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ABSTRACT

A metasomatic = metamorphic origin is suggested for
the gneissic granite occurring south-cast of
Oakbanke Both the field and petrolegical evidence
support granitisation of the original sedimentse
These rocks are thus Lower Proterozoic in agee

The gold mineralisation was introduced in quartsz
veinge These have been thoroughly prospected and
there is little to suggest that economic quantities

remaine
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I, INTRODUCTTIONS

The area was assigned to the anthor as a mapping project
for an Honours Year course in Economic Geology, under the
supervision of Mro. Ae We Ge Whittlee

Originally the area was limited to the southexrn portion,
from Myler to Hahndorf, with the object of examining the petrology
in relation te the origin of the gold mineralisations However, this
was not particularly rewarding and on Mr. Whittle's suggestiom the
area was extended in a north-easterly direction to Oekbank in erder to
study the nature and origin of the gneisslc granite and its relation
to the country rockse

(a) Location and Size of Areas
ihe area investigated is shown on the accompanying locality

mape

It is in the eastern Mount Lof'ty Ranges, approximately
18 nmiles from Adelaide and extends from Mylor towards and inecluding
Hahndoxrf and on to Oakbanle

The mileages to these towms from Adelaide, are shown on the
locality maps

The area 1s approximately 1k square milese

(b) Previous Investigationse

the northern part of the area has been investigated
previously by Sprigg, Whittle and Coempana (1951) during their mapping
of the Adelaide 1 mile geological sheete

The southern and larger portion was investigated by Sprigg
and Wilson (195)4) end more recently by Thomsom end Horwitz (1962) in
their preparation eof the Barker 4 mile geological sheets
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(c¢) Physiographys

The area has a mature topography, consisting of rounded
ridges and undulating hills intersected by shallow U-shaped valleysé
The present relief is due to tectonic stresses mostly of Upper Tertiary
and Quaternary age which caused broad doming and block faulting along
the ancient mobile trough of the Adelaide geosynclines The rejuvenated
cycle of erosion so produced has resulted in the present topographye
The area has an average height of 1,100 feet above sea level, with the
highest hills ranging up to 1,300 feete

Two of the most prominent ridges in the southern part of the
area are formed by thick quartitic beds and run parallsl to each other
in a north westerly direction.

the drainage system consists of the Onkaparinga River and its
numereus small tributariese The Onkaparinga River meanders through
the western side of the area in a roughly northeeast direction and
genorally has a shallow valley associated with flood plains consisting
of Recent silts and sandse

The area lies in a 30 to 35 inch rainfall belt and most of the
natural vegetation has been cleared te meke way for disrying and grazing,
several piggeries, and potato and apple growinge

The hills and slopes have good soil cover and the shallow creeks
seldom cut into solid rocke Thusy rock exposures are extremely poor,
especially in the sonthern part of the area and the few quarries and
old mining sites were used to the best advantagee

The area around Oakbank was considerably better, and the
gneissic granites end pegmatites outcrop as shown on the geological mape

(d) Method of Investigatione ,

Adastra alr photographs of the area, having a scale of 4 inches
to the mile, and a note book were used to record the field datae

A base map of the same scale was prepared from an enlarged
photograph of the area taken from the 1 mile Military Survey Plane

The field data was then plotted on the base or "fact-map" as it

was obtainede
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Dus to the poor rock exposures it was difficult to obtain
any real system in the field mapping and the southern part of the ares
was more or less randomly "searched" for all avallable outcrope

In the northern part an effort was made to follow certain
beds along their strike, in order to try and unravel the folded structure
to the north-east of Oakbanks Howevery, the scarcity of outorop and the
lack of any persistent marker bed made this difficult, end as a final
resort the "nose" of the fold was mapped in detail by pace and compass
traverase in erder to correlate all the small and scattered rock
exposures in that areae

Numerous field samples were collected and examined in thin
section in desecribing the petrology of the area. A representative
collection of these macro and micro descriptions is included in the
Appendixe Several polished sections were alse made in an effort to
obtain further information regarding the mineralisastion in the Banksia
nining aregs’

ITo DESCRIPTIVE PETROLOGY:

(a) General Stratigraphye

The predominant rocks of the area are geosynclinal sediments
of Lower Proterozoic age and lie within the Torrensien Series of the
Adelgide System.

Thomson and Horwitz (1962) show the gneissic grenite area as
en Archaean inliers The age of these rocks is controversial and their
petrology is discussed under a separate heading.

The rock formations are represented in general terms on the
geologlcal map (Plan I) and these are amplified in the following .
discussions
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(1) Aldgste Sandstoree (Thomson and Horwitz 1962)

This is the oldest formation represented in the area and
good outcrop ocours in the south west near the River Onkeparinga (sample 87)s
The reck is a yellowish-coloured, medium grained felspathic sandstone.
It is generally massive but in a nearby area a finely laminated variety
ocourse Here the sandstone is cross bedded in part, with black iron
oxide gramles outlining some of the bedding planese The laminated
sandstone is interbedded with weathered, mottled coloured sandy shales
which sometimes contain s high percentage of clayey materlale

(2) Blue Grey Chertss
These appear to occur immediately above the Aldgate Sandstone

and to penetrate a short distance into ites The greater proportion
of the chert occurs as float material scattered over a feirly wide area -
as shown on the map, but it was found in situ at two placess

At one of these the chert forms irregular layers from 1 to 3
inches thick, interbedded with grey weathered slates dispersed in
sandy shales and siltstonese The other occurrence (sample 86) is
stratigraphically lower in the sequenceé and here the chert forms a
definite layer 2 inches thick, near the top of a massive yellow
sandstones

The cherts thus seem to furnish a marker horizom for the top
of the Aldgate Sandstone in this areas However, they were not located
further to the north and the author is thus less confident as to where
the boundexry should be placede

(3) Slates and shales with lensing quartzites and thin sandstonese
This is a thick formation in which there is a variation
in rock type, although a richness in argillaceous material is the
main features ,
The rock exposures in this area are extremely poor and the
following information cannot be regarded as completes For exemple,
it was impossible to locate contacts between the different lithological
units as shown on the geological mape
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For convenience this formation will be discussed in three
separate groupss
(1) Lower group of Slates and Shelese

This group shows a variation in lithology from weathered,
mottled coloured shales and slates to a more sandy shale and blue grey

siltstones

Lhese units appear to alternate throughout, but the shales
definitely become more sandy as the quartzite is approached, suggesting a
gradation of one to the othere

A typlcal shale occurrence (semple 4) is e mottled, yellowish
coloured variety having a well developed foliation often made more
obvious with streaks of fibrous limonites

The shales tend to become coarser grained and thus more silty in
nature along their strike. Accompanied with theme changes the bedding
planes become more apparent and the silty shales are usually well
laminatede

A more magsive variety of the silty materisl is a blue-grey
siltstone (ssmple 85)c The colour is due to finely disseminated carbonaceous
material, which has been metamorphosed to produce carbone

(ii) Lensing gquartzitess
The boundary between the sandy shales and the quartzite is

probably gradational and with the scarcity of outcrop is difficult to
establishe However, the two quartzitic formations appear to be more or
less confined to two broad ridges ensbling an epproximate boundary to
be drawne

This formation has been mapped as the equivalent of the Stonyfell
Quartzite by Sprigeg and Wilson (1954) and Thomson and Horwitz (1962).
However, it seems that a great deal more work is necessary before similar
formations eccurring on the west and east sides of the Mount Lofty
Renges can be safely correlateds
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Io Mottled coloured shales exposed in small road
cutting, looking east from the Mylor-Hahndorf Roade
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The fermation shews a variatiem in lithelegy frem a
partly quartzitic sandstene te a true quartzite, which is eften
asseciated with quartz veins that appear te conform with, and cress-
cut, the beddings Several argillaceous beds (sample 3A) alse ecour
threughout this fermatiene

Much of the sandstene is massive and partly ferrugineus and
forms typicael laterite as a result of expesure te fairly prelenged
weatheringe

Several quarries shewed that the massive, coarse grained
sandstene (samples 5 and 10) eften centained beds of a more silty nature
(semples 16 and 51) which were usually well laminated and cress bedded
in part, enabling faecings te be determinede

The two quartzitic fermatiens appear te lens eut nerthwardse
The lack of geed eutorep mokes it impossible te esteblish the terminal
boundaries with any accuracy, but the few expesures immediately te the
nerth indicete a chenge te finer grained shaley material usually very
weathered and eften laterisede

The area in between the twe quartzite fermatiens consists ef
sandy shales with the develepment of seme siltstenes and a few thin
sandstenes which ceuld net be traced fer any distancees The shales are
well develeped in the Warrakilla mining area and the siltstenes are
represented by sample 40 which is a particularly well laminated varietiy

(i1i) Upper greup ef Slates and Shalese

The area east of the quertzite fermatiens up te the inferred
fault again consists mainly ef shales, eften sandy in part, and
siltstenes similar te these described. However, in this arees we have

the ecourrence of g true slate and net the weathered eguivalent as in the
ares previeusly discussede The slate (sample 25) is a blue grey

variety having a reasensbly well developed slaty cleavages The coleur
is derived frem black carbonacecus material, new altered te carben as a
result ef metamerphism, which is disseminated threughout the recke The
slatea eccur as a few lgselated expesures and it was net pessible te mgp
them as a distinct unite
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Marther te the nerth a reck having a similer appearance
occurs (sample 153) but it is slightly coarser grained with a less well
developed slaty cleavagee The colour in this case is due to the
asbundence of biotite and chlorite formed during metamorphisme The reock
mey thus be classified as a metamorphosed siltstonee

(4) Blue grey cerboneceous shale in pert dolomiti®s

This formation does not outcrop anywhere in the area but is
exposed in a railway cutting south east of Balhannghe Its thickness is of the
order of 150 feet (Whittle 1947)e Generally it is a massive blue to
black herd shalep in part dolomitic, and contains occasionel small caleite
veinse . Bedding is completely obscured making it difficult to obtain
the attitude. The thin section (sample 118 (5)) shows a well foliated
texture of micaceous minerals and fine carbon material ocourring in a
quartz groundmess associated with concentrations of secondary calcitee
The quertz is partially recrystallised and the calcite grains are usually
elongated in the foliation directione Thus it appears that the calcite
was introduced prior to the metamorphism or at least before it had
ceasede .
A marked brecciated zone eccurs within this formation (sample 1184)e
It is several feet wide and suggests the existence of a fault zone more
or less parallel with the strike of the rockse

(5) Sandy schists, phyllites and thin quartzitese
On the eastern side of the inferred fault the grade of meta=-
morphism is slightly higher, exemplified in the development of schists and

phyllitese
Two thing impure, quartzite horizons occur just east of the

fault, but owing to poor exposures they could not be traced for any
distance and their approximate position inferred from several widely
spaced outcropse A change in lithology apparently ocours along their
strike, North of Oakbank they appeared as masssive, coarse grained, partly
quartzitic sandstones often containing small irregular quartz veinse
South-east of Balhanneh (sample 155A) the rocks were much finer grained and
of'ten well laminated and are actually metemorphosed siltstones, Similarly,
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further south (sample 158) the finer grain size persists with the
occurrence of a metamorphosed, micaceocus siltstonee

An example of the phyllitic rocks in the area is given by
semple 1884 These occur in situ on either side of the silty horizons
just discussed and as float material over a wide surrcunding areas

The sendy schists are seldom exposed, but appear to be mere
predominant further east and will be described later in the reporte

(6) Quartzitic sandstones and grey, well laminated micaceous.siltstonese

The sandstone formation is exposed in a small quarry
(sample 120)e In the hand specimen it appears as a porous micaceous
sandstone which is often well laminated with dark mineralse Cross-bedding
is not well developed but an exposure further south suggests that the
formation could be overiturneds

The formation to the north consists predominantly of alternating
siltstones and quartzitic sandstones as exposed in the railway cutting
just east of Oskbanke The siltstones (sample 127A) are grey and well
foliated with ebundant muscovite oceurring along the foliation plenese
The quartzitic sandstones as the name implies vary from an lmpure
sandstone, only partially metamorphosed, to a true gquartzite.

An unusual rock type is represented by sample 126A. This
was not found in situ but apparently forms a thin bed which overlies the
siltstones and quartzitese It consists of about 30% tremolite and minox
tale distributed throughout an elbite-quarts ground mass and is probably
of metasomatic origin rather than true metamorphice

Tn the folded areas north-east of Oakbank the predominant rock
type is e grey, well laminated micaceous siltstone (sample 75)e

(7) Sendy schists and laminated guartzitic sandstondae

Although very few actual outerops were encountered the so-called
sandy schists appear to constitute the bulk of the country rock east of
the inferrved faulte This is supported by the evidence from thin
seotions of schistose fragments obtained from a bore hole about a mile
east of Oakbonk (samples 106A, 106B)s “The schists are exposed along the
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edge of the road further to the south east, and a specimen from here was
examined in thin section (sample 200)s This sample is typically riechly
micaceous but somewhat quartzitic and contains a high percentage of
feldspar associated with the recrystallised quartz in the ground-masse

The laminated quartzitic sandstones are expoesed in several
old quarries in the north-eastern part of the area and the occurrence
of cross bedding enabled facings to be determineds Similar sandstones
formed ebundent float material further south and o particularly well
laminated variety was sampled. (sample 176)e It is a medium to coarse
grained, often gritty sandstone, well banded with abundant sub-rounded
haematite grains as shown by the polished section (1764)e

(b) The Granitic Gneisse

The granitio rocks are confined to one ares south-east of
Oakbanke They appear to form separate elongated bodies as indicated by
the continuous well exposed outecrope Since the more friable schistose

country rock is very seldom outcroppings the contects eppear relatively
sharp and the boundaries are thus reasonebly well defineds However, if
all rocks in the area were equally represented in outcrop, it would be
difficult to establish such boundaries for it appears, from a few
examples, that the country schists become coarser and grade into the gneisse
The grenitic gneiss varies in texture from the more massive
varieties poor in mica, to strongly gneissic varieties rich in micae
However, gnelssic foliation is a dominant feature in most specimens
and it generally appears to parallel the foliation of the country rocks
The grain size varies from medium to coarse and the gneissiec bands of quartz
and feldspar outlined by the micas range up to 3 meme in widtheo The
rock generally appears as a pinkish coloured gneiss but darker coloured
more schistose varieties occur when richer in biotites
The granitic gneiss shows only a small variastion in minersalogical
composition (slides 1104, 111A, 191, 192, 197)s In general the rock
consists of quartz, microcline, plagioclase, biotite and muscovite with
accessory iron oxide minerals, zircons and occasional minor amounts of

apatiteo



ITe Genersl view of granite gneiss looking south

along the western outcrope



ITI. Close up of granite gneiss outcrop looking south
along western outcrope Hammer handle is approximately

parallel to the gneissositye
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The quartz content varies from between 35% and 50% of the rocks
It is usually always clear, xenoblastic and relatively free from inclusionsge
Prominent strain shadows are rare although undulose extinction does ocour
to a small degrees The quartz grains show a variation in size and often
appear to be arranged inte coarse end finer bands which parallel the
foliation directione

Microcline, showing the typical cross-hatched twinning eccurs in
all specimens examined, and ranges in amount from 20% to 40% of the rocke
The grains are sub=hedral with regular outlines to anhedral and eccasionally
contaln muerous small inclusionse These inclusions often consists of
rounded quartz grainsy indicating replacement of the quartz during
metasomatistie

Plagioclase varies in amount from 5% to 20% of the rocke The
grains are variable in size, anhedral and of'ten very cloudy due to minute
inclusiong and partial alteration to sericites HMultiple twinning eccurs
but is often only poorly developed, making compositions diff'icult to
determines However, it was found to be albite containing about 5% to 8%.
anonthitee

Biotite occurs in all specimens in amounts varying from 5% to
20% It is always pleochroic from pale greenish - yellow to dark greenish-
brown or black and of'ten shows some alteration to chlorite. It occurs
in elongated flakes, usually forming discontinuous gneissic bands
throughout the rocks

Muscovite occurs in all specimens examined, but generally in
lesser amounts varying from 1% to 5%, and is usually closely associated with
the blotites

Iron oxides, probably mostly haematite, are important accessories
in some of the rockse It generally occurs in close association with the
biotite as anhedral grains, although several sub=hedral cutlines were
observede

Zircon occurs as an accessory in all specimens, as smell rounded
aggregates and sometimes as ewhedral grainse

Apatite was also observed in minor quantities forming elongated
and shorter prismatic grains.
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A perticularly interesting rock specimen (108A) which may be
desoribed as a coarsely crystalline biotite sechist outerops near the
granité gneisse The micaceous bands have been crenulated and the
micas are beginning to orientate themselves along this eremilation
cleavege. The direction of this cleavage is constant and is parallel
to the gneissosity of the nearby granitie rockss This suggests that the
second stage of deformation (forming the crenulation cleavage) and the
granitisation, occurred at approximately the seme time. Hence the rock
represents an early stage in the development of the gmeissic texbture, where
granitisation has not progressed to completion thus preserving the
original schist structures Several similar examples were observed at other
localities, all of which were in close vicinity to the granitic gneisse

The origin of the granite thus appears to be closely associated
with granitisation of the original sedimentse Both the microcline gnd
plagioclase often appear to replace the original quartz, which suggests a
metasomatic origin involving the introduction of liquids rich in potash
and soda, The rocks have subsequently been metamorphosed producing the
well developed gneissic textures

(¢) Pegmatitess

The pegmatites ocour as massive, irregular outcrops in two
ave,s north-east of Oakbank, (Samples 117, 145)e The rock is coarse
grained with the occasional development of feldspar crystals up te
1 inch in length, The mineralogical composition seems to be constant
consisting of plagioclase, orthoclase? and quartz with tourmeline ocourring
as an accessory in some specimense In the specimens exemined mica was
completely absente

The plagioclase shows a slight veriation in composition from
7% Ano (albite) to 14% Ane (oligoclase) and is often cloudY with
inclusions, some of which consist of quartze Plagioclase is usually the
predominant minersl end is closely associated with abundent quartz, while
the orthoclase occurs in smaller amountse



0120

It seems probable that the origin of these pegmatites is
metasomaticy, involving the final fluids whereby the plagioclase and
possibly much of the quartz were introduced and partly replace the
orthoclase of the country rocke

(d) gQuartz-tale Rockse

These rocks form an irregular, massive outcrop on top of a
small rise to the right of the main road through Oakbanke

When fresh the rock is white in colour, is medium grained and

consists of en intimate assoclation of quartz and varying amounts of talce
The slides (97A, 97B) appear to represent a partially recrystallised
quartzose rock which has undergone subsequent metasomatic replacemente
The tale mey be interpreted as replacing the quartz aleng intergramular
boundaries and fractures, which supports the assumption that the
metasomatism post dates the recrystallisation involved during metamorphisme
In the railway cutting Just below this outcrop, the rocks represent a
more advanced stage of the metasomatic replacement and a quite extensive
deposit of almost pure tals occurss (samples 1514, 151B)e

It mast be emphasised that ths interpretation of these rocks is
open to discussion and it mey be argued that the evidence of replacement
by the tale in several instances is mot convineinge In view of this
mmerous thin sections of other tale bearing rocks. occurring in the ares
were examined in an effort te obtain information regarding its genesise
Most of these were feldspar rich snd exhibited an intimate and irregular
association of albite, talc and recrystallised quartz, suggesting that
the talc could be genetically related to the albite and introduced during
sodic metasomatisme

One of these slides (178AI) showed the talc in close association
with tremolitees The specimen is a typical albitised rock showing ne
preferred orientation of grainse The tremolite thus appears to be of
metasomatic origin rather then metamorphic, and was probebly introduced
with the albite with which it is often closely associated. Thus the
origins of the talc and tremolite appear to be closely relsted and were
apparéntly formed during the introduction of the albite rich solutionse
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(e) Coarsely Crystalline gquartzites

The rocks constituting this formation occur as outerop and
float material distributed in elongates bands, which more or less parallel
the foliation of the country rocke Much of the formation consists ef
epigenetic quartz reef material (sample 174B), but a large amount is
actually a coarsely erystalline quartzite (sample 984).

The latter specimen represents an original quartz rich sediment
which has been partially recrystallised and silicif'ied during the introduction
of quartz, which formed the small veins traversing the rocke

Another rock type within this formation may be described as
e cocarse grained gneissic quartzite. (sample 1744)s This rock represents
the recrystallisation of a micacecus sandstone during normal metamorphism,
cansging the development of a roughly gneissie texbture, and presents goed
evidence of alteration of the country rocke

Thus a greet proportion ef this formation consgists of altered
sediments which are probebly more extensive than shown, for exposures are
generally poore

A portion of one of these sandy formations occurs in closs
association with the quartzite in the northern part of the area (samples
1794, 187)e The former specimen represents a feldspathic sendstone that has
been partially recrystallised and affected by subsequent metasometism
causing the formation of disseminated tele grainse The latter speciwmen
is coarser grained and contsins a much greater development of talcy
indicating a more advanced stage of recrystallisation and of the associated

metasomatisme

(f) guarbz-feldsper-hornblende schists (Sample 210)

These rocks were not found in situ but as quite extensive float
material in an area near the southern end of the long gneissic granite
formatione, They are find grained, dark greenish coleoured rocks with a
well develeped schistositye Their mineral composition congists of quartz,
associated with lesser amounts of feldspar and green hornblende which forms
sbout 30% to 40% of the rocke The feldsper ismrobably plagicclase but
it is untwinned and its composition was impossible to determines The orxigin
of the rock is somewhat obscure, but it is possibly a metamorphosed micro-
tonalitee
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ITI, METAMORPHISM.

A brief inspection ef the geological map suggests that the
grade of metamoyphism is higher on the eastern side of the inferred
fault thgn on the western sidees This is exemplified in the development
of phyllites, schists and quartzites in the east in comparison to the
shales, slates and sandstones occurring in the western pert of the areae
This general pattern is borme out by the mineralogical assermblagese

The highest grade reached in the wesl is represented by
semples (474, 25, 153, 118 (5)) which contain associstions of quartz,
miscovite and chlorite with bietite just beginning to forme These
assemblages suggest the Lower Greenschist Faciese

The grade of metamorphism on the eastern side of the inferred
fault is represented by samples (1554, 158, 1274, 1884, 75, 200) which
contein the minerals quartz, muscovite, chlorite, biotite, tow meline and
minor albitee The bictite is much more sbundaent in these rocks and
indicates the Middle Greenschist Faciese

Thus there is only a swell increase in metamorphic grade
between the two arease However, in severel localities close to the rocks
of metemorphic - metasomatic origin there appears to be a general
upgrading of the degree of metamorphisme This is exemplified in the
development of kyenite in seamples 106A and 106B which has probably
formed a8 a result of increased temperatures associsted with the
grenitisation of the nearby gneissic rockse

The grade of metamorphism is consistent with the effect of
burial and subsequent stresses associated with a geosynclinal belte

IV. STRUCTURAL GEOLOGY:

(a) Area west of inferred faulte

These beds aere relatively undisturbed snd lie on the western
limb of o large drag folde (Sprigg and Wilson 1954)e They have an
average strike &f sbout 20° and a dip of about 55° o the easte
Facings in the area were obtained from the finely laminated siltstones
which were often partly cross-beddede
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A large proportien of the quartz reef and vein material
occurring in the vieinity of the old mining areas appeered to be
breccisteds The veins, which were usually cross cutting, were suggestive
of epigenetic introduction associsted with later shearing along these
plenes of weaknesse Thus, although this could not be established with
any certeinty it is apparent that a fair amount of feulting has occurred
in these arease

A large proportion of the so called tectonic breccia (sprigg
and Wilson 195)) occurring on the extreme western side of the area is
made up of severely sheared quartz material (semple 954)e This
specimen consists of an sssociation ef large elongated quartz grains
up to 8 mems across and 15 mems longy separated by finely gramuleated
quartz which has resulted from crushing during the shearing movementse
These movements appear to have aff'ected the rocks throughout the length
of the brecciated srea shown on the mapy but only a few typical brecclas
were observeds

(b) The inferred faulte

This festure was first esteblished in'the south by Sprigg and
Wilson (1954) and extended.northwerds by Thomsen end Horwitsz (1962).
Probably the best evidence as te the existence of this fault is the
well developed fault breccia occurring in a reilwey cutting east of
Balhannah (sample 118A)e The brecciated zone is several feet wide and
suggests the existence of a fault parallel to the strike of the emclosing

rockse Because it runs more or less parallel to the rellwey cutting,
its true width is difficult to estimates The thin section shows an
intimate assoelation of quartzy sericite, chlorite and disseminated
carbon which has been cut by numercus large fractures and filled with
secondary calcitee Several otherrexamplesgffault breccia and brecciated
quartz material ocourring, both in situ and as float, elong this line
support the existence of a major sheer running approximately parallel to
the strike of the bedse
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(¢) Ares east of inferred faulte

The rocks in this ares are considerably more disturbed and have
been involved in tight folding associated with overturninge Owing to the
scarcity of outcrop it was impossible to obtain a complete structural
interpretation in the time availables

However, a detalled survey was conducted in the area north east
of Oakbenk in en attempt to establish the hinge position of the folded
beds in this areas The rocks are well laminated, micacecus siltstones
(sample 75) and occurred in small, widely scattered outecropse The pace

and compass survey was thus necessary teo correlate the information gained

| from each of these small exposures and the results are shown on plan ITe
A second phase of defermation occurring in this area is exemplified in a
crenulation cleavages However, the rocks in which this was best
developed were not in situ and its direction could not be accurately
determined. Thus, all date recorded is due to the first phase of deformations

The fold as outlined by the bedding trends (plam II) is a south
plunging, asymmetrieal syncline which has been overturned te the easte
Several lineations formed by bedding-cleavege intersection were measured
and plotted on an equal area net in order to obtain further information
as to the style of foldingse

According to Ramsay (1960), the following conditions applye

(1) Lineations lying on a surface which is deformed by concentric folding
have their locus on a partial cone, giving a stereogrem plot of a
partial small cirelee

(11) Lineetions lying on a surface folded in a similar menner have
their locus on a plane, giving stereogram plots of great circlese

However, the lineations from this area show a spread in gll directions and
thus do:no't. furhish very much information, This rendom spread is due

to the fact that the plunge of the axial line is not constant, but

varies along the length of the folde This could be partly overcome by
teking a greater number of lineation measurements over a wider area, but
it is not possible in the area concerneds



IV. A typical exposure of the laminated micaceous

siltstones north-east of QOakbanke



Ve Close up of the same outcrop as IV looking ncrthe The
pencil is parallel to the axial plane cleavage and makes

a high angle with the bedding laminationse
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Eighteen axial plane (slaty) cleavage directions were
measured and their poles plotted on an equal area net (plan II)e These
cleavages show a spread along a great circle and the pole thereef defines
the fold axis about which the cleavages have been folded during the
second deformatione The fold axis was found to plunge 77° with a trend
of 115°. This is in agreement with the expected orientation, since the
trend parallels the direction of the crenulation cleavage obtained
approximately from several of the loosely occurring rockse

The syncline just discussed, merges into a south plunging
anticline to the east which was well established with the aid of good
exposures in an old querry and aleng a small ridge just north of the
mein roade

Complications occur in the ares south of Oskbanke It appears
that the sendstone formation te the east is overturnmed but this could
not be established with any certainty, The thin quartzites neaxr the
inferred fault definitely dip to the east as shown, but the lack of
avgilable deta in the centrel ares make it difficult te even postulate a
possible structural interpretatione

Vo ECONOMIC GEOLOGY

(a) Mineralisation
Within the area mapped several old gold mines occure The

majority of these consist of shallow shafts and pits exposing irregular

quaertz veins of varying dimensions, which carried the golde These

veins are usuelly paertly ferrugincus and often of a brecciated naturee
A survey of the literature concerning the operation of

these mines, indicates thet in most cases the yields were very lowe

Only two of the mining areas, from which the best results were obtained,

will be discusseds

(1) Werrskilla Mines

Numerous shellow diggings and shafts up to 25 feet deep
occur along a low rldge in soft yellow to white partly kaolinised shales
and clayse Parts of the ares are quite honey-combed underground and




VL. General views of the Warrakilla Minese

Top - loocking east from the roade

Bottom = loocking north from the roade
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some of the openings are still accessible. Several partly ferrugincus
quartz veins up to 6 inches thick, are exposed in the walls of these
workingse The shales strike at about 20° and dip 30° to 40° east and
the veins although striking about the same have a much steeper dip east-
wardse

Ine shales (sample 2B) consist of abundant limonite
associated with chlorite, sericite and occasionel muscovite fleakes,
forming a fibrous network throughout which numercus anhedral quartz
grainsg occure The limonite appears to be derived from the
opague iron oxides (haemetite) and several euhedral relicts suggest
the pre-existence of pyritee

The lode material (sample 2A) consists of angular quartz
fragments occurring in a fine grasined matrix of iron oxides and clgy
mineralse It is suggestive of an epigenetic quartz vein which hes
been affected by subsequent brecciatione Several samples of this
material were crushed and panned with a prospector's dishe However,

no traces of gold were observede

(ii) Banksia Minese

Several shallow shafts occur on the side of a smell hill,
Just above one of the outcropping gneissic granitese

According to the literature the gold was obtained from a
series of more or less parallel leaders striking north-east and
south=west and dipping at 450 to the south-eastes The veinstone
consisted of quartz, cellular and ferruginous iron oxidey, and
micaceous irone The ére averaged about 10 dwts to 1 ounce of gold per
ton but assays of pyrites from this claim gave much higher yields -
varying up to 10 ounces of gold per tone

In view of this the area was searched for pyrite mineralisation,
but only a few very small grains were observed occurring in the
quartz-iron rich lode material (see later)e

The rocks in the area (samples 185C, 185D) are of meta-
somatic-metamorphic origine They consist predominantly of quartz,
muscovite, which is often closely associated with haematite, and



VIIs General view of the Banksia Mines locking

up hill in an easterly directione
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microline, The microcline appears to partly replace the quartz of the
country rock and metasomatism is suggested, involving reaction between
solutions rich in potash and iren. Some vein material (semple 185B)
occurring in the area was examined in thin' sgection snd this supports
the asbove metasomatic origin for the microcline, muscovite and haematitee
The roughly gneissic texture of the country rocks hes been produced
by subsequent metamorphisme

The polished sections (63W=~2, 63W-3) give further evidence
in support of the epigenetic nabture of the irone. Apparently the iron
rich hydrothermal solutions were introduced along fractures in the
gquartz and crystellised in these confined spaces to form acicular
haematite (specularite)e A few anhedral grains of pyrite and several
box works structures formed of goethite were observede Thus the origingl
gangue probably consisted of quartz-specularite-pyrite, but the latter
minerel has now mainly decomposed leaving relicts (boxworks structures)
as to its former existencee The gold was apparently closely associated
with the pyrite, but none was observed in these specimense However,
it is believed that in areas of strong pyrite mineralisation (if they
exist) the information would be much more rewardings

Much of the haematite in the gangue material has become
concentrated into layers, giving it a banded appearance. This apparently
ocourred during the later metamorphism which affected the area as a wholee

(b) Industrial Rocks

Several of the quartzitic sandstone formations have been
quite extensively quarried in the past, In most cases they are
readily accessible but reserves of the better quality, harder quartzitie
material are probably lowe. However, quite large reserves of the more
friable, feldspathic sandstone (samples 5, 10) still exist which could
have some use as a road metale

A reasonably large clay deposit occurs in the area. It
consists predominantly of kaolin and although much material has been
extracted, moderate reserves still exist. However, the clay is often
sandy in part which would seriously limit its valuee
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The tale deposit in the railway cutting (samples 1514, 151B)
appears worthy of further investigation. However, its association with
brown clayey matter suggests that the tale may contain too high a

percentage of impurities for commercial exploitationse

VI, DISCUSSION AND CONCLUSIONS:
In the light of the preceding evidence several conclusions

regarding the petrogenesis of the rocks in the area may be advanceds

(1) Yhe Gneissic Granites

Evidence with a sirong bearing on the origin of the granite
is as followse
(1) The granite forms elongated bodies which parallel the foliation
of the country rocke
(i1) Its contacts with the surrounding schists appear to be gradationale
(iii) The predominance of microcline feldspar in the granite and its
absence in the surrounding schistse
(iv) The plagioclase in the granite and surrounding schists have
approximately the same composition (albite, containing 4~8% An)e
(v) The biotite in the granite appears to be identical with that in
the schistse
Thus there is little evidence to support an igneous origin but
many factors suggest a metasomatic - metemorphic origin invelving the
introduction of solutions rich in potash and sodae Hence it is suggested
that these rocks are the result of granitisation of the original
sedimentss They are thus of the same age.as the surrounding rocks
(Lower Proterozoic) and not Archaean as indicated by Thomson and Horwitz
(1962),

(2) guartz~talc Rocks
The complete lack of any preferred orientation within the

grains constituting these rocks, suggests that the metasomatism occurred
as a last stage of alteration, Any subsequent metamorphic effects were
only very milde
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The intimate association of albite and talec occurring in some
of the rocks indicates that they may be genetically relatede Thus it is
suggested that reaction between the sodic solutions and biotite (rich in
the country schists) could have formed the albite and tale according to
the following equatione

Biotite + Quartz + Soda =--3 Albite + Talc + Potash 4 Iron

This is supported in the Banksis mining area, where hacmatite
is often closely associeted with muscovite and is of epigenetic origin
involving rcaction between solutions rich in potash and sodae

The regional metamorphism is represented generally by the
Lower to Middle Greenschist Facies, with upgrading effects occurfing in the
vieinity of arcas of metasomatic alteratione

A survey of the old mining sites occurring in the area revealed
little of interest. The gold was introduced in quartz veins which were often
involved in later brecciation. Most of these have been thoroughly
prospected over a period of several years, even after the main lodes had
been worked out, and the results were not encouragings Thus it is
believed that the gold remaining would certainly not constitute economie
quantities. However, eny strong pyrite mineralisation occurring in
the vicinity of the Banksia mine wonld be worthy of further investigatione
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APPENDIX

Petrological Descriptions

All the samples referrved to in the text have been
studied in detail, but enly certain selected
descriptions are included heres These have been

filed with the prefix 63We



le General Stratigraphye

Aldgate Sandstonee

Samele 8 z.

MACRO: A coarse grained yellowish coloured sandstone in which
large quartz grains are embedded in a finer grained sandy
matrixe It is somewhat porous and massive, without sign
of beddinge

MICRO: Quartz 80% A fine equigranular associstion of interlocking
grains with numerous larger grains up to lo5 mems acrosse
The fine fraction is mub~angular to angular while the
larger grains are congiderably mors roundeds Undulose
extinction is common and irregular fractures occur
partiéularly in the larger grainse

Feldspar 157 Mainly plagioclase = multiple twinning
commen - composition albite 7% An) often cloudy - shows
some alteration to sericites

Microcline ococurs in lesser amounts — shows cross=hatched
twinninge

Muscovite = occasional elongated grains

§ Hornblende - minor accessory grains
Corundum - " " "

Black opaques - anhedral grains with essociated limonite
filling intergranular spacese

Sample 25e

MACRO: A blue-grey slate with a fairly well developed slaty cleavagee

MICRO: Has a well foliated texture formed by ebundant black, fibrous
carbonaceous material (probably altered to graphite) and
micaceous minerals which form a closely knit meshe

Sericitee Numerous small grains occurring throughout the
mesh having a preferred oreitnation.

Chloritees Occurs in minute flakes intimately assoclated with
the sericites



MACROs

MICROs

MACRO:

MICROS
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Muscovitee Several larger elongated flakes occur sometimes
inclined to the foliation directione

Limonitee Fibrous irregular bands occur throughout the meshe

guartz 69%9 Equi-granular grains filling spaces in the mesh
networke

The grains are often elongated in the preferred direction and
are largely recrystallisede

Indicates Lower Greenschist Facies of metemorphisme

Sample 126Ae

A medium grgined greenish coloured, well metamorphosed rocke
The green minerals are more or less segregated into layers
giving the rock a semi-banded structuree

Tremolite 30%s Occurs as columnar and fibrous aggregatese

Talc 10%e Several well formed grains = others anhedral and
could be alteration products from the tremolitee

Plagioclase 55%s Constitutes bulk of ground mess as interlocking
xenoblastic grains -« it is cloudy with minute inclusionse
Composition is albite (4% An)e

Quartz 5% A few grains occur in the groundmasse

The rediating orystals of tremolite indicate a metasomatic
origin pather than normal metamorphisme Thus the rock probebly
represents metasomatism of an original calcareous rich sediment,
causing the formation of tremeolite in preference to talce

Semple 7o

A grey, well laminated micaceous siltstone, having a well
developed crenulation cleavagee

Biotite )

Muscovite ) 50% These minerels are intimately associated forming

parallel leyers which have been crenulated
forming the crenulation cleavagee This

clegvage was probably formed before metamorphism ceased, since the
micas occur as well formed grains and are not bent by the
crenulations
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Quartz 40%. Constitutes the bulk of the recrystallised
ground masse

Plagioclase 5%e Scattered grains occurring in the ground masse
Composition - albite.

Tourmnaline 2@. Scattered semi-elongated grains usually more
or less parallel te the foliation of the miocase

Semple 1064e Mica=schist material obtained from bore hole
0 to 170 feete

MICROs A well foliated rock having abundent micaceeous minerals with a

preferred orientation occurring throughout a quartz-feldspar
matrixe

Quartz 40%e. Constitutes bulk of groundmass and shows marked
evidence of recrystallisation.

Feldspar 10%e Appears to be albitee Very cloudy and shows
slteration to sericites

Biotite ZQ%o Occurs in fibrous masses of elongated cleavage flakese

Muscovite 10%. Elongated flakes closely associated with the
biotitee

Chlorite 5%, Forms around edges of biotite grainse

Tourmaline, Several aggregates occure
Appears to have grown in place and is not detritale

anites Numerous broad elongated grainsg occur scattered
threughout = often closely associated with the micaceous
mineralse

Corundume Seweral blue grains occure. These are uniaxiel negative
as distinct from the kysnite (biaxial)e

Apparently the quartz and corundum are stable together under
certain temperature and pressure conditionse

Rutile. Several small prismatic grains ocours

Black opague iron minerals occur in exonblastic grains with
minoy emounts of limonites

The opaques are often closely associated with the chlorites

A quartz-mice schist, in which the normel metamorphic facies
hes been upgraded by the formation of kyanitee
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2¢ The Granitioc Gneisse

Semple 191
MACRO: A coarse greined, roughly gneissie rock with blotites ocourring

in a pinkish coloured matrix of guartz and feldsparse

MICROs Plagioclase lg%o Grains often cloudy and altered to sericite and

sometimes slightly bente Occurs as sub=hedrel greins intimately
associated with quartze Multiple twinning usually not well
developeds Composition is albite (8% An)e

Microcline 35%. Anhedrsl grains often closely associated with
the quartze Cross-hetched twinning not well developede

Biotite 2%2 Scattered, fibrous aggregates greenish in colour,
often partly altered to chloritee

Muscovite 2%: Associated with the biotitee.

Opowue Mineralse Anhedral grains associated with the biotitee

Zircons Scattered rounded aggregatese

Quartz 40% Anhedral grains = often recrystallised forming coarser
grained areass

The microcline and plagioclase often contain rounded quartsz
inclusions, indicating replacement, of the quartz during
metasomatlage

3o Pegmatitese

Semple 1k5e

MACRO3

MICROs

A pale coloured, coarsely crystalline rock congisting of quartz
and. twe varieties of feldspare

The slide consists predominently ef feldspar intimately associated
with quartze

The feldsper is of two types, representing two generationse
Albitee Subhedral grains, often cloudy and contain inclusions of
quartze Has well defined multiple twinning and contains about
7% Anonthitee

Some of the greins show obvious bendinge
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Orthoclases? Anhedral grains = very cloudy containing much opaque

v - 2 3 H
dn3¥y-3%§§§%§&'twlt‘ ould be microcline without the development of

cross inbinge

Tt appears that the plagioclase and much of the quartz were formed

during late stage metasomatism, partly replacing the orthoclase
of the country rocke

Le Quartz-talc Rockse

MACROS

MICROs

Sample 974

A weathered, pinkish coloured quartz-talc rock containing
irregular bands and blebs of brown limonitic materiale

Consists of abundant anhedral quartz grains associated with
scattered concentrations of tale fibres and mincr amounts of
limonites '

Seweral sub-hedral quartz grains occur often with r'ims of

brown impurities, which have been included during orystal growth
as recrystallisation of the anhedral, country-rock quarts:
proceedede

The tale often occurs along the intergranuler boundaries and fills
fractures within the quartze It may thus be interpreted as
replacing the quartz, although this is controversiale

50 Coarsely Crystalline Quartzites

Sample 98A

A buff-coloured cearse grained quartzitee

Consists of quartz grains - often partially recrystallised and
minor amounts of muscovitee

The quartsz grains show two distinct sizese

The finer grains are probably of original sedimentary origin
and are associated with oriented muscovite occurring

along the foliation planese

The coarser grains are probably secondary and occurred during
introduction of the siliceous fluids forming the veinse

The rock is thus a hybrid between introduced silica and original
sedimentary silicae



06

6o Quartz - feldspar - hornblende schist (semple 21.0)

MACRO3 A fine grained, greenish-black schistose rocke

MICRO: Hornblende 35%s Greenish in colour - pleochroicy occurs
a8 columnar eggregates having a roughly preferred orientation
forming a network throughout the slidee

Feldszari Undetermined = since completely untwinnede
Contains some quartz inclusions and

60% exhibits zoning and cleavages.

g Prowably plagioclasee

uartz Anhedral grains = equigranular association
appears to be in excess of the plagioclases

Opagues e Anhedral grains scattered throughout, associated
with some limonites

Origin of this rock ebscure - possibly a metamorphosed micro-
tonalitee

7« Fault Brecciae

Sample 1184
MACRO: A blue = grey coloured, brecciated shales
MICROS The slide consists of abundent fine grained quarts
assoclated with sericite, chlerite and carbonaceous
materiale

The rock has been severely brecciated and £ilkd with
secondary calcite and minox amounts of limonites

Sample Ao
MACRO: An agglomeration of elongated and angular quartz grains =

the intergranular spaces being filled with limonites

MICEO: The slide consists of large angular grains of quarisz,
containing numerous fractures and well developed undulose
extinction which indicates severe strain in a preferred
directions The grains and often elongated in this direction
and separated by large areas of finely gramulated quartz
fragments, which are the result of crushing during shearinge
Limonite occurs throughout but is more concentrated in the
fine grained areass
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9¢ Banksia Mining Areae

Sample 185Ds

MACROs

MICRO:

A pink coloured, quartzitic rosck with poorly developed
gneissic texture.

%uartz 60%e Anhedral grains, partially recrystalliseds
hey are often fractured and show undulose extinction,

Muscovite 20%. Elongated graing = mainly having a raendom
orientatione

Micraline 10%» Anhedral cloudy grains - contains inclusions of
quar'bz L]

Opagues 1g%. Probably haematite. Anhedral and sub=hedral
elongated grains (specularite) occur and are usually confined to
the muscovite rich areas snd appears to be contemporaneous with
ite

The rock presents evidence of feldspathisation, whereby the
microcline is replacing the quartze

The rock is thus of metasomatic origin, with mild metamorphiec
effects occurring at a later stageo



VL. General views of the Warrakilla Minese

Top - loocking east from the roade

Bottom = loocking north from the roade
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some of the openings are still accessible. Several partly ferrugincus
quartz veins up to 6 inches thick, are exposed in the walls of these
workingse The shales strike at about 20° and dip 30° to 40° east and
the veins although striking about the same have a much steeper dip east-
wardse

Ine shales (sample 2B) consist of abundant limonite
associated with chlorite, sericite and occasionel muscovite fleakes,
forming a fibrous network throughout which numercus anhedral quartz
grainsg occure The limonite appears to be derived from the
opague iron oxides (haemetite) and several euhedral relicts suggest
the pre-existence of pyritee

The lode material (sample 2A) consists of angular quartz
fragments occurring in a fine grasined matrix of iron oxides and clgy
mineralse It is suggestive of an epigenetic quartz vein which hes
been affected by subsequent brecciatione Several samples of this
material were crushed and panned with a prospector's dishe However,

no traces of gold were observede

(ii) Banksia Minese

Several shallow shafts occur on the side of a smell hill,
Just above one of the outcropping gneissic granitese

According to the literature the gold was obtained from a
series of more or less parallel leaders striking north-east and
south=west and dipping at 450 to the south-eastes The veinstone
consisted of quartz, cellular and ferruginous iron oxidey, and
micaceous irone The ére averaged about 10 dwts to 1 ounce of gold per
ton but assays of pyrites from this claim gave much higher yields -
varying up to 10 ounces of gold per tone

In view of this the area was searched for pyrite mineralisation,
but only a few very small grains were observed occurring in the
quartz-iron rich lode material (see later)e

The rocks in the area (samples 185C, 185D) are of meta-
somatic-metamorphic origine They consist predominantly of quartz,
muscovite, which is often closely associated with haematite, and
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