

naturîe at temperatures at least as low as 40OoC (Steíger and Hart, 196'/;

Wright, 1967), íts presence in the negacryst-s places a lower 1ímit on the

temperature of emplacernent of the negacrl,stic grani-te, consistent rçith

the proposed upper limit (approximately 540oC) of the temperature of

netamorphism in the contiguous Kanmantoo Group metasediments (see page 51

and Figure 18). Potash feldspar that crystallised wíth quartz in grano-

phyric intergrowths in the groundnass of the megacrystic granite, and

around the margins of the rnegacrysts, is generally more highly ordered

than the material ín the megacryst cores. This is consistent with the

late-stage crystallísatíon of this material within the microcline
stability field.

Potash feldspar megacrysts in specimens cf the inne:: facies mega-

crystl.c granite contain only triclinic potash feldspar pha.ses. Llowever,

the var:iation in Alrsi order and 20.151-131 from core to rim in two of
the negacrysts examinecl follows a similar pattern to that present in
several megacrysts in the border facies megacrystic granite (Fi.gure 30).

On the basis of field and petrographic evj-dence, the inner facies mega-

crystic granite appears to have crystallised conparatively s1owIy, being

shielded fron the country rock metasedj-nlents by the border facies nega-

crystic granite. Conditions of slow cooling, and the pre-sence of
volatiles (for rvhich there is abundant evidence in the forrn of
tourmaline- and quartz-rich pegmatites) at least during the latter stages

of crystallisation of the rocks, must have facilitated the diffusion of
AI and Si ín the feldspar lattice and thus promoted the inversion of
original rnonocli-nic potash feld-spar to the nore ordered triclinic phases

now present. The occurrence of potash feldspar phases of 1o!¿er Alrsi
order in the cores of some rnegacrysts may índicate tha-t the late of
cr¡,stallísation and cooling exceeded the rate of djffusion of Al and Sj,

within tl're feldspar lattíce.
Kerrick (1969) and Vorna (1971) are among the many authors who
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have recorded significantly lorver degrees of Al,Si order (as indicated

by obliquity2T neasurements) in potash feldspar megacrysts than in the

groundmass potash feldspar of granitic rocks. Ke::rick compared obliquity
measurements of potash feldspar megacrysts and grounclmass material in the

Cathedral Peak porphyritic gúattz monzonite in California, and used them

as indicators of the relative temperatures of forrnation of the ttvo feld-

spar types. In conjunction witlì textural evidence, he suggested that

lower: obliquities in the megacl')'sts were the result of early magmatic

growth. Vorma discussed the crystallisation of orthoclase and microcline

polyrnorph-s of potash feldspar in a suite of rapakivi grarrites from the

Wiborgite nassif in Finland, and suggested that the nature of the potash

feldspar polymorph could be directly related to the volatile content and

the ternperature of crystallisation of the graníte magma. These proposals

are ín ìrarmony with the results obtained froln the examination of potash

feldspars in the Encounter Bay negacrystic granites.

Potash feldspar sarnpled from two rnegaclysts i.n a specimen of

type B hybrid granite exhibits a range of apparent structural state bet-

ween the Spencer B and Spencer U alkali-exchange paths (Tab1e 17, Figu::e

29). gne megacïyst contains potash feldspar of orthoclase tfpe. 0n the

basis of field and petrographíc evidence, these potash feldspar mega-

crysts are considered to have crystallised as porphyroblasts in an

.essentially solid mediul at the same time, and in equilibriun with potash

feldspars in the host negacrystic grauite nragna (see page 72). The

preservation of orthoclase in one megacryst in the hybrid granite i-s con-

sistent both with the early cryst-allj-sation of the megacryst, and with

rapid cooling consequent upon empla.cement of the border facies mega-

crystic granite in which this particutar hybrid granite specimerr occurs

as an inclusion.
(ii) Chemi s try of the p otash feldspar megacrvsts and of coexi-st-

ing plagioclase

Electron probe microanalyses of potash feldspar ',vere lnade at

intervals in traverses across potash feldspar megacïysts in specimens of

both the inner facies and the border facies rrtegacrystic granites, and

the results are given in Appendix J (Tabtes J1-J6). Microanalyses of

exsolution bodies and plagiocl,ase inclusions encountet'ed in the trat,erses

27Ob1iquj.t)' or triclinicity was defired by Goldsmith and Laves (1954) as

l-2.5x (20.131-131)
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are also included in these Tables, ín addition to microanalyses at
intervals aclross plagioclase megacrysts ín some specimens. The results
can be sunmarisecl as fo1lov¡s:

a. Ba (expressed as molecular percetìtage of celsian) is en-

riched in the cores of the potash feldspar megacrysts

relative to their margins (Figure 31). This t,rend is also
reflected in a depletion in rno1. percent orthoclase in the
cores of the megacrysts relative to theír margins since K

and Ba are negatively correlated.
b. Grounclmass potash feldspar in specimens 4-93 and 4-6I

(Tables J2 anð .T4 respectivell') contains Ba concentrations
comparable witli those in the margins of the potash feldspar
nega-crysts.

c. Exsolution lamellae in po'lash feldspar megacrysts are com-

posed of albite which contains lol pelcentages of 0r and An

consistent with subsolidus crystallisation (Elders, 1968;

Seck, I97I),
d. Plagioclase inclusions rvithin potash feldspar rnegacrysts are

surr:ounded by albitic borders of secondary origin, but colt-

tain inner zones as calcic as about An39 (for example in
specimen 4-6I, Table J4) .

e. Plagioclase megacrysts are compositionally zoned from calcic
cores to sodic rnargins ín an oscillatory fashion, and may

contain inner zoues as calc.ic as abcut An45 (for exampl e ín
specinen 4-93, Table J2).

f . Plagioclase crystals rvithin a -small hornfels xenolith in a

' specímen of the bolder facies megacrystic granite (7-52) are

zoned, and contain cores of cornposition about An29 and rnargins

. of composition about An24 (Ta.b1e J5).
g. Plagioclase bordering one potash feldspar rnegacr:yst (specimen

3-26, Table J3) is of oligoclase-andesine composition, and is
also zoned, with a. calcic core (about Atrsz) and less calcic
margins (about AnzO).

The enrichment of Ba in the cores of the potash felclspar mega-

crysts relative to their rnargin-s ancl to the gr.'oundmass potash feldspar
supports an early-formed origin for the megacr)¡sts on the basis of
crystal lochenical conside::ations (see 'i'ay1or, 196.5) , and in this regard

is consistent with the fj e1d, petrographic and X-ray diffraction data.
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I{any authors including Kerrick (1969) have described the enrichment of Ba

in potash feldspar megacrysts relative to groundrnass potash feldspar in
granites and pegrnatites, and have suggested an early-forned origin for
the negacrysts. 0n the other hand, Emmerrnann (1969) has interpreted the

potash feldspar negacrysts in the Abtal granite in Germany as the result
of post-magmatic crystallisation, although they contain Ba concentrations
approximately three tímes that of the grounclma.ss potash feldspar in the
same rocks, arrd exhibit nany features that could as easily be l-nterpreted
as the result of magmatic crystallisation (see for exanple Hibbard, 1965;

Elders, 1968) .

The sinilar compositj-ons of the inner parts of plagioclase mega-

crysts and plagioc1ase inclusions in potash feldspar megacrysts are con-

si,stent with the crystallisation of plagioclase during the formation of
the potash feldspar megacrysts. However, t-he disparity ilt size betrveen

the plagioclase megacrysts and the plagioclase inclusions suggests that
much of the crystallisation of plagioclase post-dates the fonnatiolr of
the potash feldspar megacrysts.

Coexisting potash feldspar and plagioclase megacrysts in trvo

specimens of hybrid granite (3-29 and 3-27) were analysed by electron
nicroprobe in the same manner as the negacrystic granite feldspars, and

the results are given in Tables J7 and J8. The large potash feldspar
negacryst in the specimen of hybrid graniteO is in' fact arrpatch-workil
intergrowth of potash feldspar and andesine (Tab1e J7), and also contains
abundant quartz, and inclusions of sphene, hornblende and biotite. As

such, it j-s typical of many potash feldspar megacrysts in hybrid graniteo
(see page 98). It nay have formed by simultaneous crystallisation of
potash feldspar and plagioclase in an essentially solid medium, or
alternatively by the replaceJnent of one feldspar by another. The Ba

content of the potash feldspar is noderately high, and compares with the
Ba contents of the inner zones of potash felclspar megacrysts in the inega-

crystic granites. However, the plagioclase in these intergror'¡ths j-s not
zoned and is significantly more sodic than a nearby plagioclase mega-

cryst, which is oscillatorily zoned from /tn42 in the core to about Arr3i

at the margin. The cornposition of the plagioclase negacry-st compares

with that of plagioclase megacrysts in specimens of the megacrys'Eic

granites, although in contrast the latter possess distinct albi-tic nar-
gins. The potash feldspar lnegacryst in a specimen of hybrid glanite'
(3-27, Table JB) also contains moderately high Ba concentl'ations
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consistent with those in the inner zones of potash feldspar megacrysts

in tlie megacrystic granítes. The compositions of trvo plagioclase mega-

crysts are consistent with that of the plagioclase megacryst in the

specimen of hybrid graníteO.

Average compositions for potash feldspar megacrysts (excluding

discrete plagioclase inclusions), groundmass potash feldspar, plagioclase
inclusions in potash feldspa"T megacrysts, plagioclase megacrysts, and

plagioclase crystals in a sna11 hornfels inclusion in each specimen of
megacrystic granite and hybrid granite examined rvere calculated from the

eLectron mícroprobe analyses in Tables JI-JB. The results are given in
Table J9 and have been plotted on a ternary An-Ab-Or diagram in Fígure

32. Lines projected from the average cornposition of the potash feldspar
megacrysts through points representing the bulk compositions of the host-

rocks (see Appendix G, Tables Gl, G3 and G9) on to the An-Ab side of the

diagram provide a means of estimating the composition of plagioclase in
equilibriun with the potash feldspar (see Seck, L97I). It should be

pointed out that an estimation of the average conposition of perthitic
potash feldspar rnegacrysts from routine nicroprobe spot analyses using

a focussed electron beam is hazardous, and may result in an over-

estination of the 0r component. Flolever, the alternative method of
analysis, which involves separation of the feldspars from crushed rock

specirnens using heavy liquids,is also subject to large errors because of
the occurrence in these rocks of more than one generation of potash

feldspar, the presence of smal1 plagioclase inclusions in the potash

feldspar megacrysts, and the possibiJity of seriousl¡' depleting the per-
thite jn albite component during separation. The mo,ct suitable method of
analysing the potash feldspar phases would involve taking several spot

analyses using a defocussed beam in tl-re electron microprobe, but has yet
to be attempted. Nevertheless, plagioclase cornposj-tions predicted from

the tie-1ines drawn on Figure 32 for specimens 4-93,7-52 and 3-26 agtee

closely witir the average conpositions of plagloclase megacrysts (in the

case of 7-52, plagioclase cr)¡stals in a srnall hornfels xenolith) cal-
culated from the nicroprobe data, thus indicatíng equilibriurn conditions
of feldspar crystallisation. Moreover, the tie-1ines are paral1el to the

experimental tie-lines deterrnined at 65OoC and lkb P¡1r9 by Seck (1971).

In the case of specimen 4-93, the predicted compositiorr of plagioclase in
equrlibrium with groundmass potash feidspar is approximately 10 mo1.

percent lower in An than that in equilibriunr rvith the average potash
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feldspar megacryst. The very lorv slope of this tie-1ine is consistent
with the late-stage crystallisation of the groundmass potash feldspar
at tenperatures below 65OoC at lkb pïessure, acc.orcling to the experiment-
aI data of Seck. Plagioclase compositions predicted from the tie-lines
for specimens-9-11 and 4-79 are similar to those obtained for 4-g3,7-52
and 3-26, although the compositions of plagioclase megactysts in these
specimens lvere not measured. rn the case o-f 4-7g, the predicted equi-
librium plagioclase composition (about Anzo) is close to the composition
of a plagioclase inclusion in the potash feldspar megacryst (Tab1e J9).

There seems to be rn¿:.rked disequilibrium between the average
compositions of coexisting plagioclase and potash feldspar and the total-
rock cornpositj-olr of the border facies megacrystic granit e 4-6r. Tie-
lines projected fron the composition of the average potash feldspar
megacryst or the conposítion of the average groundmass potash feldspar
through the composition of the total-rock to the An-Ab side of the dia-
granl are consistent with tie-tines constructed from the experilnental
data at 65ooc and lkb, and predict an equílibrium plagioclase composition
of about Anrg. 0n the other hand, the average-composition of a plagío-
clase inclusion in the potash feldspa.r negacryst is close to 4n32. T¡ere
are at least two possible explanations for this anomaly. The plagíoctase
incJ-usion may be a xenocryst, since it coulcl nqt have crystallised in.
equilibrium with potash feldspar in a rock having the conposition of
4-6r. Alternatively, the potash feldspar and plagíoclase rnay have
crystallised as part of an equilibrium assemblage, but the composition
of 4-61 (a specimen of border facies megacrystic granite) may represent
narked contamination duríng ernplacement and ::elatively rapid subsequent
crystallisation. Further analytical work i-s clearly required in orcler
to test these hypotheses.

, The data for the specirnens of hybrid granite (Table J9) also
indicate disequilibrium between the average conpositions of the coexist-
ing feldspars and the total-rock compositions. However, the caiculated
average compositions of, potash feldspal megacrysts are considered to be

significantly in error. For exarnple, the negacryst in 3-2g is complexly
intergrown n'ith plagioclase, rvhilst microanalyses of the negacryst in
3-27 do not include exsolved albite lame11ae. On the other hand, tie-
lines through the average compositions of p3-agioclase rnegacrysts and

the total-rock compositions are para11e1, and are consistent rvith tie-
lirres constructed for the experimental data of seck a.t 65ooc and tkb
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(iii) Discussion
X-ray difflaction and electron probe microanalytical data are

consistent with an early-formed magmatic origin for the potash feldspar

negacrysts jn the megacrystic granites. 0n the basis of structural state

and degree of A1,Si order, orthoclase is present in the inner parts of some

potash feldspar megacrysts in the border facies megacrystic granite
whereas the margins of the megacrysts are composed of microcline. The

preservation of orthoclase in the inner parts of the megacrysts is con-

sidered to reflect relatively rapid cooling and crystallísation of the

¡nagna in the absence of volatiles, subsequent to the formation of ortho-

clase phenocrysts, from tenperatures at least as high as 375oC (steiger

and Hart, 1967; Wright , 1967). This.is expected to have occurred upon

emplacement of the negacrystic granite into the Kanmantoo Group meta-

sedirnents. 0n the other hand, potash feldspar negacrysts in the inner

facies megacrystic granite do not contain orthoclase, presumabl¡' ¿s 1¡"
result of relatively slow cooling in the presence of abundant volatiles.
An enriclment of Ba in the cores of potash feldspar megacrysts relative
to their rnargins, and relative to groundmass potash feldspar, can be

demonstrated fron electron pr:obe microanalytical data, and ís considered

to be further evidence in favour of an early-formed origin for the mega-

òrysts.
Average compositions of potash feldspar megacrysts and coexistíng

plagioclase calculated from electron probe micloanalytical data are

generally consistent with crystallisation at 65OoC and 1kb pressure in
the synthetic An-Ab-Or system investigated by Seck (1971). However, as

þointed out by Seck, the tie-Iines between coexisting feldspars provide

no unequivocal information o1'r either tenperature of formation or pres-

sure, because of the opposite effect of pressure to temperature on the

orientation of the tie-lines. Thís effect has also been discussed by

Yoder, Stewart and Smith (1957). Comparison with their data suggests

that the feldspars from the Encounter Bay Granites could equally well

have crystallised at temperatures in the vici-nity of 72OoC at a pressrtre

of 5kb.

Potash feldspar megacrysts within the hybrid granites possess

similar chemícal and X-ray diffraction propeïties to those in the host

border facies negacrystic granite, and are considered to have undergone a
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sirnilar crystallisation history. This suggestion is supported by the

orientation of tie-1ínes joiníng the compositions of the plagioclases

and the total-rocks in F'igure 32. 0n this basis, the simultaneous

crystallisation of potash feldspar megacrysts in the megacrystic granite
magma and in the essentiall-y solid hybrid granite parent during equi-
li.brium or near-equilibrium chemical conditions betleen the trvo rock
types, as proposed from field and petrographic data, seems to be con-

firmed.

3.7 TI]E PETROCHEMISTRY OF THE ETICOUNTER BAY GRANII'ES

Chemical analyses -of several specinens of most varieties of. the
Encounter Bay Granites (Tables G1-.G10) have been plotted on lrigure 33 in
telms of total a1ka1is, total Fe and MgO. The granites define a curv-

ilinear trend extending from the total alkalis apex towards the total
Fe - MgO side of the diagram. The inner facies negacrystic granite
occupies a smal1 field part h'ay along the trend from the total alkalis
apex. The border facies megacrystic granite from Cape lt/illoughby occupies

a small field approximately coincident with the inner facies megacrystic
granite. However, the border facies megacrystic granite from the

Encounter Bay area occupies an elongate field that overlaps the field of
inner facíes rnegacrystic granite, but extends torr¡ards the total Fe - il{go

side of the diagram into the field occupied by Kanmantoo Group neta-
sedimentary rocks (Table G11). The border facies megacrystic granite
contains abundant metasedimentary rock fragments, and the extensive
conposilional fíel.d occupied by it in Figure 33 is considered to <ienon-

strate that it l-ras totally assimilated sími1ar xenoliths. It is of
interest that rnany authors (for exanple Oba, 7962i Butler and Ragland,

1969) ascribe trends of this type in granite suites to differentiation.
The hybrid granites, whích occur as inclusions in both varieties

of the megacrystic granite but are present as dyke-1ike boclies and J,arge

inclusions in the border facies megacrystic granite, are consídeled to
be metasedimentary rock that has been assimilated by the granite to
varying degrees. Hybrid graníteO is the least modified variety of the

hybrid granite and as expected, falls close to the fietd of meta-

sedirnentary rocks i-n Figure 33 along the granite trend. Hybrid granite',
including the hybrid granite mapped at Cai:e lJilloughby, has been

assimilated by the megacrystic granite to a J.arge degree and occupies a

corresponding fleld on the trend near the inner facies negacrystic
granite fie1d. lvlany metasedimentar¡' rock xenoliths within the border



115 .

facies negacrystic granite are similar ín texture and lithology to

contiguous Petrel Cove Forlnatj-on metaseclinents, and as showlr in Figure

33, appear to have sufferecl little oÏ no chemical modificatiolr as a

result of their incorporation in the granj-te'

The inner facies megacrystic granite ccntains l'ale hornfels and

hybrid granite xenoliths, and also patches of granophyric leucogranite

and inclusions of fine grained megacrystic granite. The presence of

hornfels and hybrid granite xenoliths suggests that the inner facíes

megacrystic granite has been contaninated to scme ciegree by metasediment-

ary rock material. If the contamination trelrcl is the same as in the case

of the border facies megacrystic graníte, i-t is likety that the

composition of the nediun even-grained gratrites apploximates closely the

composition of the uncontaminated paÏent magma of the Encounter Bay

Granitcs.
A compositional trend due to enrichment of alkal-is (and con-

sequentl¡, the formation of rocks rich in potash feldspar) ís al-so

recorded ilr the total-rock data. for the Encounter Bay Granites ' For

example, the abundant potash-rich granophyric leucogranítes that occur

as patches ili the inner facies megaclystic granite aÏe interpreted as

the result of late-stage crystallisation of residual magma ín favourable

sites in the host granite. In addition, the red leucogranite and the

fine grained miarolitic granophyre, which exhibít granophyric textures

ancl contain nunerous srnaI1 pegniatite pods, a1'e clearly late'stage

products of crystallisation of the differentiated granite magma' The

nuìnerous apli-te dykes rnay a1-so be placed in this category in terms of

chemical- conposition.
Contarnination of the Encounter Bay Granites by metasedinentary

rock js reflected not orly in the to1.a1-rock chemistrv of the granites,

but also in the chemís1-ry of their constitrrent biotites, as discussed cn

pages 1OO and lOl with reference to l-igures 24 and 25. The total-rock

composi.tion of several grahite varieties and the compositions of their

constituent biotites hat¡e been plotted on Figure 34' lVith i-ncl'easing

c-ontanination, the granites become enriched in l'-e+Mg relative to alkalis

u¡hereas the Fe/(L-e+lr{g) ratio of the constituent biotites decreases. The

rnost lrfg-rich biotites occur in the h¡'brid. granites, tvhich represent

paîtly assinilated netasecli-rtentary rock'

Figure 35 is a plot of K against Rb for the Encounter Bay Granít-es

and some contiguous Kanmantoo Group metasedinìents' 1'he Encounter Bav
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border facies megacrystic granite has an estinated K/Rb ratio of about

180. The Cape i{illoughby border faci.es megacrystic granite, the hybrid
granites, the two fine grained granites, and most of the Karunantoo Group

¡netasediments also have an estímated average K/Rb ratio of about 180.

Taylor (1965); and Kolbe and Taylor (1966) noted that the average K/Rb

ratio for nost crustal rocks was about 22O, which is significantly high-

er than the value of 180 obtaíned abor¡e. CoinciCence of the K/Rb ratio
for contaminated varieties of the Encounter Bay Granites with that for
the Kanmantoo Group metasediments is taken as fu::ther evidence that
metasedinents of sjmilar composition to the Karunantoo Group were the

contarninants. This applies partícu1arly to metasediments that are

characterised by K/Rb ratios greater than 180.

K/Rb data for the Encounter Bay Granites, as well as that pre-

sented.by Kolbe and Taylor (1966, Figure 9, page 12) exhibit an abrupt

change of character at K concentrations of about 49o. For exarnple, small

increases in K concentration above 4% correspond to conparatively large

increases in Rb concentLatíon, in contrast to the relationship between

K and Rb at K concentrations below 4eo. In fact¡ the discontinuity is
related to the maximum potash content of granitic liquids dictated by

the position of the ternary mininum or eutectic in the Q-An-Ab-0r-FI20

system. However, there are no such constraints on the concentration of
Rb in granitic liquids.

The nedíun even-grained granites and the red leucogranite are

characterised by a K/Rb ratio of about 125, which ís significantly lower

than the average ratio for c::ustal rocks. The medium grained grarrites

are considered to approximate the composítion of the parent magma of the

Encounter Bay Granites. According to the geochemical criteria of Taylor
(1965), the 1ow K/Rb ratio would suggest that this magna was deri.¡ed

through processes of marked differentiation. The significant enrichment

of Rb relative to K ín the parent magma is similar to that found by

Kolbe and Taylor (i966) in the Snowy Mountains leucogranites in eastern

Australia, and as explained above, is considered to be characteristic
of granitic rocks which have a composition approaching the ternary
eutectic. At an early stage of melting of sediments to form an

anatectic granite, the ínitial melt shoulcl contain between 26% and about

35eo Or, equivalent to 3.7% to 4.9% K, depending on the varying P-T con-

ditions (Kleeman, 1965; James and Hanilion, 1969). There is no limit
to the amount of Rb that can be incorporated into the early me1t. In
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fact, as most of the Rb in sediments is likely to be present in nicas

or potash feldspar, which are the first minerals to break down upon

nelting (Robertson ancl l\Iy11ie , lgTI; lVyl1ie, 1971), the amount of F'b in

the early mel-t would be quite high. similar. alguments nay account for

the decreasing I(/Rb ratio in nagxras during fractional crystallisation.

The bulli composjtion of tl-ie assurned parent nagna for the Encounter Bay

Granites ís consistent with either postulate, and the K/Rb ratios do

not help to distinguish thern.

The ínner facies negacrystíc granite exhibits a Ïange of K/Rb

ratios from 125, rvhich corresponds to that assuned for the parent nagma,

to about 150. This variation is belíeved to reflect minor contamination

by metasedimentary rock, since the trend is towards the border facies

megacrystic granite and the Kanmantoo Group metasecliments' l4oreover, jt

ís consistent with the field evidence, and wíth the major elernent

chemical data summarised in Figure 35'

It j_s of ínterest t}rat the aplite dykes ha.¡e a lower K/Rb ratio

than the border facies rnegacrystic granite into which many of them were

emplaced, but a si.gnificantly higher K/Rb ratio than the nediun grai'ned

granites and the red leucograrrite. The aplites therefore seen to be

relatecl to the border facies negacrystic granite, from which they may

have been derived as a residual magma'

GIPW normative An, Ab, and or ratios for the Encounter Bay

Granites are plotted on Figure 36 in rel'ation to the quartz-saturated

two-feldspar cotectíc line at lkb PH,O Ptoiected o1r to the An-Ab-Or face

of the Q-An-Ab-or tetrahedron (James and Hamilton, 19fi9). The inner

facies megacrystíc granite (Tab1e G2) occupies a srnall field straddlíng

the two-feldspar boundary. on the other hancl, specimens of the

Encounter Bay border facies megacrystic granite (TabIe G1) defíne an

elongate zone that partly overlaps the inner facies megacrystic granite,

but extends rr¡el1 out into the plagioclase fíeld of the diagram. As will

be clear from the preceding discussion, this elongate trend records the

effect of contamination. Specinens of the Cape lVill-oughby border facies

megacrystic g::anite (Tabl e G3) occupy an area which stradclles the two-

feldspar boundaiy but extends into the plagioclase field in a sirniiar

nannetc to the border facies nregacrystic granite from the Encou4ter Bay

aTea. This is again an effect of coritarnination, but appalently by

material of different composition to that affecting the Encounter Bay

border facies negacïystic granite. There ís also evidence for: contarnin-
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ation of the inner facies negacrystic granite as discussed above, and

so the composition of the parent nagma ís best represented by the con-

position of the medium grained granites rr'hich fal1 well withín the 0r
field ín Figure 36.

Figure 36 shorvs that potash feldspar should occur on the

liquidus for a rock of the coniposition assumed for the parent magma of
the Encounter Bay Granites. This suggest-s either that the originai
nagma carríed potash feldspar crystals at the time of emplacenent, or

that it was capable of crysta1lising potash feldspar as its first phase.

Contamination of the parent magma with netasedimentaly rock íncreased

the amount of plagioclase relative to potash feldspar, and so displaced
the bulk composition into either the plagioclase field or the qvartz
field of the Q-An-Ab-0r tetrahedron. .This is demonstrated by the trcnds

outlined by the megacrystic granit-es in Figure 36. It is likely that
the corrtamination induced further crystallisatíon, such that crystals
of the two feldspars and quartz r\rere coexisting prior to consolidation
of the granite.

Observations of the field and petrographic relationships of the

potash feldspar megacrysts in the Encounter Bay granites are consistent
with the above interpretation. For exarnple, texturai observations
srrggest that the major crystallisation of plagioclase, bíotite and

quartz post-dated the formation of the potash feldspar megacrysts. This

is supported by the data of Piwinskíi and lVyllie (1970) on the ex-

perirnental rnelting of water-saturated rocks from the Needle Point Pluton
in the Wallowa Batholith, Oregon. Their results at 2kb suggest that the

interpolated stability curves for biotite and quartz in gtanítes that
have a D.I. greater than 92.8 (into rt'hich group the medium grained

granites ::epresenting the parent rnagma of the Encounter Bay Granites

fa11) cross the jnterDolated stability curve for potash feldspar, such

that potash feldspar rernains stable up to temperatures approaching TOOoC

vrhereas biotite and quartz dissolve in the liquid at much lower temp-

eratures (Figure 37a).'0n the other hand, Robertson and Wyllie (1971)

and Wy1lie (1971) locateci the stability curve for biotite at temperatures

up to 10Oo below the stability curves for potash feldspar and qua'rtz

during melting of granodíorite at 2kb in a rvater-deficient environlnent

(Figure 37b). I{ith greater than 1.5% total rvater in the system, the

stabí1ity curves cross so that potash feldspar and quartz disappear at
lower temperatures than biotite during progressive melting. If these
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expeïimelttal data can be extrapolated to rocks of granitic composition,

ancl can be used to interpret conditions at the time of magmatic

crystallisation, the observed relatively lal.e crystatlisation of biotite

in the Encounter Bay and cape l{illoughby megacrystic granites could

indicate that the tnagma was deficient in water, and may not have

contained a vapour phase at the tíme of crystallisation. Such con-

ditions are interinediate between the Types II and III subsolidus assemb-

lages of Robertson and llyl1ie (1971).

The Encounter Granites, with the exception of the cape

Willoughby megacrystic grAnite, are generally homogeneous in terms of

normative Q, Ab and or ancl defíne a point maxínum whích is displaced

from the isobaric nininurn in the Q-Ab-Or-H2O synthetic systern (Tuttle

and Borven, 1958) tolards the Q-Or side of the Q-Ab-Or ternary diagram

(Figure 38). llowever, the ternary ninimum at 1kb moves to hígher temp-

eratures and becomes displaced towards the Q-Or side of the diagrarn with

increasing An content in the Q-An-Ab-Or-H2O synthetic s)'stem (Winkler,

1967; James and Harnilton, 1969; Winkler and Lindemann, 1972) ' In fact,

the composition of the Encounter Bay Granites approaches the ternary

nininun at 1kb PHrO ir thè system containing between 3% and 5% An. The

Cape Willoughby bõrder facies ntegacrystic granite however, is lnore

closely related to the nininun at lkb nnro tt the .system containing 3%

An.

There is a slight but significant displacement of the granites

fron the projection of the cotectic line torvards Q-poor compositions in

Fígure 38, but the explanation for this is not clear. Tuttle and Bowen

(1958), and Luth, Jahns and Tuttle (196a) have shown that an increase

tr onro fron 1kb to 3kb in the An-free system decreases the amount of

quartZ at the ternary mínimun from about 37eo to 32eo. It is probable

tinai- a sinilar effect occuïs in the Q-An-Ab-Or-H20 system' Hence an

extrapolation of the data of Jarnes and Hanilton (1969) to Skb could

easily clecrease the Q content of the ternary ninimu¡n by about 5%' Thus

the mininum for 3eo Ãn could líe at about 35%Q-30%0r-35%Ab, which is com-

parable with the composition of the medium graíned granites. The

pïesence of HCl in the fluid phase in water-saturated systems will shift

the projection of the cotectic line towards Q-poor compositions, accord-

ing to winkler (1967) and Winkler and Lindemann (1972) ' If the magmas

from which the Encounter Bay Granites crystallised were lvater-saturated

at the time of crystallisation, then a displacement of the type obsen'ed
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nay be due to the influence of volatiles other than water (for example

boron). Alternatively, the Encounter Bay Granites rnay have been water-

deficient a-t the time of crystallísation. At present, there is limited
information on the nature of the ternar:y mínimum and cotectic line in
v¡ater-deficíent Q-An-Ab-0r-lì20 synthetic systems , and on the effect of
pressure on these features. Horvevet, the composition of the Encounter

Bay Granites on the Q-Ab-Or diagralrr (Figure 38) is displaced from the

projection of the cotectic Line ín the water-saturated system tolards
a likely locat-ion of the ternary ninimum in the anhydrous system (Luth,

I 96s)

Kleenan (1965) suggested that the origin of granitic rocks j.s

generally indicated by their chemístry and rnineralogy. He pointed out

that the per-aluninous character of gr:anites, together with the occur-

rence of biotite in excess of hornblende, írrdicates a sedimentary origin.
0n the other Ìrand,.meta- or sub-aluminous granites containing hornblende

in excess of biotite, and soda amphiboles in some instance-s, indicates
derivation from contaminated basic rocks. These characteristics were

used by Luth, Jahns and Tuttle (1964) in their classification of granites

into subsolvus and hypersôlvus granítes respectívely. The Encounter Bay

Granites are subsolvus granites, and may accordingly be of anat-ectj-c

origin
Luth, Jahns and Tuttle (1964) recorded a closer relationship

between aplites and pegmatites and the ternary minirnum in the Q-Ab-OI-II2O

system than between granites and the minimum, and on this basis suggestecl

that the aplites and pegmatites were formed from water-rich residual
magma. Furthermore, in view of the overlap of the compositional field of
281 "subsolvusrt granites containing normative corundum and the fields of
both the aplites anC the pegrnatites, they argued that the granites were

derived from magmas wíth relatively high rvater contents through processes

of crystal-liquíd equilibria. Al1 varjeti-es of the Encounter Bay

Granites, with the exception of the CzLpe lVillorrghby borrJer facies mega-

crystic granite, have a homogeneous composition in terms of q, Ab and 0r
(Figure 38). In particular, there is no tendency for the youngest

granite varieties (led leucogranite, miarolitic granophyre or aplites) to
be displaced tov¡ards the ternary ninimum in the r1¡ater'-saturatecl system.

There is rro clear explanation for this obser.'vation, although in cont.r¿.si

to the water-saturatecl environment envisa-ged by Luth, Jahns anC Tuttle
(1964), the parent nagna of the Encounter Bay Granites may have been
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wat er-defi ci ent .

3.8 THE PETR OCHEMISTRY OF THE ALBITISED GRAIIITES AND THE MEGACRYSTIC

ALBITE-.CHLORTTE ROCK

Chemical analyses of the albitised border facies megacrystic

granite and the negacrystic a1bíte-chtorite rock are given in Appendix

G (Table G5). As díscussed in earlíer section, these rocks are consider-

ed to have formed by albitisation of the negacrystic granite in approp-

riately jointed and fractured zones. Therefore, the chenical changes

involved in their formation can be assessed by recalculation of the

number of cations associated ri'ith the standard unit cel1 (Barth, 1952) ,

as shown in Table G12. For example, albitisation of the Rosetta Head

border facies megacrystic granite to produce the megaclystic albite-
chlorite rock in this locality requires a marked increase in Na, A1 and

Mg concentrations and a decrease in K, Si and Ca concentrations. 0f
particular note is the nett gain of about 7 cations, whi,ch indicates that

the replacement is not isochenical. Albítisation of the Granite Island

border facies rnegacrystic granite requires similar concentration changes

and a nett gain of about 6 cations. The chemical changes accompanying

the development of the albitised border facies megacrystic granite re-

presented by specinens 7-53 and 7-55 irowevel, are 7a-rgeIy due to an

incr:ease in Na concelìtration and a decrease in K concentration. These

changes balance out. Sinilar changes are indicated for the development

of the albite leucogranite 4-8 from the red leucogranite 4-9 (Tables G7

and GI2)

A source for the material responsible for the albitisation can

not be suggested on the basis of the chenical data. Although field
observations favour a close relationship between the granites and the

rnaterial responsible for the albitisation, it is difficult to envisage a

late-stage soda-rich differentiation product of the Encounter Bay Granites

in view of the crystalli.sation sequence outlined in the prerrious section.

In fact, the naterial responsible for the albitisation may have no

genetic relationship *-o the granites. The widespread occuttence of

albitisation phenomena throughout the lifount Lofty Ranges netamorphic belt
(Off1er, 1966; Fleming, 1971) provides considerable support for this
sugges tion.
?o TIIF: AGE AIID Sr I,50T0PE C)IIPOSITION 0! THE ENC)UNTER BAv GRAIiITTEiS

During a study of the accessory ninerals in South Atrstralian

granites, Fander (1960) measured the age of two specimens of Encounter
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Bay Granites using the Pb-o nethod of Larsen, Keevil and l-larrison (1952)

on zircon concentrates. FIe obtained ages of 415 ! 42ttt,y. and 680 +

68rn.y. for specinens of granites frorn Granite Island and Port Elliot
respectively, but considered the 680m.y. age to be anonalous due to

contamination.
Evernden and Richards (1962) published a single K-Ar biotite age

of 457n.y. for an unknown variety of the Encounter Bay Granítes frorn the

Encounter Bay area, substantially supporting Fanderrs Pb-o age.

Dasch, Milnes ancl Nesbitt (1971) discussed the results of a pre-

liminary investigation of the age and Sr isotope composition of the

Encounter Bay Granites ancl the contíguous Kanmantoo Group rnetasedimentary

rocks. They repolted an isochron age of 487 j 37n.y, for the granites

and a similar age of 487 ! 6Om.y. for the Kanmantoo Group netasedirnents,

and suggested from these data that the enrplacement of the granites was

coincident with the metamorphic event recorded in the rnetasediments.

The high initial SrBT/SrB6 ratio for the Encounter Bay Granites (0.719)

could not be distinguished fron that for the Kalmantoo Group meta-

sediments (O,722) within the analytical uncertainties, and v¡a-s consider-

ed to iltdicate that the granites were formed by "remobilisation of

associated crustal Tockrr.

The data reported by Dasch, Milnes and Nes.bj.tt were obtained by

X-ray fluorescence determinations of total Rb and Sr, and mass .spectro-

neter measurements of Sr isotope conposition on unspike<i aliquots of the

sarne samples. The results gave a considerable scatter of points about

both the granite and the rnetasedimentary rock isochrons. In the case of

the granites, two possíb1e explanatíons were considered: incomplete

homogenisation of Sr at the ti,me of crystallísation perhaps due to con-

tamination of the magma by rnetasedinentary rock, or minor but real

differences in age between the granite varieties sampled. In order to

test these suggestions, specimens of several varieties of the Encounter

Bay Granites, including sorne cf the speci-mens examined by Dasch, Milnes

and Nesbitt, were analysed for Rb and Sr ísotope composition by isotope

dilution using the techniques of chenrical preparation and mass-

spectrometry summarised ín Appendix K. K-Ar age determinations on

specimens of the Encounter Bay Granites supplenented the Rb-Sr clata.

The K-Ar analyses \{eïe carried out by Dr. A.i{. I{ebb of the Australian

N{ineral Development Laboratories, an arcrangement made possible through

the kindness of l,lr. B.P. Thomsolr of the South Australian Geological
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Survey. The K-Ar data are included in a cooperative geochronology pro-

gralilìÌe bet.,veen the South Australian Geological Survey and the Australia:r

Mineral Developnent Laboratorj-es (Thontson, I971, 1972)'

3.9.1 Contaninated bov'de.v' facie s meqa.cru stíc qranite

Several speciinens of the conEaminated borcier facies megacrystic

granite (7-58, 3-26, 4-55, 8-12) were selected for isotope dilution

analysis on the basis of total-rock petrochemíca1 data, including Rb and

Sr concentrations (Table G1). According to these ðata, the specimens

exhibit varying degrees of contarnination by metasedimentary rock as ex-

plained on pages I14 and 115 in relation to Figures 33 and 35. In

addition to the total-rock specínens, separated minerals such as potash

feldspar, muscovite and biotite were analysed. The results are given jr-r

Appendix K (Table Kl) and have been plotted in Figures 39 and 40.

Regression analyses were carried out according to the procedure of

Mclntyre et al (1966). Details of the regression analyses are given in

Table K228.

The tota1-rock spec:imens of the border facies rnegacrystic granite

best fit a Model 3 isochron rvith an age or 537 ¡ 23m.Y.and an initial

SrS 77SrB 6 rat jro of O . 7165 t O. 0016 . Hotvever, the total-rocks , potash

feldspars and muscovite fit a Model 3 isochron rvith an age of 531 t

11rn.y. ancl an initial srBT ¡91'86 ratio of 0.7169 ! 0.0009. The two

regressions can not be separated within the analytical uncertainties,

28Mclntyre et al_ Iifodel 1 i-sochrons are characterised by a value for the
Mean Square of lVeigl-ttec1 Deviates (NISI\ID) which does not exc.eed unity.
These isochrons indicate that all specimens had the same initial
ttazTsre6 ratj-o, and that all v¿ere effectively chemicall¡' s1t=ed to
the diffusion of Rb and Sr at the time of crystallisation, The scatter
of the points about lrlode 1 I isochrons can be assign"9"!9_experine:-rtal
error. lrlodel 2 isochrons assume variations in the Rbu'/Sro b ratj.o due

to geochenical reciistribution of Rb and Sr subsequent to crystal 1-

isation. A similar effect is obtained if specirnens wíth the same

initial g.B77gr86 ratio have slightly differ.ent^?ges. lúode1 3 iso-
chrons assume variations in the initial SrB77SrB6 ratio betir'een '¿he

specimens.

In the regression analyse.s, the coefficient of varia*.ion fol ¡¡e775186
ratios clue to experimental e::ror alone tvas taken as 0.59" fot all
.sÞecímens, and a uníform variance of 0.07x1-0 6 was assigned to
g'tSz7gt86 ratios. All eïToïs quote<l are at tlre 95e" confidence leve1.
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which inclicates that the total-rock specinens and the ninerals becarne

closed systems to the diffusion of Rb and Sr at the tine of crystall'
isation of the granite about 531m.y. ago. The lr{odel 3 best fit of the

isochrons suggests var:iations in the initial Sr87/SrB6 ratios for each

of the specimens. Thís is consistent with varying degrees of contamin-

ation of the total-rocks indicated by the total-rock chenical dala.

The biotites separated from specímens 7-58 and 3-26 do not con-

form to the total-rock nor to the conrbined total-rock and mineral iso-

chrons, but indicate signíficantly yourlger ages of 511m.1'. and 504m.y.

when regressed with their,respective total-rocks. As the potash feld-

spars and tþe muscovite conform to the total-rock isochron, the variably

low bíotite ages are interpreted as the result of loss of radiogenic Sr.

Specimen B-12 rvas collected from a boudinaged concordant mega-

crystic granite sheet within PetreI Cove Forrnation netasediments near

their contact with the main mass of megacrystic granite on Wright Island

(Figure 11). Near íts borders, the granit-e sheet exhibits a well

developed míca schistosíty. The schistosit)' jl a post-cryst.allisation

feature, and is interpreted from structural evídence as 51. Evidence

for deformation subsequent to the formation of 51 takes the form of a

crenulation cleavage Sz, which overprints 51 in the rnargins of the gran-

ite sheet and in the adjacent metasediments. The.total-rock and the

rnuscovite in 8-12 conform to the border facies megacrystic granite

isochron. Therefore, the muscovite and the total-rock have rem¿1-Lned

closed systems to the diffusion of Rb and Sr since the granite crystall-
ised. on the other hand, the biotite in 8-12 indicates an age of

3g7 ! 5n.y. when regressed with the total-rock (Figure 40). Thi-s age

could reflect the loss of radiogenic Sr during the combined effects of

the first and second phases of deformation, which were responsible for

the development of the 51 schistosity and 52 crenula.tion cleavage in the

netasedinents and in the marginal grani-te phases. If this inter-
pretation is corlect, the second phase of defornation occurred more than

1SOm.y. after the crystallisation of the granite.

3 .9 .2 XenoLiths u'L tnin the bordev' facies ti,c qran¿te

Two specirnens of metasedimentaïy r:ock xenoliths (3-10, 3-19) and

trvo specimens of t,vpe A hybrid grernite xenoliths (3-T., 3-38), all of

which occur within the bcrder facies rnegacry.stic granite on Granite Is-

land (Figure 2l) , were selecteJ for Rb-Sr' ísotope dilution analysis.

The metasedimentary rocks are laminateo inetasiltstones with well
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preserved sedimentary structures including ripple-marks and smal1 scale

cross-lanírrations. They contain a poorly defined nica preferred

orientatioll at a hígh angle to bedding" The occurlence of this pre-

ferred orier-rtation has been taken as el'idence for broad-sca1e folding

and the incipient der¡elopment of the 51 schistosity in the Kanmantoo

Group metasedimentary rocks prior to granite emplacenìeììt, since the

xenoliths are lithologicalty sinilar to tire contíguous metasedimentary

ïocks and are considered to have been deri-ved from them. In order to

obtain meaningful data for the metasedímentary rock xenoliths, Rb-Sr

isotope dilution analysis of biotite separates and plagioclase concen-

trates from the two specimens were carried out. The i-sotope dilution
results and the details of regression analyses are gíven in Tables K3

and K4.

The combined data for the metasedirnentary rock xenoliths fit a

Model 2 isochron with an age of 474 1 lSm.y. and an initial ttaz7sr86

ratio of O.7234 ! 0.0008. However, the separate biotite - plagioclase

regïessions indicate slightly different ages of 479 + 5m.y. (3-10) and

47O t 5m.y. (3-19), which accounts fo:: the luforlel 2 best fit of the com-

bined data. The biotite age of the xenoliths is signíficantly lower

than either the crystallísation age of the border facies megacrystic

granite, ol the ages obtained for biotites in the border facíes nega-

crystic granite, and ís believed to reflect loss of radiogenic Sr.

Aôcordingly, the greater loss of radiogenic Sr from the xenolith biotites
tl-ran the granite biotites may be a reflection of the very fine grain size

of the xenolith biotites.
Potash feldspar separates and biotite+hornblenrle concentrates

from the specimens of hybrid graniteO xenoliths were analysed in adrlition

to one total-rock sample (3-38). The results of isotope dilution
analyses are given in TabIe K3, and the details of regression analyses

in Table K,1. The Iìb-Sr data for each specimen are consistent, and tvhen

combined exhibit excess scatter about a Model 1 isochr:on lsith an age of

5O2 ! 6m.y. and an initial 5t8775186 ratio of 0.7150 t O.OOO7. However,

the excess scatter can not be attributed either to redistribution of Rb

and Sr, or to differences in the initial srBT/SrBG ratj,os between the

samples. The biotite+hornblende and plagioclase age for specimen 3-3i

is 5O4 1 Snr.y. and the biotite and total-rock age for specimen 3-38 is
497 ! Srn.y. These ages are sínilar to the Rb-Sr ages of biotites in the

border facíes megacrl,stíc granite. Conparison with the Rb-Sr total-r'ock
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and total-rock - biotíte data for the border facies megacrystic granite
suggests tl-rat the hybrid granite biotite+hornblende concentrates have

leaked radiogenic Sr, and that the age of cr:ystallisation of the hybri<l
granite is older than that inclicated by the bíotite+hornblende data. If
this interpretation is correct, then the inítial Sr877SrB6 ratio at the
tine of cr¡rs¿ulttsation of the liybrid granite was a-bout O.7143.

3.9.3 Kanmantoo GrouD tneiasedimentar y t,ocks

Dasch, I{ilnes and Nesbitt (1971) obtained an isochron age of 48'/
1 60m.y. for eight specj-mens of Kanmantoo Group metasedinrentary rocks
collected at least 3kn from the nearest g::anite outcrop. I-lorr'ever, the
data for these specimens showed a considerable degree cf scatter about

the isochron. Four of the metasedimentary :rocks exarnined by Dasch,

Milnes and Nesbitt were reanalysed using isotope dilution techniques in
order to rnake a direct comparison betr'¡een the age and Sr isotope com-

position of the Kanmantoo Group metasedimentary rocks and the xenoliths
in the border facies megacrystic graníte. ft was hoped that such a com-

parison night provide clues to the nature and origín of the metasediment-

ary rock that contarninated the granite.
The Rb-Sr isotope dilution data an<l regr:ession analyses for tl-ie

Kanmantoo Group netasedimentery rocks are given ín Table K5, and have

been plotted in Figure 59. The four total-rock specimens of Kanmantoo

Group metasediments exhibit excess scatter about a biotite - plagioclase
isochron for the two specímens of metasedimentary rock xenoliths 3-10

and 3-19 (Figure 39). A Mo<lel 1 isochron fitted to the conrbined Rb-S::

data for the Kanmantoo Group metasedínents and the metasedimentary rock
xenoliths (MSI{D=11.05) has an age of 474 t 4m.y. and an inítia1 518779386

ratio of O,723I t 0.0001, and is not significantly different from a

Model I isochron fitted to the meta.sedj-rilentary rock xenolith data aione.
This suggests that the total-rock data for tlie Kanmantoo Group meta-

sediments and the mi.neral data for the netasedimentary rock xenoliths
record a metanorphic event which ended about 474m.y. ago, In fact, trvo

nearly para1lel lines are obtained on the isochron di.agrarn (Figure 39)

when the total-rock specimens are grouped in pairs. Specimens 0025 and

0029 fit an isochron with an age of 468 I  Om.y. and an init:-zl Sr877ga86

ratio of 0.7242 ! 0.0020. Specimens 0014 and 0018 fit an isochron with
an age of 460 I 38m.y. and an ini""ial ratio of 0.7224 ! 0.0014. Neither
the ages nor the ínitíal ratios for these tivo groups of specimens can be

distinguísl-red from tl-re age and initial ratio for the nlel"asedimentary
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Tock xenoliths within tire analytical uncertainties. Therefore, the

netasedimentary rock xenoliths are probably stoped fragments of Karunantoo

Group netasedimentary rocks as suspected frorn fie1d, petrographic and

míneralogical evidence. Horvever, the Sr8775¡86 ratios for the Kanmantoo

Group metasediments and the rnetasedimentary rock xenoliths at the time

of crystallisation of the border facies megacrystic granite about 53lm.y.

ago (0.7181 to 0.722I) were significantly higher than the ínitial ratio
for the granite (0.7165).

The specimens of hybrid graniteO record a higher Rb-Sr age and

a lower initial 518775a86 ratíô than the Kanrnantoo Group metasedimentaïy

rocks. As discussed above however, the biotiterhornblende concentrates

from the hybrid granite indicate a lower age than the suspected crystal-
lisation age, and so the biotite (and hornblende) may reflect the event

that crystallised the Kanmantoo Group metasedinents. The 5tB775rB6

ratio for the hybrid granite (about O.7143) was significantly lower than

the ratios for the Kanmantoo Group metasediments (between 0.7181 and

O.722I) at the time of crystallisation of the border facies megacrystic
granite about 531m.y. ago. The difference in initial ratios nay sllqge.st

that the hybrid granite ís not related to the Kanmantoo Group meta-

sediments. Nevertheless, the nature of the hybrid granite c1earl¡r in-
dicates that it forned by assimilatiorr of metasedímentary rock by

granite nagma. Therefore it is possíb1e that the hybrid granite re-
presents the final cornposition of unknown metasedimentary rocks, which

had a 518775186 ratio less than that of the Kanmantoo Group meta-

sediments, assimilated by granite magma wíth a low Sr87¡3¡e6 ratio.
3.9.4 Albitised borden facies rneqacrustic qranite

Dasch, Milnes and Nesbitt (1971) reported Rb-Sr total-rock data

for a specimen of albitised border facies megacrystic granite (7-55)

and a specimen of megacrystic albite-chlorite rock (7-54). 0n the basis
of the conforrnity of tl'rese data to the granite isochron, they suggested

that both therrgraníte and the fluids responsible for late-stage albit-
isation had the sarne isotopic composition of strontium near the time of
granite emplacementrr. In order to test this suggestion, further
specirnens of the albitisecl border facies megacrystic granite (7-53) and

the megacrystic albite-chlor'íte rocl< (3-40), in addition to 7-55 and

7-54, were selected for Rb-Sr isotope dilution analysis during the

present investigation. Biotite separates fron 7-53 and 7-55, and

chlorite, phlogopite alrc'. piagioclase separates anci concentrates from
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3-40 and 7-54 tvere analysed as well as the total-rocks. The results of
the isotope dilution analyses are gi-ven in Table K6 and have been plot-
ted in Figure 39. Details of the regression analyses are given in
Table K7.

The total-rock data for 7-55 conr"orm to the isochron for the
border facies megacrystic granite. However, the biotite separated from
7-55 indicates an age of 510 * 5m.y.when regressed with the total-rock.
This age is simílar to the ages obtained for biotites in the unaltered
borcler facies megacrystic granite. Therefore the albitisation does

not appear to have affected the S:: composition of the rock or the bio-
tite. The total-rock data for 7-53 do not conforni to the isochron for
the border fa-cies megacrystic granite, but indicate a lower sr877gte0
ratio. When regressed rvith the total-rock, the b j.oti.te sepaïated from
7-53 gives an age of 494 t 5m.y., whích is lower than the biotite ages

obtained for the unaltered bordel facies negacrystic granite. The

chemical composition of the biotite in 7-53 is significantly different
from the composition of biotj tes in the unaltered granite as the result
of albitisation (see page 102). Ilence the loler age is best interpreted
as the result of loss of r:adiogenic S'r due to the chemical alteration.

The combined total-rock and mineral data for the two specimens

of megacrystic albite-chloríte rock fit a Model 2 isochron with an age

of 4\7 t 82m.y. and an ínitial 9¡8779186 ratio of b.7ISI ! O.O0OS.

However, regression of the phlogopite concentïates from each of the
specimens wíth the respective total-rocks indicates ages of 474 !
11m.y. (7-54) and 485 * 6n.y. (3-40) with a comrnon initial gt877g1B6

ratio of about o.7r4. 0n the other hand, regression of the chlorite
separated from 7-54 with the total-rock and plagioclase data for both
7-54 and 3-40 indicates a sígnificantly lower age of 306 1 33m.y. (lr{odel

1 fit)
The negacrystic albite-chlorite rock is the errd-product of

albitísati-on rrf the border facies megacrystíc granl.te, anci is composed

predominantly of albite with chlorite, phlogopite and ninor gvartz. As

described on pages 9i and 101, the phlogopite and chlorite were fonned
by progressive alteration of pre-existing biotite. Phlogopite clearly
controls the age of the total-rock and mineral assenblages because of
its high RbB77SpB6 ratio, but it must be regarded as a relict rninera.l.
The fact 1þ¿t- phlogopite - total-rock ages for 1;he megacr¡.stic albite-
chlorite rock are significantly lolver than the biotite - t-ota1-ror:k ages
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for the border facies megacrystic granite indicates that loss of radio-
genic Sr occuLred during alteration of the original biotite. Further
loss of radiogenic sr consequent upon al'Leration of the phlogopite to
chlorite is índicated by the 306m.y. age for the Model 1 regression of
the chlorite, total-rock and plagi oclase data for both specimens of the
megacrystic albite-chlorite rock. The initial ratio for this regression
(0.7154 r 0.0005) is significantly lower than the jnjtial ratio for the
border facie.s megacrystic granite (0.7169 ! 0.0009).
3.9.5 Uncontaminated qrantítes

Fie1d, petrographic and pet.rochemical evidence indicat.es tha-t

several varieties of the Encounter: Bay Granites have not been contanin-
ated by metasedimentary rock. Specimens of these granite varieties,
including a medium even-g::ained graníte (4-10) whir:h approxinrates the
composition of the parent nagma on the basis of total-rock chemicai data
(see page 11.5) the red leucogranite (4-9, 4-89), the fine grained
niarolitíc granophl're (4-668) and an aplite (4-6s) were selectecl for
isotope di,lution analysis on the basis of their Rb and Sr concent-rations
determined by r:outine X-ray fluorescence. Isotope dilutiorr data for the
t.ota1-rocks and several mineral separates are given in Table KB, and

liave been plottecl on Figure 41. Details of t-he regression analyses are
given in Table I(9.

Rb-Sr ciata for the total-rocks fit a Model 2 isochron v¡i,th arr

age of 52,2 ! 2Bn.¡'. and an initiat 518T/5186 ratio of O.7ilt x O.O1t3.
Horvever, the combined data for total-::ocks, feldspar concentrate.s and

nuscovite fit a }fodel 3 isochron rcith an age of SZ3 r 6m.y. and an

initial SrBTTSreG ratio of O.7II5 t O.oO57, The two regressions aïe not
signifjcantly clífferent, which indicates that the total-rocks and the
minerals beca¡ne closed systens to the diffusion of Rb and Sr at the tine
of crystallisation of the granites about 52sm.y. ago. Moreover, this
age can not be clistínguished from the age indicated for the cr-ystal-
lisation of the bolder: facies megacrysti-c granite, about 531rrr.y. ago,

within the analytical uncertainties. similarl.y, the initíal sr877g¡86
ratio for the uncontanj-nateci granites (0.7115 = 0.0057) is not statj_s-
tically different fr:on the initial ratj-o for the border facies mega.-

crystic grani'.te (o.7169 1 0.00c9), aithou.gh the disposition of the un-
contaminated granites and their rninerals on the isochion diagram (Figure
4L) suggests that tire initial ratios rn-ay be different. The geological
evidenc.e, on which basis the uncontaminated granites were selected for
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study, is also consistent rvith this interpretation.
The large uncertainty in estimat.íon of the inítial ratio for the

uncontaninated granites is due to the lack of control over the position
of the total-rock and combined total-rock and mineral isochrons at 1ow

p58775¡86 values. Rb-sr data for plagioclase is clearly required in
or-der to realisti.calJy test the signíficance of the difference between

the initial ratios of the uncontaminated granites and the border facies
megacrystic granite.

The biotite separated fro¡n 4-10 does not conforrn to the uncon-

taminated granite isochron, but indicates a significantly younger age of
484 ! 4m.y. when regressed with the total-rock. As the potash feldspar
in this rock falls on the uncontaminated granite isochron, the low bio-
tite age must be regarded as the result of loss of radiogenic sr.

A specimen of albitised red leucogranite (4-B) does not fit the
uncontarninated granite isochron, but has a higher ga8775a86 ratio. To-
gether with the albitised border facies megacrystic granite 7-s3, 4-g
best fits the Rb-Sr data for the megacrystic albite-chlorite rock. This
is taken as evidence that the rnaterial responsi'ble for albitisation rnay

have had a Sr isotope composition that was different from tha.t of the
contaminated and the uncontaminated granites, although the analytical
uncertainties are presently too great to place significance upon these
differences.
3. 9. 6 Granitic z,ocks from Kanqatoo fsLand-

very coarse grained feldspar-quartz-muscovite-tourmaline-
spessartite-beryl pegmatites occur within Kanmantoo Group metasedinrents

at Vivonne Bay and in an area 12km south-east of Penneshaw on Kangaroo

Island (Figure B). Along the coastline north-west of Antechamber Bay,

these pegnatites occur as concoïdant sheets within Tapanappa Formation
rnetasedirnents. Rb-Sr isotone dilution analyses of total-rock specinens
of the pegmatites and their constituent muscovite indicate ages of 519 r

6n.y. (Vivonne Bay - Y4) ancl 539 t 7m.y. (south-east of penneshaw - pi),
as shown in Table K10. These ages are of the same order as the age of
crystal-lisation of the Encounter Bay Granites between s23m.y. and

531m.y., and are likewise regarded as crystarlisation ages of the peg-
natit-es. The initial sr877sr86 ratios for the pegrnatites aïe o.71g4 r

0.0018 (V4) and 0.7oI4 ! O.OI24 (Pl).
Rb-Sr isotope dilution analyses of a total-rock specimen of the

Cape Kersaint granite ancl its constituent biotite índicate an age of 493
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* 5m.y. and an initial 516775¡86 ratio of 0.7184 t O.OOO9 (Table KlO).

This is directly comparable rvith biotite - total-rock data for the

border facíes negacrystic granite in the Encounter Bay area, and points
to an older total-rock age representing the age of crystallisation.
3.9.7 K-Ar data for the Encounter. Bau Grani'bes

K-Ar analyses of micas in the Encounter Bay Granites are given in
Appendix K in the appropriate tables. K-Ar analyses of biotites separated

from ten specimens of the border facies negacrystic granite fron the

Encounter Bay area ancl Cape lVilloughby indicate an average age of 47lm.y.,

with eight ages occurring ín the range 472n,y, to 475m.y. Sirnilar ages

were obtained for muscovite separated frc¡m the Kangaroo Island pegmatite

V4 (485rn.y. ) and from the miarolitic granophy::e 4-668 (473n.y.) , and for
biotite separated from two specimens of hybrid graniteO xenoliths in the

border facies megacrystic granite (3-4I, 47Bm.y.; 3-38, 466m.y.). In
all cases, the K-Ar ages are si-gnificantly lower than the Rb-Sr ages for
the same ninerals. For example, biotite separated from the border facies
rnegacrystic granite 3-26 has a K-Ar age of 467n.y. but a Rb-Sr age of
51lm.y.; muscovite separated fron the miarolitic granophyr:e has a K-Ar

age of 473n.y. but a Rb-Sr age of 523n.y.; 'and muscovíte separarted from

the pegnatite V4 has a K-Ar age of 485m.y. but a Rb-Sr age of SJ9rrr.y.

0n the other hand, K-Ar ages for biotites scparated from the -schistose

granites 8-12 (417n.y.) and 8-lB @21n.y.) are comparable with the Rb-Sr

age for the biotite in 8-12 (397n.y.).

Rb-Sr data for the country rock Kanmantoo Group metasedimen[s

and for netasedimentary rock xenoliths within the border facies nega-

crystic granite indicate an age of 474m.y. (Tab1e K5) . This age is con-

sidered to mark the end of a met¿rmorphic event in the Encounter Bay atea,

and is comparable with the metamorphic age of 465m.y. obtained by

Compston, Crawford and Bofinger (1966) for metasedimentary rocks else-

where in the lu{ount Lofty Ranges. K-Ar ages of micas in the Encounter Bay

Granites and in one specimen of the Kangaroo Island pegmatites are con-

sistent with this metanorphi c age, and nay therefore reflect loss of
radiogeníc Ar during the netanorphisn. 0n the other hand, biotites (but

not muscovites) in the granites and the pegmatites record a sma11 br.lt

variable loss of radiogenic Sr which may a"lso be attributed to the meia-

norpirism. In fact, Rb-Sr ages for biotites ín the granites range from

5l1m.y. dorr'n to 482n.y. The retentíon of radiogenic Sr relative to

radiogenic Ar in bj-otites, and the re-sistance of rnrrscovite to loss of
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radíogenic Sr during metamorphism is well documented (see for example

Ku1p, 1963; Hart, 1964; Nfoorbath, 1967). According to the K-Ar and

Rb-Sr data for the Encounter l3ay Granites and associated rocks, loss of
radiogenic sr from tl-re biotites may have endecl as early as 51ln.y. and

as late as 482m.y., whereas loss of radiogenic Ar from both biotite and

lrtuscovite could have ceased on the average about 4'/In.y. ago at the end

of the tneta:norphism indicated by Rb-Sr data for the netasedinentary
rocks.

An alternative explanation of the K-Ar data is required if a

naximum of 5% of the measured ages i-s a-llorved for the possible uncer-
tainty in the K decay constant (Aldrích and wetherill, 1958). For
example, a K-Al age of 47rm.y. night be increased to 495m.y. under
these circurnstances, the K-Ar ages of micas in the border facies mega-

crystic granite and the Kangaroo Island pegmatite V4 more closely
approach the Rb-Sr míca ages, although significant discrepancies appear
between the K-Ar anri Rb-Sr biotite ages in the schístose granites. This
explanatíon requires that the loss of radiogenic Ar fron the mícas in
tlre granites ended about 494n,y. ãEo, at appïoximately the same time as

racliogenic Sr ceased to leak fron the biotites. If this is correct, the
metarnorphic event indicated by Rb-Sr data for the metasedirnentary rocks
errded about 2Om.y. after the micas becarne closed to leakage of radio-
genic Ar.

' The two modeis used to explain the K-Ar data in relation to the
Rb-sr data are equally va1íd. However, an explanation of the K-Ar <lata

for the Encounter Bay Granites based on the forner nodel is preferred
arrd will be developed in the followj-ng par-agr:aphs, firstly because it
considers K-Ar ages that have been calculated from the K deca¡'constant
used by Dr. A.l\1. lvebb in dating South Australian rocks, and secondly
because the K-Ar ages so cal-culated agree closely with the Rb-sr age

for the end of the metamorphism in the Encounter Bay area.
3.9.8 Discuss'Lon

Rb-Sl isotope dilution analyses of several varieties of the
Encounter Bay Granites and their constituent minerals indicate that the
contaminated border facíes nÌegacrystic granite and the uncolttaminated
granites crystallised at about the same tine between 523m.y. and 5J1n.y.
ago in t-,he Encounter Bay area, A similar age is given by regressions of
Rb*Sr data for total-rock pegrnatites and their constjtuent muscovites
from Kangaroo Island. 0n the basis of field and petrographic eviclence,
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the border facies megacrystic granite appears to have been emplaced as

a crystal-rich liquid which then crystalliseci fairly rapidly. Under

these circumstances, the crystallisation age r,ii11 approximate the age

of emplacement of tire borcler facies negacrystic granite. In view of

the clear evidence for contamination of the border'facies megacrystic

granite b), metasedimentary rock, there is a rlistínct possibility that

the border facies megacrystic granite isochron represents a mixing line.
However, the concordance in age betlveen the uncontaminated granites and

the border facies megacrystic granite indicates either that significa¡rt
mixing of metasedimentary rock with granite magma did not occur, that

the granit-e nagma and the metasedímentary rock contaminant had a similar
Sr isotope composition at the time of mixing, or that isotopic redis-

tribution was completely effective. Alternatively, the analytical
uncertainties nay be so large that the effect of mixing has been ob-

scured. The first possibility, that significant mixing did not occun,

can be ruled out on the basis of total-rock chemical evidence. Similar-

Iy, complete isotopic redistributíon can be discounted because of the

disequilibrium between ínitial 5rB775rB6 ratios for the borcler facies

megacrystic graníte (0.7165) ancl the SrB77SrB6 ratios for the meta-

sedimentary rock xenoliths (0.7181 to 0.722I), and the hybrid graniteO

xenoliths (about O.7143) at the time of granite emplacement. The second

and fourth possibilities are interdependent to a large degree. For

exanple, the disposition of the data for the uncontaminated granites and

the border facies megacrystic granite on the isochron diagran suggests

that the uncontaminated granites have a much lower initial ttAt7St86

ratio than the border facíes megacrystic granite. As the chemical

evidence suggests that the nediun grained granite 4-10 approximates the

cornposition of the parent magma of the Encounter Bay Granites, the un-

contaminated granites (which include 4-10) are expected to reflect the

initial Sr877SrB6 ratio of the magma parent. Horvever, the uncertainties

in the data indicate that the apparent differences between the initial
5t8775¡86 ratios for the uncontaminated granite and the border facies

megacrystic granite are not significant. C1ear1y, Rb-Sr isotope

dilution a:ralyses of plagioclase concentrates are required to elucidate

this pr-oblem.

The 487 ! 37n.y. age reported by Dasch, N{ílnes and Nesbitt (1971)

for the emplacement of the Encounter Bay Granites was obtained from an

attempt to fit a single Rb-Sr isochron to specimens of the border facies
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megacrystic granite, the uncontaninated granites and the albitised
gra.nites. In fact, the regression was controlled to a large degree by

the medium even-graíned granite 4-10 and the megacrystic albite-chlorite
rock 7-54. In view of the present data, botl'r the 487 ! 37n.y. age and

the initiaL sr8T/SrB6 ratio (0.719) obtained for the regression have no

rneaning.

Rb-Sr data for the Kanmantr:o Group metasedinentary rocks in the

Encounter Bay area and for the rnetasedimentary rock xenoliths in the

border facies megacrystic granite record a rnetamo'rphic event which ended

about 474n,y. ago. This event may account for the varj.able loss of
radiogenic Sr from biotítes in the granites, a-lthough feldspars amd

rnuscovite were not similarly affected. K-Ar analyses of biotites ancl

rnuscovítes in the granites consistently indicate an age of about

47In.y. The same age is given by K-Ar analyses of bíotítes in the Cape

Willoughby megacrystic granite, and of muscovite fron the Vivonne tsay

pe gmatit e .

The relationships between structural and metanorphj-c events in
the Kanmantoo Group netasedirnents and the emplacement of the Encounter

Bay Grarrites are illustrated diagramrnat-ica1ly in Fígute 17, a,nd have

been discussed in an eariier section (see page 45). The emplacement of
the granites was followed by the nain phase of first generation deformatj-on

at temperatures and pr:essures conducive to the crystallisation of
añdalusíte. Si¡ni1ar tnetamorphíc conditions pers{ted into the static
phase post-dating the first phase of defornation, but the absence of najor
metamorphic crystallisation during the second phase of deforlnatíon sug-

gests that the netamorphic grade hacl fa11en signíficantly by this time.

This model can therefore provide a basis for interpretation of the Rb-Sr

and K-Ar data for the Encounter Bay Granites and the Kanmantoo Group

metasedíments. For exanple, the Encounter Bay Granites were empJaced

between 523m.y. and 53Im.¡r. âgo, at which time the total-rocks, felds-
pars and muscovite beca¡ne closed systems to the diffusion of Rb ancl Sr.

Biotite probably crystallised at this ti-¡ne as we11. However, the per-

sistence of andalusite grade temperatures and pressures for a significant
tine after granite empiacement seems to have facilitated the leakage of
radiogenic Sr from biotite (but not frorn potash feldspar oî muscovj-te)

in the grani-Ees, the loss of radiogenic Ar from biotite and ntuscovite

ín the granites and pegmatites until about 47}rn.y. ãEo, and the diff'usion
of Rb and Sr in the Kanrnantoo Group rnetasedíments and in the neta-
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sedimentary rock xenolíths withín the granítes until about 474n.y. ago.

Therefore the 471m.y. K-Ar mica age can be regarded as the end of the

andalusite grade metamorphisn in the area studied, rather than a dis-
crete metamorphic event. If this interpretation is correct, then the

andalusite grade metamorphism persisted fol at least 50m.y. after emplace-

nent of the Encounter Bay Granites.

Consistently ¡'ounger Rb-Sr and K-Ar ages of between 39Bm.y. and

42On.y. were obtained for biotites in specimens of the schistose
granites (B-I2 and 8-18) that occur at the contact between the border

facies megacrystic granitç ?nd the Karunantoo Group metasedirnentary rocks

on l{right Islancl. The 51 schistosity in these granites has been o.,/er-

p::inted by an 52 crenulation cleavage. Therefore the low age nray reflect
the combined loss of both radiogenic Sr and Ar due to both deformation

phases. In contrast to the biotite, both the nuscovite and the total-
rock Rb-Sr data for 8-12 conform to the border facies negacrystic granite
isochron. The 398m.y. to 42Om.y. biotite age for the schistose granites
may represent the age of the second phase of deformation in the Encounter

Bay area. However, this suggestion requires that the seccnd phase of
deformation post-dates the first phase of deformation by more than 60in.y.

A further study of these rocks is needed in order to ascertain the sig-
nificance of the ages so far obtained.

, The interpolated 5"8775186 ratios for the ialrmantoo Group neta-
sedirnentary rocks at the time of emplacement of the border facies mega-

crystic graníte (0.7181 to 0.722I) are higher than the ínitial ratio for
the granite (0.7165). It is therefore conceivable that the border facies
megacrystic granite h'as derived by the conta:nination of a magma of lorv

initial SrB77SrB6 ratio with Kanmantoo Group metasediments. This hypo-

thesis is supported by the abundance of metasedimentary rock xenoliths
in the border facies megacrystic granite. Hybrid graniteO is considered

to be partTy assimilated metasedimentary rock of similar chemical com-

position to the Kanmantoo Group metasediments (see page 114) but had a
5t'8775186 ratio at the tine of emplacement of the border facies mega-

crystic granite of 0.7143. This is lower than the initial ratio for the
granite, and is very rnuch lower than the interpolated ratios for the
Karrmantoo Group metasediments, and suggests that the hybrj-d granite
does not represent pa'rtIy assimilated Kanrnantoo Group metasedi¡nentary

rock. In fact, the field evidence suggests that the hybrid granite
parent material was incorporated into the rnagma parent of the Encounter
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Bay Granites at an early stage in its crystallisation historl', prior to
emplacement into the Kanmantoo Group metasediments. Therefore it is
likely that the border facies megacrystic granite experienced a conplex

contamination history involving Kanmantoo Group metasedimentary rocks at
the present level of exposure, and metasedimelrtary rocks of unl<noln

origin but of similar composítion from deeper levels in the crust, per-
haps nearer the site of magma generation.

The Iìb-Sr data fcr the albitised granites and the megacrystic

albite-chlorite rocks can not be interpreted unambiguously. For example,

biotite - total-rock ages for two specimens of the albitised border
facies megacrystic granite (7-53, 7-55) agree closely with similar ages

for the unaltered megacrystíc granite. Phlogopite - total-rock ages for
two specinens of the megacrystic albite-chl-orite rock (3-40, 7-54) are

485m.y. and 474m.y. respectively, and approach the K-Ar mica age for tlie
granítes. However, the combined total-rock, chlorite and plagioclase
age for 7-54 is very much lower at 306m.y. This progressive lowering of
the age from that registered by the biotites in the unaltered granites
to that given by the chloríte in 7-54 can be exptained by progressive
loss of radiogenic Sr during the obse::ved alteration of bíotíte to
phlogopite and then chloríte. Under these circumstances, it is difficult
to assign any significance to the ages.

3.10 't'HE AGE AND Sr C2MP)SUION 0F )IHER PALAEOZ)TC GRANITES AND

ASSOCTATED ROCKS IN SOUTH-EASTERN SOUTH AUSTRALTA

Compston, Crawford and Bofinger (1966) presented Rb-Sr data for
Precambrian and Palaeozoic rocks in South Australia in an attempt to
assess the duration of sedirnentation in the I'Adelaide Geosyncline". As

part of their investigation, they reported Rb-Sr ages of metasedimentary

rocks frorn the northern lt{ount Lofty Ranges as well as the ages of the
Anabama Granite and of a microtonalite from Netley Hill (Figure 2). On

the basis of the metasedimentary rock data, they suggested that the
rnetamorphism in the lvfount Lofty Ranges ended about 465m.y. ago. This age

is not significantly different from the total-rock Rb-Sr ages obtained
for Kanmantoo Group metasedimentary rocks ín the Encounter Bay area, or
from the K-Ar ages of mícas in the Encounter Bay Granit-es and the Kan-

garoo Island pegmatites.
The combined total-rock and mineral Rb-Sr data obtained by

Compston, Crawford and Bofinger (1966) for the Anabana Granite indicate
a crystaLlísation age of 473 t 1Om.y. and an initial 518775186 ratio
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of 0.7050 t 0.0035 (Table Kl1). The cr¡'stal.lisation age is not signif-
icantly dífferent from the age at which the regional metamorphisrn ín
the lt{ount Lofty Ranges ended. Howe\fer, the combined total-rock and

mineral data reported by Cornpston, Crawford and Bofinger for the Netley
Hill microtonalite defines a crystallisation age of 436 t 32n.y. and an

initial Sr8775aB0 rarío of 0.7152 ! 0.0025 (Tab1e Kt1). K-Ar ages of
biotite and hornblende separated fron the microtonalite support this
lower age (Compston, Crarvford and Bofinger, 1966) .

White, Compston and Kleeman (1967) reported a combined total-
rock, felclspar and biotite Rb-Sr age for the Palmer Granite (Figure 2)

of 489 t 15m.y. rvith a coïïesponding iní't-ial Sr87¡gy96 ratio of 0.7086
+ 0.0010. Horvever, a reapprai-sal of their data (Tables K12 and K13) in
the light of experience with leakage of radíogenic Sr from biotites in
the Encounter Bay Granites indicates that total-rock specímens of the
Palmer Granite rnay have become closed systems to the diffusion of Rb and

Sr as early as 512n,y. ago. As shorvn ín Table K13 for example, the
total-rocks GA-315, P5, P7 and P2 show excess scatter about a lr{odel 1

isochron (MSIVD=l7.LI) rvith an age of 514 t 33n.y. ancl an initiat SrBT /
SrBG ratio of O.7O7I r O.OO2B. By excluciing P5 from the regression, the
remaining total-rocks closely approxínate a lr{ode1 1 isochron (li{SIVD=3.34)

with an age of 5I2 ! 35m.y. and an initial ratio of 0.7068 I 0.0083. On

the other hand, regression of the total-rock and f'etdspar clata for
GA-315 índicates a lrlodel I isochron age of 485 * 30n.y. and an initial
ratio of 0.7090 I 0.0025. Similarly, regression of the biotites ancl

feldspars with their respective total-rocks indicates loiv ages. For

example, biotite - total-rock regressions give ages of 458m.¡'. (GA-315

green biotite), 4B3m.y. (P5) and 400m.y. (cA-515 brown bioríte). The 1ow

biotite and feldspar ages poínt to leakage of radiogenic sr. on tliis
basis, the 489 + 15m.y. age estimated by tr{híte, Compston and Kleernan for
the Palmer Granite is ínvalid because ít is essentially an average of the
total-rock age (512m.y.) and the P5 biotite age (4B3rn.y.).

White, Compston and Kleeman (1967) also reported Rb-Sr data for
two specimens of the Rathien Gneiss (Figure 2; Table KL2). The two-

point isochron defíned by these speci.mens indicates an age of 537 !
25tn.y. and an initial 518775186 ratio of 0.7133. Although it is unrvise

to place any significance on these data alone, it is of interest that
the apparent age at ti'hich the total-rock specinens of Rathjen Gneiss

closed to the diffusion of Rb and Sr agrees closely with the age of
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cr:ystallisation of the Encounter Bay Granites and the Kangaroo Island
pegmatites, and is of the same order as the postulated crystallisation
age of the Palmer Grariite.

A Rb-Sr biotite - total-rock age of 503 * Sn.y. and an initial
518775186 ratio of 0.7066 has been obtained for the Black FIi11 Norite,
which crops out from beneath a cover of Tertiary sediments north of
Mannum (Figure 2; Table K14). Horver¡er, K-Ar analysis of the biotite
indicates an age of 486m.y. In keeping rvith the observed Rb-Sr ancl

K-Ar clata for biotites in the Encounter Bay Granites and in the Palmer

Granite, it is expected that the biotite in the Blacl< Ili1l I'lorite may

have registered a loss of radiogenic Sr. Under these circumstances,

the crystallisation age of the norite is conceivably of the same order
as the crystallisation ages of the Encounter Bay Granites and the

Kangaroo Island pegmatites.

Thus the available Rb-Sr data point to a significantly older
crystallisation age (between 512m.y. and 537m.y.) for the Palmer Granite
and the Rathjen Gneiss than has been previouslf interpreted fron raciio-
rnetric data or suspected from field studies, although the Anabama

Granite and the Netley Hill microtonalite crystallised as late as 473m.y.

and 436m.y. respectively, 0n the other hand, K-Ar analyses of micas in
the granites (and in the Black Hill Norite) and Rb.-Sr analyses of meta-

sedimentary rocks indicate that the regional metamorphism, which may be

held responsible for the loss of radiogenic Sr fron the biotites and

feldspars in the Palmer Granite, ended in the northern lr'fount Lofty Raltges

465m.1'. ago. Thornson (1970, 1.977, L972) has reported similar K-Ar ages

for micas fron many rock-types throughout the lt{ount Lofty Ranges. These

data contpare very well with the data obtained for the Encounter Bay

Granites and associated rocks in the Encounter Bay area and at Cape

lVi I loughby.

3.11 'TT]E ORIGTN OF THE ENCAUNTER BAY GRANTTES

0n the basis of Rb-Sr data" there are three likely mechanísms

for the origin of granites.
a. Liquids of granitic composition niay be derived by fractional

crystallisation of nagmas of basic or intermediate composition
generated by partial melting of mantle material.

b. Granitic liquids nay be de::ived as j-n (a), but become contanin-
ated lvith radíogenic Sr by assimilation of crustal rocks.
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c. Granitic liquids rnay be derived by partial melting of crustal
rocks.

The granites resulting from each of these simple models may be partly
distinguished on the basis of their initial 5tB775rB6 ratios. For ex-

amp1e, model (a) granites would have a lorv ínitial ratio within the range

exhibited by cceanic basalts (Hurley et a1 , 1962; Faure and Hurley,

1963; Faure and Polell, 1972), whereas models (b) and (c) granltes

would have signifícantly higher initial ratios. However, models (b) and

(c) can not be distinguished on the basis of their initial ratíos.
The initial Sr87¡S'rg.Q,ratio for the unconta:ninated varieties of

the Encounter Bay Granites is 0.711, and is the lowest initial ratio of
varieties of the Encounter Bay Granites so far exarnined. As discussed

in earlier sections, the initial ratio for the uncontaminated granites

may be a close approxímation to the SrBT/SrB6 ratio for the parent

magma. This ratío is significantly higher than the 5rB775aB6 ratios for
oceanic basalts of mantle origin (0.701 to 0.7O5 at the tine of graníte

ernplacement) interpolated from the data of Faure and PowelI (7972), Sug-

gesting that the uncontarninated granites (and, by inference, tlle parent

magma of the Encounter Bay Granites) were contaminatecl with crustal Sr

and nay have originated according to one or other of models (b) and (c).

A nodel (b) origin requíres that the parent nagma was homogeneously con-

taninated with crustal Sr prior to crystallisatíon and enplacement into
the Kanmantoo Group rnetasedimentary rocks. A nodel (c) origin requires

that the parent magma was derived by partial melting of crustal rocks

that hacl a SIBT¡5¡86 ratio of about O.7IL. Kanmantoo Group meta-

sediments adjacent to the granites had Sr87/5"86 ratios cf 0.718 to

O.722 at the time of emplacement of the granites and therefore can not

represent the crustal rocks from which the parent magma rnay have been

derived. Horvever, metasediments with the appropriate initial ratio of

about O.7II nay occur at depth.

The Encounter Bay Gr:anítes plot close to the cotectic line in
the Q-An-Ab-Or-H20 systen (Figure 37), and thus approach the composition

of either the first liquid produced by partial rnelting of crustal rocks,

or the final product of fractionation of a magna of basic or inter-
mediate cornposition. l{owever, granite varieties having a conposition

close to that assumed for the parent magma plot in the potash feldspar

field of the Q-An-Ab-Or-H20 system ancl could not have been derived by

fractionation of a naglna of basic or inter¡iecliate composj-tion (Barth,
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1966; James and Hanilton, 1969) unless assimilation of potash-ri-ch

rnaterial occurred after fractionation.
If the parent lnagma was derived by, partial melting of crustal

rocks (model c), there are tlo limiting cases to be considered, corres-

ponding to the partial meltj-ng of the type IV or the t)?es II and III
subsolidus assemblages of Robertson and lVyllie (1971). In the first
case, the parent rnagma may have been produced by partial melting of
crustal rocks containirìg excess water (type IV subsolidus assemlllage).

Under these circumstances, granitic liquids may be produced at ternper-

atures as 1ow as 63OoC at.a ðepth of 35km (10kb pressure) and rvj.ll be

water-saturated (Luth, Jahns and Tuttle, L964; Kleernan, 1965; Boetcher

and Wyllie, 1968). As discussed by Tuttle and Bowen (1958) and Luth

(1969), a water-saturated magma can only move upwards in the crust to a

lonrer pressure regime if sufficient amounts of superhea.t are postulated.

Otherwise the liquid would be expected to crystallíse rapidly upon ris-
ing from the site of generation due to the:regative P-T slope of the

solidus curve in water-saturated granite systems.

It is generally accepted holever, that there is j.nsuffícient

free water (greater than I-29") in crustal rocks ín an anatectic environ-

ment to saturate a Latge body of granitic liqui<l (Tuttle and Bowen,

1958; Luth, 1969; Robertson and Wy11ie, I97I; Wyl1ie, 1971), although

there may be sufficient free water in type III subsolidus assemblages to

saturate the first líquíd produced upon partial meltíng. Alternatively,
the only water available during anatexis may be derived from the break-

down of hydrous rninerals, as in the case of type II subsolj-dus assemb-

lages (Brorvn and Fyfe, 1970; Brown, 7973). Thus the second case tc be

considered involves rvater-deficient granite magnas. Brown (1973) sug"

gested these might be generated by partial meltíng of type Ii strbsolidus

assemblages at depths between 25km and 30km at temperatures betwr:en

TOOoC and 75OoC, assurníng normal geothermal gradients of 20-3OoC hn-1.

lVater-deficient granite liquids may be derived from tyire III subsolidus

asse.mble-ges at similar ternperatures and depths in the cnlst. If a

reasonable amount of granite liquid rvas generated, it night be suffic-
íent1y rnobile to rnigrate away from the unrnelted residue. In rising up-

wards to lower pressure regimes, the melting point of water-deficielit
granitíc liquids decleases until they reach a crítica1 pressure at rvhich

the rsater-saturation boundary is crossed. T'he::eafter, the melting point

of the liquid increases tr'ith decreasíng pressure. If the liquid
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nigrated rapidly upwards from the site of genelation witirout significant
los-s of heat to the surroundJ.ng rock.s, the critical pressure rnay be

reached prior to crystallisation, itr which case the liquid will crystal-
lise entirely in a water-saturated condition. 0n the other hand, if the

uplard migratíon was so slow that heat loss frorn the liquid to the

surrouncling rocks was able to cool the liquid sufficiently to commence

crystall-isation prior to reaching the critical pressure, only the final
stages of crystallisation may occur under condítions of tvater-saturation.

In either case, water-cleficient magnas are pot.entiaLly able to closely

approach the earthrs surface. lr{oreover, the nagmas are capable of

assinilating varyíng anounts of the rocks with whiih they corne into con-

tact.
If the parent nagnìa of the Encounter Bay Granites l^las derived

by contamination of the product of fractional crystallisation of mantle-

generated magna of basic or inter:mediate composition (rnodel b), it is
likely to have been water-cleficient, and as discussed above, could harre

closely approached the earth's surface prior to conplete crystallisati on.

The Encounter Bay Granites contained a vapour phase (and were

therefore probably rvater-saturated) at least during the later stages of

their crystallisation history. This is deinonstr:ated by the occurrence

of miarolitic cavities and abundant pod-like tourmaline-rich pegmatítes

in rnany granite varieties. Furthermore, granophyric textures and the

presence of a fine grained groundrnass ín the border facíes rnegacrystic

granite aïe regarded as the result of relativel¡' rapíd crystallisation
of a crystal-r'ich magma upon emplacement, possíbly due to loss of vola.-

tiles from the nargins of the íntrusion. The absence of pegrnatite pods

or miarolitíc cavities in the border facies megacrystic granite

suppolts this suggestion. Unfortunately, none of these features in-
dicate what proportion of the crystallísation history took place in the

presence of a vapour phase.

lrfetamorphic assemblages containing andalusíte alld cordierite
occur in the Kanmantoo Group metasediments adjacent to the Encounter Bay

Granites in the Encounter Bay atea, and as described in earlier sections

(for exanrple on pages 48 and 49), crystallised during and after the etn..

placement of the granites. Based on the experimental alunil-to-silicate
equilihria and a 1ike1y panagenesi.s for cordierite (page 51; Figure

13), the depth of empJ.acement of the granites was not greater than about

14kn (4kb pressure), and may have been less than lOlm (3kb pressure).
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The granites are out of equilibrium with their enviroruirent in terms of

mineralog), and Sr isotope conpositiolt, and were clearly not formed in
situ. Therefore an estimate of their depth of origin must be based on

one of the follorving three models.

1. The parent magma rnay have been t'¡ater-saturated, and in this
case could not have been generated by partial melting of

crustal rocks nlore than a fel kilornetres a\,¿ay from the site
of enplacement for the reasons discussed above. Thus a very

high geothermal gradient would be required to obtain the

temperatures necessary for urelting at these comparatively

shallorv depths. A geothernal high is indicated by the meta-

morphic assemblages in Kanmantoo Group metasedirnents adjacent

to the granites. However, the metamorphism largely post-

dated the ernplacernent of the granites and therefore the geo-

thermal high was probably not responsible for their origin.
2. The parent magrna may have been derived by partial nelting of

water-deficient rocks at depths betrçeen 25kn ancl 35km assun-

ing a normal geothennal gradient of 2O-3OOC km-1. Alternat--

ively , partial melting cou1c1 occur at shallower depths with

higher geothermal gradients. In either case, the rnagma would

have been water-defícient, and may have migrated some dis-
tance to the present site of emplacement.

3. The parent magma may have been deri-ved by crustal contamin-

ation of the product of fractional crystallisation of magna

of basic or internediate composition. The granite magma in
this case would also be water-deficient, and could have

nigrated some distance upwards to the present site of emplace-

ment.

It is concluded that either of nodels (2) or (3) provides the rnost

likely explanation for the origin of the parent magma of the Encounter

Bay Granites. Although these possibilities can not be distinguished on

the basis of the avaiiable evidence, a model (2) origin is presently
favoured.
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SECTION 4

DISCUSSION AND CONCLUSIONS

As deduced from structural observations at the contact between

the Encounter Bay Granites and the Kanmantoo Group metasedimentary rocks

in the Encounter Bay area, the granites were emplaced and had crystal-
lised prior to the onset of penetrative structural deforrnation of the

metasedimentary rocks. Parts of the marginal phase of the granites

were subsecluently deforned duríng the two generations of foldíng
recognísed in the area, although the pluton as a whole seems to have

acted as a rigid body and resisted defcrmation.

Observations of the structural and metanorphic fabric of the

Kanmantoo Group metasedimentary rocks indicates that conditions colt-

ducive to the crystallisation of cordierite a-nd andalusj-te comnenced

at about the time of emplacement of the Encounter Bay Granites, but

continued for a significant time after the granites had crystallisecl.
On the basis of Rb-Sr data, metamrrrphisn of dininishing intensity
appears to have continued for more than 50m.y. after entplacernent of the

granítes.
The apparent absence of a conspicuous contact aureole adjacent

to the granites is pr:obably due to the unsuitable chemical cornposition

of the mutasedimeniary rocks. In fact, Kanmantoo Group metasedinlents

are general ly of inappropríate chemical composítion to develop rninerals

that ere conspicuous indicators of metamorpl'tic grade, and for this
Teason cordierite, andalusite, garnet and calc-silicate minerals occrlr

only sparsely in these rocks. It is tirerefore difficult to test for a

causativ,: relationshíp between the entplacement of the Encounter Bay

Granites and the metamorphism. Horvever, the fact that cordierite is
restricted to some pelites near the graníte outcrops at Rosetta Head

(Figure 7) a¡d is pre- to syn-F1 in age suggests thar cordierite may

have crystallised in metasediments of appropriate conposition in the

thermal aureole of the granites. 0n the other hand, the crystallisation
of andalusite, garnet, 'and calc-silicate minerals occurred on a regional
scale and largely post-dated the clystallisation of cordierite. These

rninerals are believed to har¡e crystallised ín response to a regíonal
geothermal high which can not be directly related to the Encounter Bay

Granites.

The origin of the regional geother:ma1 hígh that accompanied the

empiacement of the Encounter Bay Granites is not c1ear. It is unlikely
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to have been responsible for the origin of the granites, and is equally

unlikely to har¡e been produced solely by the gratrítes, since these are

usually r:egarded as only 1oca1 sources of thermal energy when emplaced

at high 1evels in the crust. However, the presence of basic magmas at

depth is a possible source of the geot-hermal high and nay also have

provided the high tenperatures necessary for partial melting of crustal

rocks to produce granite nragmas. The Black FIi11 Norite, which crops out

to the north of l''lannum (Figure 2) and is about the same age as the

Encounter Bay Granites on the basis of Rb-Sr data, demonstrates the

presence of basic magmas r-vilhin the metamorp}ric be1t. Regional meta-

rnorphic minerals that pre'-date the emplacement of the granites have not

been recognì.sed in the area investígated and therefore normal crustal
temperatures plobably existed at this time.

- It is difficult to visualize iulrc forrn of the original intrusion
of Encounter Bay Gralrites because of poor exposllre. However, the out-

crops at Cape lllilloughby and in the Encounter Bay a'rea appear to be

rernnants of the north-weste::n wa11 of an intrusion that nay have

extended south-eastwards beneath the present ocean (Figure 2). In all
exposures of the contact between the granites and the Karunantoo Group,

the granites overlie the netasedimentary rocks at an angle between 45o

and 600, and are Lrroadly concordant with bedding in the metasedimerttar¡r

rocks. As discu.ssed in an early section of the thesís, bedding plane.s

seem to have been preferentialLy available as planes of weakness at this
tíme, and may have control-Led the emplacement of the Encounter Bay

Graníües as a whole. Under these circumstances, the pluton may be

broadly sireet-like jn form. The dorninance of bedding as the structural
inhonogeneity in Kanmantoo Group metasediments was lost afte-r the

emplacenent of the granites and the F1 phase of folding, presumably

Lecaus;e of the combined effects of regional metamorphism and penetrative

stauctural deformatíon. For example, post-F1 basic dykes and pegmatites

are always discordant.
An anatectic origin ís presently favoured for the Encounter Bay

Granites. The parent magma could well have been generated by partial
rnelting of water-deficient crustal rocks at depths of less than 351'.m,

assuming normal geotherrnal gradients (Brown and Fyfe, I97O; Brown,

I973). Alternatíve1y , partial melting of crustal rocks could have been

induced by high temperatures accompanying the upward novement of mantle-

generated basic or intelrnedíate magrflas (see for example Cobbing and
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Pitcher, Ig72). ltlhateveï the mechanism, the nagma would have been

water-deficient and could have migrated a significant distance upwards

in the clust to the present site of emplacement, estinated to be at a

depth of less than 1Okn. S1877SrB6 ratios indicate that the parent

magma (0.711) could not have been derived by partial nelting of Kanman-

too G::oup metasediments (0.718-O .722), but was derived from crustal

rocks of lower SrB77SrB6 ratío that probably occur at greater depth'

subsequent to its fonnation, the parent magma of the Encounter

Bay Granites r^ras contaminated by crustal rocks. For example, thg hybrj-d

granites may represent metasedínentary rocks that tr'ere incorporated by

the magma at an eatly stage of its crystallisation history. Alter-

natively, it is possible that the hybrid granites represent the

variously assimilated refractory residue of crustal naterial carried

upwards by the magma from the síte of anatexis. Kanmantoo Group neta-

sedimentary rocks constituted an obvious source of contanination of the

margins of the intruding nìagna as it approached the pÏesent site of

emplacement and as discussed in the previous section, the initial
g"B77gaB6 ratio for the border facies negacrystic granite is consistent

with contanination of the palent nagma rvith Karunantoo Group meta-

sedinentary rocks. The magma was emplaced at the 1evel nov¡ exposed in

a nobile but crystal-rich condition. Wedging apart of bedcling planes

and active stoping appear to have been ímportant enplacenent nechanisms

on a small sca1e, but there ís insufficient exposure to enable an

assessment of the mechanisms that nay have been active during the

emplacement of the pluton as a whole. The intrusion was finalì.y con-

strained by the rapid crystallisatíon of íts margins, apparently due to

the relatively sudden loss of volatiles and the consequent increase in

solidus temperature.

The emplacement age of the Encountel Bay Granites between

S23m.y. and 531m.y. is l'Iíddle Cambrian, accordíng to the geological tiine

scale compiled by Harland, Smith and Wilcock (1964). The rnetasediment-

ary rocks intruded by the granites are part of the youngest formations

of the type sequence of Kanmantoo Group metasedimentaTy rocks. The

Kanrnantoo Group conformably overlies fossiliferous Lower Ca:nbrían neta-

sediments ancl is regarded as Cambrian in age, although no diagnostic

fossils have yet been found (Dai1y and Milnes, I97Ia,7972b, L973;

Fígure 4 of this thesis). The fossíliferous Lower Canbrian meta-
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sediments are in excess of 1,000n thick in their type section, and

disconforrnabLy overlie Protero zoic Adelaide Supergroup metas edirnents .

The Karunantoo Grou-p is possibly 10,00On thick in its type section, a1-

though the thickness is difficult to estimate because of repetition due

to foLding. Sedimentary cover on top of the Kanmantoo Group meta-

sediments intruded by the Encounter Bay Granites nay have been up to
10,00On thick, as estimated from the pressure assumed for the crystal-
lisation of cordierite and andalusite in netasedirnents adjacent to the

granites at about the tíme of their emplacement. If the age of the base

of the Cambrj.an in this region is 57Orn.y. (l-larland, Snith and lVilcock,

1964), then the fossiliferous Lower Canbrian netasediments, the Karunan-

too Group rnetasedirnents as presently known in the type section, anC the

sedimentary cover, were deposited prior to the ernplacement of the

granites during the I'liddle Cambrian, 532-53ln.y. ago. This 4O-5Om.y.

perioci betv,'een the base of the Canbrian and the emplacement of the

Encounter Bay Granites recoîds the deposition of up to 2O,000m of
sediments in the area studíed, presurnably in an actively subsiding

basín

The metasediments intruded by the granites must be older than

523-53Ln,y., and nay be of Lowe-r Cambrian age. Therefore the cover

probably included sediments of Middle a:rd Upper Cambrian age. These

sediments rnay have correlated in part wíth the fossiliferous Middle

Cambrian 1ímestones and clastics intersected in bores on Yorke Peninsula

(Daily, I9S7, 1967, 1968; Figules 2 and 4 of this thesis). Metamor-

phism and regional folding of Kanmantoo Group netasediments in the a::ea

studied largely post-dated the emplacement of the Encounter Bay Granites.

The onset of regional folding is assurned to have marked the end of
sedimentation in the basin. Daily (private communication, I972)

suggested that sedj-mentation in areas of the Flinders Ra;rges (Figure 1)

about sOokrn to the north contínued through the Middle and Upper Cambrian

and into the Lower Ordorrician. This suggestion may not be at variance

with tlre radiometric daTa for the Encounter Bay area, Iloivever, it
shoulcl be pointed out that metamorphistn outlasted the first generation

folding in the Encounter Bay area, and ended about 47ûrn.y.ago ín the

Lower Ordovician.

The subsequent geological history' of the Encount.er Bay Granites

is interesting because of the fact that the granites were exposed at the
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APPENDTX A

The results of several aspects of the investigation of the

Encounter Bay Granites and their environrnent have been published or are

in press. Reprints (or pre-prints) of these papers, as listed belorv in
order of date 'of publication, are included in this Appendix. *

1. Daily, Il. and Milnes, A.R. (197I): Stratigraphic notes on the Lovrer

Canbrian fossiliferous metaseclinents between Canpbell Creek and

Tunkalilla Beach in the type section of the Kanmantoo Group,

Fleurieu Peninsula, South AustraLia. Trans. R. Soc. S. Aust.

95, r99-2r4.
2. Dai1y, B. and Milnes, A.R. (1971). Discovery of Late Precambriair

tillites (Stu::t Group) and. younger metasediments (Marino Group)

on Dudley Peninsula, Kangaroo Island. Search 2, 43I-433.

3. Dasch, E.J. , It{i1nes, A.R. and Nesbitt, R.l{. (1971) . Rubidium-

strontium geochrorrology of the Encounter Bay Granite and

adjacent metasedimentary rocks, South Australia. J. geo1. Soc.

Aust. 18, 259-266,

4. Daily, B. and Nlilnes, A.R. (1972). Signifi-cance of Basal Cambrian

rnetasecliments of andalusite grade, Dudley Peninsula,' Kangarcc

fsland. Search 3, 89-90.

5. Nfilnes, A.R.and Bourman, R.P. (1972). A Late Pal-aeozoic glaciated
granite surface at Port E1líot, South Austral-ia. Trans. R. Soc.

S. Aust. 96, 149-155.

6. Daily, B. and ltfilnes, A. R. (1972). Revision of the stratigraphic
' nomenclature of the Cambrian Kanmantoo Group, South Australia.

J. geo1. Soc. Aust. 19, I97-2O2.

7. Daily, B. and I'lilnes, A. R. (1973, in press) . Stratigraphy, structure
and metanorphisn of the Kanmantoo Group (Cambrian) in its type

section east of Tunkalilla Beach, South Australia. Trans. R.

Soc. S. Aust.

8. Daily, B. , Jago, J.B. and lt'filnes, A.R. (L973, in press). Precambrian

blocks and ar:cuate trends in South Australia and Tasnania.

Nature Physical Science.

*See back pocket.
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APPENDIX B

ELectron probe micz,oanalusis ol oLe in Sz fTac ture-cleauaqe in
MiddLeton Sandstone in MiddLeLon quatz'A

Average of 6 spot analYses

Si02
4120 3

Ti02
Mn0

Total Fe as FeO
I,fg0
Ca0
Na20
TOTAL

51
4
o
0
8

.3

.4

.ls

.15

.9
17.3
12.S
0. 81

95. 5

Structural formula calculated on the basis of 23 oxygen atoms:

si 7.4s
A1 0. 55

Tetrahedral 8.00
A1 0.2r
Ti o.o2

Fe as Fe+2 1.09
Mg 3.76
Mn O.O2

Y 5.10
Ca 1.95
Na O.23

X 2.T8

The analysis is quoted to within the calculated counting err.ors.

The analytical conditions were as follows:
Accelerating voltage - 20Kv
Beam current - 50nA
Beam fu11y focussed
Flott proportional counters
Counti.ng tine - 10 seconds (peak and one background position)
Standards used - Olivine (Fe, Si, Mg)

Mn metal
Rutile (Ti)
Bytownite (ca, A1)
Jadeite (Na)

According to Deer, Howie and Zussman (1962), hornblende can be

distinguished fron actinoiite on the basis of the number of A1 ions

allocated to tetrahedral positions in the structural forrnula: hornblende

contains greater tltan 0.5 tetrahedral A1 ions per fornula unit. The

anphibole analysed here is therefore hornblende.

The Canbridge Instrlunents rtGeoscanrt electi:on microprobe used

for this and all other analyses ín this thesis incorpolates a servo-

control system which moves each of the tv¡o spectroneters to fotr pre-set

angular positions, thus allowing the rapid deterninatíon of up to eigh'u

elements in a selected spot. Background counts nay be taken at p:re-
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selected angles up to 5020 from each peak position, also using the

servo-control mechanism. The results of each spot anall,sis are pri-nted

as peak (and corresponding backgrouncl) counts per second on a teletype
with paper-tape facility. The raw data are c.onverted to absolute

elenent or oxide concentrations according to the method of Sweatman and

Long (1969) using the plocedure of Oertel (197f). The paper-tape read-

ing program MICANCOR (written by H. Rosser, C.S.I.R.0. Division of
Soils) provides direct entry of the raw data into a CDC 3200 computer

and incorlorates the correctíon program of Oerte1 (1971).

Electron probe microanalyses must be quoted to rvithin counting

error since the analytical precision can not be any better than this.
In general, the analytícal precision is expected to be worse than count-

ing error because of drifts in count rate due to decomposition of nany

minerals (includíng hydrous minerals and alka1i-rich mj-nerals such as

feldspars and jadeite) under the influence of the electron beam in the

evac.uated specirnen chamber (li{cConne11, 1969; Sweatman and Long, 1969),

and because of serious sampling errors on a micron scale. Uncertainty

in many of the parameters used in correction of the raw data ttay account

for significant errors in the accuracy of electron probe nicroanalyses,

but these errors are difficult to assess.
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APPENDIX C

ELectv,on microprobe eæaminntion of the striced Lauerinq in Petrel Coue

Forrnation metas edintents adjace'nt to the Encountev, Bau Gz,anites at
Rosetta Head

A polished-thin section of a rnetasiltstone containing two

stripes was prepareri for electron microprobe examination. The stripes
are light coloured layers deficient in biotite relative to the remainder

of the rock. Each strípe is bordered by a bir:tite-rich zone, and con-

tains a distinct but thin central-fracture fi11ed with quartz and bio-
tite. Electron probe microa-nalysesl of biotite and plagioclase2 in .the
stripes and in the host rnetasiltstone were carried out in order to test
for differences in the conposition of these ntinerals (Table Cl). In

addition, changes in the rock cornposition were determined at 150 micron

intervals across the boundary between a stripe and the host metasilt-
stone. At each spot, the analysis was nade with the focussed electron
beam rapidly scanning an area 100 nicrons square. The a::ea scanned

generally included parts of several mineral grains because of the fine
grain size of the rock, and so each of the analyses (Table C2) is col-t-

sidered to at least approximate the composition of the roc.k in that
area.

The biotite and plagioclase analyses given in Table CI indicate
that there is no apparent difference in the chemical composition of
these ninerals in the stripe and in the host rnetasiltstone.

0n the other hand, the ¡'rock" analyses given in Table C2 (and

rAnalytical conditions :

Accelerating voltage - 2OKv
Beam Current - 50rú (Beam focussed)
Flow proportional counters

. Counting tine - 10 seconds (peak and one background position)
Standards used - Biotite (Fe, Ti, K, Si, 41, li{g)

Bytor,inite (Ca)
Jadej.te (Na)

Corrections.to the ralv data were applied according to the
method of Sweatman and Long (1969) using the procedure of
0erte1 (1971).

The analyses given in Tab1es Cl and C2 are quoted to within calculated
counting error.

2Plagioclase is untwinned, but is readily di.stinguished fron quartz in
the microanalyser because of a distinctive blue luminescence emitted
upon el.ectron bombardment
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sunmarised in Figure C1) indicate a decrease in the concentration of

Na2O, CaO, FeO and 41203, but an increase in the concentration of Si02

in the stripe relative to the host netasiltstone. These differences

point to a deficiency of biotite ancl plagioclase and an enrichment of

quartz in the stripe relative to the host metasiltstone.

The data presented here are consistent with recrystallisation
follorving the rearrangernent of mineral components in the loca1 envíron-

ment of the stripes. For example, the occurrence of biotite-rich
borders along t-he stripes and the concentration of an<1a1usite poikilo-
blasts adjacent to stripes in andalusite schists points to the prefer-

ential migration of Fe, Nfg, K ancl Al out of the striped layers and into
the adjacent metaseditnent. There is no evidence for the accumulation

of Na and Ca in the adjacent rnetasedinent in the specinnen exanined, and

it seems 1ikely that these elements may have been lost from the local

system. However, Si appears to, have been introduced into the stripe.
All stripes exhibit a thín central fracture which is commonly fi 11ed

with quartz andfo'r biotite. Miglation of elements out of the zone

adjacerrt to the fractu::e, which is believed to-be of tensional origin on

the basis of field evidence, frãY well have been facilitated by the

pe:rcolation of water-rich fluids along the fracture. The occurrence of

thin quartz-rich pegnatite veins parallel to the striped layering in
several païts of the Petrel Cove Formation supports this suggestion.

Recrystallisation of the metasediments immediately adjacent to the

stripes accornpanied the alteration, and occurred at tenperatures con-

ducive to the fornation of andalusite poikiloblasts. The composition

of the plagioclase (about Ange) in both the stripe and the host neta-

siltstone is consistent wj-th metarnorphic conditions of andalusite grade.



TABLE Cl

Compar ison of the mineral chenistry of biotj-te and p lagioclase in stripe

and host metasiltstone Isp ecinen V3- co 11 . Prof . J . L. Talbot')

Electron probe microanalyses of biotite and plagioclase crystals in
the host metasiltstone

I

Si02 36.3
ÃL2O3 20.2
Ti02 1.55

Total Fe as FeO IB.7
MgCl IO.7
CaO 0.01
Na2O O.34
KzO 8.7
ToTAI 96.5

Biot 1 Biot 2 Biot 3

35.8
20.r
1.51

18. O

Plag 1

s9. 7

26.4

PIag 4

58. 7

26.5
0
0
0
B

6
o

100

o4
8
I
06
8

04
4
9

0.
0.
7.
7.
0. 04

6

10. 8
0.01
0. 46
8.8

95. 5

100

o4
I
0
05
0

0
o
0
B

7

0
100

o
o
o
8

7

0
100

59. 9
26 .4
0.00
o. 05
0.03
7.8
7.3
0.06

r01.5

01
o2
0
2

05
I

0.
0.
0.
L
7.
0.

o2
I2
8
5

36.4
20 .0
1.51

18. 6
10. I
0. 00
o.42
8. B

96.5 1

Bíot 3

36.5
19. B

50

)

.00

.03

.04
,7
.3
.04
)

Biot 4

35 .9
19.9'
r.49

18. 9
10. 9
0.00

PIag 2

59. 1

26.3
o.o2

38.0
6t.7
0.5

I Plag 2

59. O

25.8
00
01
01
0
3
o4
?

37.6
62. L

0.3

Plag 3

59. 3
26.3
0.03

37 .6
62.C
0.4

Plag 3

58. 8
25.9

.00

.10

15
00
01

40. I
s9. 6
0.5

001

0. 06
0.03
7.9
7.7
0. 05

100. 6

0
0
o
7

7

0
0r
36.7
63.0
0.3

An
Ab
0r

2. Electron probe microanalyses of biotite crystals in the biotite-rich
zone bordering the strípe

Biot 1 Biot 2

Si02 36.2 35.6
4120 3 20. 1 19. B

TíO2 r.52 1.51
Total Fe as FeO 18.3 18.5

Itfg0 10. B 10.9
CaO 0.01 0.00
Na20 0.31 o.29
KzO 8.9 8.5
TOTAL 96. 1 95.1

3. Electron probe mícroanalyses of nica and pl.agioclase crystals in the
stripe

Biot 1 Biot 2 Musc. PIag

.9

.1

.o

.1

.0

.9

1

I7
11
0
0
9

95

2 0.
8.

96.

27
7
I

SiO2 36.5
41203 20.1
Ti02 I.4L

Tota1 Fe as FeO 18.4
MgO 10.6
CaO 0.03
Na20 o.32
KzO 8.9
TOTAL 96.5

9
36
19

a

1. 48
77.8
LO.7
o. 05
0. 51
8.7

95. 1

48.0
37 .8

4agP1

00

59.0
atr o
LJ.O

37 .9
61.8
0.5

o
0
0
o
1

8
97

44
74
60

38"9
60. 8

0.5

An 37.0
Ab 62.7
Or 0.3

Analyst: A.R. Milnes



TABLE C2

Electron probc rnicroanalyses of 100 micron s quares at 150 micron

intervals acloss bounclary between stripe and host metasiltstone
(specimen V3- co11. Prof. J.L. Talbot )

1

SiOz 73.3
A1z0 ¡ 12 .6

?

77 .7
12.5

3

76.5
12.6
0.55

84. O

8. 31
0. 19
))o
1. 15
1 .60
l. 59
1. 50

100. 6

74.4
16. B

0.13
0.93
0. 6r
2.7I
2.98
2.O9

100.7

it24

74.
13.

74.
13.

s2.6
16 .3

6

79.4
11. 1

o.28
2.45
1.51
L57
1 .51
2.32

100. 1

7

64.6

.91

.34

.60

48. 1

19. B

0. 96
1r.3

'7

.74

.68

.07
,3

77 .6
12.s
0. 19
2.O2
r.05
2.12
2.17
r.28

98.9
*28

42. r
20.9

1. 06

54

I
7

,2
.97
.06
.94
.55
.70
.oB
.2

66

0
1

14

19
19
8

3
37
35

43
9

19
o
3

1

2

2

J
97

8

B

?)
93
50
1B
51
43
4

o
1

1

6
96

0
3
19
s4
19
3

14.
B.
1.
1.
7.

96.

18.2
o. 85

LI.3
6,0
1. 88
1. 88
5.2s

95.4

70
16

2

3
I
1
aL

2
00I

7

o
4
1

3

3
2

TiOz
Total Fe as FeO

I'lgo
Ca0
Naz0
Kzo

o.34
4.6r
2.85
2.27
2.30
2.44

o.
)
1.
)
')

')

100.
*12

0
T2

7

o
1

5

97

8

3
64
7

60
tr1

6B
iz
)

L4.
0.
7.
4.
1.
1.
3.

101.

o
2

1

T

I
1

101

o
5
3
2
1

3
95

.23

.72
o
2

1

2

68
30
85
9I
27
7

22
84

0.
0.
0.
1.
)
)

98.

6
9
23
22
o7
4I
33
65
4

12.
0.
)
1.
)
2.
1,

2

4
27
67
66

)
1.
1.
1.
a

99.TOTAL 100.7

8

1

1.
101 .

9

100.

ti23

88.2
7. 85
0.07
o.27
0. 18
1.46
1.34
O. BB

100. 3

10 11

55
52
3

0
41
3B
49

100

66

*13 *14

SiOz
Alz0s
Ti02

Total Fe as FeO
l'{g0
Ca0
Naz0
Kzo
TOTAL

74.2
15.3
o.23
2.O3
r.o4
2.13
2.3r
2.6r

99.9

41.8
18.4
1.35

16.2
.99
.5
.0
.74
.18

45
59
50
44
3

79
9
0
4
2

1

1

2

101
99
3

9
0
0

95

.5

.03

.4r

.96
1

#2I*15

77

#16 #77 #18 #19 +t20

Si02
4120 3

TiOz
Total Fe as FeO

Mgo
Ca0
Na20
Kzo
TOTAL

Si0z
A1z0s
Ti0z

Total Fe as FeO
Mgo
Ca0
Naz0
Kzo
TOTAL

65.
13.

76.
15.

84. 8

7. 89
88. 9
6.74
0.08
0.65
o. 38
r.41
7 .72
0. 5B

oo.5
*27

50.0

2

4
52
91
29
27
B5
39
8

80
46
94

#25 *26

.33

.81

.24

.51

.46

.44

.5 1

#22

77.2
13.9
0.39

.o4
97 .9

o
0
1

1

2

7T
4L
55
69

0.
2.
1.
)
2.
2.

99.

')

)
.4t
.43
.26
.96
.20
.35
.0

77.3
72.r

o .46
5.14
2.62
1. B0
r.98
2.62

98 .0

40
33
o3
0



TABLE C2 (Contrd)

Electron probe mí-croanalys es of 100 nicron squares at 150 micron

intervals across boundary between stripe and host metasiltstone

címen V3- co11. Prof. J.L. Talbot

*29 30

Si0z
41203
Ti02

TotaL Fe as FeO
Mgo
Ca0
Na20
Kzo
TOTAL

6s. 8
14.0

78. B

9.74
0. 40
2.87
1. 58
2.12
2.OI
1. 5s

99. I

31

72.3
13.9
0. 35
3.4s
1.6
3.O
2.9
1.5

o.77
8.2
s .47
I.T2
r.32
4.29

101 .0

3
3
I
B

99.2

*Biotite-rich border zones
#Striped Layer

Analyst: A.R. Milnes



FIGURE C1

Ðiagrem showing the changes in Si02,41203, Na20, FeO and CaO concen-
traiion in an electr'on nicroprobe traverse acToss a single striped
,Iayer rvith biotite-rich margins in Petrel Cove Formation rnetasiltstone
V3. The clistance between adjacent analyses (numbered 1 to 31) was 150

microrrs. Each analysis included the determination of all five oxides,
and was made with the focussed electron bea¡t scanníng an area 100
rnicrons square on the specimen surface.
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APPENDTX T)

IdentificatLon of aLtered poíkíLobLasts ín Karunantoo Granp rneta-

sedimentaz'tt t'ocks

Many andalusite-cordierite schists in the Petrel Cove Formation

in the type section of the Kanmantoo Group contain altered poikiloblasts
composed of microcrystalline yellow-brown coloured material that is al-
most isotropic. Electron probe microanalysesl of the altered poikilo-
btasts in a polished-thin section of specimen SC-106 (andalusite schist)
for the elements detected during reconnaissance spectrometer scans are

given in Table Dl. The anal¡'ses are variable due to tlte difficulty of
locating the focussed electron bearn on areas free of inclusions. Never-

theless, they are sufficiently consistent to indicate that the alteration
product is probably a hydrated alumino-silicate. X-ray powder diff-
raction photographs of the altered poikiloblasts carefully cut fro¡,r the

specimen using a dentistts drill with small dianond-tipped circular sarv

attachment indicate that the alteration product is kaolinite.
As described in the rnain text of the thesís, poikiloblasts com-

posed of the material identified here as kaolinite are considered to be

altered cordierjte poikiloblasts. Many authors have opticalLy identif-
ied the fine grained alteration products of cordierite as pinite, which

is a general term used to denote very fine grained chlorite and sericite
(Deer, IJorvie and Zussman, 1962). Although the identification of these

alteration products by optical rneans is tenuous, sone authors have con-

fírrned their optical identification by X-ray powder diffraction tech-

niques (see for example Bosma, 1964). The identification of kaolinite
as an alteration product of cordierite has not previously been recorded.

There j-s however, considerable scope for further electron microprobe

studies of the fine grained alteration products of cordierite, both in
Petrel Cove Formati-on metasediments and in rocks from other areas.

Altered post-Si poikiloblasts in a spotted phyllite (SC-47) in

rAnalytical conditions :

Accelerating voltage - 20Kv
Beam current - 50nA (Beam focussed)
Flow proportíonal counters
Counting tine - 10 seconds (peak ând one background position)
Corrections to the raw data were applied according to the
method of Srqeatman and Long (1969) usíng the procedure of
Oertel (1971).
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the Tapanappa Forrnation at Tunkalilla Beach in the type section of the

Kanmantoo Group are cornposed of a microcrystalline naterial which has

low to intermediate birefringence and a distinctive wavy extinction.
The poikiloblasts are considered to be altered andalusite, as explained

ín the rnain text. Electron probe rnicroanalyses of the altered poikilo-
blasts are given in Table Dl. The analyses do not include K. Holever,

the high concentrations of Si and A1 and the 1ow co¡rcentrations of
other elements are consistent with the alteration product being mus-

covite. 0n the basis of its optical char:acteristics, in particular
its nicrocrystalline habit and wavy extinction, the alteration product

is herein identified as i11ite.
lrluscovite is commonly reported as an alteration product of

andalusite (Deer, Howie and Zussman,.1962). In many andalusite
schists in the Petrel Cove Formation in the type section of the Kan-

nantoo Group, the andalusite has altered to fine grained rnuscovite

(sericite) which is readily iden-uified on the basis of its optical
characteristics. The alteration of andalusite in these rocks to i11ite
is a less conmon but nore distinctive phenomerion.



TABLE D1

Electron probe microanalyses of altered poikiloblasts in specimen SC-106

5

SiO2
4120 3

Total Fe as FeO
Mgo
TOTAL

4321

43
4T

0
0

85

40. 1

36.6
5. 60
1. 15

85. 5

44.5
4r.7
1.06
o. 96

BB. 2

.3

.1

.37

.90

.7

39
34

2

4
81

43
39

a

2

87

.6

.8

.98

.11

.5

5
3
46

.22

.3

Standard used: Biotite (Fe, Si, 41, Mg)

Electron probe mic::oanalyses of altered poikiloblasts in specimen SC-47

47.O
34.6
o.o2
0.03
1. 85
o.77
o.29
0. 16

84.7

2

49. 8
33. 5
o.o2
0. 03
2.40
r .43
0.40
0. 16

87 .7

3

48.

I
SiO2
41203
TiO2
I{n0

Total Fe as FeO
Mgo
CaO
Na2O
TOTAL

Analyst:

Analyses

34
0
o
1

o
o
o

86

B

?

o4
.04
.93
.BB
.44
.19
.5

Standards used: Garnet (Fe, Ca,
0livine (l,le)
Mn metal
Rutile (Ti)
Jadeite (Na)

si, A1)

A.R. Milnes

are quoted to rvithin calculated counting enor
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APPENDIX E

The mineraL chemistru of some calc-siLicates and metasiltstones .from

the tupe section of the Kanrnanl,oo Gt,oup, uith specíaL refev'ence to
garnets

Total.rock, garnet, chlorite and hornblende chernical analysesl

for three specimens of calc-silicates from the Carrickalinga Head Form-

ation (Figure 5) are given in Tables E1-E5. 0n the basis of the total-
rock chernícal analyses and textural observations, the c.alc-silicates are

considered to have originally been impur:e dolomitic siltstones. The

calc-silicate rnineralogy supports this postulate. As described in the

rnain text of t:he thesis, the metarnorphic fabric of the calc-silicates
is believed to have been the result of post-FI crystallisation.

Chlorite in the calc-silicates can be identífied as rj-pidolite
on tlre basis of the structural formulae (Hey, 1954; Deer, Howie and

Zussnan, 1962). Hornblende in the calc-silicates contains on the

average 1.71 atoms of A1 replacing Si in tetrahedral coordination.
Garnets in the calc-silicates SC-1 and SC-2 record a depletion

of spessartite cornponent and a corresponding enrichnent of grcssularit.e
component in their rins (Tables El and E2). The garnet in calc-silicate
SC-3 records a depletion of spessartite and grossularj-te, and a corres-

ponding enríchment of almandine and pyrope in its rins (Table E3). In

.contrast, garnets in two netasiltstones (SC-4 and 446) record depletions

of grossularite with enrichments of almandine and to a lesser exterÌt

pyrope in theír ríms (Tables E4 and E5). These data are summarised

graphically in Figure E1.

Brown (1969) suggested tha.t depletion of spessartite in garnet

ITotal-rock chemícaI analyses were carried out by X-r:ay fluorescence
according to the method of Norrish and Hutton (1969). lufineral analyses
r{ere carríed out on a Cambridge fnstruments rrGeoscanrr electron probe
.¡nicroanalyser usíng the following conditions :

Accelerating voltage - 20Kv
Beam current - 50nA
Bean fu1ly focussed
Flow proportional counters
Counting time - 10 sec-onds (peak and one background position)
Standards used - Garnet (Fe, trÍn, Ca, Si, 41, Mg)

Rutile (Ti)
Jadeilce (Na)

Corrections to the ralr' da'ba u'ere made according to the method
of Sweatman and Long (1969) using the procedure of Oertel
(ls71)

The analyses in the accompanying Tables are quoted to within counting
eÏror.



82,

Tims may result either from depletion of lt{n from the equilibrium system

during crystallisation, or frorn a change in metamorphic grade. In
general, a depletion of spessartite (or grossularite) accompanied by

an enrichment of almandine in garnet rins is attributed to an íncrease

ín rnetamorphic grade (Sturt , 1962; Atherton, 1968; Brown, 1969). How-

ever, this postulate has been challenged by Mutler and Schneider (1971),

whose data suggests that changes in lt{n contetìt are dependent in a com-

plex maniìer on tenperature, pressure and oxygen fugacity.
Calc-silícates SC-1, SC-2 and SC-3 contain sufficient mineral

phases to suggest that their garnets were unlj-ke1y to have compositional
freeclom at constant metaflorphic grade. Therefore it seems like1y that
the depletion of spessartíte in the rims of the garnets in these rocks

resulted from a change in metanorphic. grade, and hence a change in the
garnet-forming reactíons. The lact that garnets in SC-I and SC-2

exhibit enrichrnents of grossula¡ite in theír rirns whereas garnets in
SC-3 contain almandine enrichecl rins Ls puzzling, bu.t may indicate tJrat

the garnet-forming reactions in each case were different. The metasilt-
stone SC-4 contains too few mineral phases to have controlled tire com-

posítional invariance of ihe garnets at constant netanorphic grade, anrl

so the depletion of spessaitite in the garnet rins is probably the result
of Mn depletior-r of the system during garnet growth. As these specimens

were collected from the same 1ocalíty, it is unlikely that they were

affected by different metamorphic conditions. Therefore, an explanation
of the zoning in terrns of lvln depletion of the systens induced by a
change in metamorphic grade (of unknorvn nagnitude or direction) seerns to
be the most acceptable in terms of the avaitable data.

The garnet in the netasíltstone 446 exhibj-ts an enrichment of
alnandine and to a lesser extent spessartite, and a depletion of gros-
sularite in its rímS, and so contrasts with the cornpositional zoning in
the garnets described above. However, this specimen was collected from

the Petrel Cove Formatíon in the immediate vicinity of the Encounter

Bay Granites at Rosetta HeaC, about 4Okm east of the calc-sílicates and

the metasiltstone SC-4. As it ís unlikety tliat the neLamorphic con-

ditions were exactly conparable in the two areas, especially in view of
the proximity of the Encounter Bay Granites to 446, the nature of the
zoning in the gar:rets can not be directl;r compared. Analysis of garnets

and associated minerals in the intervening parts of the tyþe section
are clearly requíred.



TABLE El

The tota l-rock and mineral chernistry of calc-silicate SC-1 from the

Carrickalinqa Head Formation

TR GARNET GARNET

si02 6r.7
A12O 3 14. 3
TíO2 0.71
MnO 0.41

Total Fe as Fe2O3 5.64
Total Fe as FeO

MgO 2.60
CaO 9.19
Na2O 1.00
KzO O.37
PzOs O.2O

Ignition loss 2.98
TOTAL 99.1

Sr ppn 27O

Rb ppm 50

Structural formulae
Si
A1

Tetrahedral
A1
Ti

Estimated Fe+3
Fe*2
Mg
Mn

Y
Ca
Na

X
X+Y

o0 00 6.00

CHL* HBL**

.3

.5

.15

.47

22.O
16.4
0. 10
0. 19

6.29
I .77
8.00
r.o2
o. 05

1.98
1. 93
0. 10
5.09
2.OO
o.2r
2.2r

12.08

rr.2 9.86 11.4 8.47

core
37 .t.
21.r

2r.2
r.32
7.69

.98

.02

.00

.53

.01

.33

1lm
37.O
2r.4

20.7
1. 30
9.11

.95

.05

.78

.31

.34

.02

.57

core
36.4
2r .4

r1m
37.2
2r.6

4r.7
15 .4
o.44
0. 75

24
2I

0
0

L5.7
8.6

12.4
1.45

20
I

10

2L4
1. 36
7 .66

.3

.47

:n

99.6 99. 9699499 96.48s. 1

5
o
6
5

o
2

0
1

4
I

6

.00

.0199

5
0
6
4

0
2

0
I
4
1

6

5
o
6
5

.00

.96

o.r2
2.78
0. 33
r .57
4.08
r.33

.92

.08

.00

.64

.55

.14

.05

s.22
2.78
8.00
2.6s
o.o2

.98

o7

89
11

5

0
6
J

0
2

0
1

4
1

6

o2
83
32

01
3.96
5.26
0.09

o.o2
0. 08

.87

o0

Proportions of garnet end-rnembers
Alnandine 46.9 45.4 43.4
Spessartite
Pyrope
Grandrite
(Andradite)

* Chlorite - average of 3 spot analyses (ripidolite)
** Hornblende - average of 4 spot analyses

Str,¡ctural formulae calculations :

garnet - basis of 24 oxygen atoms
chloríte - basis of. 28 oxygen atoms
hornblende - basis of. 23 oxygen atoms

Total-rock X-ray f luorescence analysís by I.C. lvladsen
Electron microprobe analyses of minerals by A.R. lulilnes

25.4
5.3

22.4
o.4

18. 8
5.8

32.O
L.2

46.2
22.3
5.2

26.3
o.2

25.6
5.4

23.6
1.9



TABLE E2

The total-rock and rnineral chemistry of calc-silicate SC-2 from the

Carrickalinga Head Fornatíon

Si02
A12O 3

TiO2
Mn0

Total Fe as Fe203
Total Fe as FeO

Mgo
Ca0
Na20
Kzo
Pzos

Ignitíon loss
TOTAL

GARNET
core rin
36.4 36.3
2r.2 2r.r
0. 10 0 .2r

r2.5 8. 85

19 .9
T.2T
8.05

.75

.30

.2r

.10

.74
tr

core
36. I
2L
o

¿5.5
L.62
5.1r
o. 04

.06

.00

.97

.02

.04

.09

.39

.63

.03

.88
tr

6.00 6.00

TR

65 .0

GARNET CHL*

23.9

22.7
15. 8
o. 01
o.o2

5.18
2.82
B .00
2.73
a.o2

4.12
5. 1r
0. 05

tr
0.01

12.o3

HBL**

4r.7

8
I2,

2.OO
0.07
5.08
1.98
c. 18
2.r7

r]-n
36. 5
2L5
0. 09
8.67

.0

.78

.04

.02

5. 89
0. 11
6.00
5. 9B
0. o1
0.07
3.r7
0. 43
1.19
4.06
r,22
tr

6.00

5.1
o.32
0.53

I2r.7
0. 10
o.29

2

I4
0I2

L4.I
o.74
o. 31
6.94

0
8
1

25

5

35
65
00
o7
04

52.1
19. 5
7.r

2r.3
1.3

24
I
7

0

2L.6
r.25

10.0
0.04

1

.17

.37
3
4
1

0
o
3

.00 0:01

.42 '

.2r

.44

108
L4

Structural formulae
si 5.90
A1 0. 10

Tetrahedral 6.00
A1 3.95
Ti o.o1

Estimatecl Fe+3 O. 10
Fe*2 2.sg
Mg O,29
Mn L.72

Y 4.06
Ca 1.40
Na tr

x 6.00
X+Y

Proportíons of garnet end-members
Almandine 42.4
Spessartite 28,2
Pyrope 4.8
Grandrite 24.7
(Andradite) 1.8

99 . 4 99 . 4 LOO.z 99 .6 84.5 94. B

1

99.7

Sr
Rb

ppfn
ppm

94B6
L4
o0
90
o2
18

5
o
ó

o
o
2

0
I
4
1

5

0
6
3

0
0
3
0
1

4
0

6
1

B

I
0

1 91

44 .4
19.6

51. 1

27 .O
6.4

15. 5
1.0

4.9
37.2
3.2

* Chlorite - average of 4 spot anal-yses (ripidolite)
** Hornblende - average of 5 spot analyses

Structural formula calculations: see Table E1

Total-rock X-ray fluorescence analysis by I.C. l'{adsen
Electron microprobe analyses of rninerals by A.R. Milnes



TABLE E5

The total-rock and mineral chemistry of calc-sil-icate SC-5 from the

Carrickalinga Head Formation

TR

Si02
Al20 3

Ti02
Mn0

Total Fe as Fe203
Total Fe as FeO

Mgo
Ca0
Na2O
Kzo
Pzo s

Ignition loss
TOTAL

Sr ppm
Rb pprn

Structural formulae
Si
A1

Tetrahedrai
AI
Ti

Estinated Fe+3
Fe+ 2

Mg
l"ln

Y
Ca
Na

X

X+Y

GARNET
core rirn
36.3 36 .9
27.O 2r.4
o.27 0.15
I4.2 9. 05

19.0
1.09
9 .08
0. oo

5. 88
o.12
6. OO

3. 89
o.o2
0.18
3.28
0, 50
r.22
4. 10
1.00
tr

6.00

66"0
1.3. 5
0. 66
o.34
5.92

26
2

5
o

2.50
6.62
r.70
o.27
0.13 '

r.57
99.2

.o

.09

.86

.L2

cole
36 .3
2r.2
o.32

16. 3

18. 5
1 .01
7.92
o. 05

.81

.19

.00

.04

.29

.19

.24

.2I
,T4
.36
tr
.00

r1m
36.7
2L.S
o.23

ro.2

22.4
r.75
8.24
o. 09

GARNET CHL*

24.2
2r.9
0. 14
o.44

23.r
15. I
0. 07
0. 09

.04

.08

o.o2
0. 04

12.Os

HBL**

4I.I

6.22
r.78
8.00
1 .08
0.05

t6.0
o.44
0.91

0
6
2

50

17

7.
12.

1.

100.9 101.6 101.6 101.1 85.7 96.8

235
I4

85
15
00
89
03
18
BO

42
37
10
4L

tr
00

5
o
6
3
0
0
2

o
I
4
1

6

.82

5. 85
o.17
6.00
3. 81
0.03
0. 30
2.25
o.26
r.92
4. ls
1. 56
o.oo
6.00

5
0
6
3

0
0
2

0
2

4
1

6

'7t

.-o,

5
2

8
)
o

4
5

0

1B
B2
00

74 2

1

0
5
I
0
2

15
70
I2
10
98
22
20

Proportions of garnet end-members
Almandine 35 . 6 52.9 34 .6 45 .2
spessartire 3o.4 I9.7 55.0 22,.7
P¡,rope 4.7 8.0 3. B 6.7
Grandrite 29.9 19.4 26.6 26.0
(Andradite) 5.2 3.3 5. I 3.3

* Chlorj-te - average of 5 spot analyses (ripidolite)
** Hornblende - average of 7 spot analyses

Structural formula calculations: see Table E1

Total-rock X-ray fluorescence analysis by I.C. lr{adsen
Electron microprobe analyses of r¡rinerals by A.R. lililnes



TABLE E4

E lectron robe microanal

Carrickalinga Head Formation

ses of arnet in metasiltstone SC-4 from the

GARNET
core rim
36.4 36 .7
27.3 27.6
o.2L 0. 08

10.9 70.4

GARNET

6 o0

GARNET
core
36. 6
2r.4
o. 15

TI.4
2r.5

7.49
7 .25
o. 09

99.9 1

corle rirn
36 .3
2r.6
0.08

10. ct

23.9

.86

.14

.00

.97

.01
;10

.40

.38

.07

.10
tr
.00

5r.2
22.5

r1m
s6.7SiO2

4120 3

Ti02
I'ln0

Total Fe as FeO
I{g0
Ca0
Na2O
TOTAL

Structural formulae
Si
A1

Tetrahedral
A1
Ti

Estinated Fe+3
F e*2
I,{g

Mn
Y

Ca
Na

x

2L8
0.09
9.01

24 .4
1.81
6.24
o. 04

00. 1

1. 66
6.33
0.03

99. 9

36
27

0

1

8
0

99

27
1

7

0
99

27
43
22
10

5
0
6
4
0
o
3
0
1

4
1

6

.5

.s2

.43

.02

.3

.89

.11

.00

.84

.37

.50

.05
to

tr
6.00

10.
2r.

5
0
6
5
0
0
2
0
1

4
1

96
o3
o7

23.5
1. 69
6. 55
0. 00

100. 5

5. BB

o.r2
6.00
3.97
0.01
0. 09
3. 06
o. 40
I.4I
4.O7
T,12
0,00
6.00

5
0
6
3
0
0
2

0
L

4
1

6
5
22
7

1

48
72
o4
8

89
11
00
96
o3
05
78
55
46
05
40

5
0
6
3
0
0
3
0
L

4
1

6

5
0
6
J
0
0
2
0
1

4
1

91
09
00
96
o2
o7
83
36
56
05
25
T
00

t

.90

.10

.00

.o2

.01

.00

.07
tr
.00

13

tT
6

Proportions of end-members
Alnrandine 46 ,6 50 .2
Spessartite 24.6 23.2
Pyrope 6.0 6.6
Grandrite 22.7 2O,O
(Andradite) 1.6 1.6

6.5
79.7
r.7

8
1

8
4
3

45
24

5
23

1

46.6
25.6
5.9

22.O
1.4

53. I
20.2
7.L

18.9
1.3

Structural formulae calculated on the basis of 24 oxygen atoms

Analyst: A.R. Nlilnes



TABLE E5

Electron probe rnicroanalYses of g arnet in netasiltstone 446 from the

Petrel Cove Formation

GARNET GARNET

si0
A1 0
Ti0
Mn0

Total Fe as FeO
Mgo
Ca0
Na0
TOTAL

Structural formulae
Si
A1

Tetrahedral

Mn
Y

Ca
Na

X 6.00 6.00 Cr.00 6 .00

36.3
orc

36
2r.
0.

2r.6
o. 07

core

L.79
5.04
0. 05

99 .7

T1m
36. 5
2r.7
0.03
7 .69

.89

.11

.00

.03

.00

r]-m
36 .7
2r.3

e
3
5
o2

7
56
55
06
6

7

4B
51

7.51
27.3

5. 88
o "L2
6.00
4. O0
o. 04
3.66
o.43
1.03
4.0s
0. 88

7 .33
27.2

1. 88
5 .34
0. 10

99.7

.88

.12

.00

.45

.01

.06

.93

o2
91

.00

.01

.02
:73
.57
.08
.03
.62

94
06

0
7

27
2

3
0

99

5
0
6
4
0
3
o
1

4
0

99

61
o7

27
)
3
o

99
10
7

A1
Estinated Fe+

Fe+
Mg

5
0
6
4
0
3
0
1

4
o

5

0
6
3
0
3
o
I
4
o

74
60
05
o3
6I

Proportions of end-nembers
Alnãndine 60.5 62.3 59.6 62.0
Spessartite 17.O 17,5 16.6 18.0
Pyrope 7 .I 9. 9 7 -S 9.5
Granãrite 15.3 ro.2 16.4 10.6
(Andradite) 0.9 o.2 1. I 0.3

Structural formulae calculated on the basis of 24 oxygen atoms

Analyst: A.R. Milnes
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APPENDIX F

Techniques of macro-modaL analusis of uaríeties of the Encot¿nten Bay

Granites
Stained slabs were prepared for macro-nodaI analysis of the

najor varieties of the Encounter Bay Granites because of their nediun

to coar.se grain size. The slabs were cut seriall¡' fron 5-10kgm samples

of the granites. The large sarnple size was required in order tl-rat the

sample might be representative of the granite in the locality from rvhich

it was collected. Successive faces of the slabs were partly polished,

and then stained with sodium cobalti-nitrite after etching with hyclro-

fluoric acid (Bailey aud Stevens, 1960; Broch' 1961).

The megacrystic granítes contain fine to nedium grained ground-

mass crystals of potash feldspar, plagioclase, quaItz and biotite, as

well as coarse grained megacrysts of potash feldspar, plagioclase and

quartz. The aveïage grairr diameters of these minerals intersected in
linear tïaverses across the stained slabs are generally less than Srnn

in the megacrystic granites, and are always less than Smm in the mediuln

grained granites (see discusslon of the "mean intercept i" by BayIy,

1965). Following the discussion of van der Plas and Tobi (1965) , a

counting interr¡al of 5nrn was selected in order to achieve a balance

bet-ween the number of non-correlated counts required for a low counting

error, and the area to be counted for a 1ow sampling error.
Each slab was attached to a glass plate on to lvhich a 5mn grid

had been drawn. A binocular microscope was then usecl r-o count

suffici ent points to achieve a counting error of ahout 2% (see van der

Plas and Tobi, 1965, page 88) for potash feldspar, which forms betrveen

2Ovo and  Oe¿ of the specimen.s examined, by identifying the crystals that

occurred at the intersection of the grid lj-nes. The results of these

analyses are given in Tables F1-F5. The analyses are considered to be

representative of the grariite specimens, For example, reDlicate

analyses of one specimen of border facies negacrystic granite indicate

a coefficient of variation of the modal conposj,tion of all minerals of

Iess than 2%.



TABLE Fl
Macro-nodal analyses of specimens of the border facies megacrystic
granite from the Encounter Bal, area

4-61 4-64 4-100 4-101 3-26 3-28 3-30
Potash feldspar
P lagioclas e

Quartz
Biot ite
No. points counted
Equivalent area (cm2)
2-sigrna counting error
for potash feldspar

Potash feldspar
Plagioclase
Quartz
Biotite
No. points counted
Equivalent aïea (.r2)
2-sigma counting error
for potash feldspar

Potash feldspar
P lagioclas e

Quartz
Biotite
No. points counted
Equivalent area ("*2)
2-sigma counting error
for potash feldspar

1817
4s4

684
177

15 79
39s

32.9
27.O
25. 8
14.3

17L9
430

?7

3-33

24.4
26 .4
3s.2
16.0

787I
468

2.O

7 -57

27.7
27 .4
28.3
17.2

2962
741

40.2
2r.6
30. 0
8.2

2.3

3- 35

30. 1

23.6
3L.3
15 .0

2409
602

1.8

7- sB

20.2
28.7
33.0
18. 1

2399
600

32.4
23.L
33.O
11.5

202r
505

2.7

3-4r

1 160
290

2.8

9-6

28.4
27 .O
27.8
16. 8

27 46
687

32.6
2?7
3r.4
13 .3

3.5

3-42

27.O
24.2
31. 1

17 .7

592
148

37 .5
29.O
25.6
7.9

L437
359

2.5

8- r4

31.5
24.2
29.5
14. 8

199 6
499

2.I
9- t5

r497
374

22.8
26.9
z) ')

18. 1

25.
27.
17.

r2s7
3L4

2.7

i -sz
)o)
25 .4
2'/.9
17. 5

1930
483

29.0
I
B

3

31.5
2r.6
32.2
14 .7

33.3
23.2
¿ó. J
15 .2

2.O

8- 15

2260
565

3.7

9- 11

r824
4s6

s4.I
24 .8
26.2
15 .0

26.7
29.3
28.2
16 .4

2.O 2.I
*'7- 56

15. 1
43.5
13.7

19 36
484

2.OI.7 I.7 I.7 2.2 2.2

Prefices on specimen numbers have the following locality key:
4- Port E11iot (Figure 19)
3- Granite I s land (irigure 21)
8- l{right Island (Figure 11)
7- Rosetta l-lead (Figure 12)
9- I{est Island (Figure 22)

*Fine to nedium grained granite sheet withín Petrel Cove Formation
metasediments adjacent to contact rvith the maín mass of border
facies megacrystic grani-te at Rosetta Flead



TABLE F2

lr{acro-modal analyses of specimens of inner facies megacrys tic sranite

4-78 4-79 4-80 4-86 4-87

35.

4- 81

40.4
16. 5
34.2

8.9

Potash feldspar
P1 agioc las e
Quartz
Biotite
No. points counted
Equival.ent atea (.*2)
2-sigrna counting error
for potash feldspar

Potash feldspar
P lagiocl as e

Quartz
Biotite
No. points counted
Equivalent area (.*2)
2-sigma. countíng error
for potash feldspar

38.9
18. 1

35.2
7.8

2078
520

38. 9
19 .5
54. /
6.9

3012
753

34.7
2L.8
34.I
9.4

2305
-b7 6

20.
31.
12.

1 869
467

35. 9
2r.5
32.O
10. 6

2454
614

1922
481

42.r
18. O

32.2
7.7

2777
694

1706
427

36. O

19.7
56. 5
7.8

2987
747

37 .L
18. 9
34.r
9.9

7

1

7

5

2.2 2.2 1. B 2.3 2.2 1.9

4-88 4-92 4-93 4-9s 4-98 4-99

38. I
19.9
3L.6
9.7

42.O
17.8
37.4
8.8

36 .4
L7.8
36.5
9.3

2635
659

74r
185

1684
42r

1.9 1.9 2.O 1.8 3.6 2.4

All specimens collected fro¡n Port Elliot (Figure 19)



TABLE F5

Macro-rnodal analyses of medium even-grained granites from the Encounter

Bay atea

4-10 4-15 4-53 4-59 4-IO3 *4-89

Potash feldspar
Plagioclase
Quartz
Biotite
No. points countód
Equivalent area (.r2)
2-sigma counting errol
for potash feldspar

IB90 1609 802 1687 1882
47..3 . 402 20L 422 47I

2:2 2.6 3.5 2.6 2.3

39.4
20.4
36.7
4.1

43.4
18. O

33.9
4.7

44.8
2r.1
29.8
4.3

45 .0
16.7
34.3
4.0

42.2
18.5
34.7
4.8

44 .4
18.4
3r.4
5.8

756
189

3.8

All specimens collected from Port Elliot (Figure 19)

*Collected from transition zone betlveen red leucogranite and medium
even-grained granite represented by 4-10
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APPENDIX G

Methods of scupT.e prepar.ation. and the techniq,Les of chanieaL anaLusis

of snecisnens of the Encountev, Bau Gnani"t;es and associated rocks

Significant sanpling errors nay arise duríng the collection of
specimens of coarse grained granitic and other rocks for chemical

arralysis because the specirnens rnay be too snal1 to be representative of
the rock mass from whicli they were collected. This problem ís like1y
to be accentuated in the case of coarse grained megacrystic granites in
which large feldspars, quartz and other crystals may occur sporadically
throughout the groundmass.of the rock. Baird et a1 (1964) and Baird,
lr{clntyre and l\relday (1967) found that diamond dri11 cores 30cm long and

2cm in diameter overcame this problem in the case of coarse grained
granites fron the Rattlesnake lt{ountain Pluton in California. In the

present investigation, the megacrystic granites and other rocks such as

the albitised megacrystic granites and the hybrid granites were

potentially subject to the most serious sampling errors. In order to
minimise these errors, large samples of fresh rock weighing up to lOkgm

were collected in the fie1d. However, samples'of the finer graíned

granites did not exceed 4kgn in weight and nay have been as sna11 as

2kgm, whereas samples of Kanmantoo Group metasedimentary rocks were not
greater than about lkgn.

Each of the samples collected in the field was cut ínto 1-2cm

thick slabs in the laboratory using a 46cm diameter diamond-tipped

circular saw. Several slabs were set aside for macro-modal analysis.
The remainder were stripped of weathered edges, carefully scrubbed in
running h¡ater, allowed to dry, and were then crushed rvithout loss to
pebble-sized fragnents in a screw-press with stainless steel plates.
Up to 3.Bkgn of each sample was crushed in this manner. Subsequent

steps in sample preparatiolì are illustrated in the accompanying diagram.

In the case of specimens of Kanmantoo Group metasedimentary rocks and

of the fine grained varieties of the Encounter Bay Granites horvever,

the rveight of slabs crushéd may have been as 1ow as 500-1000gns, ancl

therefore the first and second stages of sample splitting rvere omitted.
The total-rock specimens prepared as described in the preceding

paragraph were analysed for the elements reported in the following
Tables by X-ray fluorescence spectrography. Fused glass discs composed

of rock powder mixed with lithium borate anci lanthanum oxide, and

pressed mounts of rock porvcler, v/ere analysed accordíng to the techniques
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described by Norrish and Chappell (f967) and Norrish and Hutton (1969).

The glass discs were analysed for Si,41, Ti, lvln, Fe, Nlg, Ca, K and P

against an artificial counting standard of accurately known composition

kindly supplied by Dr. K. Norrish of C.S.I.R.0. Division of Soi1s.

Standard U.S.G.S. rocks (Flanagan, 1969) rvere analysed rvith the unknown

samples as a check on the techniques. Analyses for Na were camied out

on pressed powder mounts using a sodium glass disc that had been care-

fu11y caljbrated against the available U.S.G.S. standard rocks and

feldspars as a standard. Analyses for Rb and Sr r,,¡ere also carried out

01ì pressed powder mounts using the U.S.G.S. feldspar NBS7Oa as a

standard (see Compston et al, 1969). Loss on ignition was determinéd

by hea'ting a O.5-1.Ogm sample in an eiectrj.c furnace at IOOOoC to
constant weight.

The analyses we:re carríed out on a Phillips PW1540 X-ray
.spectrograph coupled to a SKw PW1140 generator.

The analytical results are given, together wíth CIPI{ norms, in
the followíng Tables, and are reported to within calculated counting

error. In the CIPW norm calculations, 25% of the total Fe present in
the samples v/as assumed to be Fe203 and the renainder was assigned to
FeO. This assumption is consistent wíth the Fe203 and FeO values

reported for similar rocks in previously published wet chenícal analyses

also gíven in the Tables.



Diaqz,annetrLc z,epresentatíon of method of sønpLe pz.eparation

SLABS

stainless steel
screw press

J
PEBBLES

HALVED

Siebtechnik ni11
chrone steel vessel

I
-10# B. S. S.

T

approx. 3BOOgns

ined approx. 1900gms

Síebtechnik mi11
chrome steel vessel

retained approx. 950gms

ITALVED

Siebtechnik mi11
chrome steel vessel

-8 SS

pprox. 475gms fot míneraL sepaz,ation

approx ., 475grns
I

approx. 12gms 
*of this material

ground fo-r 2 minutes in small widía
Siebtechnik vessel. Resulting
grain size less than 72O# B.S.S.
Retained for ehømícaL anaLysís.



TABLE Gl

Chemical analyses of specinens of the border facies negacrystic qranite

from the Encounter Bay atea

sio2
4120 3
Ti02
Mn0

Total Fe as Fe2.03
Fe0

. Mgo
CaO
Na20
Kzo
Pzos
Hzo+
Hzo

Ignition loss
TOTAL

30

2

o .44
0.08
3.08

73.3
12.5
o.32
0.05
2.34

76.3
12.3
o.L7
o.o2
1.39

0.

'_
1

I
.)

4
0

90
05

64
00

0.8
o. 89
2.9
s. 49
o. 07

4-s5 4-61 4-64

72.9
13.3
o. 38
0. 04
2.36

.1

.59

.08

r.3
1.26
4.8
2.17
0.07

0. 68
99. 3

3-26 3-28 5-30

0
1

5
3
o

4
24

4-ro2

7L.s
L3.6
o. 33
0.07
3 .40

o.7
1.15
3,I
5.79
0.08

o.75
100. 5

72.8
t2.B
o. 33
0.05
2.18

72.r
L3.3

7r.4
13. 5
o.47

10

.74
6

o.52
99. 8

LI4
227

1

1

2

4
o

L.2
L.74
2.8
4.65
0. 10

o .73 0. 55
98.9 100.0

.3

.47

.6

o.72
99.3

0. 68
99. 3

Sr ppm 74
Rb ppm 258

K/Rb 11s. s

rt7
96

54
388

62
442

100
184

110
22r

r87.6 rr7 .5 108.7 209.3 174.7 r79.2

CIPIV nornt
a
C

0r
Ab
An
Hy En

40.
1.

2r.
26.
5.
1.
1.
o.
o.
o.

88. 5

L7 .5

84. B

12.5

88.6

13. I
87.0

16. s

0.
27.
22.

83. 5

24.6

82.7

25.5

81. 5

27.5

3326.7
0.4

34.2
26.2
5.2
1.8
3.r
I.2
0.6
o.2

31.6
0.4

32,5
24.6
4.0
1.9
2.O
0.8
0.6
o.2

37.2
0.9

12.8
40.7
5.8
3.3
1.9
0.9
o.7
o.2

1

2
2

6
6
o
2

5
J
aa

I
7

4
3
3
3
B

8
6

.|

3.
1.
o.
o-

30.3
0.8

29.O
22.3
8.4
3.6
2.8
r.2
0.9
0.1

31.8
0.8

27.5
23 .4
8.0
3.0
2.6
1.1
0.8
o.2

Mt
I1
Ap

Norm. An9o

Fs

D.I.



TABLE Gf (Corrt' d)

Chemical analyses of sp ecirnens of the border facies megacrystic granite

from the Encounter Bay a'rea

SiO2_

A120 3

TiO2
Mn0

Total Fe as Fe203
Fe0
Irfg0
Ca0
Na2O
Kzo
Pzo s
1120+

Hzo-
Ignition 1 oss

TOTAL

3-32

72.8

2.6
5. 30
0.09

0. 91
99.7

Sr ppn BO

Rb ppm 356

K/Rb 12s.6

3-33 3-35 3-36

72.O
13.3
o .52
0.09
3.3I

71.3
13. 3
o. 60
0. 09
3. 80

.01

.13

o.82 0.58 0.49
99.4 100.9 100.7 100.13

A

68.20
15.99
0. s8
0. 04
o. 89
2.58
0. 80
2.6r
2.85
4.60
0. 14
o. 64
o.2I

)
9
)
1

o
o
1

5
I
3

8-r2 B-14

0
6
52
09
5B

26.32
o

a
C

0r

)
)
3.
1.
1.
0.

4.
)
2.
1.
0.
o.

70
L3.
0.

*

70
L3
0
rì

3

12.5
o.43
o. 06
2.90

r.2
1.51
2.6
5.44
o.r2

.u

.82

.6

1.5
1. 89
a1

4.s4
o. 11

79 .4
10. 6
0.31
0.06
2.79

1.0
L.73
)A
1.54
0.08

o.62
100. 5

0. 06
3 .45

0. 46
98. 7

82 .4

23.3

2

1

52

1.1
0.9 B

1

1

2

5

0

r.4
r.47
2.5
s. 55
0. 13

1

8
8
a¿

4
6
7

2
0
3

6.
3.
)
1.
1.
0.

113
214

115
249

720
230

L23
78

B8
265

176.1 185.0 180. 8 163.9 t70.4

CIPIV norm

Ab
An
Hy En

Fs
MI
I1
Ap

D.I.
Norn. An%

3r.
22.

86. 4

16. 1

29 .4
1.1

26 .8
23.r
8.7
J. t
3.0
1.3
1.0
0.3

79.3

27.3

30.
0.

32.
2r.

84.0

23.4.

1.
27.
24.
L

29.7
0.6

29.6
2I.B
8.2
4.0
3.r
r.4
1.1
0.3

7

I
3

3
7

4
1

B

2

28.2
0.5

32.2
22.r
6.7
5.0
2.8
1.3
1.0
0.3

53. s
2.O
9.1

20.r
8.1
2.5
2.5
1.0
0.6
o.2

87.2

27 .3

77 .s

33.3

82. 8

28.6



TABLE G1 (Contrd)

Chenical anal ses of s

frorn thc Encounter Bay area

ecimens of the border facies rne ac stic ite

B-15 8-16 7-52 7=56 7-57

sioz
41203
Ti02
Mn0

Total Fe as Fe2O3
Fe0
Mgo
CaO
Na20
Kzo
Pzos
Hzo*
Hzo-

Ignition loss
TOTAL

8

60

3

o
57
06
64

70
4.
0.
0.
3.

1

70.9 69
13.4 15
0.45 0
0.06 0
3.35 4

0. 55
0.06
3 .34

.06

.65

.4

.s4

.9

7 -58
70.5

B

7L.45
13.78

71.5
13.0

0. 53
99 .4

74.6
12.6
o .44
0. 06
3.22

1.1
r.o7
2.8
2.64
o.0B

0. 99
99. 6

.1

.7

.66

.06

.80

0. 58
99.6

123
230

1 3
0
0
3

1

I
2

4
0

6.
3.
a

1.
1.
0.

.5

.56

.6

.28

.s4

.01

.08*

.79

.11

.86

0
0
0
2

1

1

2

4
o
o
o

09

1.1
1. 49
2.4
5.31
0. 14

1

I
2

5
0

7.
3.
a

1.
o.
0.

4
4
6
6
8

7

2

8

2

o.s2
99 .7

r.4
t.70
2.5
5.08
0. 13

o. 60
100.0

L25
228

185 .0

80. 8

26.2

2.O
r.79
¿. J
4.48
0. 09

24
.13

74
35
I4
4B
11

Sr ppn 97
Rb ppm 246

K/Rb r79.2

r27
r27

119
226

0. 91
99.7 99.44

146
192

183.3

30.
a

,tr
24.

80. B

21.5

80.6

26.4

172.6 193.9 16r.7

CIPI\¡ norm
43

3
15
¿5

4
2

2

1

0
o

3r.2
0.9

sL.4
20.7
6.5
2.8
2.5
L.2
r.o
0.3

a
L

Or
Ab
An
Hy En

Fs
Mt
I1
Ap

D. 82.6

16. 9

29.
0.

31.
21.

82.1,

24.8

2

8

2

7

2

7

I
2

8
2

29.4
1.6

30.0
2r.3
7.6
3.6
to
1.3
1.1
0.3

30. 3
2.r

26.s
19.5
8.3
4.9
4.O
r.7
1.3
o.2

9
0
1

8
8
4
9
J
1

3

3r.7
1.5

2s.7
23.2
8.3
2.8
4.2
0.1
1.0
0.3

Norm

I. 83.3

Ãn% 23.9

76.r
30. 1



TABLE G1 (Contrd)

Chemical analyses of sp ecimens of the border facies meqacrystic sranite
from the Encounter Bay area

9-6

SiO2
A120 3

Tí02
MnO

Total Fe as Fe203
Fe0
Mgo
Ca0
Na20
Kzo
Pzo s
Hzo*
Hzo-

Ignition loss
TOTAL

Sr ppn
Rb ppm

K/Rb

CIPW norn

Fs
Mt
I1
Ap

D.I.

180.1 175.2

82.O 84 .3

25.3 24.9

70
I3
0
o
3

7

4
57
o6
53

2
77
7

I2
I3

1.
1.
2.
5.
o.

0. 51
99. 6

103
236

9- 1r

74.O
72.4

o .43

0. s5
100.4

91
226

Analys t :

Analyst:
Analyst:

C

7r.44
15.09
o. 53
o.o2
0. B6*
2.35
0. B0
1.18
2.I
4.46
o.22
o.24
o. 04

99. 33

0.06
2.84

4
49
4
77

1

1

2
4
0 09

a
C

Or
Ab
An
Hy En

29.
0.

2

7
3
5

6
I
B

3
1

3

37

4.
)
2.
1.
1.
0.

35. 5
0.8

28.2
20.6
6.8
3.5
2.3
1.0
0.8
o.2

9
..)

4
7

4
0
8

ó
o
5

30
5.

26.
17.22.

7.
3.
2.
1.
1.
o.

81. 9

20.oNorm. An%

Specinen numbers have the following locality key:
4- Port Elliot (Figure 19)
3- Granite Island (Fígure 21)
B- Wright Island (Figure J.1)
7- Rosetta Head (Figure 12)
9- West Island (Figure 22)

These specimens were anal)¡sed usj-ng X-ray fluorescence techniques.

Analyst: A.R. Milnes

Specinen A - Granite Island.
Specinen B - Rosetta Head.
Specimen C - West Island.
*Fe20 

3

. Browne (Browne, i92O)

. "Bowes (Boives, 1954)

. Chapman [N{awson, 1926)

W.R
D.R
Ig. S



TABLE G2

Chemical analyses of specimens of the Cape IVi lloughby rneg acrysti c

granite

SiO2
4120 3

TiO2
Mn0

Total Fe as Fe203
Fe0
Mgo
Ca0
Na20
Kzo
Pzo s
Hzo*
Hzo-

Ignition loss
TOTAL

hrl

72.8
13. 1

0.41
o. 06
2.72

1.0
1. 51
3.4
4.48
0. 06

0. 53
99. 9

85. I
L7 .7

72.6
12.9

o .47
0,07
2.7 4

w9

7 4.4
L3.T
o.33
0.03
2.36

.08

0'.48
100.6

154
150

225.8

88. 6

15.7

74.5
t2.6
o.32
o. 05
2.13

o.64
99 .9

104
22r

L94.2

75.r
12 .4
0.34

0.9
L.24
3.2
4.24
0. 07

0.51
100. 5

105
185

W3 w15B lll20 l'/{22 W24

15.
12.

2

4
44

0.9
7.42
3.6
3.94
o. 09

o.4r
99 .6

116
196

85. 5

17 .1

73.8
12.9
0. 38

0.63
100. 7

0
o
3

06
.11

0.03
2.5r

0
2

o6
,-''

I,2
r.25
3.5
4.63
o. 11

6
3I
B

0
1

3
4

0
OB

0.5
0. 66
J. J
5 .77
0.05

1.0
1. 15
3.6
4.74
0. 07

CIPW nonn

St ppn L22
Rb ppn 193

rÕ/Rb r92.7

39.
0.

26.
28.

En
Fs

Hy En
Fs

Mt
I1
Ap

D.I.

0. 57
100. o

154
193

199.1

86.2

L5.7

148
198

r92.3 169.5 198. 7

Wo

a
C

0r
Ab
An
Di

9
5
5
4
1

o
o
o
5
3
o
8
1

29.9
0.0

28.O
30. 8
4.8
o.2
0.1
0.1
2.4
1.8
0.8
o.7
o.2

32.O
0.0

23.3
30.2
6.2
0.1
0.0
0.1
az
2.6
1.1
o.B
o.2

35.6
0.4

25.r
26.9
5.7
0.0
0.o
0.0
))
2.r
0.9
o.7
o.2

5¿.O
0.4

50. 6
28.O,)o

0.0
0.0
0.0
r.4
1.8
0.8
0.6
0.1

32.3
o.2

24.r
32.2
6.0
0.0
0.0
0.0
1.5
1.9
0.9
0.6
o,2

29.4
0.1

27.4
29.5
5.5
o.o
0.0
0.0
3.r
2.2
1.0
0.9
0.3

6.
o.
o.
o.
)
')

1.
0.
o.

Norm. An9o

91. 1

9.5

87.6

17.5

88. 8

13.5



TABLE G2 (Contrd)

Chenical analyses of specj,rrens of the Cape l\ri l loushby mesacrysti c

granite

Si02
41203
Ti02
Mn0

Total Fe as Fe2O3
Fe0
Mgo
Ca0
Na20
Kzo
Pzos
Hzo*
Hzo-

Igniiicn loss
TOTAL

1'/i'32

73.8
13.1
0. 55
0.04
2.06

o.62
10ct. 3

164
184

209. 8

B8.4

16.6

W36A

7 4.4
12.5
o. 36
0. 0s
2.35

0. 55
99. 9

156
204

Sr ppm
Rb ppm

K/Rb

9
90
I
75
05

0
0

4
o

o.7
| .33
3.6
4. 6s
0.06

195. 3

CIPW norn
a
c
Or
Ab
An
Di Wo

En
Fs

Hy En
Fs

Mt
I1
Ap

D.I. 88. s

13.5Norm. An%

All specimens were analysed using X-ray fluorescence techniques.

Analyst: A.R. Milnes

30
0

27
30

6
o
0
o
1

1

o
0
0

9
o
5
o
o
1

1

1

7

6
B

7

1

33. 9
o.7

28.r
26.6
4,I
0.0
o.o
0.0
2.3
1.9
0.9
o.7
0.1



TABLE G3

Chenical analyses of sp ecimens of the inner facies megacrystic granite

4-78 4-79 4-80 4-86 4-87 4-884- 81

74.772.9
12.4

57
325

74..5
12.3
0. 28
o. 04
2.O3

55
5//

73.9
13 .0
o.37
0.05
2.70

66
354

73.r
12.6
0. 36
0.05
2.38

.7

.61

.08

o. 51
99. 3

64
344

Sí02
Alzoa
Tio2
Mn0

Total Fe as Fe203
Fe0
Mgo
CaO
Na20
Kzo
Pzo s
Hzo*
Hzo-

Ignition loss
TOTAL

73.5
12.s

Sr ppn 57
Rb pptn 353

K/Rb r3O.7

34

.9

.90

.6

.56

.07

o. s¿ l.oo o. ss
99 .2 98. 7 99. B.

.54
0. 06

o.67 0.63 0 .76
100.9 100. 8 100. 9

o4
.-,,

o
o
2

o
o
)
5
0

8

38
o4
45

0
0
2

1

91
5

1

0
2

5

8

93
7

66
o5

6
05
o7

0
0
2

5
0

J/
05
44

I
00

2

0
0
2

o
0
2

5
o

73.8
12.9
0.40
0. 05
2.77

0
I
2

5
0

.7

.87

.8

.34

.10

.0

.94
0.9
L.T7
2.6
5 .42
0.09

1

0
2
5

0

65
32r

65
349

L29.O r24.6 138.1 L29.9 L28.9 r35.4

CIPüJ norm
a33
CO
0r 32
Ab 22
An4
HyEn 2

Fs1
Mr0
11 0
Apo

2
7

9
1

0
2
9
8

7
2

34.4
1.0

29.8
22.O
4.5
2.O
2.O
0.9
o.7
o.2

33.

5.
)
)
1.
0.
0.

33. 5'L.4
32.7
2L.3
4.7
2.8
2.3
1.0
o.7
0.1

4
1

6
8
7

8
o
9
7

2

4
2

5
I
3
9
7

7

5
1

7

8

33.
o.

33.
22.

4.
1.
].
0.
o.
0.

34.
1.

37.
23.

3.
1.
)
o.
0.
o.

89.7

13 .4

0.
32.
')')

87.4

19. I

3
9
0
1

2

1

3
0
B

2

3I.4
0.5

33.2
23.2
4.r
2.6
2.O
0.9
o.7
4.2

D.I. 88. 1

15 .4

86.2

17. O

87.6

16.2

87. 8

ls.2
89

15Norm. An%



TABLE G5 (Contrd)

Chenical analyses of sp ecinens of the inner facies megacrystic granite

4-92

74.3
12.3
o.26
o. 04
2.78

o.7
0. 87
2.6
5.79
0. 07

o. s6
99.7

55
352

4-,93

75.5
11.9
0. 36
0. 05
2.56

0.54
100. B

5B
288

74 .3
12.2
0. 35
o. 05
2.35

o. s4
99.4

60
288

72.4
L2.6
4.42
0.05
2.93

o.23
98.6

7s
311

4--9s 4-97

Si02
41.203
Ti02
I'fn0

Total Fe as Fe203
FeO
Mgo
Ca0
Na2O
Kzo
Pzos
Hzo*
ll20-

Ignition loss
TOTAL

Sr ppn
Rb ppm

K/Rb

CIPW norm
a

o
0
2

5

0

0.9
1.05
2.8
4.97
0. 16

7
96
8

I3

o.a
r.o7
2,7
s.32
0.08

2

7

^
5
B

1

4
1

8
)

4.
2.
2.
1.
o.
o.

06

136. s 143.2 t47 .9 L42.O

Ab
An
Hy

32.
o.

31.
22.

En
Fs

Mt
I1
Ap

D.r. 89.7 89.1 88.6 86.1

Norm. An% I4.7 L5.2 15. 5 17 .5

All specimens were collected from Port E1líot (Figure 19)
Specimens were analysed using X-ray fluorescence techniques.

Analyst: A.R. Milnes

36.
0.

29
C

0r

.1

.3
)

.3

.9

.B

.9

.B

.5
)

JJ
o

34
22

3
1

1

0
0
o

4
5

4
3
)
2
2

9
7
4

31.5
0.4 '

30. 3
23.8
4.4
I.7
2.O
0.9
o.7
0.1

23.
4.
2.
)
0.
0.
0.



TABLE G4

Chemical analys es of inclusions l'¡ithin the mesacrystic granites ín the

Encounter Bay atea

SiO2
4120 3

TiO 2
Nln0

Total Fe as Fe203
FeO
t"f g0
CaO

Na20
Kzo
Pzo s
FI20+
1120-

Ignition loss

CIPI{ norm

63. s5 51. 5

Metasedimentary Biotite-rich Granophyric
rock naterial leucogranites

A B 9-8 4-4L 4-954

0
3

1

2

3
1

o
o
o

72.90
13.74
o. 56

38. 5
3.1

11.8
25 .6

75. 8

27 .2

0. 90
100. 6

35
620

87 .6

1.5 .

19.
)
).
1.

48.0

29.O

49
327

6. 55
0. 86
0.09
o.97*
4.67
3.)2
3. 11
3.33
3.24
0. 19
0. 50
0. 10

I

+o4
29
B5
I2
o2
99
15
46
11

76
12
o
o
0

13.2
2.69
0. 19

76.7

o. r
7.42
0.6
6. s4
o.74

.4

.4

.09

.05

.97

o.2
o.32
3.5
5. 95
0. 07

o.48
100. 4

77 .2
12 .8
0. 09
0.03
o. 58

o .44
101.3

40
277

9-9

74.3
13.3
0. 10
0.03
0. 48

0. 49
99. B

105
263

0.4
o.29
3.8
5. 33
0. 13

o.2
o.42
2.5
7 .86
o. 15

a
C

0r
Ab
An
Di Wo

En
Fs

Hy En
Fs

Mt
I1
Ap

D.I.
Norm. Ãn%

ToTAL rOO.23 100.28

Sr ppm
Rb ppm

K/Rb 1s0.5 165.7 248.r

32.2
o.o

35. I

97.r
L.3

97 .7

1.8

96.4

4.9

28.6
o.2

46. 5

2I .4
1.1
0.0
0.0
0.0
0.5
0.4
o.2
o.2
o.4

32.9
0.3

32.7
32.I
0.6
0.0
0.0
0.0
1.0
0.5
o.2
o.2
0.3

29.8
0.4
0.3
0.1
o.2
o.4
o.7
o.4
o.2
o.2

9
2

7

4
?

o
0
0
1

4
4
1

7

3
4

38
5
2

o
0
0

28.2
14.3
0.0
0.0
0.0
7.8
6.5
I,4
1.6
0.4

9.5
0.0
o.o
o.o
4.6
5.1
0.1
1.1
o.4

18. O

2.3
19.2

6s. 4

33. 5



TABLE G4 (Contrd)

Chemi-cal analy ses of inclusions within the meqacrystic granites in the

Encounter Bay area

Si02
A120 3

Ti02
Mn0

Total Fe as Fe2O3
Fe0
Mgo
Ca0
Na20
Kzo
Pzos
Hzo*
Hzo-

Ignitíon loss
TOTAL

Sr PPm
Rb ppm

K/Rb

CIPIV norm
a
C

Or
Ab
An
Di Wo

En
Fs

Hy En
Fs

Mt
, 11

Ap

D. I.
' Norm. An%

Fine grained negacrystic
granites

4-36 4-97A

74 .6 74.4
r2.8 13.0
0. 4s 0.49
0.04 0.05
1.93 2.r2

0.5
0. 31
3. 18
s. 46
o. 11

0.91
100. 5

59
327

138. 6

0.6
o.37
s.40
5. 31
0. 11

I .00
100.9

8I
3l.B

138.6

1.
31.
28,

1.
0.
o.
0.
L.
1.
o.
o.
0.

92.4

3.7

Schist- like
naterial

4*84

46. s
27 .8
o.20
o.r2
9.27

4. 8s
1.00. 9

5.9
o.42
o.52
7.O4
0. 33

111
373

156.7

2
2

J
B

1

0
o
0
5
5
B

9
3

3233. 5
L.3

32.3
26.9
o.B
0.0
0.o
o.0
1.3
I.3
o.7
0.9
o.3

92.6

5.O

Specimen numbers have the following locality key:
4- Port Elliot (Fígure 19)
9- West Island (Figure 22)

These specimens were analysed using X-ray diffractíon technigups.
Analyst: A. R. lrlilnes

Specinens A and B - Granite Island. Analyst: A.l{. Kleeman (Kleeman,
rs37)
*Fe20 

3



TABLE G5

Chemical analyses of sp ecímens of albitj-sed rnesacrystic qranite and the

megacrystic albite-cirlorite rock fron the Encounter Bay area

albitised negacrystic negacrystic albite-clilorite
granite rock

7-s3 7-55 3-40 7-54 A B C

Si02 70.6
41203 13.5
Ti02 0.63
MnO 0.06

Total Fe as Fe203 3.64
Fe0
MgO 2.8
CaO 0.58
Na20 4.I
KzO 2.4O
PzOs 0. 10
Hzo*
Hzo

Ignition loss I.17
TOTAL 99.6

Sr ppm
Rb ppn

76.O
II.7
0. 39
o.o2
2.96

o. 89
99. 5

r29
LO7

61.9
19. 5
0. 75

56.24
19. 75
0.98

59 .00
19 .41
o.72
o. 04
0.34*
3 .59
6 .44
1 .00
6 .42
0.09
0. 1B
2,47
0. 09

62.6

6.5

58.65
20"10
o.73

65 4
5
74
o4
77

0. 01
0"94

17.
o.
0.
1.

J.J
o. 63

10. 1

o. 20
o.27

3.2
o. 57
8.7
o. 63
0. 16

.01

.7 6x

.63

.00

.75

.62

.40
19
90
o9

0
0
1

7
o
B

0
o
2

o

.04

.01*
0
1

2

6
I
6
0
0
2

0

1.0
t.52

o.12

3.2
1.66

08
15
og
95
16

.?.o

.34

.06
1.56

100. 3

1 .99
98. 6 99 .32

118
2-

87r.6

99.45 99.54

76
93

91
13

K/Rb 2I4.2 128. B 4O2.3

CIPW norm
a
C

Or
Ab
An
Hy En

Fs
O1 Fo'Fa
Mt
I1
Ap

D.I.
Norm. An9o

5.8
7.O
1.0

58. 8
4.r

15. 3
1.9
0.0
0.0
1.5
I,4
0.5

7.7
7.4
0.5

54.3
3.8

16 .0
trt

0.0
0.0
0.5
r.4
0.4

0.0
4.2
2.4

68. 8
2.5
0.0
0.0

12.2
0.6
1.1
1.9
0.4

0.0
2,L
I,2

83. 8
1.8
0.0
0.0
5.7
0.0
0.0
1.3
0.5

6.7
1.9
3.7

73 .4
1.8
7.9
o.7
0.0
0.0
0.6
L.4
0.4

45 .4
2.I
9.8

27.2
6.8
2.5
2.s
0.0
0.0
1.1
o.7
0.3

3r.4
3.4

L4.2
34 .4
2.2
6.9
2.8
0.0
0.0
1.3
7.2
o.2

79.9

6.1

82.4

19. 9

83. 8

2.4

85. 8

2.1

73.5

3.5

6s. 6

6.5



TABLE G5 (Contrd)

Chemical analyses of specírnens of albitised megacrys tic sranite and the

neqacrystic albite-chlorite rock from the Encounter Bay area

SiO2
4120 3

Ti02
Mn0
Fe203
FeO
Mgo
CaO
Na20
Kzo
Pzo s
Hzo*
Hzo-
TOTAL

negacrysti c albite- chloríte
rock

D

59. 49
2I.16

-
o.r7
7. O0

' 1:39
o.82
5. 66
0. 84

2.98
0. 18

100. 19

t

6s. 9

7.8

89.1

64.60
2r.37
1.04

0
0
1

0
9
0
0
0
0

100

4.0
3.5
1.'O

84. 1

1.0
2.9
0.0
0.0
I.4
0.3
0.5
0.4

15. O

9.5
5.0

47.9
4.r
4.7

12.7
0.3
o.o
o.o
0.0
0.0

Ab

Mt
I1
rfn
Ru
Ap

.31

.67

.15

.4r
94
16
22
85
15
87

CIPW norm
a
C

0r

An
Hy En

Fs

D.I.
Norn. An% L.2

Specimen numbers have the following locality kev:
7- Rosetta Head (Figure 12)
3- Granite Island (Figure 21)

These specimens were analysed using X-ray fluorescence techniques.
Analyst: A. R. Irlilnes

Specimens A, B and C - Rosetta Head. Analyst:
Specinen D - Rosetta Head. Analyst:
Specinen E - Rosetta Head. Analyst: W

*Fe2O 
3

D.R. Bowes (Bowes, 1954)'
B. F. Goode (I{awson , L926)

R. Browne (Browne, 1920)



TABLE G6

Chenical analyses of specin ens of fine and medium even-gra j-ned granites

flom the Encounter Bay area

medium grained granites

4- 10 4-r5 4-59 4-75 4-rO3 A

4 75.4
6 11.8

75 .48
12.99
o.12

fine grained
granites

4-52 9-2

67 .1, 70.3
74.2
o.67
0.07
3.90

SiO2
4120 3

TiO2
N{nO

Total Fe as Fe203
Fe0
Mgo
Ca0
Na20
Kzo
Pzo s
Hzo*
Hzo-

Ignition loss
TOTAL

CIPW norm

Ab
An
Di lVo

En
Fs

Hy En
Fs

N,lt

I1
Ap

74.9 76.5
12.2 rr.7
0. l8 0. 13
0.04 0.03
r.s2 1.01

0. 63
99 .0

24.r 2

2.9
0.0
0.0
0.0
0.8
r.4
0.6
0.3
0.1

.13

.74

.3t

.06

0
o
0
0
2

6

o
0

11.5
0. 14
0. 03
1 .04

o.2
0. 6B
3.1
5.35
0.04

0.3
o.52
2.9
5.46
0.03

:ou
o,4
0.46
2.8
5. 33
0. 08

77
11
0
0
1

.11

.04
0.18
0.04
r.67

7

78
o7
s9

13.
0.
0.

'-

I
16
2t

1

I
3

4
o

.25*

.85

o4

0
0
?

5

o

3

64
9

65

o.s
0. 48
5.0
5. 55
o. 05

6
B5

1

.47

.L2

1
)
3
4
o

1.

80

.46 0.61 0.35

.7 98.9 99.6 99.70
o. so o. so

98.9 99.6

118 43
202 198

L83.7 174.4

26.r
11. B

o.7
0.4
0.3
3.6
2.8
I.4
1.5
0.3

30.2
1.3

24.6
26.3
7.6
0.0
0.0
0.0
2.8
2.5
1.5
1.5
0.5

60
I7

o
99

.0
99

46
4

Sr ppm 30 34 2I - 34
Rb ppn 392 373 338 354 34I

K/Rb 1r9.6 L23.5 130.9 128.0 130.0

a 34.4 3s.B 39.r 3s.s
C 0.3 tr 0.6 O.2
0r 33.4 32. B 31 . 5 32.3

23.O
0.0

26.4

36. 5
r.3

35. 8

19.6
3.7
0.0
0.0
0.0
0.3
r.2
0.4
o.4
0.0

5/.¿
0.0

3r.6
25.8
1.8
0.5
o.2
0.3
0.4
0.6
o.4
0.3
0.1

5.3
2.r
0.0
0.0
0.0
r.2
0.9
0.4
0.3
0.1

23 .4
1.8
0.0
0.0
0.0
1.1
1.0
0.4
o.2
o.2

24.6
2.4
0.0
0.0
0.0
o.7
1.5
0.6
0.3
0.1

D.r. 91.9 95.9 94.0 92.4 94.6 91.9 75.4 81.1

Norm. An% 10.8 ,,7.5 7.O 8.8 6.6 15.8 31.1 22'3

Specinen numbers have the fol1on'ing locality key:
4- Port Elliot (Figure 19)
9- lVest rsland (Figure 22)

These specinens were analysed using X-ray fluorescence techniques.
Analyst: A. R. lvlilnes

Specimen A - Port Elliot. Analyst: IV.R. Brôwne (Brorvne, 1920)

*Fe2O3



TABLE G7

Chemical analyses of spe cimens of the red leucogranite and its albitised
uivalent from Port Elliot

SiO2
41203
TíOz
MnO

Total Fe as Fe203
FeO
Mgo
CaO
Na20
Kzo
Pzos
Hzon
Hzo-

Ignition loss
TOTAL

Sr ppm
Rb ppn

K/Rb

CIPW nonn
a
C

Or
Ab
An
Ac
NS

Di Wo

En

red leucogranite

4-9 4-89

albitised red
leucogranite

4-8

78 .4
12.O
o. 09
0. 03
o. 35

:'

o.42
100. 4

57
4

498.1

76.4
12.6
0. 09
0.04
0. 55

')

.28

.7

.00

o.74
100. o

77 .9
11.6
0. 09
0.04
0. 49

o. oo
100. 0

28
407

A

76 .65
12.98
0.11

o.29
o.t 7

99 .9s

0
0
2

7

0

0
0
0
o
2

6

o.s
o.29
2.8
s. 87
0. 0303

00

25*
32

40
64
I8

o.2
o.26
8.4
o.24

26
451

128.8 r19.7

1

Mt
I1
Ap

D.r. 97.2 96.3 95.6 95.9

Norm. An% 4.9 5.0 8.2 0.0

Nunbered specimens rsere analysed using X-ray fluorescence techniques.
Analyst: A.R. Milnes

Specimen A - analysed by W.R. Browne (Brolne, I92O)

*Fe2O3

38.2
o.2

34.7
23 .4
r.2
0.0
0.0
o.o
0.0
0.0
o.7
0.4
o.2
o.2
0.1

32.6
0.1

4r.4
23.2
I.2
0.0
o.o
0.0
0.0
0.0
0.5
0.5
o.2
o.2
0.1

Fs
En
Fs

36 7
2

5
3
o
o
0
o
o
0
0
2

4
2
0

33. B

0.0
r.4

60. 6
o.o
o.2
¿.5
0.5
0.3
o.2
o.2
0.1
0.0
o.2
0.0

36.
22.

2.
0.
o.
0.
o.
0.
o.
o.
0.
0.
0.

Hy



TABLE G8

Chenical analyses of specimens of the fine grained miarolitic granophyre

fron Port E1liot

Si02
4120 3

Ti02
Mn0

Total Fe as Fe2O3
Mgo

. CaO
Na20
Kzo
Pzo s

Ignition loss
TOTAL

Sr ppn
- Rb ppn

K/Rb

CIPI\I norn
a

Ab
An
Hy En

Fs
MT
I1
Ap

. D.I.
Norrn. An%

4- 668

74.9
t3.2

0.03
1.05

99.2

49
504

102. 0

93:4

r.4

28
505

74.O

87.L

5.O

0.10
0.03
0. 9s
o.2
0. 10
2.4

4-678

75.2
13. 9
0. 15
0.03
I.S2
0.5
o.1.6
1.5
4. 50
0.02
2.18

99.s

47.8
6.3

26.6
L2.6
o.7
o.8
7.4
0.6
o.3
0.1

619

C

0r

36
2

36
20
o
0
0
0
o
0

3
4
6
5
3
6
9
4
)
1

Both specimens were analysed using X-ra¡' fluorescence techniques.
Analyst: A.R. Milnes



TABLE G9

Chernical anal ses of specimens of the hybrid sranites

Si02 66.4
A12O3 14.2
Ti02 0 ' BB

lvfnO O. 08
Total Fe as Fe203 4.68

Fe0

Hy

Mt
I1
Ap

D. r. 73.O

Norm. Ãneo 32.3

- 0.87
- o.24

o. 70
100. 6 99. 89

- 0.56
99.53 100.0

96
183

210.0

23.7
0.0

25.O
25.8

7 4.5

33.3

89. 8

16. 5

Type A hybrid grartite

3-29# 3-37 3-38# A

Type B hybrid
granite

3-27 -7-34 3- 59

0.06
2.23

76.4
11.5
0. 15
0. 04
I.37

66.L
14.4
0.96
0. 11
4.99

.17

68. 60
14. 30
0. 59

.70

.24

.88

.40

.28
tr

1.
13.
28.
14.
0.
o.
0.
3.
7.
1.
1.
0.

7T.I
33.2

B#

67.rO
14.32

89

.84

.50

.26

.05

79 .3
9.8
o. 31

69 3
3
69
o7
35

69.4
73.6
0.68
0. 10
4. s00

4
1
?

3
2

06
o
o
1

)
I
3

J
4
o
o
o

79* 51*

13.
0.
0.
4.

r.e
1. 86
2.7
4.67
0. 10

Ir{g0
Ca0
Na20
Kzo
Pzo s
Hzo*
Hzo-

Ignition loss O.79 0.53
TOTAL 99. B 99. 1

Sr ppn 121 32
Rb ppm 176 32O

K/Rb 206. 1 133. 5

CIPW norm
a
C

Or
Ab
An

0.4
0. 45
3.L
5. 14
0.05

1.9
3. 35
3.0
4.37
o. 15

2

3
3

4
0

1
'7')

1

0.9
0.60
1.6
4.63
o. 05

L.7
2.Or
2'.6
4.s2
0. 1B

20 23
L7
56
o4

0. 60
99.2

r29
218

177.8

155
217

L77 .8

0
100

69
0

r26
1sB

28

26.3
12.9
1.8
1.0
0.8
4.r
3.0
1.8
1.8
0.4

36. 9
o.2

30.4
25. B

2.O
0.0
0.0
0.0
1.1
t,2
0.5
o.3
0.1

93. 1

7.3

21.6
0.0

25.8
25.6
12.2

lio 1.4
En 0.8
Fs O.6
En 3.9
Fs 2.9

r.7
7.7
o.4

Di

220.7

20.6
0.0

24.8

7 r.7
32.9

9
o
5
8

3
0
0
o
1

0
2
I
o

29 .I
1.3

26.7
2r.7

B.B
0.0
0.0
0.0
4.3
3.7
1.6
1.5
0.4

28,r
o.7

27 .6
22.6
8.6
0.0
0.0
0.0
4.r
3.5
1.6
1.3
o.2

49. 1

I.2
27.4
13 .4
2.7
0.0
0.0
0.0
2.2
1.9
o.B
0.6
0.1

2.9
0.9
0.5
0.4
3.2
2.3
2.2
r.7
o.4

1

78.3

27.5

77 .5

28.9



TABLE G9 (Cont'd)

Chemical analyses of specime ns of the hybr icl sranites

Type B hybri,d granite
9-7 I\r19D W58c

69. 56
13. 98
0. 79
o. 05
o. 60*
3.7s
1.76
I.92
2.65
4.27
0.07
0.66
o. 10

.70

.05

.7r*

.23

.46

.11

.69

.59

.13

.46

't1

13.
0.
0.
J

o. 57
99. B

198. 7

D

69.06
14.28

tv39 l{I41

7L.
12.

2

6
45
05
51

73.2 74.6
t2.4 12.8
o.44 0.35
0.06
2.9s

72.5
12.8
0. 49

.1

.24

.8

.29.

0.45 0.77 0.57
100.0 100. 2 99 .5

8

7

51
05

SiO2
4120 3

Ti02
li{n0

Total Fe as Fe2-03
Fe0
Mgo
Ca0
Na20
Kzo
Pzos
Hzo*
Hzo-

Ignit.ion Ioss

o.g
o. 99
a1

s.77
o. 04

97
24r

11

0
0
0
J
1
)
2

4
0
0
0

o
2

1

0
7

3
9
9
9
1

0.06
3.76

0.05
2.LI

0.6
06
3
64

0.
0.
3.

1.0
1 .03
3.2
4. 58
o. 10

1

3

4
0

31

1106

1.0
0. 9B
2.7
5 .00
0.09

1

I
2

5

0

TOTAL 100.16

Sr ppm
Rb ppn

K/Rb

Mt
I1
Ap

76.6

28. B

99.58

77.5

29.7

0.56
99.5

104
203

r87 .3

IT4
L77

110
27L 2s9

169. 52r7 .6 rss.2

CIPI{ norm
30

1

34
23

4
2

1

0
o
o

27.6
L.4

27 .1
22.8
9.6
3.6
4.3
1.0
1.3
0.3

28.9
r.7

25.2
))L
9.1
4.4
5.2
0.9
1.5
o.2

a
C

Or
Ab
An
Hy En

Fs

87. 1

16. 8

86. B

L4.O

89.4

14.7

85. I
15.9

30,
o.

31.
23.

5.
.)

a

1.
1.
0.

Bs.0

r8. 6

o
3
3

8

4
B

7

2

0
3

33.0
1.5

29.6
22.6
4.3
2.6
3.2
r.4
0.9
o.2

33.7
0.5

27.4
28.3
4.9
1.5
r.7
0.8
o.7
0.1

32.3
0.5

27.r
27 .4
4.5
2.5
2.4
1.1
0.8
o.2

D.I.
Norm. An9o

Specimen numbers have the foliowing locality key:
3- Granite Island (Figure 21)
9- lVest Island (Figwe 22)
W Cape lViltoughbY (Figure 13)

These specimens were anâlysed using X-ray fluorescence techniques.
Analyst: A.R. Milnes

specinen A - Graníte Island. Analyst: C.E. Tilley (Browne, 1920)
Sþecimens B, C and D - Granite Island. Analyst: A.W. Kleeman

(Kleernan, 1937)

#variety of Type A hybrid granite containing hornblende
*F e20 3



TABLE G10

Chemical analyses of sÞecirnens of aplite dykes from Port E11iot

SiO2
Al2C a' TiO2
MnO

Total Fe as Fe2O3
Mgo
Ca0
Na2O
Kzo
Pzo s

Igni-tion loss
TOTAL

Sr ppm
Rb ppm

- K/Rb

CIPW norn

Fs
Mt
I1
Ap

D. I.
Norm. An9o

74
5

77.
L2.
0
0
0
0
0
3
6
o
0

101

3B
o

30
26

1

0
0
o
o
0

32.6
o.2

36. 8
28. O

1.1
L.3
0.6
0.3
0.5
0.1

a
C

0r
Ab
An
Hy En

4-.60* 4-6s

77 .8
lL.7
0.06
0.05
0.5i
o.2
0. 31
3.2
s. 15
0. 03
o.62

99.6

45
293

14s.9

95. B

4.8

')

I
L3
03

.30

.J
2)

.06

.67

.9

40
338

152. I

97 .4

3.8

5

4
4
9
3
5
5
2

I
1

Both specimens were analysed usíng X-ray fluorescence technique.s.
Analyst: A.R. Milnes

*'contains significant tourmaline



TABLE GlI
Chemical analyses of specimens of Kanm antoo Group netasedimentary rocks

from the Encounter B aTea

OOlOIN

Si02 76.I
41203 11.9
TiO2 0. 56
MnO O.O3

Total Fe as Fe2O3 0.93

oo14n oo 1sm oo lBIn 2 0025

70.3

00

60

o0r1
m

66.0
L4.7
0.95
0.08
s.74

2

.76

0.70
100. 3

295
177

L26.6

24.
1.

16.
27.
12.
0.
0.
0.
7.
4.
)
1.
0.

63.7
15. I
O. BB

0.06
6. s4

t.23
99.4

L47
226

155 .0

-bJ
b

76.r
IL.2
0. 39
0. 04
2.17

0.70
o.r2
5.05

.06

.10

o.77 0. 7s
100.0 100.0

348 2rl
68 115

t29 .4 189. 1

.6
,3
.80
,14
.80

.15

2.23 2.19
100.3 10rl.o

87 131
225 242

205.r 206.8

Ignition loss 0.40
TOTAL 100.7

Sr ppm 465
Rb ppm 2

K/Rb

CIPW norm
a
C

0r
Ab
An
Di Wo

En
Fs

Hy En
Fs

Ivlt
I1
Ap

Norm. An%

.4

.4

.82

.11

58
18
0
0
7

L7
0
0
7

12.9

9
92
2

3
0
1

6
0

3
47
4

g.g
L.O2
0.8
s. s6
o.I8

2.4
2.37
2.6
2.62
0. 1B

B4

Fe0
Mgo
Ca0
Na2O
Kzo
Pzos
Hzo*
Hzo-

1.
3.
5.
0.
o-

4
52
6
T4
15

3.4
r .24
2.2
4.22
0. 16

3
70
T7

3
2

3

2

o

1

J
3
1

o
03

36. 1

0,0
0.8

47.O
t.J
3.9
J.J
0.1
0.1
0.0
0.3
1.1
0.4

13.4

)
B

o
9
6
0
o
o
9
5
1

I
4

9
9
5
J

6
o
o
0
0
J
8
3
4

43.5
o.o
6.3

28 .4
L2.s
r.7
1.1
0.5
2.3
1.1
0.8
o.7
o.2

30. 6

25.2
5.8

24.9
18.3
5.1
o.o
0.0
0.0
8.5
5.4
2,4
r.7
o.4

34.
1.

15.
)')
10.
o.
0.
0.
6.
4.
1.
1.
o.

')

3

18 .0
8.6

35. 6
9.8
3.6
o.o
0.0
0.0
9.7
7.O
2.8
1.6
o.4

4.0
8.6
2.9
6.8
3.9
0.0
0.0
0.0
9.7
7.O
2.8
1.5
0.4

31. 1 2r.8 32.2 36. s 26.7



TABLE c11 (Cont'd)

Chemical analyses of specimens of Kanmantoo Group netasedimentary rocks

from the Encounter Bay area

oo29b Ap BP cP ¡P s6sn

. Si02
A120 3

TiO2
I'ln0

Total Fe as Fe2O3
FeO
I{gO
Ca0
Na20
Kzo
Pzos
Hzo*
Hzo-

Ignition loss
TOTAL

57.
T7,
0.
0.
1

Sr ppm 235
Rb ppm 190

K/Rb 16s.6

1.01
99. 1 99 .79 99. 69 99 .82

.75

.48

.70

.03

.63*

.97

.93

.70

.33

.97

.60

.43

.15
- L.29

98.67 100.0

5

5

82
12
82

68.92
12.65
0. 88
o.o2
1.60*
s.07
Z.JL

2.06
2.80
2.LO
o.I7
0.96
o. 04

68.76
13.79
o.74
0.07
0.66*
4.60
2.65
2.8r
2.s4
2.29
o.2l
0. 53
0.04

58. 82
18. 34

74.7
1r.7
0.50
0 .04
3.73

.96

.05

.96*

.93

.00

58
20
0
0
0
3
5

0
3
I
0
1

0

55
39
28
19
27
10

0
o
o
5
4
3
5
3
0
0
0

6
3
4
7
3
o
0
o
0
6
4
B

4

4.4
3. 38
2.6
3.79
0. 13

o.
o.
o.
0.
7.
2.
1.
o.

6
53
2
45
23

I
I
2

2

o

9.
3.

32
2

11.

19.
28.

IB2
L24

CIPW norn
a
C

Or
Ab
An
Dil{I

3.
22.
22.
15.

L3.
2L.
12.

L63.7

45.2
3.2

14. s
1B. s
6.1
0.0
0.0
0.0
4.0
3.I
r.4
1.0
0.5

En
Fs

lìy En 1

Fs
Mt
I1
Ap

Norn. An% 41.9 33.2 36.9 36.2 24.8

Numbered specirnens were analysed using X-ray fluorescence techniques.
Analyst: A.R. Milnes (except for 365 which was analysed by I.C.

Mads en)

n - Middleton Sandstone
p - Petre1 Cove Formation
b - Balquhidder Formation

Specinens A, B, C, and D were analysed by D.R. Bowes (Bowes, 1954)

*Fe2O 
3

16.
0.
0.
0.

o

10
I
I
1

0

32.8
1.5

72 .4
23.7
11.8
0.0
0.0
0.0
6.3
6.6
2.3
r.7
0.4

2

3
4
1

9
o
o
0
9
o
8
6
3

0
0
0
6
6
1

1

0

7
5
5
5
6
0
0
0
6
B

o
4
5



TABLE G12

Numbers of cations associated with the sta.ndard unit ce11 ( 160 oxygen

atoms) of variet ies of the Encouuter Bay Granltes and their albitised
equival ents

Si
A1
Ti

. Nfn

Fe as Fe+3
Mg
Ca
Na
K

P

Si
A1
Ti
Mn

Fe as Fe+3
Mg

Ca
Na
K

P

A1
l1
Mn

Fe as Fe+3
Ir{g

Ca
Na
K

P

border facies
negacrystic granite
7-52 7-57 7-58 Av

63.r 62.4 62.6 62.
14.0 14.7 14.s 14.

56.2
20.9

albitis ed
equivalent

7-53 7-55

62.6 66.0
14.r 72.O

7

4
4

Av

64.3
13. 1

0.3
tT

change

+1.6
-1.5
-0. 1

change

-8. I
+7 .I
+0. 1

8 4.8
4
5
0

0.3
tr
') ')

1.9
1.5
4.4
6.0
0.1

0.4 0.4
tr tr
2.4 2.4
1.9 1.8
1..6 1.5

-0
+0
-0
+1

-3
0

2,2
2.5
1.0
6.2
2.3
0.1

o.2
tr
1.9
1.5
r.4
5.4
1.8
0.1

0.4
tr
2.4
3.7
0.6
7.O
2.7
0.1

r
.3
.9
.5
.6
.5
.1

0
t
2

I
I
4
5
0

1

6
J
6
2

0
4

3 5.0

1 0.1

53.

nett change -1.

megacrystíc albite-chlorite rock
7-S4ABCDEAv

L.2
4.2
0.5

15. O

o.7
0.1

1.7
1.5
4.6
5.3
tr

5.8
o.3
0.1
2.O
1.6
1.6
4.7
5.2
o.1

1

52.3
2r.7
o.7
tI
1.8
9.7
o.7

15.5
0.5
0.1

0.5
tr
0.6
4.4
0.6
7.7
o.2
o.2

I

20.
o.
tr

B

8

5

0
7

o
3
1

1

53. 5
2r.6
0.5

54.4
22.8

57.3
2t.3
o.7

o..2
o.2

s4 .6
2I.5
0.5
tr

0.0
+4.0
-0. 5
+9 .4
-5. 1

0.0

2.3
5.9
o.B
4.0
0.4
0.1

o.7
1.5
0.4

77.r 1

s.s
2.6
0.8

10.0

'-o

8.4
1.1
2.3
o.2
o.2

1

3
B

1

11
0
o

tr
2.3

nett change +6.7

Si 64.
L3.

border facies
megacrystic

granite
3-26 3-28 Av

63.6

negacrystic
albite- chlorite

rock
3-4O change

58.3 -5.8
f 8. 4 +4.8
0.S +O.2
tr

-0. 6
+2.5
-1.0

+10.4
-4.6

6
4
2

5
7
4
5
3

64.7
13.6
0.3
tI
1.8

0.
tr
1.
1.
1.
4.
5.
tr



TABLE G12 (Cont'd)

Numbers of cations associated with the standard unit cel1 ( 160 oxygen

atons ) of varieties of the Encounter BaY Grani,tes and their al-bitised

Si
A1
Ti
Mn

Fe as Fe+3
Mg
Ca

recl
leucogranite

4-9

tr
0.4

albitised
equivalent

4-8

66. 9
L2.T
0.1
tr
o.2
0.3
o.2

13. 8
0.3
tr

+0. 3
-0. 8

0.0

-o.2
0.0

-0. I
+9,2
-7.5

nett change +0.9

change

66.6
12.9
0.1

o.3
0.3
4.6
7.8
tr

Na
K

P

Specinen nurnbers have the following locality key:

7- Rosetta Head (Figure 12)
3- Granite Island (Figure 21)
4- Port Elliot (Figure 19)



TABLE GI3

Chemical analys es of specimens of Kangaroo Island pegnatites and

granites

Si0 2

A120 3

Ti02
Mn0

Total Fe as Fe203
Mgo
Ca0
Na20
Kzo
Pzo s

Igniti on loss
TOTAL

Sr PPm
- Rb ppn

K/Rb

CIPIV norn
a
C

0r
Ab
An

159. 8

30.6
o.o

28.5
28:O

91.6 77.O 87.2

3.3 31 .0 15 .0

34

90

15
0
0
0
o
o
3

5

o
o

1

OB

01
91
5

.2

.L7
,L2

.16

.55
a

.11

.3

0
1

0
o
)
7

5.0
0.9
o.4
0.5
r.4
2.O
1.1
0.8
o.2

37 .7
1.8

19.6
19. I
8.9
0.0
0.0
0.0
3.8
4.0
1.8
r.4
o.2

,3
.0
.6
.7
.9
.0
.o
.0
.2
.B
.3
)

.3

34
4

30
26
o
0
0
o
1

0
0
0
0

Di l{o

P-1

68.3
18. 5
0.04

v-4
73.9

100. 2

79
2s7

167 .O

SBR- B

.09

.81

.o

R-1

v3.r
12.5

t4.

0.41
0.04
2.97
o.7
1.53
3.3
4. 83
o. 09
o.62

9
5

72
o7
85
5
91
3
31

7T
T2

0
0
4
1

1

2

3
0
0

00I

o'.52
I:34

100. 2

33
929

63. B

100. t
159
L72

En
Fs

Hy En
Fs

Mt' 11
Ap

D.I.
Norm. Ãn%

All specimens were analysed using X-ray fluorescence techniques.
Analyst: I.C. Madsen

P-1 pegnatite about 12km south-east of Penneshaw (Figure B)

V-4 pegmatite from coastline at Vivonne Bay (Figure 2)
SBR-8 Cape Kersaínt granite collected from banks of StunSailBoom

River (Figure 2)
R-l Remarkable Rocks granite, about 6km east of Cape du Couedic

(Figure 2)



H1

APPENDTX H

X-ray fluores cence and eLeetron mieroPnobe anaLuses of micas, chlorite

and honnbLende ín uaríe ties of the Encounter Bau GY'anLtes

X-ray fluorescence analyses of mica separates were carried out

according to the method of Norrish and Hutton (1969). Electron probe

microanalyses of several míca, chlorite or hornblende crystals in

polished-thin sections of several granite varj-eties were made under the

following conditions:
Accelerating voltage - 20Kv
Beam current - 50nA
Beam fu11y focussed
Florv proPortional counters
Counting- tine - 1O seconds (peak and one background position)
Standards used - Biotite (Fe, K, Si, 41, Mg)

Rutile (Ti)
, BarYtes (BuJ

Jadeite (Na)
Corrections to the raw data were rnade according to the method
of Sneatrnan and Long (1969) using the procedure of Oertel
(1e 7 1)

The analyses given in the following Tables are quoted to within

calculatecl counting error. Electron probe microanalyses alle the average

of two or moïe spot analyses of different crystals.

Specinen nunber:s have the same locality key as given in Appendix G.
(ie. 4- Port E11iot, 5- Granite Island, 7- Rosetta Head, 8- lVright
Island, 9- West Island).



TABLE Hl

Chemical analyses of micas in sp ecimens of the border facies megacrystic

granite

Ti02
Mn0

Total Fe as Fe2O3
Total Fe as FeO

Ca0
Na20
Kzo
BaO

Pzo s
Ignition loss

4-55 4-6r
biotite* biotiteA B

4-6r
biotite

4-6s
biotite

4-63
mus c.B B

4-63
biotiteC

Si02 34.5 36.3 35. 6 35. B 45 . 6
41203 16.1 L6.4 16.5 16.7 31.1

35. 8

16. 9
2,3703

25
7

o .44

9. 11

0. 14
2.O2

s .43
2.57
8.00
0. 41
0. 3s
0. 03
3.27
1. 63
o.o2
5.7r
0. 07

1. B3

1.90

2.59

25.r

0. 10
9 .87
,_ro

5.52
2.48
8. O0
o.47
4.29

3.20
L.76

5.72

0.03
r.92
o. 01
1 .96

2.5r

25.4

0.07
9.91
0.18

5 .47
2.53
8.00
o .44
o.2B

2 .44

20.9

0. 46

4. s5

3.
0.

'>1

MgO 6. 95 7 .77 7 "92 8.25 1 . 19
20.r

8. 96

0.
9.
o-

5.58
) L')
8.00

-0. 66
o.28

6.3r
1.69
8.00
3.40
0.05

0.53
o.25

o. 06
t.70
trace
r.76

o.12
9. 54
0.11

93. 9

.43

.00

.67
a1

2.62
2.OB

o. 04
1. 89
o. 01
r.94
o. 56

19 0.23
90 9.63
03 0.03

TOTAL r00. 2 98.4 98. 1 94.2 92.8

Structural formula calculated on the basis of 22 oxygen atoms
ò1
A1

Tetrahedral
A1
Ti
Mn

Total Fe as Fe+2
Mg

P

0ctahedral
Ca
Na
K

Ba
Interstitial

Fe*2 / (Fe+2+Mg)

5

2

B

o
o

57

3.25
1. 81

5.78

o.02
1. 93
0. o1
1. 96

2.73
r.92

0. 06
L.97
trace
2.O3

5. 59 4 .23 5. 64

0.67 0.64 0.64 0.59



TABLE Hl (Cont'd)

Chemical analyses of micas in specimens of the border facies rnegacrys ti c
granite

Si02 35.4
A120 3 16 .4
TiO2 3.05
MnO 0.26

Total Fe as Fe2O3 24.5
Total Fe as FeO

MgO 8.62
CaO O.34
Na20
KzO 9.2O
Ba0
PzOs O.22

Ignit.ion loss 2,Ls
TOTAL 100.1

3-26 3-32 3-33 8-r2 B-r2 7-52
biotite* biotite* biotite* biotite* musc.* biotite B

36. 9
16. 9
3.03
o.26

.2L3

10. 3
0. 14

9. 80

olrr
r.52

100. 3

8.00
0. s4
0. 33
0.03
2.4t
2.32
0.01
s.64

1. 81 1. 88

r.87
0. 59 0.51

35.
19.

1.
0.

23.

8. 51
0. 07

9. 11

ol ro
1. 60

99. B

22 oxygen
5. 38
2.62
8 .00
o. 89
o.2L
0.04
2.67
1. 93
0. 01
s. 7i
0.01

35. 9
T7 .O
3.08
o.26

25.2

9. OO

o. 15

9. 84

0.08
r.37

r01.9

.00

.46

.34

.03

.86

.03

.01

. t5

t.92
0.58

atotns
6.4r
1.59
B. O0
3.71,
0.04
0. 13
0. 11
o. 11
0.01
4. 11
o.02

2.89
1. 85

49 .5
34. 8
0. 39
0.06
1. 14

3
6
90
28
3

0. 57
o. 15

9. 39

0.05
4 .46

r00. 5

37.O
17.L
2.63

22.9
8.24

o.t2
L49
0.oB

97 .6

5.59
2.47
8.00
0. 63
o.29

Structural formula calculated on tl're basis of
Si
A1

Tetrahedral
A1
Ti
Mn

Total Fe ab Fe+2
Mg
P

0ctahedral
Ca
Na
K

-Ba
Interstitial

Fe*2 / (Fe+2+1,{g)

.47 5.55

.53 2.45
.43
.57

5
?

B

0
0
0
2

1

o
5
0

5
2
8
0
o
o
2

2
o
5
0

1

o.o2

00
4.5

35
03
B4
99
03
70
06 .-o,

L .78

0. 58

I.s7

s. 66

o. 04
1. 83
o. 01
I. 88

o. 61

90 r.77 1 .55

1 90



TABLE H1

Chemical

(Contr d)

analyses of micas in spec.imens of the border facies megacrystic

granite

Si02
4120 3

Ti02
Mn0

Total Fe as Fe203
Total Fe as FeO

Mgo
Ca0
Na20
Kzo
Ba0
Pzo s

Ignition loss
TOTAL

Si
A1

Tetrahedral
A1
Ti
Mn

Total Fe as Fe+2
Irtg

P

Octahedral
Ca
Na
K'Ba

Interstiti a1

Fe* / (Fe+ +Mg)

2.86
1. 85

2.67
1.81

7-52
biotite

37 .5
L7.L
2.63

22.8
8.26

0 .09
9. 66
0. 18

98.2

5,62
2.38
8 .00
o.64
o.29

0.03
1.85
0.01
1. 89

7-56
bíotite

34.8
17.8

2.62

20.2
7 .67

o. 10
9.31
0.09

92.6

.50

.00

.81

.30

0. 03
1. 88
0.01
r.92

9- 11
bi otite

36. 1

t7.2
3. O6

23.4
7.75

0. 14
9. 88
o. 15

97 .7

2.5r
8.00
0. s7
o.34

2.97
r.76

o. 04
L.92
0.01
L.97

9-11 
Amusc.

47 .2
3r.7
1.60

9- 11
biotite

36.0
17 .6
2.92

22.8
7 .77

0. 11
9.70
0. 07

.49

.51

.00

.65

2.90
r.76

0. 03
1. 89
tTace
r.92
o.62

c c

s0 5.49

95.7 97.O

A B

Structural formula calculated on the basis of 22 oxygen atoms

3.O7
1. 19

0. 30
10.6
0.05

6.32
1. 68
8.00
.3.33
o. 16

o.34
o.24

5
1

8

0
0

5
2

B

o
0 33

5.64 5.59 5.64 4.O7 5.64

o. 08
r.82
tTace
1. 90

o. 6r 0.60 0.63

*X-ray f luorescence analysis
A' B'c"l"atron microprob.e anarysis :

A - inclusions in potash feldspar megacrysts
B - groundmass biotite
C - biotite in xenolith

Analyst: A.R. Milnes



TABLE H2

Chemical analyses of biotites in specimens of the inner facies mega-

crystic granite

Si02
41203
Ti02
Mn0

Total Fe as Fe203
Total Fe as FeO

Mgo
CaO 0.31
Na20
Kzo 9.36
Ba0
PzOs 0..18

Ignition loss I.33

.00

.44

.33

.03

.15

.76

.02

.7r

.05

1.85

o.64

4-79 4-79
biotite* biotite
35.1 35.7
16.4 16. 3
2.94 2.74
o.23

26.8
- 24.5

7.6L 7.58

0.08
9.94
o.25

24.6
7. 95

24 .8
7 .68

0.05
9 .47
o.r7

97.2 98.5

of 22 oxygen atoms

A B A B
4-79

bioti te
4-93

biotite
4-93

biotite
35. 4
15.9
2.59

25.2
7 .70

o. 05
9.57
o. 13

.00

.42

.30

.90

.01

.92

37.r
16. O
)'r1

s.67
2.33
8.00
o. s4
0. 25

o.o2
r.76
0.01
r.79

37.6
16.3
2.43

5.67
2.33
8. O0
o. 56
o.27

0. 15
L.82
0. 01
1. 85

0. 05
9.06
0. 15

ToTAL 100.3 97.9 go. s

Structural formulaecalculated on the b
Si
A1

Tetrahedral
A1
Ti
Mn

Total Fe as Fe+2
I,lg
P

0ctahedral
Ca
Na
K

Ba
Interstitial

F"*2 / (Fe+2+t'lg)

3.28
L.79

5. 69 5. 79 5. 75 5. 69

sis
.51
.49

a
5
')

8
0
o

5.51
2.49
8.00
0. 48
0. 31

44
56

5
2

8

o
0
0
J
1

o
5
o

3.14
1. 81

3. 16
L.74

o.o2
r .96
o.o2
2.OO

0. 64

o2

3.13
r.73

0
t
0
1901

0. 65 0. 64 0 .64

*X-ray fluorescence analysis
A'B'C"l".tron rnicroprobe analysis as ín Table Hl

Analyst: A.R. Milnes



TABLE H3

Chemical analyses of micas and chlorite in xenoliths wíthin the border

facies megacrystic granite, and of biotite ín a Petrel Cove For¡nation

metas iltstone
3-10 3-19 9-8 4-84 4-84

biotite biotite bi.otite* biotite musc.

35.4 47 .6
18.2 35 .2
r.37 0.0

4-84 V3
chlorite biotite

23.7 36.0
2r.8 20.O

2 0.o2 L52

i8.3
r0. B

0.01
0.58
8. 70

. si02
A120 3

TiO2
MnO

Total Fe as Fe2O3
Total Fe as FeO

Mgo
Ca0
Na2O
Kzo
BaO
Pzo s

Ignition loss
TOTAL

Structural forrnu
28 oxygen atoms

Si
A1

Tetrahedral
A1
l1
I{n

Total Fe as Fe+2
l,{g
P

Octahedral
Ca
Na
K

Ba
Interstitial

Fe*2 / (i,-e+2+Mg)

5,6s 5.69

35.
17.

..,

17 .5
Lo. 4.

35. 9
18 .0

1. 99

17 .5
10. 5

0. 16
9.O7
0. 13

5. 53
2.47
8.00
0. 80
o.23

2.25
2.4I

0.05
1.78
0.01
r. 84

36. O

16. 6
3. 18
o.22

23.82

8.04
0. 05

5. 56
2.44
8.00
0.59
0. 56
0. 03
2.77
1. 85
0. 01
5.61
0.01

1. 89

1. 89

0.60

2L. T

9. 86
0. 05
0. 19
9. 38

s.42
2.'5 B
8.00
o.7I
0. 15

5 .82
0. 01
0.06
1. 83

2.23
0. 85
0.00
o.92

10. I

9
3
35

1

6
00
04
01

24
I3
0
0
o9 .57

93,2 93.3

0. 04
1.60

99. 1 95.6 96.9 83.5 95.7

1ae calculated on the basis of 22 oxygen atoms and
for micas and chloríte respectively

0. 0B
9. 55
0.13

5.55
2.4s
8.00
o. 71
o.27

2.27
2.40

o.o2
1. 88
0.0r
1.91

2.7 r
2.25

þ.24
r.76
8.00
3.67
tÌace

o.24
0. 17

4.08
trace
o.23
1. 69

5.25
2.75
B. OO

2.94
trace

trace
o.o2
trace

5.39
2.6't
8.00
o.92
0. r7

4
4

49
46

))o
2 .4r

0.49 0.48

1.90 L.92

0.55 0. 50

5. 79
tTace
0. 11
1. 66

rl ze

0. 49

*X-ray fluorescence analysis
Others are electron mi.croprobe analyses

Analyst: A.R. Milnes



TABLE FI4

Chenical analyses of micas and ch lorite in spec irnens of albitised meqa-

crystic granite
4-26

biotite

2.40
2.3r

5.65

0.05
1. 89
0. 01
1.93

o .51

2.78
o.20

17.o

13.2
0. 10

43
57
00
57
30

1.90

0. 39

37 .2
19 .0
L.63
o.L2

13.3

13.8
a.2r

0.
0.

18.

19. 8
o.2r

B
7-53 7-55 7-55 7-55

biotite* biotíte* musc. * biotite
36.6 35,4 47.5 35.4
18.0 16.9 32.2 17.6

8-13 8-13
biotite* chloritrB

SiO2 36.2
41203 16.9
Ti02 2.35
Mn0

Total Fe as Fe203
Total Fe as FeO 18.5

I{g0 10. 1

Ca0

28
22

6

I
7l
15
0

3.27
o.25

24.8

8. 05
0. 15

0.60 2.42
0. 0s
2.95

r.14
0. 16

20.3
8.22

5.53
2.47
8.00
o.76
o. 2B

0. 59

0. 25
8. 4s

99.7

0.04

t.78 0.15

1. 81

0. 33 o. 31

Na20 0.09 - o.l2
KzO 9.56 9.97 9.60 II.2 9.52 9.36
BaO O.0B - O.23
PzOs - 0.11 0.08 O.O3 - O.28

Ignition loss - 2.3L 1. B0 4. 51 - 4. 15

TOTAL 93.8 100.3 100.3 100.3 93.8 99.1

Stnrctural formulae calculated on the basis of 22 oxygen atoms and
28 oxygen atoms for micas and chlorite respectively

Si
A1

Tetrahedral
A1
l1

'Mn
Total Fe as Fe+2

I{g
P

Octahedral
Ca
Na
K

Ba
Interstitial

F"*2 / (Fe+2+tr4g)

60
40
00
67
27

5
')

B

0
o

q

2

8
0
0
0
1

2

o
5
0

6.37
r.63
8. 00
3.45
0. 06
0. 01
0. 30
o.23
trace
4. 05
o.o2

.03

.90

.92

.01

.73

.02

5. 4s
2. 5s
8.00
0.53
o.37
0.03
2. 87
1.85
0.01
5.66
0. 03

L.92

0.61

2.65
1. 9r

5. s4
2.46
8.00
o. 86
o. 18
o. 02
1. 49
3.06
0.04
5. 6s
0.03

60

5

2
8

2

o
0
aL

5
o

60
40
00
BB

10
03
65
79
o4

5

1. 89 1. 89 1. 91

1. 93

o. 04
1. 89
o. 01
1.95

o. 58

*X-ray fluorescence analyses
Belectron microprobe analyses of groundrnass biotite
Analyst: A.R. lufilnes



TABLE H5

thgtlica] e441¿ses o! phlogopite and chlorite in a specimen of the mega-

crystíc albite-chlorite rock

Structural fornulae calculated on the basis of 22 oxygen atoms
and 28 oxygen atoms for phlogopite and chlorite respectively

Sí02
A120 3

TiO2
MnO

Total Fe as Fe2O3
Total Fe as FeO

Mgo
Ca0
Na20
Kzo
Ba0
Pzo s

Ignition loss
TOTAL

Si
AI

Tetrahed::a1
A1
Ti
Mn

Total Fe as Fe+2
Mg

P

0ctahedral
Ca
Na
K

Ba
Interstiti aI

Fe*2 / (Fe+2+tr{g)

7-54
phlogopite

4r .4
18. B

0.69

5. 14
20.6

o.2+'
LO.2
0. 06

97.2

7 -54
chlorite*

28.8
24.4
I.2L
o.0B
7.60

27.r
0. 14

0. 15

5.41
2.59
8.00
2,BL
o.r7
0. 01
1 .08
7.60
0. ol

o. 03

0. 04

7-s4
chlorite

6.63
27.8

87.3

o0
90
01

trace
trace
trace

o.t2

0. 03
9. 99

99. s

5
2

8
2
0

5.7
2.2
8.0
0.8
0.0

28.4
24.4
o. 05

00
00
00

0
0
o

4I
59

1.06
7..88

3
7
0
1

7

0. 60
4.25

5.73

oloo
1. 80
trace
r. 86

o.72 o.r2

*X-ray fluorescence analyses
Others are electron microprobe analyses

Analyst: A.R. Mi-lnes



TABLE H6

Chenlical analyses of biotite in specimens of fine and mediun even-grained

granites

SiO2
41203
TiO2
I{n0

Total Fe as Fe203
Total Fe as FeO

Mgo
Ca0
Na20
Kzo
Ba0
Pzos

Ignition loss
TOTAL

Si
AI

Tetrahedral
A1
Ti
Mn

Total Fe as Fe+2

.Mg
P

Octahedral
Ca
Na
K

Ba
Interstitial

F.*2 / (Fe+2+Mg)

4- 10 4-r3L 4-52 4-73 4-59 4- 103
biotite biotite biotite biotite*' biotite biotite
35.7 38.2 34.6 37.L
16.1 18.0 16.5 18.3

' -tt 
t-ut 

' -'o ,zr.iz

35.2 34. I
16.0 16.2
2.30 2.35

22.7 24.r
6.88 6.45

0. 07
9.r7
0. 07

0. 36
9.27
0. 03

92.4 93.6

24.2
6.57

o. o8
9.56
o. 14

63
37
00
61
27

LT.4
15. 4

o. 14
9.58
o. 04

22.9
6.6 10. I

o. 10

9. 38

.57

.43

.00

.81

.22

.15

.34

.25

.01

.68

.02

r.82
0.51

o.o2
r.92
0.01
1.96

5. 65
37
o0
74
18

40
39

0.04
1. B0
trace
r.84

o "r7
9.r8
0.05

,57
.43
.00
.70
.26

3.08
1.59

o. 05
l. 89
trace
L.94

5.65
2.35
8 .00
0.66
o.27

3.04
r.64

5.62

o.o2
1. 88
trace
1. 90

5. s6
2.44
8.00
0.61
0. 2B

3.22
1. 54

0. 11
1. 89
trace
2.OO

0
2

10
08
094.7 94.4 92.2 100

Structural formulae calculated on th basis of 22 oxygen atomse
5
2
8
0
0

2
8
o
0

I
3

5.
)
8.
o.
0.

5
2

8

0
o
o
2

2

0
5

0

1

5. 19
1.54

5.61 5.71. 5.63 5 65

80

0.67 0.29 0.66 0. 6s 0.6B

t4-tS is the albitised equivalent of 4-10
*X-ray fluorescence analysis
Others are electron niiroprobe analyses

Analyst: A. R lr'filnes



TABLE H7

Chemical analyses of muscovi te in spe cimens of the fine praíned

niarolitic granophyre

4-668
mus covite*

Si02
4120 3

Ti02
Mn0

Total Fe as Fe203
Mgo
CaO
Kzo
Pzo s

Ignition loss
TOTAL

Structural formulae calculated on the basis
Si
A1

' Tetrahedral
A1
Ti
Mn

Total Fe as Fe+2
Mg

Octahedr

Interstiti

*X-ray fluorescence analyses

Analyst: A.R. Milnes

4-678
muscovi-te*

03
.56
.3

45
33
o
0
3
o
0

10
0
4

99

46.3
33.5
o.26
0.06
3. 83
o.64
o. 10

10.9
0.03
3. 53

99.2

6.24
r.76
8;00
3. 56
0.03
0.01
0.39
o. 13
trace
4.r2
o. 01
L.87
1. 88

.8

.B

.25

.06

.36

of 22 oxygen atorns
6.2L
L.79
8.00
3.62
o.o2
0.01
O¿34
0.11
trace
4. 10
0.01
1. 87
1. 88

56
o7
8

P

a1
Ca
K
a1



TABLE I]8

Chenical anal

type A hybrid granite
ses of coexisti biotite and hornblende in s ecirnens of

3-3r
biotite

36.3
14. 8

1. 85
22.6
10. 5

3-29
bi oti te

3-29
hblB BB

3-3I
hbl
44.
8.
1.

22
8.

11.
1.
1.

B

3
53
27
3
74
4
33
19

3-29
hornblende megacryst

Si02
41203
TiO2

Total Fe as FeO
Mgo
Ca0
Na20
Kzo
BaO
TOTAL

Si
A1

Tetrahedral
A1
Ti

Total Fe as Fe+2
Mg

ocrahedral (Y)

Interstitial (X)

F.*2 / (Fe+2+lr{g)

99. 1

6.73 5.66 6.74
L.27 2.34 L.26
8.00 8.00 B.o0
o .25 0. 3r o. 30
0. 14 0. 18 0. 13
2. 83 2 .62 2.47
1.98 2.73 2.20
5.20 5. 84 5. 10
1.85 - I.97
0. 39 0.03 0. 38
o.23 7.94 ,O.2I
- 0.01

2.47 1.98 2.56

0. 59 0.49 0. 53

97 .6 96.6 97.6 97.7

56. 8

74,7
1. 60

20.4
11.9

44.2
8.69
1. 14

L9.4

48.9
4.76
o.32

16 .0
12. B

L2.6
0. 78
0. 48

t.Jt
0. 63
8. O0
o.20
0. 04
r.97
2.82
5. O3
2.OO
o.22
0. 09

44.9
7 .87
I.I7

18.7
LO.2
12.4
1.29
1 .03

6. 8i
1.19
8.00
o.22
0.13
2.37
2.32
5.04
2.O2
0. 3B
0. 20

2.60

0 .51

52.5
2.86
0. 10

15.5
15.0
13 .0

7 .62
0. 58
8.00
0. r1
0. 01
r.64
3.2s
5 .01
2.O2
o. 13
0.04

2.79

o.34

9.67
T2,I
r.28
1 .08

0
0

47
24

0. 10
9.64
0. 15

95. 9

o. 10
9. 88
0. 13

95.5

Structural formulae calculated on the basis of 22 oxygen atoms and 23
oxygen atoms for biotite and hornblende respectively

5
)
8
o
0
¿

2

5

6I
39
o0
31
2L
92
43
87

o. 03
I .90
0.01
1. 94

0.55

Ca
Na
K

Ba
2.3r
0. 41

Note: all are electron microprobe analyses

B"analyses of groundnass biotite and hornblende

Analyst: A.R. Milnes



TABLE H9

Chenical analyses of biotite in a specinen of type B hybrid qranite

3-27
bi otite

35. 6
L6.7

s. 46
2.s4
8.00
0.48
o. 31
2.97
2.O2
5. 7B
0.03
1. 81
0.01
1. 85

0. 60

z a-7

chlorit
3-27

biotite
36.3
16. 6

3. 0B

3-27
biotiteA

e
B C

Si02
A12O 3

Tio2
Total Fe as FeO

I{gO
Na2O
Kzo
BaO
TOTAL

Si
A1

Tetrahedral
A1
Ti

Total Fe as Fe+2
I'fg

Octahedral
Na
K

Ba
Interstitial

Fe*2 / (Fe+2+Mg)

25.
20.
0.

28.
L4.
0.

76
2

86
09

2
2

3
8
o
9
0
6

4
0
OB

5

I
o3

36 .2
16. 5

2

2I
9
0
9
0

97

2r.8
9.26
0. o7
L79
o.22

97.r

49
00
49
34
77
09
69
o2
90
o1
93

90
B

56

9

26
15
6

0..05
0.06

88.2

.09

. B3

.18

.1

5. 51 5.50
2.SO
8.00
0. 45
o.32
2.7 B

2.17
5.72
o. 03
1.91
0.01
1. 95

0. 57 0.56

Structural formula calculated on the basis of 22 oxygen atoms

2

8
o
0
2
)
5
o
1

0
1

A'B'c"l".tron microprobe anaryses as in Table Hl

Analyst: A.R. Milnes
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APPENDTX T

Measuv,gment o f the d,eqree of AL,Si oz,dey in aLkaLi feLdspa.z's based on

data for tts tandardt' aLkaLi feLdspars and the detectlon of 'tanoma,Lou8"

aLkaLí fe Ldspaz,s

In view of the data now available in the literature, it seems

desirable that a1ka1i feldspars encountered during ::outine petrological

investigations be described in terns of A1,Si order, rather than their
nonoclinic or triclinic geometry as determined from parameters such as

extinction angle or X-ray triclinicíty, although Wright and Stewart

(1968, page 40) have doubts as to the desirabilí-ty of such a classif-
íca.tion. In pursuing such a classification, it is important to distin-
guish between Local and dì.etant AI,Sí order (Snith and MacKenzie' 1961).

The degree of A1,Si order calculated fron T-0 bond length measurements

from X-ray crystallographic data represents distant order averaged over

an entire single crystal; on the other hand, according to Smith (1970),

cell dinensions, refractive indices and other physical properties clepend

primarily on LocaL order. Thus, Snith considers that a sinple

relationship between physical properties and the degree of order deter-

¡nined from X-ray crystallographic data can only exist when local and

distant order are correlated.
Jones (1966) suggested that the ratio c* /b* be usecl as a measure

.ôf the degree of Al,Si order in atkali feldspars. The latio can be

measured directly from diffraction charts of monoclinic feldspars

(where c*/b* = 2.|O4O/dOOZ), or obtained for both rnonoclinic and tri-
cLinic feldspars b), using all 1ow angle reflections resolved on dif-
fr.action charts to calculate c* and b*. Stewart and Ribbe (1969) used

the parameters 
^(b.c) 

ancl À(cr*.y*) for the estimation of A1,Si order in

alkali feldspars, based on the relative positions of the I'standard'l

feLdspars on the b - c graph of Wright and Stewart (1968). In order to

exarnine unknown specimenshowever, these methods require computer refine-

rnent of powder diffraction data, or single crysta1 data. The ratio
2O.204/060 is linearly related to c*fb* (Figure 11) and can be used as

á measure of the degree of A1,Si order. Furthelmore, 20.204/060 }ras

the advantage that it can be measured directly from X-ray diffraction
charts of bo'th nonoclinic and triclinic atkali felclspars.

Data for "standardt' a1ka1i feldspars, including those alkali
feldspars for which X-ray crystallographic structure analyses exist and

a range of a1kaIi-exchanged feldspars described in the recent
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literature, have been compiled in Table 11. The parameters c*/b* and

20,204/060 were computed from the published unit ce11 dimensions of the
I'standard'r feldspars. The relationships between c*/b* and 2A.2O4/060

and the degree of dístant Al,Si order (as calculated from T-0 bond

length datal) were studied graphíca11y.

Figure 11 ís a graph of 20.204/060 against c*/b* for the
rrstandardrr potash and soda feldspars listed in Table I1. A para1le1

linear relationship betrveen'the two parametens for both sets of feld-
spars ís wel-1 defined. Howe\¡er, there are exceptions to this relation-
ship. In the case of the soda feldspars, the exceptions include the,

high albite examined structurally by Ferguson, Traí11 and Taylor (i958)

and Ribbe, N{egarr and Taylor (1969)2, anà 563-30, Na-exchanged PsO-90

and Na-exchanged Spencer B (Wright and Stewart, 1968). These anomalous

feldspars, especially Ferguson, Trai11 and Taylorrs high albite, are

significantllr dirnlaced fron the normal socla feldspars. Exceptional

potash feldspars include K-exchangecl 563-30 and K-exchanged albite III
(Wright and Stewart, 1968), and Pellotsalo (Brown and Bailey, L954).

These feldspars define a linear distribution which is para11e1 to but

signifícantly displaced from the normal potash feldspar distribution.
Tie-1ines joining the potash-rich feldspars to their soda-rich equival-

ents in Figr.rre I1 represent alkali-exchange paths.which, for the

anomalous feldspars, do not end on the normal feldspar 1ines. However,

IThe relationship between average T-O bond lengths and the ¡1 çentt:ilt
of tetrahedral sites in alumi-no-silicates is linear according to Smith
and Bailey (1963), Jones (1968), Stewart and Ribbe (1969) and Ribbe
and Gibbs (1969). However, Jones and Taylor (1968), Btotvn, Gibbs irnd
Ribbe (1969) and Brown and Gibbs (1969) are amongst many authols who
have shorvn that T-0 bond distances in framework silicates are depencient
on T-0-T angles as well as on the nature of the T cations, T'he:e find-
ings support the suggestion of Jones (private cornmunication, 1969)
that the relationship between T-0 bond lengths and tetrahedral A1 is
perhaps best represented by a polynomíal curve rather than a straight
1ine. For the present investigatíon, tlie linear relationship of Jones
(1968) , narnely

A1l(41+Si) = 6.3481(T-0) - 10.1780,
was used to predict the Al ocupation of tetrahedral sites in the
rrstandard" a1kali feldspars from published bond length data.

2the hígh albite of Orville (1967) is not displaced from the normal
soda feldspar curve
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refeïence to Table 11 indicates that these discrepalrcies can not be

explained as an effect of systematic compositional differences between

the normal and the anomalous feldspars.

Figure I2a is a graph of c*/b* against degree of A1,Si order

for rrstandard" feldspars for which T-0 bond length data have been ob-

tained, and is a revision of the graph devised by Jones (1966). The

data for Figure I2a are given in Table 12. If c*/b* is plotted against

the natural 1og of the degree of Al,Si order, the complex dístribution
in Figure I2a can be reduced to a linear distribution (Figure Izb),

Jones (1966) suggested that the soda feldspars a,re displaced fron the

potash feldspar 1ine, and may defíne a distribution of their own.

Statistically however, the soda feldspars can not be separated from the

potash feldspars.
A.s Pellotsalo is normal in terms of c*/b* and degree of distant

AlrSi order, its displacernent from the normal potash feldspar distríb-
ution in Figure 11 can be attríbuted to an abnormally high value of

20.204/060 in relation to c*/b*. The displacernent of K-exchanged albite
III and K-exchanged 563-30 from the normal potash fe1<ispar distribution
(and possibly the displ-acement of 563-30, Ferguson, Trai1l and Taylorfs

high albíte, Na-exchanged P50-90 and lla-exchanged Spencer B fron tlte nor¡naÌ

soda feldspar distribution) can be similarly explained.

Figure 13 is a graph of 20,204/060 against distant A1,Si

order for the rrstandard" alkali feldspars listed in Table 15. Where

possible, the distant Al,Si order was calculated froni T-0 bond length

data (see Table 12), but in the absence of such data the degree of order

was estimated from c*/b* with reference to Figure I2b.

As shown in Figures I3 and 14, the normal and the anomalous

potash feldspars define parallel distributions between 204/060 anrl the

degree of Al,Si order. St. Gotthard adularia (data from Jones, private

comrnunication, 1969) and rspencer C (data fron Co1evi1le and Ribbe, 1968)

are significantly dísplaced from the normal potash feldspar distribution
(Figures I3 and I4). This can onLy be the effect of a higher degree of

A1,Si order than appropfiate for the value of 204/060, if reference is

made to Figure 11. A study of this type of anomaly',vas not undertaken

during the present investigation. 0n the otlier hand, the displacernent

of Pel1otsa1o, K-exchangeci albite III and K-exchanged 563-30 from the

normal potash feldspar distributíon is due to hígher t,alues of 2O4/060
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than appropriate for a particular value of AlrSi order. More specific-
aLly, for a given value of.2A.2O+/000 the degree of Al,Si order is about

25u" lnig,]ner for anomalous than for normal potash feldspars.

Low and high albite are significantly displaced fron both the

normal and the anonalous potaslì feldspars in Figure 13. However, it
should be noted that high albite (data from Ferguson, Trai11 and Taylor,

1958) has an abnormally high 204/060 value (Figure 11), and contrasts

with the high albite studied by Orvi11e (1967).

It is clear from these graphs that potash feldspars and soda

feldspars can each be divided into two groups on the basi s of the para-

meter 20.204/060. The anomalous potash feldspar.s are a minority com-

pared with the normal potash feldspars, and a.re characterised by pre-

dictably high values of 204/060. The anomalous soda feldspars are also

characterised by predictably high values of 2Oq/000, but there are not

enough soda feldspars for which T-0 bond length data have been deternin-

ed to perrnit further conùnent.

The cause of the abnornality of certain potash feldspars is not

clear, although the 204 term is selr.sitive t.o it. Brown and Bailey

(1963) did not recognise evidence for the anomalous nature of Pellotsalo

rnicrocline. Similarly, Fi-nney and Bailey (I96a) found no evidence for
a discrepancy between Pontiskalk and Pellotsalo rni.croclines during their
investigation of optical properties and ce11 parameters in relation to

Al,Sj. order, and in fact made comment to the contrary. However, a graph

of c versus c* for the "standard" potash feldspars (Figure I5) reveals

that the anomalous potash feldspars are characterised by a significantly
different but paral1e1 relationshi-p to the normal potash feldspars. In

fact, the anomalous potash feldspals appear to have a c ce1l edge that

is smaller than expected.

Wright and Stewart (1968) and l{right (1968) described this type

of anomalous alkali feldspar, which they recogniseci on the basis of

"¡obr"tv"d)-a(estimated fron b and c)>0'02R or

20,2or(estimated fron 20q ¿nð. 060) -20'2ot 
¡oor"rved) 

>0 ' 01" ' R'eference to

the graphs of b versus c, and 2A4 versus 060 of these authors indicates

that the anomalous feldspars are characterised either by a small c ce1I edge

or by a high 20,204 value. It is of interest that lVright and St.ervart

(f968, page 7J.) referred to a rrsurprisingly large nurnber of natural
alkali feldspars" that are anomalous in this regard, but they were not
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able to explain the anomaly.

It is clear from this discussíon tlìat the parameter 20,20q/O0O

is a sensitive indicator of the degree of Al,Si order in both normal

and anomalous_alkali feldspars, providing that the anomalous a1ka1i

feldspars can be recognised by some independent meâns, for exanple

according to the method described by Wright (196S). Alternatively,
anomalous a1kali feldspars can be distinguished on the basis of c*/b*
and 204/060 rvith reference to Figure I1, or from the relationship bet-
ween c and c* lvith reference to Figure 15. In the case of the
Encounter Bay Granites, the 204 - 060 graph of Wright (1968) was used

to illustrate the apparent structural states of the a1kali feldspars
examined, and to distinguish betlreen normal and anomalous specimens.

Iechnique of sønpLe erl;z,aetion end pr'èpaz,ation

Potash felspar grain fragments, as small as possible, were

sampled sequentially across potash feldspar megacrysts in slabs of both
varieties of the lnegacrystic granite using a dentist's drill with
accessory díamond-tj-pped circular saw. Groundmass potash feldspar was

sinilarly sarnpled. The individual fragments varied in weight from

2ngn to 7mgm, and were invariably heterogeneous, in that they contained
fine grained quartz andfor plagioclase inclusions, exsolved albitic
plagioclase, or nìore than one potash feldspar phase. Nevertheless, the

nethod provided data that coulci not be obtained fron bulk potash
feldspar separates, although the nature of the diffraction pattern
of the bulk separate, especially in the region between 29" and, SI"20,
may indicate the presence of nore than one potash feldspar polymorph

in the rock (see for example Vorma, 1971).

Sufficient silicon (about 1/70 of the sample weight) was added

as internal standard to each sample, rvhich was then finely ground. The

powdered mix was smeared on to a narrow quartz p1ate3 and scanned at
least twice in a Philips X-ray diffractometer using Ni-filtered Cu

radiation. Suitable peak intensities were obtained with a 1o divergence

s1it, 0.2mm receiving s1it, and a 1" scatter s1it, geterator settings

3Due to the small sample síze, it was necessaty to limit the area. of
quartz plate on to rl'hich the sample was smeared. A quartz plate lcm
wide was used. Calculations j.ndicatÊ that the rvidth of srnear sample
covered by the x-ray bearn using a 1o divergence slit was less than
1cn during more than 70eo of the scan interval.
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of 4OkV and 2OmA, and a channel setting of 50% on the pulse height

analyser.
In nost sarnples, the 201, LsI, 131, 060 and 2O4 reflections

were measured to within less than ! O.O2o2O. Hovrever, 201 reflections

could not be measured in those grain fragments contaíning quartz in-

clusions. In addition, the scan region 29o to 3Lo2O was often com-

plicated by the plesence of more than one potash feldspar phase, or by

the presence of a near nonoclinic potash felds¡-lar phase such that

measurement of the 13L and I31 reflections was not attempted. In such

cases, characterisation of the sample, to a first approxination, was.

based on the positions of the 060 and 2O4 refLections. Indexing of the

patterns was carried out with the aid of the calculated feldspal pat-

terns of Borg ancl Smith (1968,1969). In the case of selected grain

fragmeñt samples, all resolved 1ow angle reflections up to and includ-

ing 2O4 hrere measured, and the results tvere used for computer refine-

ment of the unit ce11 dinensions, using the programme of Evans,

Appleman and llandr^¡erker (1963). In the diffraction patterns of some

samples, it was possible to measure up to 13 plagioclase refl-ections,

and so determine the nature of this coexisting phase. In some samples

containing less plagioclase, it was possíble to identify the plagio-

clase fron the position of the 060 and 204 reflections.

(Acknowledgenents: Mr. K.M. Ce1lier, CSIR0 Division of N{athenatical
Statistics, kindly examined the Figures givetl in this appendix and
applied statistical tests of significance to the displacement of the
anomalous feldspars from the normal feldspar curves. Dr. A.C. Oertel,
CSIRO Division of Soils, wrote the conputer program used to fit linear
a.nd polynonial expressions to the graphical data.)



TABLE I1

Composition and X-ray diffraction data for rrstandardil alkali feldspars.

or c* /b* 131-131 O6Oal 2}4ar 2O+/OSO

I-Hugo nicrocline 88
I-Hugo albite K-exch 99
t-r37-62 99
2-Pontiskalk 99
3-Pellotsalo -95
4-Spencer U 94
S-Spencer U 94
6-Spencer B 89
S-Spencer B 89
5-Low albite III

K-exch 100
5-SH 1070 96
S-Benson 0r 95
5-Benson NaCl K-exch 97
5-P5O-56 K-exch 86
5-562-34 K-exch 100
S-Puye K-exch 95
5-P5O-90 K-exch 98
5- SynSanSharv 1OO

5-563-30 K-exch 98
7-St. Gotthard
8-Spencer C

6-Spencer C

9-Sanidinis ed
Spencer C

I-Hugo albite
r-I28-62
S-Spencer U Na-exch
5-Spencer B Na-exch
5-Lorv albite III
s-SH 1070 Na-exch
5-Benson 0r Na-exch
5-P50-56 Na-exch
s-s62-34
5-P50-90 Na-exch
5-Puye Na-exch
5-SynSanShatv Na-exch
I-High albite
5 -S63- 30
10-Low albite
lO-High albj-te

4L.s49 50.874 r.2245

1.9949
r.9944

5 1.9943
8 1.9948

7.9947
1.9999
1.9989
2.0024
2.AO24

2.OO20
2.0069
2.OO82
2.OO94
2.OO93
2.Or2B
2.Or7r
2.OI47
2.0202
2.0181
2.OIr9
2.O\O4
2.OrO7

2.0204

1.9960
t. .9975
1 . 999s
2 .0055
2. O0B3
2.0108
2.OI30
2.Ot25
2.OI70
2,Or87
2. 0189
2.0220
2.0190
2.O2r4
1. 996s
2.0218

o.762
o.796
o.776
o.797
o.777
o.269
o.245

1.095
1.088
T.6T4
1.557
r.s67
r.7 60
r.760
1. 656
L.779
1. 590
I.937
2.Or3
1.935
1.979
1. 119
r.929

41.815
41. B0ó
41 . 809
41.813
41. 800
4L.789
4r.798
41. 750
47.7sO

4L.7L9
4r.694
41.660
4I.649
41.6s6
41 . 601
41. 590
4r.575
41. 590
4r.s43

.s34

. 519

. 511

. s41

.561

. 599

.56ó

.628

.629

50. 653
50. 678
50. 683
50. 686
50. 710
so .7 46
50. 816
50.775
50.902
s0. 85 1

50.733
50.744

1. 2086
1. 2085
r.2082
1.2088
r.2096
7.2rO9
r.2to3
r.2127
r.2127

1 .2142
1. 2155
r.2167'
I.2170
r .2r7 4
1, 2199
I.2219
L.2273
r.2239
r.224r
7.2192
L,2I78
1.2180

50
50
50
50
50
50
50
50
50

r.7
I

4r.662
4r.663

42.sIB
42.572
42 .434
42.203
42.367
42.254
42.223
42.204
42 .27 7

42.O73
42.2s3
42.206
42.230
42.200
42.498
42.r57

51. 148
51.152
sI.I22
5r.o7 4
5r.302
51.218
sI.2IO
5r.2t2
51.394
5r.272
51.418
5r .436
sL.436
51.500
51. 164
51.488

1.2030
I.2033
r.20s2
r.2IO2
I.2rO9
r.2122
r.2129
r.2135
I.2L57
I.2187
r.21,75
I,2187
I.2TBO
r.2204
L.2039
L.2216

-0
-6
-o

4
'7

8.4
o

L2
2

0
o
o
1.0
r.6

Nunbers prefixing the sanples listed in this Table indicate the
following scurlces of data:

I- Orville (1967)
' 2- Finney and Bailey [1964)

3- Brown and Bailey (1963)
4- Baíley and T'ay1or (1955) ; Bailey (1-969)

5- Wright and Stewart (1968)
6- Co1evi1le and Ribbe (1968)
7- Jones (pr:ivate comrrunication, 1969)
8- Cole, S/rum and Kennard (1949) i Jones and Taylor (1961)
9- Cole, Sór"um and Kennard (1949)

10- Ferguson, Traill and Tayior (1958); Ribbe, Megaw and Taylor
(1e6e)



TABLE 12
T-0 bond length data, and calculated Al,Si order for trstandard'r alkali
feldspars for which X-ray structure analyses have been completed.

3-PelIotsalo^
T-o bond fXl
All(Al+Si) calc

2-Pontiskalk^
T-o bond fXl
All(41+Si) ca1c. A

B

4-Spencer Uo
T-O bond (A)
A1/(Al+Si) caIc. A

B

6-Spencer B^
T-O bond (Ã)
All(Al+Sí) ca1c. A

B

tt (o) tt (*) t, (o) t, (*)
r.74r r.614 1.611 I.612

A 0.874 0.067 0.049 0.0s5
B O. Bgs 0. 059 0.039 0 .O47

r.735 1.613 1.619 1.609
0.836 0.061 0.100 0.036
o. 855 0.053 0.O92 0.026

1.700 1.645 r.614 1.611
0.614 0. 265 0.068 0. 049
o.625 0.26s 0.059 0.039

r .622
0.119
o.r12

1 .653
o. 315
0. 316

': c* /b* 2oq /oooorclerS

1.045
1.040

1.033
I.026

80.2 r.9947 r.2096
83. 5

75.9 1.9948 1.2088
78.9

0.9
0.9

96
B6

50.8 r.9999 1.2109
t1 1

16.9 2.OrO4 r.2L78
17.6

23.6 2.OrO7 1. 2180

18.5 2.0119 7.2192
19. 3

1

o
o

664
385
388

1

1

.008 35.5 2.OO24 r.2L27

.o00 36.8
B- Spencer
T-O bond
A7l (Al+Si

r.6s3
0. r8B
0.184

1.006
1.000

0.982
o.974

co
(A)

) calc A
B

6-Spencer Co
T-0 bond (A)
A1/ (Ai-+Si) calc

7-St. Gotthard
r-o bond (R)

0.982
o.974

A
B

1.640
o.233
o.230

1. 6s6
o.334
o.3s6

1. 653

r .628
0. 157
0. 15r

T.63I
o.L76
A.I7I

A,1/ (Ã1+51) ca1c. A 0.315
B 0.316

9-Sanidinised Soencer C

T-o bon<i CRI 1. 64s
A1/(A1+57) calc. A O.265

B O.263
10-Low albite
r-o bond (R) r.746
A7l(Al+Si) ca1c. A 0.906

B 0.928
lO-Hish albite
r-o õond (R) 1.648
A1l(41+Si) calc. A 0.284

B O.283

1.610
o.o42
0.033

r .644
0.258
o.257

r.615
o.o74
0. 066

1.639
o.227
o.224

T.612
0.055
0 .046

r.643
o.252
o. 250

0.996
0.986

L.O77
L.O73

1 . 021.
1 .0r4

2.0204 I.2245

82.3 1.9965 L.2039
Bs.5

2.O2r8 7.2276

4.3
4.4

5
4

4
4

Sources of data indicated by numbers plefixing sanples as in Table 11

A Tetrahedral AL/(Al+Si) calculated from T-0 bond lengths using
linear feldspar equation of Jones (i968)

B Tetrahedral Al/(41+Si) calculatecl fron T-0 bond lengths using
linear feldspar equation of Ribbe and Gibbs (1969)

S is the distant order function Cefined as ti=î10.25-51l/i.sO
where 51 is the distant order A1/ (AL+Si)
in the four different feldspar tetrahedral sites (Smith and
MacKenzie, 1961)



TABLE I3

c*/6t, 20.20+/OAO and degree of AI,Si order forrrstandardil alkali
feldspars.

c*/b* eo % 2oq/oeo
order order

AB
I-Hugo microcline
I-Hugo albite

K- exch
r-Lsr-62
2-Pontiskalk
3-P e1 lots a1o
4-Spencer U

S-Spencer U

6-Spencer B

5-Spencer IÌ
5-Low albite III

K-exch
s-SH 1070
S-Benson Or
S-Benson NaCl

K- exch
5-PsO-56 K-exch
5-562-34
S-Puye K-exch
5-P50-90 K-exch
5-SynSanShaw
5-565-30 K-exch
7-St. Gotthard
8-Spencer C

6-Spencer C

9-Sanidinised
Spencer C

10-Low albite
1O-High albite

1.9949

L.9944
1.9943
1. 9948
1.9947
1. 9999
1. 9989
2.OO24
2.oo2!

2.OO2,O
2. 0069
2.OO82

2.OO94
2.OO93
2.0128
2.O17L
2.Or47
2.0202
2.0181
2.01 19
2.OrO4
2.OrO7

2.0204

I .9965
2.O2rB

52.3

16. 3
16. s

37.L
2L.5
18. 6

1. 2085
r.2082
1. 20BB
1.2096
1. 2109
L,2IO3
I.2t27
r.2127

t42
155
r67

T,2I7O
I.2I74
I,2199
L.2279
L.2213
L.2239
I.224L
I.2792
I ,2I7 8
1. 2180

r.224s
r.2039
t.2216

81.6 I.2086

3
5

B6
87

75
80
50

55

9
2

B

5

18. 5
16. 9
23.6

4.3

82.3
4.5

55. 5

7.2
r.2
T,2

I.I.2
6.9
9.0
4.9
6:2

Sources of data indicated by numbers prefixing sanples as in Table 11

% order A - calculated from T-0 bond lengths using linear equation
of Jones (1968)

9o order B - estimated from Figure I2b, using linear relaticnship
between c*/b* and 1n(% Al,Si order)



TABLE 14

Direct lc) and reciprocal (c*') c-ce11 dimensions for "standatdrl
potash feldspars

c c*

I-Flugo microcline
I-Hugo albite K-exch.
r-rsL-62
2-Pontiskalk
3-Pe I lots a1 o
4-Spencer U

5-Spencer U

6-Spencer B

5-Spencer B

S-Low albite III K-exch.
5-SH1070
5-Benson 0r
5-Benson NaCl K-exch.
5-P50-56 K-exch.
5-562-34
5-Puye K-exch.
5-P50-90 K-exch.
5-S¡'nSanShaw
5-563-30 K-exch.
8-Spencer C

6-Spencer C

9-Sanidinised Spencer C

.2L99

.2219

.2230

.2188

.2r5
,2LL2
.273
.207
,207
.204
.20r
.200
.200
.197
.r92

0. 1s404
0. 15397
0. 1s398
0,rs402
0. 15399
0. 1s433
0. 15428
0.15439
0. 15439
0.Ls425
0. 1s435
0.15451
0. 15457
0. 15458
0.15466
0.15494
c. 1s471
0. 15s19
0 . 15485
0. rs469
0. 1s47r
0. 15506

7

7

7
7

7
7
7

7

7

7

7
7
7

7

7
7

7

7

7

183
188
L72
L78

. 193

.I92

.175

Sources of data indicated by numbers prefixing samples as
in Table 11.



TABLE 15

Potash feldspars frorn s Dec]-men s of the borcler facies mesacrvstic sraníte

2otq1 rsrc 131cr

Specimen 4-61 slab A
1 qttartz 29 .585 30. 170
2 qvartz smeared
3 quartz smeared
4 20.983 near monoclinic
5 specimen too small
6 20.997 near monoclinic

7 qva:rtz smeared

8 quarlz 29.5I2 30.199

9 20 .992 29 .547 30. 16s
10 2r.o2B 29.599 30.r73
11 27.U,L 29.s51 30.154
12 quartz smeared

13 21.006 29.s09 30.181
t4 27.O25 29 .s27 30 .201
15 2r.O34 29.549 30.216

Specinen 4-61 slab B

1 quartz 29.632
2 2r.000 29.613
3 20.998 29.635
4 quartz 29.554

30.o77
30. 107
30.110
30.117

smeared
near monoclinic

smeared
smeared

29 .70s 3C. 060

29 .554 30 . 15 7

srneared
l1ear norloclínic
near monoclinic
near monoclinic

smeared

29.633 30.108
29.578 sO.727
29.587 30.113
29 .603 30 . 110
29.6s4 30.116
29 .557 .30.170
29 .s63 30.129
29.ss4 30.173
29.558 30. 189

131-131 o6ocrr 2oqor 2o+/oooAft:Hli"'

0. 585

o.445
o.494
o .475
0.563

0. 355

0.603

4r.794
4t.763
4r.7 46
47.732

108
r28
125
130

r.2709
L ,2717
L.2IT5
t.2Ii7

o-.o

order*

4s.0

62.r
78.4

52.9
48.3
58. 9
79.8

65. 5
77.O
69.2

51.9
45. O

46.6
4s.0

50. 602
50. 650
50 . 617
so. 619

0
5
0
6

66
46
39
35

I.2
L.2
I,2
r.2

A
A
N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

A
A
N

A
N

ll
N

N

N

4r.755 50.596 t .2117

4L.783 50.553 1.2099

o.687 4r.822 s0.546 L.2086

o. 61
0.57
o. 60

o.67
o.67
0. 66

1.802 50.563 r.2096
1.819 50. s46 r.2087
1. 814 50.564 r.2093

B 41.775 50.581 1. 2108
4 4r.768 50.591 1 .2rr3
3 4t.795 50.580 1.2rO2

41.804 50.518 1. 2085

24
44
74

4I.
4r.
4r.
41.

4r.
4I.
4r.
4r.
4L,
4r.

787 50.597
746 50-s84
759 50. 590
768 50.608

5
6
7
8
9

quartz
quattz
2r.o3r
2r.o27
quattz
quattz
20.978
2I,OTT
2L.O28
2r.oo4
qvartz
qttattz
20. 955
21.O28
20.978
2r.o25
2r.oo4
20.992
qua1'tz
quartz

4I.766
4r.762
4r.7 36
4r .7 37
4I,76I
4r.786
4r.785
41.758
4L.7 4r
4r.759
4r.775

50. 59 1

50. 625
s0. 614
50.s98
50.623

50. 537

50. 599
50. 602
50. 606
50. 592
50. 59 7

50. 631
so. 648
50. 594
50.647
50. 578
50. 5 83
50.574
50. 567
50. 535

I.2113
I.2122
I.2127
I.2123
I,2122

48. 3
4L,I

r.2094
r.2ro9
T.ZILB
L2124
I .21,15
1.2172

T.2LL9
r .2124
r.2Lro
r.2120
I.2IO7
r.2097
I . 2109
I,2IOT
1.2095

37.
40.
4r.
64.

51.9
44.2
39.7
46.6
49.2

6
4
1

710

11
I2
13
t4
15

16
T7
18
19
20
21
22
23
24

54.3
49.7
51. O

53.4
53. 8
64.4
51 .9
59.9
66.7

779
775
780
789
777
814

0
o
0
0
0
o
0
o
0

.475

. s49

.526

.507

.462

.613

.566 4r.765

.619 4i.788

.631 4L.781



TABLE 15 (Contrd)

Iqq@ecinensoftheborderfaciesrnegacrysticgranite
131- 131 O6Oel 204uryOqlOeO^20mal0us %

- - Normal order*2otal

Specinen 4-55

10
11
L2
73
T4
15

16 quartz
77 27.027
18 2I.O25
19 2r.O33
20 2I.069
21 2I.OI7

Specirnen 9- 11
2L02
2I.OO
2I.O2
21 .00

.05

.02

.01

.oB

.o4

20.994
21.O45
2L.O32

131cr 131cr

quartz smeared
2I.O3Õ smeared
20.987 29.609 30.051
21.018 29.668 30.080
2I.O24 sneared
quartz near nìonoclinic
20.993 smeared
specirnen too sma1l
specimen too smal1

21.063 29.581 30.167
2r.oo7 29 .538 30. 190
21.015 29.602 30.I33
21.005 29.562 30.I7I
2I.064 29.573 sO.20I
21.009 tricl.+monoc.

4I.77I 50.6 r.2124
762 50.6
775
774
752

4I.738 50.652
4L.757 50. 630

0. 58 41 . 788 50.

I
2
3
4
5
6
7
8
9

41.800

79r
805
788

581
609
s99
597
554
604

50. s73
s0.611
50 .621
50.591
so.s22
50.577

\17
118
725
124
737
I25

I.2LO4
1. 2108
r .2707
I.2102
r.2092
I.2\O7

1 . 2108
1.2110
7.2712
L.2rO4
r.2094
| .2703

49 .7
45 .0

56. B

52.9
s3. I
58.9
70 .4
53. 8

52,929.56s
29.578
29.575
29.560
29. 5s1
29 .493

30.I24
30.159
30.I72
50. 193
30. 195
30.176

0. s5
0.5 B

0.59
0.63

o .442
o .4r2

1

1

1

1

4
4
4
4

4I
4L
4L
4I

1.
1.
1.
1.
1.
1.

1.
I,
1.
1.

s5. 3
48. 8

39 .7
3r.4
39 .0

44
03
¿J
51
2T

s0. 6
50. 6
50. 6

L.2
I,2
I.2
L.2
r.2
7.2

A
N

A
A
N

N

N

o
0
0
0

65
53
60
62

6
)
1

9
8

.792
50
50
50
qn

50

1.0
1.5
6.8
7.9
7.8

5I
45
4I
39
3B
40
35

N

N

N
N
N

N

N

N

A
N

N

N

N

N

N

A
A
N

A
N

N

N

N
A
N

A

N

N

N
N
N

N
N

A

9 41.76
r 41.79
7 4L.79
3 4r.79

B1

80
BO

807
793
778
816

79
81
BV

I
7

3

2

2

4
7

B

2

5
6
5
6
5

1

2
3
4
5
6
7
8
9

10
11
L2
T3
14

2T
2L
2I
27
2I
27
2I

668 4
6L7 4
621 4
599 4
607 4
616 4
614 4
592 4
634 4
636 4
581 4
646 4
7r5 4

045
030

o.644 4r.79
0. 683 4r.79

704 4r6 29.485
I 29.544
2 29.558
4 29.576
3 29.580
2 29.s32
6 29.603
4 29.587
L 29.542

50.189 0
30.272 0
30.r75 0
50.179 0
30.r79 0
30.139 0
30.2I9 0
30.201 0
30.r34 0
30.197 0
30.L72 0
30.109 0
30.188 0
30.329 0

50.552
50. 560

s0. s64
s0.606
s0.579
50.580
50.634
50. 601

50. 573
50.565
50.626
50. 629
50.623
50. 607
50. 641

I.2096
r.2094
r.2106
r.2106
1.210E
1.2098
r.2104
I.2094
I.2rO5
i . 2098
I.2rA4
7.2rI5
L2142
1.2088

T.2ITO
7.2II7
L.2122
r.2125
r.2726
r.2723
1.2130

50. sB7
50 . 611

50. 543
50. 616

50. 602

6s .5
67 .9
54. 8

68.4
66.0
63.2
70.9
67 .9
55.8
63.2
56. 8
58. 3
58.9
94.7

1.
1.
1.

808
807
809
789

29.563
29.536
29.528
29.542
29.524

6
2

5 50 . 616

15 2I.O27 near monoclinic
16 quartz near monoclinic
17 2r.O22 29 .709 30. 103
18 2I.O45 tric1.+monoc.
19 27.O74 tric1.+monoc.
20 2I.O42 tric1.+nonoc.
21 2I.O39 near monoclinic
22 specinen too small
23 27.OO3 near monoclinic

o.394

4r.762
4r.732
4I.765
4L.758
4r.7 47
4r.746
4L.750

o
0
1

0
3

4
6

41.760 50.666 r.2133
*% order estimated from 204/060 with reference to Figures 13 and 14

Prefices on specirnen numbers have the follorving locality key:
4- Port Elliot
9- West Island

42.4



TABLE 16

Potash feldspars from specimens of the inner facies rnegacrystic granite

20Ia'
Specimen 4- 79

13Ia 131o

29.483 sO.224
29.495 30.209
29.527 30.186
29.5O2 30.181

sneared
29.57r 30.L70
29.s56 50. 186
29.547 30.167
29.542 30.183
29.496 30.2s6
29.496 30. 185

29.534 30. 169
tri cl . +monoc.
29.507 30.220
29.sO2 30.2r4

29.554
29.563
29.576
29. 506
29.5r5

29.552

30. 183
30.205

131-131 060cx1 2o4ar zo+/oooAll:ifili"'"r3"r.

L 2r.O32
2 20.98s
3 21.020
4 2r.OOr
5 21.059
6 2r.O27
7 2r.O20
I quartz
I 2L.O4s

10 2r.o23
11 quartz

12 20.999
13 21.050
74 20.968
15 2I.O45

L6 2r.OB3
77 21.OO7
r8 20.99r
19 20.990
20 qúartz
21 2r.o38

2r.o22
20.986
20.978
20.992
21.00

10 2r.o3
11 2r.OO
12 20.97
13 ZL.OO
t4 21.009

o
0
0
0
0
0

0

o.74r
o.714
o. 6s9
o.679

o.773
o.772

o.713
o. 591
o.572
o.677
0.690

41.810
4r.837

7Bs
817
789
801
820
801
785
798
811

41.875
.7Bs
.780
.793
.799

41. 788
4\.760
41.811
4r.749
4r.782
4r.762
4r.7 84
4r.783
4I.768
4r.779

50. 535
50.582
50.551
s0.592
50. 590
50. s73
50.587
50. 567
50. s79
s0. 536
50.597

50. 620
s0.603
50. 596
50. 570
50.545

50. 575
50. 589
s0. 643
50. 59s
50. 617
50.581
50. 600
50. 641
50.578
50.608

2087
2090
209 8
2098
2ro6
2099
2096
2097
2705
209I
2TOT

77 .O
90. B

63.2
78. B

s4. B

62.r
ós. 5

64.4
55. 8

7r.7
7'4.7

94.r
51. O

51 .0
61.0
70.4

56. 8

78. 8

689

inn
630
620
64r
760

.565

.557

. s64

.427

4r.
47.
4r.
4t.
4T,
4r.
4I,
4r.
4t.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

N

A
N

A
N

N

N

N

N

N

A

N

N
N

N

f\
ÀT

N
N

N

N

A

A
A
N

N

N

N

A
N

N

N

N

A
N

N

ril .0
56. B

69.2
66.7

.635

47
4I
4L
4I

41.809 sO.5B8 r.2rOO
4r.797 50.592 L2rO4
41.809 50.558 7.2093
4'J..798 50.554 1.2095

30.267
30. 154
30. 148

29.574 30
29.590 30
29.606 30
29.676 30

30.190 0.638 4L.793 50. s87 r,2LO4

.139 0

.r47 0

.r70 0

.130 0

133
104
136
r18
II2
151
105
138
1.54
104

1. 2088
T.ZTLO
T,2TIO
r.2roo
1.2092

I .2It 4
I .2II4
I.2II2
I,2I2O
I.2IO3
I .2714
I.2IT2
1.2rr9
I.2ILS
I.2IT2
L.2IIO
r.2120
'r .2ro9
I.2TI3

59. 3
59.3
49.2
42.6

22 20.987 29.574 30.164 0.590 4r.820 50.592 1.2098

4r.7 88 50 .624
4t.787 50.620
4r.7 84 50 . 608
4I.769 50.625

5
6
7
8
9

29.627
29.602
29.576
29.646
29.613
29 .637
29.580
29.57r
29. 5BB
29.635

0. 506
0.502
o. 560
o.472
0.499
o .494
0. 525
o.567
0. s66
o .469

30.
30.
30.
30.
30.
30.
30.
30.
30.
30.

57. 8
47 .s
61.5
4s .4
46 .6
49.2
51.C
53. 4
51,9
48.3

3
q

B

I

*eo order estimated from 204/060 with reference to Figures I3 and 14

The specirnens of inner facies megacrystic gra-nite were collected from
Port Elliot



TABLE 17

Potash feldspars from a specimen of type B hybrid sranite

Specinen 5-27

lotol 1g 1o rs tcr 131-131 o60al 2o4s,r Zo+/oooAfl:Hlî' or'å"r*

I
2
3
4
5
6
7

qwartz
27.O39
2r.056
2I.062
2r.063
2L.O40
27.O40

2r.o39
2L.OO7
2r.o29
20.986
20.998
2r.o49
21.O28
2r.o23
2L026
21.064

0. 506
0. 557
0.496
0.501
0. 539
0.571
o.622

50. 591
50 .5 87
50. 591
50.591
50.558
50. 583
50.s74

.677

.640

1.2LO9
L.2rO2
I.2IT5
r.2174
1. 2095
t.2ro7
7.2LO2

51.929.609
29. 599
29.655
29.666
29.598
29. 553
29.552

50 . 115
30. 156
30. 151
30.167
30.r37
30.r24
30.r74

near nonoclinic
near monoclinic
near lnonoclinic
near rnonoclinic

smeared
smeared
smeared
smeared

near rnonoclini c
29.694 30.r25

4r.74s 50.644

4t.780
41. 802
4I.759
4r .764
4L.784
4r.780
4r.789

4I.778 50
4r.740 50
4L.764 50
4r.748 50
41.772 50
4I.746 sO

4r.746 sO

4r.761 50
4r.776 50

9
6
5
7

I
9

4

3
4
5
9
3
o
,
0
8

5B
46
47
66
53
5B

3T
46
34
45
36
3B
39
44
39
48

N

N

N

N
N
N

N

N

A
N

A
N

N

N

N

N

A

655
632
581
619
589
635
652

8
9

10
11
I2
T3
14
15
16
I7 .43ro

I.2L37
1.2128
7.2132
r.2129
L .2T28
r.2726
r.2125
1.2118
r.2r2s
I.2125



FIGURE I1

Graph of 20.204/060 versus c*/b* for rrstandard" socla ancl potash
feldspars ('Iab1e If).
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a

b

FIGURE I2

Graph of c*/b* versus degree of AI,Si order in "standardil alkali
feldspars for which X-ray crystal structure analyses have been
conpleted (revised from Jones, 1966).

Graph of c*fb* versus natural logarithm of degree of Al,Si order
in I'standard'r alkali feldspars for which X-ray crystal structure
analyses have been completed.
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FIGURE I3
Graph of 20,20q/OOO versus degree of A1,Si order forrrstandarcll' soda
and potash feldspars.

FIGURE I4

Graph of 20,204/060 versus natural logarithnn of degree of Al,Si order
for "sEandarcil' potash feldspars.
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FIGURE 15

Graph of cx (reciprocal) versus c (direct) ce11 diniensions for
rrstandardrr potasir feldspars.
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J1.

APPENDTX J

Electron micropv'obe c*taLuses o'f coeæistinq feTdsÞars ín the Encou-nter

Bau Granites
The electron microprobe analyses were carlied out under the

following conditions:
Accelerating voltage - 20Kv
Bearn current - 50nA
Bean fu11y focussed
Flow proportional counters
Counting time - 10 seconds (peak and one background posj-tion)
Standards used - Orthoclase (K)

Bytownite (Ca)
Barytes (Ba)
Celestite (Sr)
Corundum (Al)
Quartz (S1)
Jadeite (Na)
Fe netal

Corrections to the raw data were made according to the method
of Sweatnan and Long (1969) using the procedure of Oertel
( 1s 71)

The analyses given in the following Tables are quoted to rvithin cal-

culated countitrg error.



TABLE JT

Electron mi

Traverse across potash feldspar megacryst

0 0. 34run 0.98mm
edge 1

tic anite.

1 . 7Sninr 2.7lnm 3. 49mn 3. 81mrn 4. 28run 4 .77nm 5 . 16mnt

e anal es of coexisti felds ars in the inner facies ne inen 4-79.

Si02 67 .4 64.9
AI20 3 20 .O 18. 7

Total Fe as FeO 0.08 0;08
CaO 0.79 0.04
Na20 r0. 6 o.52
KzO 0.66 15. 6
BaO 0.05 0.15
Sr0 O.28 O.27
TOTAL 99.9 100. 3

Molecular percentages of end-members

0. 07
0.36
7.2
6.3
o.o7
o.32

101.4

67 .3
19.8

66.3
19.2
o.22
0. 15
4.27
9.9
o.20
0.30

100. s

65.7
19.2
0. 08
0.11
3. 10

12.3
0. 33
0.36

IOT.2

0.5
7L.5
27 .4
0.6

65. 9
18. 5
o.r2
0. 10
o.52

15.4
o.26
o.24

101 .0

63. 9
t8.7
0. 09
0.04
0.59

r5.2
o.34
o.32

99.2

65. 8
19. 1

0.06
0.08
2.48

13. 1

o.27
o.33

70r.2

0.4
76.9
)1 2

0.5

65.2
18.9
0.05
0.05
0. 86

'14. 9
0. 5s
0:30

100. 6

65. 1

r8.7
0.07
0. 10
0. 57

15. 4
. o.26
o.29

100. 5

An
0r
Ab
Cn

3.8
3.8

92.3
o.1

0.5
93.7
5.5
0.5

0.3
91.1
8.0
o.7

0.5
93.4
5.5
0.6

0.5
94.2
4.8
0.5

o. B

s9.6
39.2
0.3

o.2
94.7
4.8
0.3

L.7
35.9
62.3
0.1



TABLE JI (Cont'd)

Electron mi

Si02
4120 3

Total Fe as FeO

Ca0
Na20
Kzo
Ba0
Sr0
TOTAL

e anal ses of coexis feLds s in the inner facies ne tic anite.
9.80mn 9

65.7

inen 4-79.

5 . 54mn 6.09run 6. 9lrun 6. 98mm 7. BOmn B.56nm 9 .OgmrTI 8Onn l-0. 6lmn

6665.0
18. I
0.03
0.06
1.06

14. 5
o.2l
0. 53

100. I

64.2
18. 8

0.08
0.03
0. 70

14.7
o.7r
o.32

99.5

64.9
18. I
o. 03
0.04
0. 8ó

14.6
o.2B
o.29

99. 9

63.5
18. 5
o.12
0.07
3.96

11. 1

0.31
o. 28

97 .8

6s.2
18. 8
0.08
0.05
o.67

14. 9
o.42
0. 33

100.4

6s.3
18. 7
0. 06
0.03
0. 84

74.4
o.46
o.32

100. I

80
13. 5

o.42
o.32

101.3

0.5
82.r
16. 6
0.8

.7

.08

.02

.7L
14. 9
o.33
o. 31

100. B

65 .4
18.6
0. 09
0.08
2.7I

11. B

0.38
o.27

99. 3

0.4
73.4
25.5
o.7

65. 6
18. I
0.06
o.o2
0.99

14.3
o. 50
a.28

100.6

0
I
04
09

19
o
0
1

1B
0
0
0

Molecular percentages of end-rnembers
An
0r
Ab
Cn

o
64
34
0

o.2
91. 1

8.2
0.5

o.2
91. 8
6.6
r.4

0.3
89.4
9.9
0.4

3
2

9
6

0.1
89.s
9.4
0.9

0.1
92.6
6.7
0.6

.1

.9

.0

.9

0
90

8

0

0.1
92.7
6.4
0.8



TABLE J1 (Cont'd)

Electron rnicropr

Si02
4120 3

Total Fe as FeO

Ca0
Na20
Kzo
Ba0
Sr0
TOTAL

lyses of coexisting
11. 19mn 11.33mm

obe ana feldspars in the inner fa-cies rnegacrystic granite. Specimen 4-79.

65.9
TB.7
0.07
0. 03
0.87

14.6
=o.24
0. 31

100. 7

65.7
18. 7
0.09
0.08
o.47

L5.2
o.22
o.28

100. 7

11.47nn
pl. edge

69.2
20.5
0. 05
0. 63

11. B

0. 11
o.20
o.23

ro2.7

11. 85mm

p1. core
66

o.28
o.23

99.7

19. 1

5.9
74.s
0.6

12.O8nn
pl. edge

67 .r
20.6
0.03
1. 56

IO.7
0. 19
o. 04

.o.24
100. 5

7.4
1.1

91. s
0.1

65. 5
19 .0
0.06
0.04
1 .08

T4.I
o.74
o.2r

L00. 7

o.2
88. 1

10. 5
r.4

6s.6
18. B

0. 06
o. 16
0.93

74.7
0. 51
o.28

100. 8

65.0
18. 6

0 .06
o3
44
5

L2. 4Inn 13. 28mn 14.26nm 14.9
edge

64
19
0
0
0

I4
0
0

t2

6nm

3

I
50
29
1

B5

2I.
0.
3.
7.
0.

2
3
0
09
03
80
7

09
30
3

0
0

15
0
0

001

o.2
92.r
7.6
o.2

o.2
9s.5
4.r
o.2

0.8
89.9
8.6
0.6

2.8
0.6

96.2
0.3

.4

.7

.5

.4

30
1 99.

Molecular percentages of end-nembers
An O.2 0
Or 91. I 94
Ab 8.3 4
Cn 0.4 0

^̂repeat analysis, beam shifted up to 20 nicrons

Analyst: A.R. Milnes

p1 = plagioclase



TABLE J2

Electron nicroprobe analyses of coexisting feldspars in the inner facies megacrystic granite. Specinen 4-93

Traverse across potash. feldspar negacryst

0
edge 1

64. 0
18. 3
0. 11
0.08
o. 3B

16 .0
0. 13
0. 40

99.4

63. 9
18. 6
0.05
0. 05
0. 57

16.2
0. 10
o.32

99.8

65. 4
2r.6
o.23
1. 95

11.0
0. 85
0.05
o.24

101.3

70.r
19.2
0.00
7.r7

10.9
0.03
o.o7
0. 3B

101 .9

5.6
o.2

94. I
0.1

62.6
2r.5
0.00
2.45

10. 4
0. 08

05

63.3
L9.2
0. oB
o. 09
0. s6

15. 4
0.08
o.29

99.0

63.8
19. 4

63.9
79.7
0. 03
0.05
0.95

14. I
o.7I
o.29

100. 4

O.67nm 1.17nn 1.17nnA 1.47nn 1.82mn 2.33nm 3.29nn 4.37mm 5.31mn

Si02
4120 3

Total Fe as FeO
Ca0
Na20
Kzo
Ba0
Sr0
TOTAL

o.o2
0.03
0.65

rs.7
o.23
o.26

100. I

0
89

o.2
93. 5

5.9
0.4

0.5
94.2
5.2
0.1

1i.s
0.4

88.0
0.1

8.6
4.4

86.9
0.1

o.2
94.5
5.1
o.2

0.4
95. 9

3.5
o.2

0
0

97

64.4
20.r
0. 13
0. s7
5.3

10. 5
o. 05
o.28

101.5
05
4

63.9
19 .4
0.04
0.04
0.69

15. 4
o. 69

o.2
o) ')

6.3
1.3

o.37
100.5

Molecular proportions of end-mernbers
An
0r
Ab
Cn

2.5
55.3
42.r
0.1

8.
1.

3
7

7

3



TABLE J2 (Contfd)

Electron micr be ana ses of coexisti fe ars in the inner facies

7.36mm 7.96rnn 8.41mn 9.12mn 10.05nm 1.1.14mn

64.L
edge 2

61.9
19.0
0.05
0. 11

o.97
14 .4
o.2r
o.34

97 .O

lvlolecular percentages of end-members

Si02
4120 3

Total Fe as FeO
Ca0
Na20
Kzo
Ba0

' Sr0
TOTAL

An
0r
Ab
Cn

64.0
19.7
0.04

19. 6
63.7
19 .3
0. 05
0. 05
0. 36

15.5
o.r2
o.25

99. 3

63. 1

19 .6
0. 04
0.03
o.73

14.9
0.35
o.26

99.0

63.0
19.1

stic te. s ecimen 4-93.

Groundmass
potash feldspar

63 .7 63. 5
19.4
o.a2
0.05
o.74

L4.9
0. 05
0. 30

99.0

o.o2
0.08
3.95

11.6
o"43
o.26

100. o

19 .6
o. 04
o.12
0. 66

15 .0
' . 0.07

o.29
99.5

0.0
0.0
0.6

0.3
92.7
'7.O
0.1

0.6
93.0
6.2
0.1

0.6
89. 8

9.2
0.4

o.2
92.8
6.0
1.0

o.2
92.O
6.7
1.1

0.1
92.3
6.9
o.7

0.3
6.1
3,4
o.2

0. 05
o.7I

14.9
0.57
0.40

100. 4

1tr 
'

o.52
0. 31

99.7

1

3

5

0.4
6s.2 9
33.7
o.7



TABLE J2 (Ccn'"'d)

Electron micronrobe analvses of coexistine fe
Traverse across plagioclase megacryst

0.68rnm

ldsoars in the inner facies mesacrvstic granite. Specimen 4-93.

1. 37nm 1.94mn 2.7lmn 5.50nm
edge

si0
A1 0

Total Fe as FeO
Ca0
Na0
KO
Ba0
Sr0
TO'IAL

32
4

o
9
6
0
0
0

101

o. 15
7.4
7Z

0
Core
56.9
26.6

o. 14
0.01
o.20

98. 7

s8. 4
-27.L

0.07
7.4
8.0
o. 14
0. 01
o.25

101 .4

33.3
o.B

65.9
trace

55.
29.

45.2
0.6

54.2
trace

59 .0
26.7
o.o2
7.3
7.8
0.08
o.o2
o.24

TOI.2

34.I
0.4

6s. 4
trace

66. 1

2r.9
0 .04
1.69

IT.4 .
0.06 ""

o.o2 ::

0. 51
101. s

7.5
0.3

92.r
trace

0. 84
11.8
0. 10
0.00
o.22

101.6

3.8
0.5

95.7
o.o

66. B

2I.8
0.3

2

3
09
B

5
11
03

Iv{olecular percentages of end-menbers
An 35.6
0r 0.8
Ab 63.6
Cn trace

Analyst: A.R. l,lilnes



TABLE J3

Traverse across potash feldspar negacryst

Plag. PIag. edge 1

62.9 63.6 64.r 64.7 64.7 64.4 6s.3

0 0.66rnn 0.73nm 1.26mn 1.80run 2.60rrn 3.29mm 4.O2rrn 4.62mm 5.41nrm 5.83nn 8.12run B.70mm 9.10nm

Si02
4120 3

Total Fe as FeO
Ca0
Na20
Kzo
BaO
Sr0
TOTAL

22.9
o. 16
4.13
9.2
0. 09
0. o0
o.26

99. 6

22.5
0.00
5. 83
9.3
0.09
o.02
0. 30

99 .7

18.2
o.o2
0.06
o.43

15.9
0. 4r
0. 34

99.5

65.4
18. 4
o.o2
o.0l
0. 99

1s. 9
0. 4B
0. 33

101.5

.9 6s.

.3 18.

.00

.02

.47

.8

.28

.3r
,1

18. 3 18. s 18. 3 18. 4
o.o2 0. 05 0. 01 0 .o2
0.06 0.o2 0.01 0.01
1 .09 0.77 0 .47 0. 69

14 .4 15 . 8 16.4 15 .9
0. 55 0. B7 0.54 0 .52
0.31 0.37 0.32 0.34

99.4 101.1 100.s 100.8

64. s
18.s
0.01
0.01
o. 39

16. 9
0.36
o.32

101 .0

2

4
o2
00
4S
(
30
30
2

0
0
0

16
0
0

101

64
18
0
0
0

16
o
0

101

edge 2

65.5 65.0 67.7
18.3 18.6 16.4
0.02 a.o2 0.o2
o.o2 0.r2 0.11
0.96 2.2r 0.59

L6.2 15.0 L4.3
0. 19 0. 30 0 .24
0. 31 0. 38 0. 35

101. 5 101 .6 99 .7

Molecular percentages of end-members
18. 4
0.5

81. 1

trace

An
0r
Ab
Cn

o
88
10

1

0.5
95.0
3.9
0.8

19. B

0.5
79.7
0.0

J
5
2

o

0.1
91.6
6.8
1.5

0.1
95.9
3.I
1.0

eac
94.9
4.r
1.0

tr treactr 0.6
93.1
5.8
0.5

0.5
80. 9
18. 1

0.5

0.1
9r.3

8.2
0.3

0.0
95.5
4.0
0.5

0.1
95. 4
4.r
0.5

eac
90. s
8.6
0.8

96. O

3.4
0.6



TABLE J3 (Contrd)

Electron ni e_Ton robe anal ses of co existins feldsoars ín the bo rder facies'mesacrvstic granite. Specimen 3-26.

Plagioclase rinning potash feLdspar negacryst

edge 1

61. 1

24.8

01
22

100. 0

27.6
1.1

7L.3
trace

core
59 .5

31. 8
1.6

66.6
0.00

62.
23.
0.
4.
B.
0.
0.
o.

100.

2r.
0.

77.
0.

edge 2

Si02
A120 3

Total Fe as FeO
Ca0
Na20

. Kzo
BaO
Sr0
TOTAL

Molecular percentages of end-members
An
0r
Ab
Cn

Analyst: A.R. Milnes

090.
5.
B.
0.
0.
0.

6
0
18

8

6
01
43
8
I4
o0
5¿
1

25.2
0.00
6.5
7.s
o.27
0.00
o.28

99.2

5
8
7
00



TABLE J4

Electron mi CTOD robe anal S es of coexistins feldspars in the border facies mesacrvstic sranite. Specirnen 4-6I.

Traverse across potash feldspar negacryst

0 0.50rrn 1.O9nn 1.57mn 1.65mm 2.51nrm 2.77mt 2.B4mn 4.03run 4.75nm 5.53nn 6.05mm
edge I

Si02
4120 3

Total Fe as FeO
Ca0
Na20
Kzc

65.
18.
0.
0.
3.

10.
.89
.1
.55
)a

.8

'7

6
I3

10
15
0
0

66.0
19. 3
0. 03
0. 61
8.3
5.7
0. 33
o.25

64.7
18. 3
0. 08
o.o2
0. 81

14.4
o.44
o. 35

99. r

20
93
I

65. 1

18. 6
0.00
o.o2
o.74

o.2
92.O
7.2
0.6

0.1
92.O
6.9
1.0

.2

.9

.9

.0

8

0
90

0

trace
90. 7

8.1
1.1

o.2
86.2
12.5
1.1

.1

.B

.1

.0

00

0
90

B

1

10. 9
L.3

87. B

0.0

o.2
93.4
qc
1.1

0.1
94. s
4.5
0.9

0.r
9r.2
7.8
0.9

64.6
18. 4
0.00
o.o2
0.48

r5.2
o.47
0. 36

99.5

64.3
18. 3
0.00
0.04
0. s7

15. 3
0. 58
o.26

99.4

64.6
24.O
0.08
1.98
8.8
o.20
0.00
o.22

99.7 1

65.4
18. 5
0. 01
o.o2

64 .4
18. 1

0.03
0.05
1.39

14.6
0.61
0 .31

99. B

65.0
18.5
0.00
0.01

. 0.90
15. 3
0.61
O:29

100. 6

67 .3
20. 8
0.00
r.75

o.26
101 .0

65. 5

18. 3
0.03
0.04
o.77

15 .0
o.32
o.24

roo.2

0
0
0

7

t6
00

15.1
0. s6
0. 55

100. 5

BaO O.2I
SrO O.27
TOTAL 99. B

Molecular percentages of
An 1.0
Or 63.5
Ab 35. I
Cn O.4

end-members

100. 6

a1

30.0
66. 8
0.5



TABLE J4 (Contfd)

Electron microorobe analyses of ccexistine feldspars in the border facies megacrystic granite. Specimen 4-6L.

6. 46mn 6.59mm
P lag.
59. 4

B

0.03
o.22

100.6 1

6.96nm
Plag.
59.
25.

7 .32twn
PIag.
59. O

26.2

o.26
100. 4

7. 80mm

P1ag.
64.2
))1
0.00
4.26
9.6
o.12
0.00
o.22

101.1

7. B6nm
P1ag.
68. 1

19. B

0.00
1 .01

10. 3
2.25
0. r1
o. 33

101 .9

11.76mm
edge 2

65. 3
18. 1

o.o2
o.o2
0.66

15. B
.0.06
a.27

1OO: 2

B . 47run 10.9lnn

6s. I
r 8.0

64

Groundmass
potash Feldspar
64.9 66. 1 65 .4
18.4 18.5 18.3

Si02 65.6
41203 18.6

Total Fe as FeO 0.00
CaO O.O2
Na20 0.49
Kzo 15.2
BaO 0.50
Sr0 O.32
TOTAL 1OO. 7

2 5

0
7

7

0

7

3

o4
2

6
I3

0
0
0

15
0
0

99

B

0
05
06
06
1

4I
29
8

18.
0.
0.
1.

14.
0.
0.

98.

0. 00
8.0
6. B

0.09
0.00

00 0.
7.
7.
0.
0.
0.

06
01
4T

0. 02
o.22
0. 85

14.5 1

0. 04
o.26

99.2 I

04 0.01
15 0.00
04 0.83
3 15.1
11 0. 04
31 0.30
6 100.0

0
o
2

2

0
0
9

o

2

8
13

00

4
T2
50
4

00
26
2

Mol,ecular percentages of end-members
An O.1 53.5 34.I
0r 94.3 O .7 O.7
Ab 4.6 65 .7 6s. 1

Cn 1 .0 0. 1 0.00

Analyst: A.R. Milnes

39
o

60
0

2

5
3

0

19
0

79
0

6
7

7

0

1

90
8

o

0.1
93. B

6.0
0.1

0.1
95. 8
5.9
o.2

4.5
12.o
83.3
o.2

0.3
88.8
10. 1

0.8

)
.7
.1
.1

0. o0
92.2
7.7
0.1

.8

.0

.9
)

79
19
0



TABLE J5

Electron ni c]10D robe analyses of coexistins feldspars in
Traverse across potash feldspar megacryst

0 0. B2nn 1.36mm
edge I

the border facies rneeacrvstic granite. Specinen 7-52.

2.Olmm 2.67nm 3.30mm 4.2lnm 4.31nm 5.O8mm 6.14rrn 7.26nn 8.15nn

Si02
41203

Total Fe as FeO
Ca0
Na20
Kzo
Ba0
SÚ
TOTAL

6s .0
i8.1
o.o2
0.05
o.s2

5
4
OB

64
18
0
0
o

65 .0
TB.2

65 .0
TB.2
0.05

.0.06
o.79

13.7
o.20

a.7
94.6
4.r
0.6

0.3
94. 1

4.9
0.8

0.1
92.r

'7)

0.6

o.2
89. 8
9.3
0.8

0. 33
98.3

6s. 6
17 .9
0.03
0. 04
0. 9B

14.4
o.25
0. 36

99 .6

64.7
18. 3
0.05
0.08
L.25

14. 1

o.23
o.32

99.0

0;4
87 .4
11.8
0.4

65. 5
18. 1

0. 01
o.o2
o.62

14.7
0. 2B
o.32

99 .4

65 .0
18.2
0. 05
o.02
o.73

14.6
o.25
0. 56

99.2

0.03
0.05
o.76

14.6
o.2L
o.37

99.2

.02

.49
15 .0
o.28
o.37

99. 1

64.s
18. I
0.06
0.02
1 .03

14. 5
o.28
0. 35

98. 8

65.2
18.2
0.05
0. 03
1 .00

14.7
0.41
o.34

99.9

65.2
18.2
o.o2
0.02
o.77

15.0
0.31
0. 31

99. 8

15.2
0. 41
o.34

99.6

6s. I
18.2
0. 03
0. 14
o.43

15.2
0. 30
o.29

99.7

Molecular percentages of end-members
An
0r
Ab
Cn

0
9
9
0

8
0.1

94.7
4.7
0.5

o.2
92.7
7.3
0.4

0.1
92.4

7.O
0.5

0.1
93.4
6.0
0.5

o.2
90.0
9.3
0.5

0.3
9r.3

8.0
o.4

I
1

7

5



TABLE J5 (Cont'd)

Electron micronrob alvses of coexistins felds'oars i
8.77nm 9.74nm t0.58mm

ean n the border facies rneqacrvstic qranite. Specimen 7-52-

Plagioclase grains in hornfels xenolith
core 1 rim 1 core 2 rim 2 core 3 rin 3

Si02
41203
Fe0
Ca0

'65. I
18. 2

0.05

65.0
18. 4
0.03
0.01
0.93

)4.7
0. 50
0. 36

99.7

11.26mm
edge 2

6s .3
17 .9
0. 01
0.05
0. 86

14.9
o.I2
o.32

99 .4

60. 3
24.r
0.03

27 .7
o.7

7r.6
0.00

60. 8
24.6

60.2

o.2I
99.2

3
4
03

65
18
0
0
0

0
6
B

0
o
0

100

28.

70.
tra

29.4
0.8

69.8
0.0

,4
.3
.4
00

22
1

76
0

o.2
91 .6
8.0
o.2

0.1
9r.7

7.9
0.3

5.
B.
0.
0.
0.

99

.1

.0

.14

24
0
6
8

0
o

0.04
4 .45
8.4
o.2r
0.0
o.27

98.8

5.9
8.4
0. 15
0.00
o.20

99 .0

5

00 0.03

00

62.0 61.
23.2 24.

3
2

01
I
4
13

.6

.6

.03

.1

.6

60
24
0
5
oo

0
0
0

99

Kzo
BaO

Sr0
TOTAL

Molecular percentages
An
0r
Ab

Analyst: A.R. Milnes

f end-members

Na20

Cn

0.1
90.7

8.7
0.6

01
6t
7

39
30
6

.1

.o
?

o
0
4
0
0
99

o
0

91
8
0

1

.02

.87
ls. 3

0. 14
o.32

100. 4

1
o

15
o2
25
7

.01

.26

.4

.16

.02

.19

.3

24.4
0.9

74.6
trace

23.8
0. B

7s.3
trace

o
4
7

B

ce



TABI,E J6

Electron microorobe analvs ES of coexistins feldspars in the border facies negacrystic granite. Specinen 9-11.

Traverse across potash feldspar negacryst

O O.54mm O.83nm 1.49run 2.5Omm 3.S8mn 4.47mm 5.42nn 6.36mn 7.43mt 8.56nn 9.44¡nm 10.31nm 11.51nin 11.78mnt

Si02
4120 3

Total Fe as FeO

Ca0
Na20
Kzo

edge I
65. I 62.

20
63.6 65.8

edge 2

65.5 65. 6 65.565
19
0
0
o

I6
0
0

LO2ro2.3

64.O
19.1
0.05
0.06
0. 79

15.8

0. 05
o.97

15.9

1

9

05
18.9
0.06
0. 0B
0. 86

15 .9

0
o
I

15
o
0

o2

0
89
9.
0.

0. 16
0. 31

101.9 I

6s.5 6s.7 65.7 64.9
18.9 19.01 18.9 18.9

0. 06
0. 04
r.o2

ls. 6
0. 19
o.33

101. 8

o.o7
0.04
o. 70

16.2
a.34
o.2B

101.4

0. r8
o.29

100. 3

19 .9
0. 05
0.04
4.62

16.4
o.25
o.29

LOL.2

18. 8
0.05
0. 03
0.91

16.2
o.2s
o.32

.8

.0

.04

.o4

.91
a

)7
.32
.6 1

ro.2
o.32
o.32

100. s

i9.0
0. 07
0.04
0. 84

15.E
o.26
0. 31

101.9

19.3
o.67
0.11
3.25

10. 3
0.09
o.27

99. 5

0.6
67 .t
32.2
o.2

.t
)

.06

.5
t?

.30

.9

o.2
91. 9

7.4
0.5

0.1
9r.8

7.4
0.6

0.4
62.5
36. 8
o.4

o.2
91.5

7.8
0.5

0. 1'

91 .6
7.8
o.4

o.2
94.0

5.4
0.4

0.3
92.4

7.O
0.3

o.2
95. 1

6.1
0.ó

o.2
90. 5
9.0
0.3

65
19
0
0
4

11
o
0

.08

.45

4
1

03
03
87

65
19
0
0
0

16
0
0

ro2

0 0.07 .05
.07
.12
.6
.30
.30
.2

19.1
0.0
0.0
4.8

8
8
7

BaO 0.14
Sr0 O.28
TOTAL 101.5

0.04
r.o2

15. 1

0. 17
o.27

99.7 00

3

35
29
4

Mol.ecular percentages of end-members
An
0r
Ab
Cn

Analyst: A.R. tr{ilnes

o.2
91.0

8.4
0.3

0
90

9
0

0.4
91. B

7.5
o.2

')

)
.3
.3

3
4
8

5

0.4
57 .4
4r.7
0.6



TABLE J7

Electron microrrrobe analyses of coexisting feldspars in type A hybríd granite. Specinen 3-29.

Traverse Across potash feldspar megacryst

0 0.99nm 7.77nn- 3.29mm 4.09mm 5.47mn 6.40nm 7.74mt 9.21mn 10.36nrn 11.76nm 12.B7nm 14;69m¡r

61.
edge 1

si02 61 .9 58. I
41203 23.7 23.7

0. 51
4.9
6.6
r.76
0. 2B

o.25
99.9

o.o2
o.27

99 .6 100.

63.4
19.1
o.r2
0.04
0.48

ls. 5

o.22
0.50

99.2

62.2
23.6
0.06
4.9
8.6
o.12
o.o2
o.26

99. I

23.8
a.7

75.5
trace

0.17
0. 07
0. 87

15. 4
o.42
0. 3s

99. 5

0.04
5.4
8.1
o.r2
0. 00
o.22

99.3

26.7
o.7

72.6
0.0

0. 01
o.27

99. 1

3r .3
o.7

68.0
trace

0.07
0.03
o.74

L4.9
o.27
o.24

98.6

0.08
3. Bs

9.0
0. 1B

0.07
0. 1B

98. 3

0.04
4.64
8.4
0. 13
0.02
o.22

98. 7

23.2
o. B

76.O
trace

o. 06
6.4
7.7
o.r2

7
1

OB

6
)
I7
00
19
0

64.0 63 .7 64.6 6r .4 60 . 1 63 .9 62 . 4 6r .4
LB.2 18.4 19 . 3 24 .O 24.4 18. 4 22 .S 23 .B

Total Fe as FeO
Ca0
Na20
Kzo
Ba0
Sr0
TOTAL

24.
o.
5.
8.
0.
o.
0.

0. 0B
4.4
8.1
0. 14

0.10 0.10
0. 10 0.03
0.65 0.60

15.2 15.5
o.29 0.28
0.31 0.34

98.8 100. B

Molecular proportions of end-nembers
An 25.7 22.9 27.I
Or 11.0 0.9 1.0
Ab 62.7 76.2 7r.9
Cn 0.5 trace 0.00

18.9
1.1

79.9
0.1

o.2
92.4

7.O
o.5

o.2
93. 8
5.5
0.5

0.5
92.9
6.0
0.5

0.5
91. 1

7.8
0.8

o.2
94.9
4.s
0.4



TABLE J7 (Cont'd)

Electron nicrontob e ana lvses of coexis t-'i ns

14. 69nrn 16.05nn 16. 6&nn
edge 2

si02 61 . 4 62 .7 63 .6
41203 23.8 22.7 22.I

Total Fe as FeO 0.04 O.I2 0.06
CaO 4.64 3.72 3. 85

Na20 8.4 9.0 9.4
KzO 0.13 0.19 O.L2
BaO O.O2 O.O2 O.O2
Sr0 O.22 O.22 O.29
TOTAL 98.7 98.7 99.4

Molecular proportions of end-¡nembers
An 23.2 18.4 18.4
0r 0.8 1.1 O.7
Ab 76.0 80. 5 BO. 9

Cn trace trace trac

Analyst: A.R. Milnes

SD in trroe A hvbrid sranite. Specinen 3-29.ars

Traverse across plagioclase rnegacryst

feLd

6
o
L7
7
9
1B

57 .7
26.2

0 .09
8.0
6.9

0
7

6
0
0
0

98

3138
1

60
0

37.O
r.4

61.5
0.L

42.O
0.8

57.0
0.1e

I
9
o7
3

4
13

e
0
8
T4
4
3

cor
57
26
0
8

6

0.
B.
6.
0.
0.
0.

98.

0. 14
0 .05
o. 16

99.0

58.2 sB.
25.7 26.

.10
t

.9

.47

.05

.23

.9
a.2L

98.6

0. 13
0.03
o..2L

99. 3

56.
26.

1

0
06
4
B

24

tr7

26.
s8.0
25.9
0.07
7.9
6.6
0. 16
'0.02
o.23

98:9

57.
26.

57 .3
26.6
o.o7
8.2
6.3
0.11
0. 06
o.23

97.9

59. ó
25.I

0. 01
o.24

98.7

2

5
L3
7

6

0
7

6
0
0
0

9B

0
7

6
0
0
0

98

0.
7.
6.
0.
0.

0
6

7
0

OB

L7
a401

23
B

.02

.2r

.8

.02

.L7

.7

.2

.4

.11

4
7

9

4r.4 35.5
0. B 2.8

s7.B 61.6
trace 0.1

.8

.o

.1

.1

39.4
1.0

59.6
trace

38.7
o.7

60. s
0.1

37.7 41.5
1.1 0.7

6r.2 57.7
trace 0.1

0.
67.
trace



TABLE J8

Electron nicroprobe analyses of coexisting feldspars in the type B hybrid granite. Specinen 3-27.

Traverse across potash feldspar megacryst

0 l. 16mn 2. 45mm 3 .77twl
edge I

4.98nn 6.O6mn 7.44¡tun 8.49mm 9.71nn
edge 2

Plagioclase.grain
corè rim

SiO2 65.4
4120 3 18. 7

Total Fe as FeO 0.06
CaO 0-03
Na2O 0.89
KzO 14.7
BaO 0.39
Sr0 0.31
TOTAL 100.5

Molecular percentages o
An O.2
0r 90. B

Ab B.4
Cn O.7

65 .4
18.9
o.02
0. 05
1.01

14 .4
0.61
o. 35

100. 7

f end-members

^')
89.2
9.5
r.2

65.0
18. 6
0.07
0. 05
0. 96

14.4
0. 55
0. 31

99.9

0
7

7

0
0
0

100

0
0
OB

65
19
0
0
0

15
0

65. 8

18. 8
0 .08
0. 03
o.92

14. 5

.2

.9

.05

65
1B
0
0
0

14
0
0

6s. 3
IB. B

0. 05
o.o2
0. 95

14. B

o.29
0. 30

100. 5

6s. 5
18. B

0.04
o.o2
o.73

t4.9
0. 45
o.33

100.6

6s.5
18. 9
0.04
o.o2
6.58

15.2
0. 35
0. 51

100. 9

0.1
93. B

5.4
o.7

57.08
27 .35
o.o2

10.0
6.0
0. 08
0.0r
o.2B

100. 8

58.9
26.2

00
.03
.75

o2
82
4
34

0. 31
101 .0

B

5

73

100.

0. 38
o.37

100 .9

7
39
29
3

05
25
8

0
90

0.3
89.6
9.1
1.1

8.
0.

1

5

8

5

0.1
91.8

7.4
0.6

0. L
o1 )

6.9
0.9

o.2
90.4

8.7
o.7

o.2.
92.O
7.r
o.7

47.
0.

51.
tTa

7
5

8

ce

36.2
o.7

65 .0
0.1



TABLE J8 (Cont'd)

Electron microprobe analyses of coexistins feldspars in the type B hybríd granite. Specimen 3-27.

Traverse across plagioclase megacryst 1

O 0.4Omm 0.97mn 1.61nm 2.0&ûn 2.B7nn 3.68nm 4.55mn

Si02
Al20 3

Total Fe as FeO
Ca0
Na20

edge 1

59. 8

24.5
56.9
27 .2

.00

.6

.1

.10

.o2

.19

.1

43.5
0.6

55. 8

trace

60.4
25.4
o.o2
6.7
7.9
0. 19
0.03
o.22

100. 9

3L.6
1.1

67.3
0.1

58.2
25.O

6.9
6.7
o.67
o.o2
o.28

97 .9

34.8
4.O

61.1
trace

58.0
26.9
0.09

.5

.5

.02

.6

.3

60

7.9
6.9
o.25

T40

4
2

06
9
2

93

60.
25.
0.
6.
B.

0. 09
5.5
7.4

4
I
06
3
0

59.
25.

0
6
7

0
o
0

99

0
I
6
o
0
0

99

25
0
6
7

0
0
o

100

0
4
9
o
0
0

100

4. 96mn
edge 2

63. 1

23 .4

.c1

.24

.4

20.4
o.7

78.9
trace

03
3
2

15KzO O.72 O.22
BaO 0.15 0.03
Sr0 O.2O 0.19
TOTAL 98.3 100.3

Molecular percentages of end-mernbers
An 27 .8 29.9
0r 4.3 Lz
Ab 67 .6 68.8
Cn O.2 0.1

.04

.2I

.9

o.o2
o.25

100. 3

2
4
3
ce

.3r

.03

.26

.5

32.8

61.9
0.1

38.
1.

60.
tra

32.7
1.8

6s.4
0.1



TABLE JB (Conttd)

Electron rnicroprobe analyses of coexisting feldspars in the type B hybrid granite. Specinen 3-27.

Traverse across plagioclase megacryst 2

edge I
si02 60 .7 59. 3
41203 25.O 23.5

Total Fe as FeO 0.01 1.82
CaO 5.7 4.7
Na20 8.4 3.8
KzO 0.11 5.9
BaO 0.03 0. 31
sÏo o.23 0.29
TOTAL rOO.2 99.6

Molecular percentages of end-menbers
An 27 .I 25.1
0r 0.6 37 .S
Ab 72.2 36.7
Cn 0.1 0.6

Analysr: A.R. Milnes

.5

.8

.13

.0

.4

.84

60
24
0
7
6
0
o

35.7
5.1

59. I
0.1

sB.9
26.4
0.03

58.9
26.8
0. 10
8.2
7.O

0.04
o.27

10r. 5

58. B

I.2
59.9
0.1

58. 4
26.3

59. 1

26
0
7

,.6

.I.T2
O: 07
0. 28

101. O

edge of
s ection

58. s
27.O

0.07 01
3
7
T7
o3
24
0

2

o
7

I

0
B

6
o
0
o

101

40
I

58
0

36
6

56
o

3

06
6
5

7

4
B

1

06
o.2r

99. 9

22o

7.9
7.O
o.44
0.06
o.22

101.0

4
5

0
1

8.0
7.2
o.24
0.06
o.26

100.5

1.
61.
0.

3737.
')

60
0

5
3
1

1



TABLE J9

Average cornpositions of coexisting feldspars ín Encounter Bay Granites

calculated from data in Tables J1 to JB.

Specimen 4-79. Inner facies megacrystic granite.
K-feldspar megacryst exclu
Plagioclase inclusion in k

ding plagíoclase inclusion 0.4
-feldspar megacryst 9.8

An 0r Ab Cn

84.8 14.2
2.s 87.4

0.6
0.5

Specimen 4-93. Inner facies megacrystic granite.
K-feldspar megacryst
Groundmass potash feldspar
Plagioclase megacryst

Specimen 3-26. Border facies megacrystic granite.
K-feldspar megacryst excluding plagioclase border
Plagioclase border around k-feldspar megacryst

Specimen 4-6I. Border facies megacrystic granite.
K-feldspar megacryst excluding plagioclase inclusion
Plagioclase ínclusion in k-feldspar megacryst
Groundmass k-feldspar

Specimen 7-52. Border facies megacrystic granite.
K-feldspar megacryst
Plagioclase in hornfels xenolith

Specimen 9-11. Border facies negacrystic granite.
K-feldspar megacryst

Specinen 3-29. Type A hybrid granite.
K-feldspal' + plagioclase megacryst
Plagioclase megacryst

Specimen 3-27. Type B hybrid granite,
K-feldspar megacryst
Plagioclase megacryst 1

Plagioclase megacryst 2' Plagioclase grain
Average plagioclase

26,O
6.6

72 .8

7r.6
92.9
0.6

1.9
0.5

26.6

0.5
0.1

t ceïa

7r.2
o.7

87.3

1.8
31.6
o.7

o .2 92.4 6.7 0. 8

23.8 0.9 75.3 trace

o.29L.7 7.6 0.5
26.0 O.9 73.1 trace

0.5 85.7 L3.6 0.4

L5.9 32 .3 5I.7
38.3 1.1 60" 5

o.
32.
36.

26 .4
67.7
11 .9

0.6
0.0
0.1

0.4
0.1

r 7.9
3 65.2
6 61.1
6 s7.4
I 6r.2

29r
42
22
o0
91

4?.

36

O.B
0.1
0.1
0.1
0.1



K1.

APPENDIX K

Rb-Sv, isotope diLt,L tíon anaLuses of the Encounter Bal.¡ Granites

The techniques of chemical preparation of specimens and mass-

spectrometry used during the present investigation are largely those

described by Compston, Loverj.ng and Vernon (1965) and Arriens and Conp-

ston (1968).

Rb analyses were carried out on a 15cm 90o-sector Metropolitan

Vickers MS2 nass spectrometer. Sr analyses u¡ere carried out on a 30cm

600-sector Nuclide mass spectrometer. Both machines use the triple fila-
rnent io:risation technique. Rb isotope ratios were neasured on the MS2

by rapid peak-switching controlled by push-button selector srvitches to

pre-set values for the magnet current. A chart recorder (for display

purposes), a voltage-to-frequency convelîter, a countel, and a digital
recorder weïe coupled to a Catey electrcneter. The RbB5 and RbBT beam

voltages were measured for two seconcls, while a fixed delay of five sec-

onds was allowecl for switching. Ttvo sets, each comprising at least ten

counts at each mass station, were taken for each side fila¡nent of the

triple filanent source. The results for each specirnen, together with

static and dynanic zero values, were reduced to concentrations of total
Rb and Rb87 using the pïogramne MASSSPEC wrítten bv Dr. P.A. Arriens

(Arriens and Conpston, 1968).

The Nuclide was operated by magnet current switching, but was

controlled by a Hal1 probe field-sensing device (compare wi"h the tnethod

descríbed by Arriens and Compston, 1968). A digitised output similar tcr

that employed for the MS2 was obtaíned. Sr isotope ratios were measured

in the following order:
83/86 - 86/84 - 88/36 - 8s(Rb) - 87/86 - Bs(Rb) - 88/86

The beam voltages for each isotope l^Íere neasured for two seconds, while

a fixed delay of six seconds was allowed for switching. About ten

measurements of each isotope ratio were taken during each specj-men run.

Static and dynamic zeto values were taken at the beginning alld end of

each run. lufeasurements of the RbBS abundance in each Sr rull tr¡ere used

to assess the arnount of Rb87 present (fron the constant ratio p6e57¡687=

2.600), and hence to determine the correction to be appliecl to the

trttTsrtu ratio. These data were re<1ucec1 to concentrations of total Sr,

common Sr (masses 88, 86 and 84) and SrBT ¡gv96 ratio using the prograrnme

MASSSPEC (Arriens and Cornpston, 1968).



K2.

The constants used in the data reduction and subsequent Rb-Sr

age calculations are as follows:

, Rbhrlf_life= 1.39 x 1O-rly-l
p58s7p¡87 = 2.600
grBBTg¡86 = 8.37s2
gr867grBq =17.68s0

K-Ar isotope dilution anrtLuses o f the Encountez' Bau Gz,ani.tes

T}re techniques used for K-Ar age determination by Dr. A.W. Webb

are surnmarised in Progress Report No. 3 - rtThe geochronology of the

granitic rocks of southeast South Australiar' (unpublished, 1971) from

Australian lilineral Development Laboratories to the South Australian Geo-

logical Survey. Biotite or muscovite hrere separated from the rocks of
interest. Separate aliquots of the 60 to I2O BS nesh grain size were

taken from each mica concentrate for K and Ar analysis. K was determin-

ed in duplicate on a Jarrell-Ash direct reading emission spectro::reter.

Radiogenic Ar was deterrnined by isotope dilution. The constants used in
the analyses and subsequent age calculations are as follows:

K4o = 0.0119 atom percent

Àß = 4.72 x 10-10y-1

À" =0.584xtO-I0y-1
The overall precision of the K-Ar ages was quoted as t I.Se¿.



TABLE Kl

Rb-Sr isotope dilution data for specimens of the contaninated bord er
facies rnes acrystíc graníte

8-12
8-72
B-T2

7-sB
7-sB
7-58
7-58
7 -58
3-26
3-26
3-26
3-26

Rb
(PP'n)

76.33
237.O
630.2

194.9
195.5
195.3
291. B

897.8

r90.7
1.90.7
3s2.7
963. 8

258:3

Sr
(ppm)

118.5
58.23
11.00

141.
140.
141.
2r2.

5.

106. 9
IO7 .3
r52.7

7.O3

1. 86
11.56

181.9

o.73t2
o. 8021
I.7275

459
453
4s2
468
471

o. 7553
o. 7560
0. 766s
4.6227

Specinen

total-rock
rnus covi t e
bíotite
total-rock
total-rock repeat
total-rock repeat
potash feldspar
biotite
total-rock
total-rock repeat
potash feldspar
biotite

p6B7¡9a86 gr877ga86

2

9
0
2
08

o.7
o.7
o.7
o.7
6.2

00
o2
o1
98
o

4.
4.
4.
3.

787.

5. 18
5. 16
6 .71
7.454

4-55 total-rock

Analyst: A.R. Milnes

78.46 9. 5B o. 7885



TABLE K2

Regression analyses for the contaminated border facies meqacr¡¡stic qranite

Regression No. MSWD for Age Initíal 518775386
specinens Model I (n.y.)

1. Total-rocks 5 3.66 537 ! 23 0.7165 t 0.0016

2. Total-rocks, potash B 2.50 531 t 11 0.7169 + 0.0009
feldspars, muscovite

3. Specimen 3-26. Total-rock, 2 - 511 t 5 0.7188 t 0.0013
biotite

4. Specimen 7-58. Total-rock, 2 - 504 1 5 O.7L73 t O.OO11
bioti te

5. Speci-men 8-72. Total-rock, 2 - 3g7 t 5 O.72Og t O.0OO7
biotite

K-Ar ages for biotite in specirnens of the contaminated border facies megacrystic granite
Age (m.y.)

Isochron
model

3

Assume Model 1

Assume Model 1

Assume Model 1

3

Specimen

Encounter Bay area
4- 55
4-6r
3-26
8- 14
9- 1l
7 -56
B-12
8- 18

473
474
467
472
472
460
4L7
42A

472
474
47s
473

Specinen

Cape Willoughby
, T]34C

I'/ü22

W56A
IiÍ20

Age (m.y. )



TABLE K3

Rb-Sr isotop e dilution data for specimens of xenoliths within the

border facj-es megacrystíc granite

Specimeri

Metasedínent xenolith 3-10
biotite
plagioclas e concentrate

Metasediment xenolith 3-19
biotite
plagioclase concentrate

Hybrid granite 3-51
biotite+hornblende conc.
potash feldspar
Hybrid granite 3-38
total-rock
biotite+hornblende conc.
potash feldspar

Analyst: A. R. lr{ilnes

p6B77ga86 9"8779¡86Rb
(pp¡t')

615.
28.

585. 3
25.53

878. 6
300.3

160. 5
716.9
232.4

Sr
(ppm)

8.27
268.3

12.30
198.1

9.11
154.0

250.1
0. 51

150. 8
o.37

3. 66
24r.3

5.98

344.8
s.66

2.3933
o.7254

1. 7119
o.7260

3.14L4
o.7552

o.7 4r4
2.3904
o.74r4

3
88

126.9
9.99

169. 3



TABLE K4

sion anal ses for netasedinent and

Regression

id ite xenoliths
II{SWD for

I'{ode1 1

3. 53

rnitial 5r8775¡86 Isochron
model

o.7234 r 0.0008 2

o.7233 t 0.0006 Assume Model 1

o.7236 r 0.0006 Assume Nfodel 1

No.
specimens

4

Age

L2.42

28.05

Age (rn.y. )

478
466

v
474 ! 15

479!5

470!5

502!6

504r5

498 r 33

497x5

(m )

1. Metasediment xenoliths.
biotites, plagioclase concs.

2. Metasediment xenoliths 3-10.
biotite, plagioclase conc.

3. Metasedinent xenoliths 3-19.
biotite, plagioclase conc.

4. Hybrid graniteo xenoliths.
minerals and 3Î38 total-rock

5. Hybrid graniteo xenolith 3-3I.
biotite+hornb lênde conc.,
potash feldspar

6. Hybrid graniteo xenolith 3-38.
total-rock, pot-ash feldspar,
biotite+hornb lende conc.

7. Hybrj.d graniten xenolith 3-38.
biotite+hornb lände conc.,
total-rock

Specinen

3-3L
3-38

1

2

2

5

3

2

3

2

0. 7150 .1 0.0007

O.7I54 + 0.0014 Assurne Model I

0.7145 1 0.0144

0.7160 r 0.0011 Assurne Model I

K-Ar es of biotite in s ecimens of rid aníte



TABLE K5

Rb-Sr isotooe dilution data for specimens of Kanmantoo Group netasedínentary rocks

Specimen Rb Sr
(pp*) (pp')

p58779¡86 gt877gt86

0025 total-rock 243.2 137.9 5.I2 0.7576

0029 total-rock L93.2 237.2 2.36 0.7396

0014 total-rock 22L.7 149.8 4.29 0.7499

0018 total-rock 118.8 223.0 1.56 0.7324

Analyst: A.R. Milnes

Regression analyses for the Kanmantoo Group netasedimentary rocks

Regression No.
specimens

8

MSWD for
lvlociel 1

11.05

Age
(m.y.)

474 ! 4

Inirial 518775186

o .7 23I r 0.0003

o.7242 r 0.0020

o.7224 È 0.0014

Isochron
model

1

Assume Model 1

Assume Model I

1. Conbined total-rock and nineral data
for Kanmantoo Group ¡netasedinents and
netasedimentary roèk xenoliths

2. 0025, 0029 total-rocks
3. 0014, 0018 total-rocks

2

?

468 ! 40

460 r 38



TABLE K6

Rb-Sr isotop e dilution data for specimens of albitised granites

Specinen

Albitised border facies
negacrystic granite 7-53
total- rock
biotite
Albitised border facies
megacrystic granite 7-55
total- rock
biotite
Megacrysti c albite- chlorite
rock 7-54
total-rock
plagioclas e

chlorite
phlogopite concentrate

Megacrysti c albite- chlorite
rock 3-40
total-rock
plagioclase
phlogopite
chlorite concentrate

Analyst: A.R. Milnes

¡6877gr86 SrBT ¡g¡BGRb
(pptn)

Sr
(ppm)

95.60
430.6

111. 8
883. 6

.27

.47

.70

.85

L2.42
9.20

258. 5
95.96

76.52
s. 87

155. 3
5. 16

L25.3
r37.5

7 .2r
10. B4

38. 03
100. 1

13.52
9.62

3.62
247.3

2.39
754.6

o. 14
0. 05
2.29

L2.86

0.94
o.27

s7 .35
29.37

o.74ro
2.4205

o.734L
6.0889

o. 7158
0. 7156
o.7251
0.7998

0.7195
o.7167
1. 1015
o. 9085

6
2

5

47



TABLE K7

Resression anal ses for the albitised border facies mesacrvstic sranite and the megacrvstic albite-chlorite rock

Regres s ion

Albitised border facies
negacrystic granite 7-53.
biotite, total-rock
Albitised border facies
negacrystic granite 7-55.
biotite, total-rock
Megacrystic albite-chlorite
rock. Combined total-rock
and ninerals, 7-54 and 3-4O

Megacrystic albite-chlorite
rock. Plagioclases, total-
rocks , 7-54 chlorite
Mega crystic albite- chlorite
rock 7-54. Total-rock,
phlogopite concentrate

Megacrystic albite- chlorite
rock 3-40. total-rock,
phlogopite

No.
specirnens

MSWD for
Model I

47.16

0.35

Initial Sr /Sr I sochron
model

Age
(m.y.)

2
I

2

494!5 0.716I t 0.0011 Assume Model 1

510 È 5 O.7L71 r 0.0009 Assume Mode1 1

4r7 ! 82 o.7154 r 0.0005

306 t 33 o.7154 + 0.0005

474 ! rl 0.7149 t 0.0006 Assurne Model I

485f6 0.7131 + 0.0007 Assume Model 1

2

2

1

8

5

2

2

3

4

5

6



TABLE K8

Rb-S_r isotope dilution data for specimens of uncontamínated granites

Specimen p6877grB6 Sr87 ¡g-¡86

Ap1ite 4-65
total-rock
Miarolitic granophyte 4-668
total- rock
potash feldspar
rnus covíte
Medium grained granite 4-10
total- rock
potash feldspar
biotite
Red leucogranite 4-89
total- rock

Red leucograníte 4-9
total-rock
total-rock repeat
potash feldspar
plagioclase concentrate

Albitised red leucogranite
4-B
total-rock

Analyst: A. R. lt{iInes

Sr
(ppm)

48.03 L8.27 o.8433

Rb
(ppm)

299.9

499.0
865. B

L416

399.6
769.7

2036

390.6

443.7
449.O
779 .8
284.1

s2.78
77 .4r
10.11

32.59
39.42
9.67

24.O2
24.16
30.27
26.80

27.85
33.09

569.2

36 .33
58.72

IO77

55 .44
55.76
78. 65
31. 30

o.9L47
0. 9597
4. 8665

0. 9754
I.I3I7
7 .s73

T.TI23
I . 1106
r.2924
o.94I4

29 .29 59.63 r.oo42

7 .72 58. 54 o. 38 o .7 r75



TABLE K9

Resression analvses for the uncontaninated granites

Regression

1. Total-rocks
2. Total-rocks, potash feldspars,

plagioclase conc., nuscovite

3. Total-rocks, potash feldspars,
plagioclase conc.

4. Miarolitic granophyre 4-668.
total-rock, muscovite

5. Medium even-grained granite
4- 10.
total-rock, biotite

No.
specimens

5

10

MSWD for
Model I

7.06

L47

10. 80

Age
(n.y.)

522 ! 28

523t6

rnitial 5"8775386

0.7111 r 0.0115

0.7115 r 0.0057

Isoghron
nodel

2

3

29

2

524 r 18 o.77L3 r 0.0083

523t6 o.7rt4 I 0.0049 Assune Model I

482t5 0.7310 r 0.0056 Assu¡ne Model 12

K-Ar age of rnuscovite in miarolitic granophyre 4-668 is 473m.y-



TABLE KlO

Rb-Sr isotope diluti.on data for Kangar:oo Islan<i granites and pegnatites

Specimen *6ez7Sr89 9t8779186

Vivonne Bay pegmatite V4
total-rock
muscovite

Penneshaw pegnatite Pl
total-rock
total-rock repeat
mus covi te

Rb
(ppm)

226.6
57 6.4

818.6
8r8.6

r669

Sr
(pp')

83.76
11.56

37 .O3
36. 98
13 -28

7 .86
160.4

66. 95
67 .O2

49s. 1

o.7753
1. 8795

1. 20s8
1. 2058
4.4296

o.7377
3.2424

Cape Kersaint granite SBRS

total-rock 161.4 167 .I 2.BO
biotite 688.5 6.76 367.I
Analyst: A. R. Milnes

ess]-0n analvses for Kansaroo Island sranites and Desmatites

Regression No. MSWD for Age
specimens Model 1 (rn.y. )

1. Vivonne Bay pegnatite V4.
total-rock,muscovite 2 - 519t6

2. Penneshaw pegmatite PI.
total-rock,muscovite 2 - 539t7

3. Cape Kersaint granite SBRB.
total-rock,biotite 2 - 49315

K-Ar ages of micas from Kangaroo Island granites and pegnatites

Initial 5t8775r86

0.7184 I 0.0018

0.7014 t o.or24

o.7rB4 r 0.0009

Isochron
model

A.ssume Model I

Assume Nfodei I

Assune'Model I

V4 nuscovite 485n.y. Biotíte fron Remarkable Rocks granite 44ht.y.



TABLE KII
Rb-Sr isotooe dilution data of Compston. Crawford and Bofineer (1966) for the Anabama Granite and for a nicro-
tonalite from Netley Hill

Specimen p68779¡86 gr877ga86

Anabama Granite GA-357
total-rock
plagioclase
plagioclase repeat
mi croc 1 ine
biotite

139. 8

r5.5
16.2

437.5
889. 8

Rb
(ppm)

Sr
(ppm)

140. O

t2s.3
I28.r
I2T.9
ro.2

479.5
920.O

67 .3

MSWD for
Model 1

13.o2

2.Or

2.874
0.357
o.364

10. 53
250.6

r.598
o.392

22.O8

o.725L
o.7079
o.707r
o.7715
2.358

o.7246
a.7r78
o. 8495

Netley Hill microtonalite GA-555
total-rock 266.2
plagioclase 725.4
bíotite 515.9

Regression

Resression analyses for the Anabama Granite and the Netley Hill microtonalite
No.

specimens
Age

(m.y )
Initiar 5r8775¡86

0.7050 r 0.0035

0.7062 r 0.0009

o.7rs2 r 0.0025

o.7149 r 0.0008

Isochron
noriel

3

Assume Model 1

'1

Assume Model 1

I

2

3

4

GA-357 conbíned total-
rock and minerals
GA-357 total-rock,
biotite
GA-355 conbined total-
rock and ninerals
GA-355 total-rock,
biotite

4

2

3

2

473 r LO

473r5

436 r 32

437+9



TABLE K12

Rb-ST isotope di_lution data (lVhite, Compston and Kleeman, 1967) for
the Palmer Granite and the Rath en Gneiss

Specinen Sr
(ppm)

p5877gaB6 t"et7Stt,

Palmer Granite

GA- 315
total-rock
total-rock repeat
potash feldspar
potash feldspar repeat
plagioclase
plagioclase repeat u/s Sr run
green bíotite
brown biotite
brown biotite repeat

P5
total-rock
potash feldspar
biotite
biotite
P7
total-rock
potash feldspar (1)
potash feldspar (2)
potash feldspar (2) repeat

P2
total-rock
Rathjen Gneiss

P15
total-rock
PR12
total- ro ck I4I 109 3.68 O. 7409

Rb
(pptn)

179
t75
4L2
415

12.o

80.3
77 .9

106.0
1A7.7
63.O

2

6
6

6. 4s
6.49

TI.22
1r.14
0.55

I37B
s44,6
549. 1

5.93
13 .82

189 5
1369

8.35
2L.48
19.29
19. 30

o. 7536
o.753r
o. 7849
0.7859
o.714
o.7r22 '
9.529
3.745
5. 790

513
946
99
83

o.7660
o. 8464
o. 83s7
o.8373

t286
I226
r236

144
465

1191
1181

151
447
463
459

70
97

1.81
2.50

52
64
70.L
69. 5

69
50
50

o.7
o.7
3.4
9.8

1

138 103

109 L44

3. 86 0.7342

2.16 0.7295



TABLE K15

Regres

Palmer Granite
1. Total-rocks
2. Total-rocks exeluding

P5

3. GA-315 total-rock,
potash feldspar, plag-
ioclase

4. GA-315 total-rock,
green biotite

5. GA-315 total-rock,
brown biotite

6. P5 total-rock,
biotite

Rathjen Gneiss
P15 and PR12 total-rocks

sion analyses for the Palmer Graníte and the Rathien Gneiss

Regression Initial 5t8775186 Isochron
inodel

514 r 33 o.707r r 0.0028

5L2 x 97 0.7068 r 0.0083

485 r 30 o.7090 + 0.0025

459r5 O.7I2O i 0.0014 Assume Model I

400t4 O.7I73 t 0.0013 ' Assume Model I

483x5 o.7714 r 0.0015 Assume Model 1

s37 x 7r O.7LLS t 0.0028 Assu¡ne Model 1

No.
specimens

MSWD for
Model 1

17. 11

3.34

0. 70

)
Age
(n.y

4

3

1

I

I3

2

2

2

2



TABLE K14

Rb-Sr isotope dilution analyses for the B1ack Hill Norite

Specinen Sr
(ppn)

p6 I 27918 6

Black Hill Norite
total-rock
biotite

Regression analysis for the Black Hill Norite

Regression

(Analyst: A.R. Milnes)

gr8 779¡8 6

0. 7093
o.7963

Inirial 518775186 I sochron
nodel

503 r 12 ,0.70ó6 t 0.0006 Assune Model 1

Rb
(pp*)

82.9r 609.6
934.4 2L2.9

0.39
L2.78

No.
specr-mens

Black Hill Norite total-rock,
bioti.te

K-Ar analysis of the biotite indicates an age of 486n.y.

MSWD for
Model 1

Age
(n.y )

2




