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Errata. Due to lack of space Sections 2 and 3 on Structure and Metamorphism
have been removed from the main text of the thesis and placed in ’
the Appendix after Appendix 1 on Stratigraphy.
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ABSTRACT

The Wooltana Volcanics are a sequence of lavas having
undergone intensive low grade alteration. The majority of
lavas are now scapolitized biotite rich purple rocks in which
the original igneous textures have been obliterated. Minor
amygdaloidal lavas and rhyolites showing igneous textures
remain. Geochemical and petrological evidence suggests that
the majority of these lavas were originally basic lavas having
undergone subsequent K and Fe metasomatism. The origin of the
metasomatic solutions is considered to be the members of the
"Younger Granite Suite” intruding the basement.

Mineralization within the area is largely found in the
Wywyana Formation and is associated with metasomatic solutions.
Structures caused by the Delamerian Orogeny have localized the
mineralization. Statistical evidence suggests that some of the
mineralization may be due to subseguent enrichment of disseminated
metasomatic copper, possibly augmented by disseminated copper from

the Wooltana Volcanics.



1. INTRODUCTION

The area under investigation is that immediately surrounding the
Yudnamutana Mine and other copper prospects in the viecinity of
Yudnamutana Creek, and is situated within the Mount Painter Province
of the Northern Flinders Ranges, approximately 560 kms. north of
Adelaide (see Pigure 2). An area of 18 sguare kilometres was studied.

The topography of the area is comprised of a series of ridges
running parallel with the strike which changes from a north-east, south-
west trend in the western half of the mapped area to an east-west direc—
tion in the eastern portion. The basement rocks in the south-western
section of the area constitute a disgected plateau reaching a height
of about 700 metres above sea-level. The land surface is dissected
by numerous creeks resulting in good geological outcrop except in major
creeks or on scree slopes.

The climate of the area is semi-arid with the rainfall averaging
less than 10 inches per annum. Vegetation is spargce and consigts mainly
of mallee growth and spinifex with larger eucalypt trees growing in some
of the major creeks.

The area under study has been the subject of interest in the
mining and exploration field since 1860 when the Yudnamutana deposit
containing ore which included 300 tons of 50% copper was discovered.

The discovery of many other prospects in the same area followed, these
being found especially in the Uywvana and Wooltana Volcanic formations,
and mining continued until 1920 when production ceased owing to the fall
in the world price of copper after the end of World War I. Detailed
investigation of the mineral deposits aided by geochemical and geo-
physical surveys, have been undertaken by the Department of Mines and
numerous mining companies over recent years and is still being under-
taken at the present time.

The Wooltana Volcanics were originally mapped as a formation in
the Yudnamutana Area by Coats et.al. (1971} following the recognition
by Blisset (1967) of amygdaloidal lavas in the district. Other rock

types present such as chlorite and biotite schists were considered to
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represent altered equivalents of the lavas, being "readily identifed
hy the preservation of round to elliptical quartz blebs, assumed to
represent original siliceous infillings of the vesicles®.

Elsewhere within the Mount Painter Block, the Wooltana Volcanics
have been mapped on a regional scale by Crawford {1963} and Coats et.al.
(1971) and have alzo been described by Mawson (1912, 1926, 1949),
Yoolnough (1926), Woodmansee and Johnson {1956), Jones et.al. (1962)
and Fander (1963). Mawson considered that the lavas were all of basgic
character. However, Fander (1963) classified most of the lavas ag sodic
trachytes, on the ground of their mineral assemblages, with minor micro-
syenites, microdiorites and andesites also being identified. In
addition, Crawford {(1963) and Jones et.al. (1962) have noted the
spilitic character of some lavas within the Wooltana Velcanics.

The major portion of this thesis will be devoted to the discussion
of various aspects of the nature of the mineralization using geochemical
techniques as the basis of investigation, and to a study of the chemistry
and petrology of the Wooltana Volcanics with a view to discovering the
nature of the lavas and their alteration as well as determining the
significance of the volcanics in connection with the local mineralization.
Consequently other aspects of the geology of the area will be dealt with
in much less detail and detailed stratigraphy of all formations with the
exception of the Wooltana Volcanics are dealt with in Appendix I.
Throughout this thesis the stratigraphic nomenclature used by Coats
in Coats and Blissett (1971) will be. adopted.



4, VOOLTANA VOLCANICS

4.1 Stratigraphy

In the area studied the Wooltana Volcanics is a boomerang shaped
formation about seven kilometres in length and approximately 300 metres
at its thickest. This is a very variable formation and will be dis-
cussed in more detail in Section 4.1

Relatively unaltered amygdalitic lavas are found only in the
upper part of the formation being confined.tec two relatively swall
areas. These are found approximately one half of a kilometre north-west
from the Wheal Austin Mine and approximately one half of a kilometre
north~-west of the Cockscomb mine. In both places the lavas occur at
the top of the formation and cover an area of approximately one quarter
of a square kilometre, being 100 metres long by 30 metres thick in both
cases, forming what appear to be quite small thick flows.

Rhyolite flows have also been recognised in the area mapped and
these are also confined to the upper half of the formation forming areas
of higher relief. These lavas are far less amygdalitic than the
grey lavasand ﬁheir linear outcrop pattern is suggestive of a layering.
These rhyolites are associated with and are commonly interbedded with
biotite xich rocks.

The lower part and the major proportion of the formation are
commonly made up of purple massive weathering biotite rich rocks often
with well developed schistosity and commonly intensively scapolitized.
In the vicinity of the Yudnamutana and Cockscomb Mines the lower part
of the formation is made up of chlorite schists. The biotite and
chlorite schists often contain small elliptical quartz blebs which are
very similar to infilled amygdules within trachytic lavas in the upper
part of the formation (Plate 2 Photograph P1).

A section through the Wooltana Volcanics to the west of the
Wheal Austin Mine reveals the existence of several sedimentary inter-
beds at the base of the sequence. These include pebbly mudstones, fine
siltstones and actinolite marble, They are of limited extent however,
and pass laterally into purple weathering massive scapolitized biotite

rocks which constitute the major part of the sequence. Near the top



PLATE 1

View looking northwest across the Pinnacles Mine.
The jagged ridge in the background is faulted
Wortupa Quartzite and the rolling hills in the
foreground are Wooltana Volcanics. The flat
lying ground in the foreground is Wywyana
Formation with the Pinnacles Mine in the low

craggy hillock caused by a siliceous replacement

body.

Section across the Wooltana Voleanics to the north
west of the Yudnamutana Mine. The distinct
massive outcrbp just before the top of the Wortupa
Quartzite Ridge consist of rhyolitic lavas. These
are interbedded with biotite schists which have no
apparent ignehus textures in the upper half of this
sequence. f

b

L3

Quartz blebs within biotite schist to the north-
west of Yudnamutana Mine. ‘These are elliptical
in shape and are considered to be amygdular

infillings of wvery altered lavas.






of the sequence harder, more siliceous biotite rocks appear and a
layering becomes apparent. These are overlain by massive grey amygda-
loidal lavas.

Four hundred vards north-west of the Yudnamutana Mine a good
section of the volcanics is exposed beneath the Wortupa Quaxtzite on
an easterly facing ridge slope (Plate 1 Photograph P2}). Here the
lower half of the sequence consgists of biotite schists which contain
small elliptical and elongate quartz blebs higher in the sequence.
The upper half of the seguence contains grey coloured siliceous beds
which become more common towards the top where they exist in a
prominent massive outcrop as highly feldspathic grey pink lavas to
hard green black more micaceous rocks. Softer bilotite schists are

interbedded throughout the upper part of the sequence.

4.2 Petrology

Geological mapping has shown that in the area mapped the
Wooltana Volcanics consist superficially of several distinct rock
types. These are:

1) A dense massively weathering, grey amygdalitic lava.
2) A very fine grained light-grey coloured rhyolitic lava with

a layered appearance.

3) Massive purple weathering biotite rich rocks which are often
scapolitized and chlorite schists.

4} Interbeds of Sedimentary material.

A, BAmygdaloidal lavas

Mineralogy

Typlcally the main body of the rock consists of a fine grained
aggregate of subhedral and anhedral laths of feldspar, between ten and
fifteen percent of finer grained (.2 mm.) anhedral hematite and varying
amounts of biotite (See Plate 2Photograph 2}.

In some cases the lava consists almost completely of a densely
packed aggregate of fine-grained (.5-1 mm.) feldspar laths with only
very minor biotite present in the matrix. More commonly however biotite

igs present as a matrix within which the coarser grained feldspar laths



exist. In thin sSection 415/44D, ﬁetamorphic biotite occurs as large
anhedral porphyroblastic crystals with which are associated euhedral
tourmaline. The amount of biotite varies from ten to twenty five per-
cent, but ig as high as thirty percent in some cases. The biotite rich
lavas generally consist of more loosely packed feldspar laths which
appear to be less fresh than their non-biotitic counterparts, the feld-
spars having many more inclusions of sericite and opaque nminerals.

Feldspar exists predominantly in the form of simple twinned feld-
spar with a minor amount of microcline and little plagioclase. Opaque
minerals believed to be mainly magnetite occur within the matrix of the
rock as anhedral grains and as small inclusions within feldspar and
biotite grains, but also sometimes occur as coarser subhedral and
evhedral grains {up to .5 cm). Iron staining is common in these lavas,
often coating grain boundaries between feldspar laths.
Texture

The texture of the lavas is largely governed by the feldspax
laths. In some cases they have a trachytic texture due to sub-parallel
alignment of feldspar laths. In other cases the arrangement of feldspar
laths appears to be completely random. A distinctive textural feature
of these lavas is their generally non-porphyritic nature. Other varia-
tions in texture are brought about by the amount of biotite present in
the matrix and the presence or absence of amygdules which may be absent
or may occupy 20% by volume of the lavas.
Amygdules

Amygdules are generally less than 1 cm. in diameter though some
are as large as 3 cms. in diameter. They vary from elliptical to highly
irregular shapes and are most commonly infilled with fine grained quartz
and K-feldspar. The quartz usually exists as composite grains and some-
times show the development of sub grains and strain extinction. The 7
feldspar is slightly more coarse grained, untwinned and shows sutured
textures. Another major amygdule iqﬁi}%g;_@;e_opaque minerals and these
very often coat the outside of quaftz feldspar infilled amygdules. 1In
many cases veinlets of quartz, feldspar and opaques sometimes with
biotite may be seen to interconnect the amygdules. Stilpnomelane infilled

amygdules were found half of a kilometre north-west of the Cockscomb Mine.



These also contained a certain amount of feldspar, opaques and
chlorite appears to be present as a small amygdule infilling in thin
section 415/44E.

Secondary and later stage minerals.

These amygdular lavas appear to be very altered rocks, and evidence
for secondary and later stage minerals and for metagomatic alteration
abundant. The presence of a small veinlet containing zeolite minerals
in thin section 415/44A emphasizes the low grade of the alteration of
the lavas. These commonly appear as amygdule infillings in certain low
grade altered lavas, although no such infillings were observed within the
area mapped. However, several generations of amygdule infillings are
evident and it is possible that any such evidence has been destroyed by
later solutions.

Biotite is common both as a metamorphic mineral within the matrix
of the rock and associated with feldspar, gquartz and opaque minerals in
veinlets. Much of the magnetite is secondary as it occurs as amygdule
infillings, within veins and as inclusions within feldspar and biotite.
Petrological evidence, such as opaque infilled veinlets ocutting across
feldspar infilled amygdules and coating of quartz-feldspar amygdules with
opaques is proof that the magnetite was mobile after the deposition of
feldspar and quartz in the amygdules. Geochemical evidence indicates that
even the potassium feldspar may be secondary after plagioclase although
there is not a great deal of petrological evidence for this alteration
actually taking place. Other secondary minerals found are chlorite,
tourmaline, and apatite.

Discussion

The mineralogy of these lavas suggests that they may be classified
as biotite trachyte having undergone extensive low grade alteration with
the absence of quartz and feldspathoid minerals showing that it is exactly
saturated with silica. Some of these lavas appear to be similar to those
described by Fander (1963).

geveral features of the lavas indicate relatively rapid cooling
of the lavas. These are:

1) The shape of the lava flows which are relatively small and thick.
2) ‘The presence of amygdules due to the infilling of vesicles left

after the escape of gases through rapidly cooling lavas.



PLATE 2

From T.S. 415/44F

A magnetite infilled vesicle within massive amygdular
lavas found one half of a kilometre northwest of the
Wheal Austin Mine. The groundmass consists of
K-feldgpar laths in a very fine grained biotite

matrix. HNumerous veinlets interconnect amygdules.

‘FProm T.S. 415/44B

A quartz feldspar infilled amygdule within lavas
from the same location. A veinlet filled with
cpaque g&nerals cross cuts the amygdule. Opague
minerals coat the surface of the amygdule and are
common in the groundmass which consists dominantly

of K~feldspar laths.

From T.S. 415/702

A chlorite schist fiom the Wooltana Volcanics.
Aligned chlorite and biotite grains in a matrix
of éuartz and feldspar. MNote the high percentage

of opadque minerals.
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3} The poor development or absence of trachytic textures
generally believed to be the result of alignment of crystal-
lizing feldspar laths during a lava flow.

4) The non-porphyritic nature of the lavas.

Another striking feature of these lavas is the compositional
inhomogeneity of the lavas over a small area. Some samples are
characterized by the general absence of mafic minerals whereas others
have up to 30% biotite. This could be due to differences in the

original composition of the lava, or to the effects of metasomatism.

B. Rhyolites

These lavas consist almost exclusively of quartz feldspar and
biotite. Staining of feldspars with sodium cobaltinitrite reveal
that the feldspars are potassium rich.

Thin sections were made from a series of rocks taken from a
section of the upper half of the Wooltana Volcanics 300 metres
northwest of the Yudnamutana Mine. These showed a marked variation
along the section in the nature of lavas identified as rhyolites.

Rhyolitea found at the top of the sequence are non-porphyritic
and are essentially a granular microcrystalline aggregate of anhedral
quartz and untwinned feldspar. Biotite and opaque minerals occur in
the matrix and are concentrated in long thin streaks probably indica-
tive of flow (Plate 3 Photograph 2).

Lower in the sequence biotite becomes much more common and
%onstitutesover 30% of the lava. Agaln biotite and minor opaqgue
minerals are concentrated in broad diffusge streaks. The biotite is
dark brown and iron rich and opaque minerals are:not present in
amounts greater than 5% in contrast to the iron richness of most of
the Wooltana Volcanics. Porphyroblasts of scapolite occur within
these concentrations of biotite. In thin section 415/572 the biotite
appears to be recrystallized and less iron rich and is assocjated
with tourmaline and large euhedral crystals of chlorite.

e This is interpreted as metasomatic alteration of
the lava.

The rhyolites found lowest in the sequence have a "knotty"
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texture due to the presence of aggregations of more coarse grained.
qua;tz crystals within the lava. ?hese are elliptical tg-g}ongate
in shape and are often coated on their boundary with the matxrix by
opaque minerals. Accordingly they are interpreted as being highly
deformed amygdules, the more intense deformation than noted in other
areas of the volcanics being explained by the proximity to the nose
of the westerly dipping anticline. fThe matrix has an ineqguigranular
texture due to the presence of larger (but still very fine grained)
crygta}s_of quartz. Thin section 4;5/560 has”well defined areas of
sericite which could possibly be pseudomorphous after porphyritic
plagioclase. The opaque minerals magnetite and hematite are abundant
in these rocks and coccur as coarse anhedral crystals and as numerous
very fine grained crystals disseminated throughout the rock. The
presence of c¢hlorite opaque tourmaline and limonite in this rock also
points toward a metasomatic alteration of the lava.
Discussion

These rhyolites are similar to the massive amygdaloidal lavas
in their generally non~-porphyritic nature, compositional inhomogeneity
and the presence of amygdules. The effects of metasomatism on these
lavas were observed in lavas sampled in the vicinity of the quartz vein
traverse described in Section 6.5, New minerals were chlorite, opaques,
tourmaline and limonite and biotites were recrystallized to coarser
grained, green, euhedral crystals.

The change in the nature of the rhyolites from the non-porphy-
ritic mafic poor lava at the top of the sequence to the amygdular more
uneven-grained mafic rich lava further down the sequence implies that

the upper lavas may have cooled more rapidly than the lower ones.

C. Massive Biotite rich Rocks and Biotite and Chlorite Schists

These rocks, which show no obvious igneous textures, constitute
the major portion of the Wooltana Volcanic Formation.

The most common of these is a massive purple weathering
scapolitized biotite rock which often containg up to 50% euhedral
crystals of scapolite within a fine—~grained matrix containing more
than fifty percent biotite. Anhedral quartz and untwinned feldspar

crystals make up the remainder of the matrix. The scapolite crystals
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vary from less than 1 mm. in size uvp to 4 mm, but are usually about
2 mm, in diameter with a poikiloblastic texture containing inclusions
of quartz feldspar and biotite.

Most of the schistose biotite rocks are harder and less scapo~
litiec than their massive counterparts usually containing greater
than 60% biotite and lesser guartz and feldspar although some of the
biotite schists contain little or no quartz and feldspar and consist
almost entirely of biotite. Common accessory minerals are toﬁrmaline
and apatite. The biotite schists have a close relation in outerop to
rhyolitic lavas. TFor example a biotite schist containing coarée
euhedral crystals of actinolite (7.5.415/568) and a rhyolite fT.S.
415/569) were sampled within the same conspicuous outcrop at the top
of the volcanic sequence north-west of the Yudnamutana Mine (See
Plate Photograph 2}, Green biotite is common in the biotite schists.

The chlorite schists have the same texture as many of the
biotite schists with the only difference in mineralogy being the
presence of chlorite in place of biotite (Plate 2 Photograph 2).
A universal feature of all these rocks is the relatively high per-
centage of opague minerals they contain and the presence of quartz-
feldspar blebs which loock similar in thin section to amygdule in-
fillings of the volcanics with recognizable igneous textures,
Digcugsion

The close proximity of the chlorite schists to the
Yudnamutana Mine, and the presence of numerous very fine opaque
minerals disseminated throughout the rock which is a feature of the
alteration near the Yudnamutana Mine, (compare T.8. 415/702 with
415/¥2), is almost certainly indicative of the fact that they are
biotite schists altered by outward moving metasomatic solutions from
the Yudnamutana Mine, and shearing of the rocks.

The occurrence of high opagque mineral abundances in these
metamorphic rocks and the presence of what appear to be amygdules

are striking similarities with recognizable lavas from the formation.

D. Sedimentary interbeds within the Volcanics

Sedimentarxy interbeds within the volcanics include siltstones,

pebbly mudstones and limestones.

Limestone interbeds were converted to an actinclite marble.
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The development of coarse euhedral poikolitic sheaths of actinolite
and coarse perthitic textured microcline crystals are the main
effects of the alteration. Veinlets of feldspar were seen within
this unit.

Mudstones have been altered to mica rich rocks. New Minerals
produced by their alteration include Actinolite, tremolite, antho-

phyllite, calcite, and scapolite.

4.3 Geochemistry

The chemistry of the Wooltana Volcanics was studied with the
aid of whole rock analyses obtained using standard X-ray fluorescence
techniques. Due to the fact that lavas displaying a rhyolitic texture
were not recognized until later petrological study, more intensive
analyses were not undertaken for this rock type. Ten whole rock
analyses of the massive grey amygdaloidal lavas with trachytic tex-
tures were done, and nine other samples representative of the varying
character of the Wooltana Volcanics were analysed. These are listed
in Tables 5.2 aud 5.3 and short descriptions of their qparacter are

e _ \ £ i e
given in Table 5.1. {‘'ul. Yoaes o=@ aJJWT& St

R

A. The nature of the Amygaloidal lavas

Analyses (Table 5. ) show that the massive amygdaloidal lavas,
classified as trachytes on the basis of their mineralogy do not
correspond to the chemical compesition of any common igneous rocks,
in spite of their obwviously igneous textures. In particular, the
percentages of iron and potassium oxide are significantly higher
than in common igneous rocks. The percentage of silica present in
these lavas is typical of a basic igneous rock rather than a trachyte.

Figure 5.1 shows the plot of the average alkali composition
of these lavas on a diagram defining an igneous spectrum. The lavas
analysed plot well outside the igneous spectrum and have an equivalent
alkali-~feldspar content (the weight percent of alkali-feldspar
assuming all the alkali content of the rock to be in the form of
alkaii~feldspar) of approximately 77%. Because of this unusually
high potassium content and the evidence for potassium metasomatism
in the area, it is concluded that the analysed lavas are the product

of potassium metasomatism,
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FIGURE 5.1
THE IGNEOUS SPECTRUM (AFTER HUGHES 1973)
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B. Potassium Metasomatism in the Wooltana Volcanics

High potassium values exist throughout the rest of the
Wooltana Volcanics though they vary from five to ten percent. Plotting

of these samples on a Na_0, K _0, Ca0 triangular diagram assuming all

three of these elements iere gerived from feldspar (Figure 5.2)
indicates this is not due entirely to variation in feldspar content
of the various samples. The wide variation in the potassium content
for the very similar biotite rich volcanics may indicate the varying
stages of potassium metasomatism in these rocks. Of the seven rocks
analysed, two were significantly scapolitic and were not included in
Figure 5.2.

An interesting feature of this figure is the uniformly high
potassium content and its small variation in the grey amygdaloidal
lavas. Another point of interest is the fact that the two chlorite
schists which in an earlier section were concluded to result from
metasomatic alteration of biotite schists near the Yudnamutana Mine
have both a low weight percent potassium and plot farthest from the
K20 corner of thg triangular diagram.

Petrological evidence for potassium metasomatism is discussed

in section 3 (Metamorphism) .

Summary and Conclusions

The Wooltana Volcanics consist dominantly of biotite rich
metamorphic rocks showing no recognizable igneous textures. Small
amounts of lavas showing recognisable ignecus texture ocour within
the formation, and appear in two forms. The first is a massive grey
amygdular lava with feldspar laths sometimes displaying a trachytic
texture, and the second is a rhyolitic lava generally having an
equigranular texture consisting of anhedral microcrystalline K-feldspar
and quartz. Several features of these lavas, and the association of
the Wooltana Volcanics with shallow water sediments sugdgest they were

deposited sub-aqueously.

The relation between the Various rock Types Analysed

Chemically and mineralogically there appears to be little

difference between the biotite rich rocks of the Wooltana Volcanics
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formation and it is concluded that these are essentially the same.

The chlorite schists are found only in the vicinity of the
Yudnamutana Mine. Their similarity in mineralody with the biotite
rich rocks and their highly schistose nature indicates they are
biotite schists altered by shearing and the action of hydrothermal
solutions in the vicinity of the mine.

Points of interest in a comparison of biotite rich rocks
with lavas of recognisable igneous texture in the Wooltana Volcanics
axre;:

1) The much higher biotite content and the absence of igneous
texture in the biotite rich rocks.

2} The occurrence of high opague mineral abundances in both
types although these are higher in the amygdaleidal lavas.

3) The presence of what appears to be amygdules in the biotite
rocks.

4) The close relationship of rhyolites and biotite rich rocks
in the vicinity of Yudnamutana Mine.

5) The apparent isolation of massive grey lavas to distinct
areas and the absence of feldspar laths in the biotite rocks.

6) The difficulty in relating the chemical composition of the
biotite rocks with those of biotite rich metasediments, and
their simjlarity in chemical composition to the massive grey
amygdaloidal lavas.

It is concluded that these biotite rich metamorphic rocks
were once igneous lavas whose alteration has obscured any igneous
texture that it may once have had. The relatively lower silica
and higher Mg composition of these rocks indicate that the original
lava may have been of a more basic composition than the massive
grey amygdaloidal lavas. The higher Mg compogition, whether primary
or epigenetic in character explains the biotite richness of these

rocks.

The Original Composition of the Grey Amygdaloidal lavas

Petrological evidence and the composition of the massive grey
amygdaloidal lavas, in particular the abnormally high amounts of

K20 and Fe203, suggests that these lavas have been metasocmatised.
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In such circumstances the prediction of the original composition
of the lavas has obvious limitations. Recalculations of the per-
centage composition of the amygdaloidal lavas to account for the
composition of amygdules in the analyses (assuming 10% amygdules
by vclume) shows that the presence of amygdules infilled with
secondary, quartz, feldspar and opague minerals has 1little effect
on the analyses.

The chemical composition of the lavas, disregarding the
Fe203 and K20 abundances appear to fit most closely the composition
of a basaltic lava, with the major difference being in the lower
MgO abundance for the Wooltana lavas.

There 1s also a possibility that the chemical composition
of these lavas could correspond to that of a trachyte, but the
SiO2 abundance appears to be as much as 8% too low. However the
very low silica content of the biotite rich rocks indicates that
they would have to be undersaturated in silica and no petrologic
evidence for the presence of feldspathoids exists in these rocks.
This méy indicate that there has been a loss of silica from the

voleanics, accounting for the low $i0, abundance in the amygdaloidal

2
lavas, and the abundance of quartz veining within the area.
The idea of an original bhasaltic composition is preferred due

to the acute iron deficiency in trachytic lavas.

The Nature of the Metasomatism affecting the lavas

Assuming an original basaltic composition for the massive
grey amygdaloidal lavas, it may be seen that up to ten percent K20
and six percent Fe203 must have been introduced to the lava with
potassium almost completely replacing sodium and calcium within the
feldspars. The low MgO abundance indicates that this element would
have been lost from these lavas.

Infilling of amygdules, veining of lavas and the assemblage
of secondary minerals in the vicinity of metasomatically emplaced
copper in the area suggests the mobility of elements resulting in
the final deposition or alteration of minerals to quartz K-feldspar

magnetite limonite tourmaline chlorite biotite pyrite chalcopyrite

scapolite and sericite. In addition the element Ti is enriched in
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biotite schists in the vicinity of Yudnamutana Mine. This suggests
the mobility of the elements, Si, Fe, Mg, Cu, Ca and B in the

Wooltana Volcanics.

The Origin of the Metasomatic Solutions

Two possible explanations for the metasomatic effects that
have taken place in the Wooltana Volcanics are a redistribution
of elements within the formation itself, or an introduction of
elements from an outside source.

Assuming ‘an original basaltic composition for the Wooltana
lavas and redistribution within the formation, the low silica con-

tgp?ngf_the“piqtéﬁa rich rocks may be explained by lossg of silica

and re~distribution in quartz wveins. Similarly the deficiency of
MgO within the massive grey amygdaloidal lavas may be compensated

by the slight magnesia rich nature of the much more abundant biotite
rocks. Figure 5.3 shows the low Mg content of the massive grey
amygdaloidal lavas and the guite variable Mg content of the biotite
rocks. The high percentage of secondary iron might possibly be
explained by the contemporaneous formation of iron rich sulphides

or oxides with the extrusion of the lava and the later redistribution
of this Fe.

However, this theory of redistribution within the lavas does
not explain the consistently high amount of potassium within the
feldspars in all samples taken from this formation. Although there
is a variation in potassium content of the feldgpars sampled, none
were particularly Ca or Na rich, and this feature must be explained
by introduction of potassium rich fluids from outside the formation,
presumably from the younger granite suite from the basement. It is
interesting to note however, that the most potassic feldspars oceour
in the least altered looking amygdaloidal lavas near the top of the
formation (Figure 5.2). Here, although minor microcline does occuy
there is little evidence of replacement of feldspars. Lower in the
formation porphyroblasts of microcline occur within an altered
carbonate rock interbedded in the volcanics and in the Wywyana
Formation porphyro blasts of K-feldspar and microcline ogcur in

veinlets and within actinolite marble near the Pinnacles Mine.
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Near the Yudnamutana Mine in the Wooltana Volcanics, where copper
has been deposited from metasomatic fluids, there is no evidence
of feldspathization.

Most of the features of metasomatism within the Wooltaha
Volcanics may be explained by a source of metasomatic solutions
from the Younger Granite Suite in the basement. The major
difficulty with this theory is that no such granites outcrop within
miles of this area although of course this does not exclude the
possibility of their presence at depth. Other aspects which are
not consistent with this extraneous source of metasomatic solutions
are the widespread digpersion of the metasomatic elements, in
Egrp;qg}ax_éxqpiénd potassium. In.such circumstances redistribution
of many elements in the Wooltana Volcanics may have taken place

anyway .
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5. MINERALIZATION

5.1 General

3
Mineralization within the area occurs exclusively within the cover,
and mainly in the Wywyana Formation. Seven mines are found in the area

mapped, occurring in various formations. These are:

Black Queen Mine -  Wywyana Formation
Cockscomb Mine ~  Wywyana Formation
Wheal Austin Mine ~  Wywyana Formation
Pinnacles Mine ~  Wywyana Formation
Yudnamutana Mine -  Wooltana Volcanics
Wealthy King Mine ~  Wortupa Quartzite
Wheal Gleeson Mine -  Tapley Hill Formation

In addition, numerous small workings are present, these again being most
abundant in the Wywyana and Wooltana Volcanic Formations, bhut are generally
found throughout all of the cover.

5.2 Description of Ore Occurrence

In general the mineralization occurs as secondary copper minerals,
mainly malachite with some azurite and cuprite. Primary copper was found
as specks of pyrite and chalcopyrite within certain mines. The proportion
of sulphides to secondary copper minerals is low, suggesting that most have
been oxidized,

The cre is always associated with guartz and iron rich minerals such
as magnetite, specular hematite and limonite. Other minerals associated
with mineralization in places are calcite and tourmaline.

Mineralization was seen to occur in various forms within the area
mapped., These are:

1) Disseminated ore
2} Associated with shear, fault and breccia zones
3) Associated with quartz veins.

Disseminated ore is often seen along bedding planes within the less
silica indurated beds of the Skillogallee Dolomite Formation in the form of
brown rust stains resulting from the weathering of copper sulphide minerals.
Sulpkide minerals are also commonly found disseminated within the Bolla
Bollara Formation and malachite was seen within the slightly actinolitic

marble unit of the Wywyana Formation.
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5.3 Structural Control of Mineralization

The assgociation of all major copper occurrences with shear, fault
and breccia zones suggests a strong structural control on ore deposition.
The Yudnamutana copper deposit occurs within a north-south trending
breccia zone caused by faﬁlting of the Wywyana Formation against the
Wooltana Volcanies. Mineralization within the Black Queen, Wheal
Gleeson, Cockscomb and Wheal Austin Mines is related to north-west strik-
ing shear zones. At the Pinnacles Mine the ore is associated with a
giliceous and ferruginous replacement body which trends in an east~wést
direction, parallel to the Bedaing of the Wywyana Formation. The
Cockscomb and Wheal Austin mines are also closgely associated with such
replacement bodies though the trend of the ore bodies is northwest and
across the bedding plane. At the Black Queen (East) Mine, a small adit
was dug parallel to the bedding from a larger one following the trend of
a shear zone. At the Wealthy King Mine mineralization is associated with
large guartz veining which trends parallel to the cleavage within the
Wooltana Volcanics. Throughout the Wooltana Volcanics Formation, many
minor workings are associated with small quartz veing trending toward
110° parallel to the cleavage and towards 160° parallel to shearing zones.
Several of the larger quartz veins which had associated mineralization
were seen to contain vughs in which malachite, specular hematite and

euhedral quartz grew.

5.4 The Role of Metasomatic or Hydrothermal Solutions in Ore Deposition.

The evidence for metasomatism in the Yudnamutana area is discussed
under section 3 on metamorphism and in section 5.2 on the Geochemistry of
the Wooltana Volcanics. In connection with the mineralization, the primar;
sulphidé minerals pyrite and chalcopyrite are seen to be assoclated with
the metasomatic minerals and in particular magnetite limonite and hema-
tite in the vicinity of several of the mines.

At the Pinnacles Mine highest copper values were found within a
metasomatized siltstone interbed within the Wywyana Formation. The silt-
stone had been altered to a quartz biotite rock containing patches of
coarser grained euhedral calcite quartz and opaques and chlorite which
is similar to the assemblage of minerals growing within tension gashes

within the ac¢tinolite marble country rocks.
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5.5 Geochemical Investigation

In order to further investigate the nature of the minerali-
zation and to make possible the use of statistical analysis of the
mineralization, geochemical traverses were carried cut across several
copper deposits. The absence of unweathered outcrop or the inaccessi-
bility to mineralized ocutcrop hampered the investigation of several
mines. However, relatively good sections were obtained from the
Pinnacles and Yudnamutana Mines and a traverse was also carried out
across a Mmineralized quartz vein in the Wooltana Volcanics. Analyses
were carried out for the ore elements, copper, lead and zinc, and for
iron because of its apparent close asgociation with mineralization
within the area. Manganese analyses were carried out to test for any
possible strong correlations with the ore elements due to it5"scaven~
ging" effects.

A. Background Values for the Wywyvana Formation

Background values for the Wywyana Formation, together with the
average distribution of elements in carbonates are given in Table 6.1.
These show that Pb, Zn and Mn abundances are low compared with
average carbonates. The background values for Pb and Zn vary little
throughout the formation but Mn abundances are gquite variable. Iron
and Cu abundances are well above the average for carbonate rocks, and
evidence suggests that this may be attributed to epigenetic processes.

In this study, 1% will be taken as the upper limit for sig-
nificant correlation between elements (significance is the percent
probability that the correlation coefficient resulted from an un-
correlatable population). Although no significant correlation co-
efficients are seen between the background values (Table 6.3) the
very poor correlation of copper with any element but Fe supports this

contention.

B. Background Values in the Wocltana Volcanics

Background values in the Wooltana Volcanics show that all
elements except iron are low compared with igneous rocks. The low
values for Cu suggest the possibility of the Wooltana Volcanics as
the source of the copper mineralization found in the cover, as these

low abundances could be the result of a depletion of copper during



TABLE 6.1 BACKGROUMD VALUES TN THE WYWZANA FORMATION

Slightly

Slightly Biotite Average
Actinolitic Actinolitic Actinoliite Scapclite Calcareous Carbonate
Marble (ppm) Marble ~ lMarble Bornfals Siltstone After Turekian
(silicified)
Cu (ppm) 425 490 4.3 34 2% 4
Po (ppm) 1.32 1.22 .97 l.22 .42 9
Zn {ppm) 7.54 6.1 9.9 2.6 10.9 20
Fe (ppm) 71,500 137,200 20¢,600 24,000 9,000 3,800
{very A
Mn (ppm) 2,900 105 l’loovariable) 140 216 1,100

Average of 2
analyses

Average of
3 values

Average of 4

analyses. 1l analysis

-1 analysis

TABLE 6.2; BACKGROUND VALUES IN THE WOOLTANA VOLCANICS

Basaltiec rocks

RBiotite
schists {After Turekian)
{often
scapolitized)
Cu {(ppm) 37 58 87
Pb (ppm) 1.14 1.44 6
Zn (ppm) 6.1 20 105
Fe (ppm) 30,500 100,500 86,500
¥Mn (ppm) 155 400 1,500

Averzge of

5 samples 1 analysis
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subseqguent segregation of background copper into mineralized

populations.

C. Pinnacles Mine Traverse

A geochemical section (Figure 6.1) was carried out across
the entrance of the main adit which extends into a silicified and
ferruginous body, parallel to the bedding of actinolite marbles
and slightly actinolitic marbles of the Wywyana Formation.

An interesting feature of this section is the fact that
high metal values were not intersected over the adit itself, and
instead uniformly low values were chtained where a very silicified
actinolite marble was sampled from the rcof of the adit. Highest
copper values were instead found within a siltstone interbed in the
sequence which had locally been converted to a biotite guartz rock
and shows evidence of metasomatic alteration. (See Section 3.
Metamorphism) .

All copper valueg are above the background in this section
except for those within the slightly actinolitic marble which occurs
fifteen metres away from the adit. However the only values that are
significantly higher than the background are those within the
ferruginized actinolite marble. Zinc and lead values are consistent
with background values and do not vary significantly with change in
rock type. Manganese values vary a great deal across the section
reflecting both the change in lithology and its very variable abun-

dances even within similar rock types.

P. Yudnamutana Mine Traverse

Thie geochemical section was carried out around the "U" ghaped
wall of an open cut portion of several adits and shafts scattered
along a north-south trending fault zone along which the Wooltana
Volcanics and the Wywyana Formation are in contact. Here the
Wooltana Velcanics are represented by green weathering chlorite
rich rocks and the Wywyana Formation consists of actinolite marble.
The fault zone consists of brecciated country rock with iron
minerals and quartz occurring in the breccia and as small veinlets.

Chlorite wveins are also common in the country rock.
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PLATE 3

From T.5. 415/WA8.

A siltstone from the Wywyana Formation having undergone
metasomatic alteration. A veinlet containing calcite
runs from an area of fine-grainéd area consisting of

etthedral magnetite, chlorite, feldspar and quartz.

From T.S. 415/57 - .
A rhyolite from the Wooltana Volcanics showing the fine-

grained snhedral nature of the groundmass.

From'T.S. 415/560

An amygdular rhyolite from the Wooltana Volcanics
formationHShowing the deformed nature of the guartz
infilled amygdules in an inequigranular matrix of

anhedral quarﬁz and feldspar.
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Unfortunately, lack of good outcrop did not enable a wider
traverse to be taken across the fault zone, and all copper values
are well above background values, giving an incomplete section
{(Figure 6.2). Howevér; certain features of the mineralization may
be seen from the section. BAlthough all copper values are well above
background values, it is obvious that the mineralization is much
more pronounced.in the Wooltana Volcanics, and appears to continue
to a greater lateral extent from the fault breccia zone before
beginning to wane, although the latter observation may only be
inferred due to the lack of a complete coverage of the lateral
extent of the mineralization.

Lead and zinc values are consistent with background values,
as at the Pinnacles Mine, although zinc abundances vary widely over
the ore zone. Manganese values are uniformly low in the Wooltana
Volcanics and show a wide variation within the Wywyana Formation.
Conﬁersely, iron values appear to be uniformly high in the Wooltana
Volcanics and show a wide variation within the Wywyana Formation.
These two observations may be readily explained by the igneous

and sedimentaxy natures of the two formations.

E. Quartz Vein Traverse

This traverse was carried out across a one metre wide quartz
vein trending parallel to the schistosity within the Wooltana -
Volcanics Formation, approximately one hundred metres northwest of
the Yudnamutana Mine. A small abandoned working exists nearby and
the country rock consists of biotite schists which are often
scapolitised. The mineralization occurs as malachite crystals from
a vugh within the quartz vein. Several other small quartz veinsand
veinléts occur within the limits of the traverse, but none of these
are mineralized. Micaceous hematite is associated with much of the
quartz veining within the area, but this is absent here.

All copper values within the traverse were significantly above
background values, demonstrating a wide lateral extent of high
copper.ﬁalues, Corresponding with the copper peak over the
mineralized gquartz vein are marked drops in all other elemental

valﬁes. Lead and zinc values are within the limits obtained for
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background values within the Wooltana Volcanics. As for Zn, Fe
values are higher than the Wooltana Volcanics, but these values

have been obtained in background analyses.

F. gtatistical Analysis of Element Abundances

In order to make statistically wvalid analyses of elemental
abundances possible, results from the three sections were pooled
together for the two formations. Normal frequency, log frequency
and log cumulatlve frequency curves were drawn for the two formations
and these are shown in Figures 6.4 to 6.9.

Cameron et.al. (1968) have shown that in any population
elements obeying a normal distribution are not segregated to any
marked extent but remain fairly evenly dispersed threugh the rock
mass, and strong segregation of elements varying in sizes from
nineable ore bodies to microdeposits result in positively skewed
distributions approaching log normal.

Plots of normal and log frequency histograms for the Wywyana
Formation show that Cu, FPe and Mn have positively skewed noxmal
distributions which are a close approximation to log normal Ifrequency
distributions in the case of Cu and Fe. Mn hHowever still remeins
negatively skewed when plotted as a log normal distribution indica-
ting a high frequency of larger values\

The same plots for element abundances from the Wooltana
Volcanics show a positive skewness for the elements Cu, Zn and Mn
for normal frequency distributions, and show a better approximation
to log frequency distributions. The distribution curves of Mn again

display a high frequency of anoma10usiy large values.
G. Ore Genesis

In the Yudnamutana Area the association of copper bearing
minerals with metasomatic solutions is obvious. These solutions
profoundly altered the mineralogy and composition of the Wooltana
Volcanics. In Section 4 it was concluded that despite the two possible
sources of the metasomatic soiﬁ%ions, widespread redistribution of
elements within the Wooltana Volcanics may have taken place in either

case. Because of the fact that the Wooltana Volcanics have a low
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background copper abundance it may be pogsible that this formation
may-have been the source of copper, rather than the Younger Granite
suite in the basement. A fact that seems to support this contention
is the absence of mineralization within the basement. The wide
dispersion of high copper values laterally from mineralization in the
Wooltana Volcanics is alsc consistent with this theory as is the

low kurtosis frequency distribution curve for iron in this formation

(Figure 6.6), indicating widespread dispersion of iron values,

H. Discussion of the Mineraligation within the Wooltana Volcanics

In the Wooltana Volcanicé correlation coefficients for the
background values {TPable 6.4) show a high correlation between
elements which appear to show no distinct segregation of elemental
abundances (i.e. Fe, Zn and Fb). Although this is probably a true
background feature of the rocks in the case of %Zn and Pb the lack of
segregation of iron is probably due to its widespread metasomatic
dispersion in the Wooltana Volcanics. AT the same time Cu shows a
high correlation with Fe but a neﬁligible correlation with other
background elements indicating that the same process causing the
dispersion of Fe destroyed the normal background relationship of Cu
with these elements,

Correlation coefficients for the Quartz vein traverse
(Table 6.7) however show that where mineralization occurs in the
volcanics copper appears to be introduced independently of all other
elements and may even show g negative correlation with Fe.

One would expect that if copper were introduced into the
Wooltana Volcanics then Cu values would show a high number of values
around the background value for the volcanics and a smaller number
of distinctly higher values. If copper were derived from the volcanics
one would expect a smaller number of values around the background
values and scattered higher values reaching up to the ore percentages.
This in fact does occur in the Wooltang Volecanics (Figure 6.6). A
plot of log cumulative frequency curéggx%géw two populations for Cu
in the Wooltana Volcanics, the first including values up to greater
than 2,000 parts per million and another population including all

higher values. Thirty percent of all values are included in the



Table 6.3 Correlation Coefficients for Background values from
Wywyana Formation ’

Cu Ph Zn Fa M
Cu 1 ~.030 ~-.350 . 468 -.333
(>10%) {(>10%) {(>10%) {(>10%)
Db 1 .339 -, 204 .790
(>10%) (10%) (<1%)
Zn 1 .387 .328
(>10%} {>10%)
Fe 1 ~.173
(>10%)

Mn 1

Table 6.4

Correlation Coefficients for Background Values from thz

Wooltana Volcanics Formation

Cu b Zn Fe tn
Cu 1 -, 225 -, 242 .871 . 071
(>10%) (>10%)} {1-2%) (>10%)
Ph 1 .833 .871 161
(1—2%) (1-2%) (>10%)
Zn 1 .871 -.078
{1-2%) (>10%)}
Fe 1 L4443
(>10%)

Mn 1




Table 6.5 Coxrelation Coefficients from Yudnanutarc Mine Traverse

cu Pb Zn Fe Mn

Cu 1 .386 .213 .460 .200
(>10%) (>10%) (5~10%) (>10%)

Pb 1 .240 .309 .107
(>10%) (>10%) (>10%)
7n 1 .218 .531
(>10%) (2-5%)

Fe 1 .287
(>10%)

Mn 1

11.B. Tha significance of coefficients are given in brackets as the
percent likelihood that these coefficients may have resulted
from an uncorrelatable population.

Table 6.6 Correlntion Coeificients from Pinnacles Mine Traverczo

cu Pb Zn T'e Mn

Cu 1 .304 -.435 -.138 .435
(>10%) (<5%) (>10%) (<5%)

Fb 1 .465 . 645 541
(<5%) (<1%) (<1%)

Zn 1 .619 .251
' (<1%) (>10%)

Fe 1 164

Mn 1




able 6.7 Correlation Coefficients from the Quartz Vein Traverse
Cu Pb Zn Fe Mn
Cu 1 -.338 ~.306 -.467 ~.107
(>10%) (>10%) (2-5%) (>10%)
Pb 1 .298 .562 ~-.014
(>10%) (1-2%) (>10%)
Zn 1 . 269 .095
(>10%) (>10%)
Fe 1 .041
{>10%)
Mn 1
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second population. However, it is not a valid assumption to assume
that this effect is dué‘SOIEly to a derivation of copper from within
the volcanics as the major portion of the data was obtained from
incomplete traverses across mineralization. Other interesting
features of the log cumulatiﬁe frequency plots for the volcanics

are the fact that Pb and Zn show a weak division into two populations.
The negative skewedness of the normal frequency plot for the Wywyana
implies that the lower population containing about 15% of the analyses
and having a median below that of background values, is due to a small
number of spurious analyses lower-than the background. However, it

does appear that Zn is slightly enriched in the volcanics.

I. Discussion of the Mineralization within the Wywyana Formation

Correlatlon coefficients for background values in the Wywyana
Formatlon show a negllglble correlatlon of Cu w1th all elements but
Fe, which shows a deflnlte.dlsper51on into two distributions. This
supports the theory that the high background values for Cu in this
formation is epigenetic.

Correlation coefficients for the Pinnacles Mine Traverse
(Table 6.6) show that where mineralization occurs in the Wywyana
Formation copper again shows a poor correlation with all other
elements including iron, implying its independent introduction even
though much of this iron appears to be of epigenetio character.
Another interesting p01nt is the strong correlation of iron with
lead and zinc in the v101n1ty of the mine.

A 1og cumulative frequency plot for the Wywyana Formation
(Figure 6.8) shows that there are two populations for copper, the
lower one with a mean similar to background values only taking up
about 20% of the data. This implies that most of the copper above

10 ppm in the Wywyana Formation comes from a mineralized population.
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Summary

In the Yudnamutansg Area the ore bearing minerals are .
closely associated with metasomatic activity and their deposition
with gangue minerals such as guartz and iron is strongly controlled
by structures created by the Delamerian Crogeny.

Statistical information,iSunot complete due to the fact that

_most data was taken from incomplete sections across mineralization.

"'This,_however, shows that iron and copper both show segregated

populations and although copper is related to iron and shows no -
correlation with other background elements in areas of low Cu
abundances, it is not hecessariiy related to iron in areas of .
mineralization. This may be taken as evidence for an epigenetid
source for copper and later enrichment of this element in many

cagBes.
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APPENDIX I

STRATICGRAPHY

2,1 RADIUM CREEK METAMORPHICS

A, TFreeling Heights Quartzite (Unnamed Upver Member)

This member consists mainly of a very thick fmlonotonous seguence
of light grey-green weathering, well bedded, medium to fine grained
serxicitic auartzites which display heavy mineral laminations, and have
sedimentary structures such as ripple marks and crogs bedding with
steeply angled foreset beds, Ceoats (1971} consgiders that these testify
to near shore deposition, possibly in a deltaic or shoal water environ-
ment.

At intervals in the sequence are found horizons of a sericitic
Qub-arkosic sandstone, containing occasional rounded pebbles and boulders
of basement quartzite, ranging from a few centimetres up to a metre in
diameter. This sandstone also occurs as the matrix of conglomerate beds
containing well rounded and sub-angular pebbles of quartzite.

Within the Freeling Heights Quartzite are also found lavers of
fine grained biotite scﬁists which are interpreted as amphibolites
which have undergone retrograde metamorphism., These range from ten to
fifteen metres in_thickness, are parallel to the bedding and commonly
scapolitized, They varyv in character along strike, prohably reflecting
the amount of retrogradation undergone, as well as variations in the
original composition of the rocks. They occur mainly as schists but a
decussate texture is not uncommon. Some are almost entirely micaceous,
whereas others are more siliceous and contain abundant quartz and

sericite. Relict higher grade minerals found are staurolite and amphi~-



A2

boles. Deformed ovoids consisting of aggregations of guartz

(T.5. 415/558) are similar to deformed amygdules within the Wooltana
Volcanics. This supports Coats' (1971) suggestion that these rocks
represent near surface emplacement of a basic igneous rock as sills.
These "amphibolites" are older than the Pre-Cambrian basement cover,

as they terminate at the basement-cover contact.

2.2 MOUNT NEILL GRANITE PORPHYRY.

Thigs member of the “"Older Granite Suite" intrudes the Freeling
Heights Quartzite within the map area, having a strong discordant
contact relationship with the quartzite. It is a massive pink weather-
ing porphyry consisting of ovoids of guartz and feldspar within a
structureless microcrystalline matrix of quartz feldspar, sericite and
biotite. The quartz ovoids are typically blue coloured. The porphyry

is commonly strongly sheared resulting in the formation of cataclasites.

2.3 LOWER CALLANNA BEDS

A. Paralana Quartzite

The Paralana Quartzite unconformably overlies the basement
and may be divided into elght distinct units. Thesze are in ascending
order:-

1) The Shanahan Conglomerate Member. This member is 15 metres
thick in the eastern part of the map area but narrows toward the west
and disappears. It consists essentially of boulders of fine to medium
grained sandstone and quartzite identified as Freeling Heights
Muartzite and a minor amount of Mount Neill Granite Porphyry. The

matrix consists of sandsize grains of quartz in very fine grained grey-
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black materiél. The matrik has been largely replaced by hematite and a
little quartz in the far eastern portion of the area, causing this
member o be an area of conspicuous outcrop.

2} Twenty metres of well bedded, medium grained grey pink re-~
crystallized quartzite. Minor fine grained biotite in the rock suggests
an originally slightly muddy matrix.

3) fTwenty metres of a medium grained, heavy mineral banded felds-
pathic quartzite alternating with more pure guartzite beds,

4) 2 dark green black weathering micaceous sandstone which is
sometimes scapolitic, and consisting essentially of rounded fine sand-
size fragments of quartz quartzite and feldspar in a fine grained
matrix of biotite.

5) Twenty metres of fine graihed biotite rocks. These twice
alternate from thinly bedded schistose rocks to more maséive scapolitic
and tremolitic beds. The schistose rocks consist largely of very fine
grained green biotite with minor fine grained actinolite and tourmaline.
The more massive beds are coarser grained with large well formed
crystals of tremolite randomly growing in a biotite matrix.

6) Fifteen metres of a dark grey medium grained recrystallized
quartzite with minor opague minerals.

7) Ten metres of a clean érey white medium to coarse grained
recrystallized guartzite,

8) A thin bed of a fine grained light green schistose chloritic

and actinolitic micaceous rock.
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B. Wywyana Formation

This formation is a metamorphosed carbonate sequence consisting
essentialiy of three distinct rock types. The first of tﬁese is a
very altered actinolitic rock consisting of coarse grained crystals
(2 cms.) of actinolite within a fine grained dark brown earthy matrix.
The density of actinolite crystals growing in this rock varies between
30% and 70%. The matrik is composed mainly of siderite with a little
calcite and is very irdn stained. This is interpretéd as being a fer-
ruginiééd equivalent of thé actinolite marbles that make up the major
part of the sequence.

Forming areas of higher relief is a slightly actinolitic marble,
brown weathering énd gref white on fresh surface. Fine to coarse
grained actinolite crystals éréw within the recrystallized carbonates,
characteristically in radiatinag clusters, with their long axes parallel
to the bedding plane; In piﬁéés tﬁin discontinuous bands of cherty iron
material are present parallei to the bedding. This unit has undergone
replacement by iron aﬁd silica in many parts of the area, and these
replacement bodies form elongate areas of distinct outcrop parallel to
the bedding, anything ﬁp to IOOImetres in length. Thin interbeds of
shéles and laminated galcareous siltstone which are often scapolitized,
are interbedded within the marﬁie. In the vicinity of the Pinnacles
Mine a siltstone interbed is locally converted to a quartz-tremolite~
biotiﬁe hornfels (H.S415/WA15).Interbeds of fine grained equi-granular
biotite rocks appear ié place of the_§iltstones in many places. These
biotite focks are often scapolitized or tremolitic and prohably represent

altered equivalenté'of a more argillaceous facies of the siltstones,
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The majority of the sequence consists of a thick sequence of
actinolitic marble consisting of radiating sheaths of actinolite in a
calcitic matrix. Feldspar is also common in the marble in the form of
microcline which has a perthitic texture containing inclusions of quartz,
calcite and actinolite. Other minerals present in minor amount are
quartz and biotite. In the vicinity of the Pinnacles Mine biotite be-
comes a much more important mineral and replaces calcite as the main

mineral in the matrix.



€. Yooltana Voloauivs rormation

See main text of thesis.

2.4 UPPER CALLANNA BEDS

The Upper Callanna Beds represent ninety metres in thickness
of shallow water sediments. They occur in the western half of the map
area unconformably overlying the Lower Callanna Beds, but terminate
abruptly at a fault uplifting the Wooltana Volcanics suggesting that
the deposition of these sediments was prevented on a local scale by
minor faulting which formed high level areas.

A. Blue Mine Conglomerate

This unit consists largely of a heavy mineral laminated
arkosic congiomerate reaching a thickness of thirty metres in the area
studied. The conglomerate characteristically consists of well rounded
pebbles, rarely larger than .5 cm. in diameter, of blue quartz, quart-
zite, feldspar and siltstone in a fine grained pink-grey matrix. The
presence of abundant pebbles of blue quartz and pink feldspar and of
basement quartzite within the conglomerate indicates that the Blue Mine
Conglomerate was probably largely derived from erosion of the Pre-
Cambrian Basement granite porphyry and quartzite seen within the mapped
area. Interbeds of heavy mineral laminated medium grained sandstones,
scapolitized purple coloured calcareous shales and silts, are common in

the Blue Mine Conglomerate.

B. Opaminda FPormation

The base of this formation is marked by a grey-green scapoli-

tized calcareous shale followed by sixty metres of a well bedded non-
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calcareous dark grey weathering siltstone. This sequence contains
many examples of small scale ripple marks. At the top of the formation
is found an actinolite calc-silicate rock consisting of medium grained
sheaths of actinolite growing in a carbonate matrix and containing
interbeds of scapolitized green weathering calcareous siltstones and
cherty bands. This calc-silicate member decreases markedly in thicke

ness toward the west.

2.5 BURRA GROUP

A. TVortupa Quartzite

The Wortupa Quartzite conformably overlies the Opaminda For~
mation in the western portion of the area and uncbnformably overlies
the Wooltana Volcanic Formation in the eastern portion. In the eastern
portion of the area the Wortupa Quartzite shows a discontinuous outcrop
pattern due to subgstantial erosion of the formation. The formation is
dominantly composed of a well bedded feldspathic cuartzite which is
heavy mineral laminated and fipple marked. WNear the top of the formation
is found a rolymictic conglomerate consisting of well rounded pebbles
and cobbles of pink and clear quartz, cale silicate rock, feldspar,
siltstone and Mount Neill Granite Porphyry in a medium grained quartz-
itic matrix. The pebbles are rounded, up to 2 cms. in diameter and
reasonably well sorted. The top of the formation is a grey black
micaceous hematitic siltstone, fairly massive and current bedded.

B, Skillogallee Dolomite

In the area studied, this formation is largely metanorphosed
to a succession of tremolite actinolite rocks, and is made up of two

sedimentary members. The lower member is characterized by many beds
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of well hedded fine grained laminated siltstones. These are often
scapolitized and contain mudcracks. At the base of this sequence is

a brown grey weathering schistose dolomitic quartzite with flattened
pebbles having a sacharoidal texture. Minor thinly bedded fine grained
silicified dolomites occur in which are found harder chert like hands.
A distinctive metasomatized calc silicate rock occurs within this
sequence, being a white quartzite in which quartz may be seen to réplace
the calc-silicates. Several quartzite members are also present and the
boundary to the unnamed upper member was arbitrarily placed at the top
of the last of these major quartzite beds. The upper unnamed member
consists dominantly of fine to medium grained, well bedded silicified
cale-gilicate (tremolite and actinolite) rocks with minor siltstones,

tremolitic marbles and chert bands.

2.6 UMBERATANA GROUP

A. Bolla Bollana Formation (Yudnamutana Sﬁmeroup)

The Bolla Bollana Formation has a strong unconformable re-
lationship with underlying sediments. In the west of the mapped area
it overlies the Skillogallee Dolomite with an angular unconformity,
and in the east of the map area it unconformably overlies the Wooltana
Volecanics or the Wortupa (Ouartzite.

This formation is essentiaily a tillite sequence composed of
gseveral distinct rock types. The most common is a massive green
weathering sub-greywacke tillite. Also present are quartzite beds,
bedded-green weathering siltstones which are often scapoiitized, and
blue coloured scapolitic siltstones. In the area mapped it is generally

found that the pattern of outcrop consists essentially of bedded green
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weathering siltstones characterized by the absence of erratics,
separating more massive tillite at the top and bottom of the formation.
Angular and subangular erratics are rarely larger than 30 cms. and are

predominantly quartzites although boulders of Mount Meill Granite

Porphyry were identified as well as a soft very altered scapolitie rock

which may have been derived from the Wooltana Volcanic Formation.

B. Tapley Hill Formation {(Farina Sub-Group)

This formation overlies the Bolla Bollana formation and the
lower half consists dominantly of calcareous and non calcareous fine
grained dark grey shales and laminated silts with lenses of buff
weathering silty limestones.- The upper half of the formation is the
Yankaninna Siltstone Member. This begins with two massive limestone
beds but consists largely of green weathering laminated calcareous

siltstones. This member commonly shows well developed slump structures.



2. STRUCTURE

The area essentially consists of a metasedimentary basement block
overlain by cover sediments belonging to the Adelaide system. 'The base-
ment sediments dip steeply toward the north and are overlain with a
small angular unconformity by the cover sediments. The presence of
angular unconformities within the cover between the Lower and Upper
Callanna Beds, the Callanna Beds and the Umberatana Group and the
Bolla Bollana Formation and the Tapley Hill Formation, reflect continuing
movements during the &epositional history of the cover.

The most recent structural feature of the sediments is a westerly
dipping anticline the axis of which passes through the centre of the
area. A stereographic plot of poles to bedding (Figure 3.1) shows that
the axis of the anticline dips - at’ 30° towards287°. Fold structures
are continuous from the cover into the essentially metasedimentary base-
ment. However the more rigid Mt. Neill Granite Porphyry which intrudes
the basement is extensively sheared and foliated by the deformation in
a 280° direction. Deformation within the cover alsc shows the differing
responses of different lithologies to the deformation. For example, the
dominantly carbonate formations the Skillogallee Dolomite and the
¥ywyana Formation are extensively sheared and display much minor folding
whereas the more competent beds are less highly deformed and sheared.

Steep easterly dipping faults are common within the area mapped.
Faulting of the basement cover contact is very common and block faulting
of the basement and Lower Callanna Beds has locally had a strong
influence on sedimentation within the area, locally preventing deposition
of the Upper Callanna Beds due to the creation of local high areas (see
Appendix 1.2 Upper Callanna Beds) and probably creating high areas for
the erosion of the Wortupa Quartzite in the western part of the area.
anomalous schistosities near the limb of the fold north-west of the
Yudnamutana Mine probably is the result of p ost schistosity faulting
of the western limb of the anticline.

Quartz veins are common throughout the area, varying in size



from small veinlets up to three metres in thickness. These are
especially common in the lower Callanna Beds and predominantly occur
trending parallel to the cleavage but also trend towaxds 160° which

is parallel to the shear zones within the area.



FIGURE 3.1
STEREOGRAPHIC PLOT OF
POLES TO BEDDING




3. METAMORPHISM

The grade of metamorphism throughout the area is low grade green-
schist facies. The most common metamorphic minerals found within the
area are actinolite tremolite, scapolite, these beinyg most commonly found
within metamorphosed carbonate sequences. Biotite, chlorite,.anthophyllite
and calcite are also abundant. Zeolitesare also found in limited amounts
within the Wooltana Volecanics, emphasizing the low grade of metamorphism.
Other minor metamorphic minerals present are stilpnomelane, spinel, and
sericite.

The basement also displays a low-grade greenschist facies of
metamorphism, but evidence of higher grades of metamorphism are found
within horizons of mica schists within the Freeling Heights Quartzite,
where higher grade minerals such as staurolite and muscovite are found
(see Appendix IA}.

There is much evidence for metasomatism within the area mapped.
This is most readily seen in the field in the vicinity of the Pinnacles
Mine where coarse grained euhedral microcline and biotite occur in vein-
lets and grow with rhombohedral crystals of calcite, magnetite and some
quartz in tension gashes within +the actinolite rocks. In this area,
amphiholes are sometimes altered to chlorite, and euhedral opagues axe
associated with biotite or tourmaline. Further evidence for the
activity of hydrothermal solutions near the mine is found in the felds-
pathization of parts of the slightly actinolitic marble unit, or the

growth of large crystals of microcline within the actinolitic marble.

The Wooltana Volcanics also hold many examples of metasomatism.
At the top of the Wooltana Volcanics sequence 300 metres northwest of
the Yudnamutana Mine a soft altered looking bleached biotite schist con-
tains up to two percent tourmaline and contains evidence of alteration
to chlorite. Euhedral tourmaline and apatite crystals are common within
the Wooltana Volcanics. The activity of moving solutions is again
emphasized by feldspar veining in the rocks and the amygdule infillings

of the volcanics, where there are several types of infilling fluids.
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APPENDIX II

List of Thin Sections

Freeling Heights Quartzite

415/558
415/605
415/606

Mica schist
Mica schist

Mica schist

Mount Neill Granite Porphvry

415/55

Sheared granite porphyry

Paralana Quartzite

415/547
415/546
415/545
415/550

Micaceous sandstone
Biotite schist
Tremnlitic biotite schist

Tremolitic biotite =chist

Wywyana Formation

415/51
415/WAl8
415/WA7
415/WA20
415/WA15
415/WA3
415/562
415/500
415/508

Actinolite marble

Ferruginized actinolite rock
Actinolite marble

Marble

Metasomatized siltstone
Actinolite microcline rock

Quartz, biotite tremolite harnfels
Actinolite marble

Actinolite marble

Wooltana Volcanics Pormation

415/44A
415/44B
415/44C
415/44D
415/44E
415/44F
415/44G
415/441
415/602A
'415/602B
415/602C

Trachyte
Trachyte
Trachyte
Trachyte
Trachyte
Trachyte
Siltstone
Trachyte
Trachyte
Trachyte
Trachyte



415/602D
415/602E
415/602F
415/567
415/568
415/569
415/571
415/572
415/576
415/591
415/¥2
415/¥5
415/702
415/¥1
415/540
415/480
415/228
415/520
415/522
415/523
415/524
415/416
415/288
415/519
A15/560

APPENDIX II (continued)

Trachyte
Trachyte
Trachyte
Biotite schist
Biotite schist
Rhyolite
Rhyolite

" Rhyolite

Rhyvolite

Biotite schist

Chlorite biotite schist
Chlorite rock

Chlorite schist

Biotite chlorite schist
Scapolitic biotite rock
Scapolitic biotite rock
Scapolitic biotite rock
mmphibolite

Micaceous siltstone
Biotite schist

Pebbly mudstone
Trachyte

Conglomerate

Wookana Volecanic

Rhyolite

A.9
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Description of Thin Sections

Amphibolites (From Freeling Heights Quartzite)

415/6085

Macro-Description

Dark grey-black weathering mica schist.

Thin Section

Constituents

40% Biotite
30% quartz
15% Staurolite (possibly)
10% Muscovite
5% Scapolite
3% Feldspar
2% Opagues
Minor Tourmaline-euhedral
Texture
A fine-grained rock consisting essentially.of larger crystals of
actinolite and muscovite in a fine grained matrix of biokite and
quartz, The rock has a schistose texture due to parallel alignment
of biotite grains.
415/606

Macro-Description

Dark ¢grey-black weathering biotite schist.

Thin Section

92% Biotite-euhedral, green.
8% Quartz

1% Tourmaline-euhedral
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Texture
A schistose texture due to alignment of biotite grains. Tourmaline
is abundant, and of ten zoned, with inclusion filled centres.
415/558

Macro Description

Grey-green micaceoug schist.

Constituents

35% Biotite
30% Sericite
20% Quartz
10% Opacques
5% Muscovite
Texture
Fine grained aggregate of quartz, sericite and muscovite. A schis-
tose texture due to alignment of micas. Opague minerals are con-
centrated in lines parallel to the cleavage.

Mount MNeill Granite Porphyry

415/550

Macro-Description

Phenocrysts of quartz, opaques and biotite in a fine grained grey-
white matrix. A massive sheared rock.

Thin Section

Constituents

50% Quartz
4% Biotite
10% Opacues

36% Feldspar
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Texture
Phenocrysts of quartz and opaques in a micro crystalline matrix

Paralana Quartzite

415/547

Macreo-Description

Green-black weathering fine grained micaceous sandstone.

Thin Section

Constituents

50% Biotite-green
45% Quartz
5% Feldspar
Minor Tourmaline
Texture
Fine grained sand size (.5 - 1 mm.) grains of rounded quartz and
feldspar in a matrix of green biotite.
415/545

Macro Description

Green black massive weathering rock. Bladed crystals of tremolite
up to .5 cm. in length growing in a fine-grained biotite matrix.

Constituents

77% Biotite - green
15% Tremolite
5% Nuartz
3% Opaques
Texture
Bladed poikolitic crystals of tremolite with biotite and opaque

inclusions growing in a slightly schistose matrix of green biotites.
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Tremolite crystals appear to be intergrowing with quartz crystals.

415/546

. - Macro Desgcription

Green black weathering fine grained mica schist.

Constituents

95% Biotite - mainly green
5% Tremolite
minor Quartz
Texture
A very fine grained schist with a small amount of fine grained
tremolite.
415/550

Macro Description

Dark green-black weathering wmassive rock. Bladed crystals of tremo-
lite up to 1 cm. in length, and red iron stained specks about 1 mm,
in diameter in a fine arained green matrix.

Thin Saction

Constituents

80% Diotite
15% Tremolite
5% Blebs of Fe staining
Texture
Bladed crystals of tremolite in a very fine grained matrix of biotite.
Tremolite has poikolitic texture due to crystals of biotite and
opaques growing within it. Iron staining is common, and often forms

circular specks.



A.1l4

Wywyana Formation

415/81

Hand Specimen

Medium grained laths of actinolite in a weathered brown matrix.

Constituents

80% Actinolite
5% Calecite
5% Opaques
10% Biotite
Texture
Euhedral, fine to medium grained crystals of actinolite in a matrix
of calcite, biotite and opaques. The opaques appear to be associated
with biotite and calcite.
415/wal8

Hand Specimen

A ferruginized actinolitic rock.

Thin Section

Constituents

60% Actinolite
40% Opaques
Texture
Holocrystalline aggregate of fine to coarse grained actinolite,
Roundaries between grains of actinolite are iron stained and
anhedral opague minerals grow bhetween actinolite laths.
415/Wa7

Hand Specimen

A soft rock consisting of sheaths of medium grained actinolite and
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biotite.

Thin Section

Constituents

B80% Actinolite
8% Quartz
10% Biotite
2% Opaques
Texture

Fine to medium grained aggregate of actinolite with minor guartz,
biotite and opagues.

415/1A20

Hand specimens

A marble with radiating sheaths of actinolite growing in the plane
of the bedding.

Thin Section

Constituents

92% Calcite and Carbonate
4% Actinolite
4% Qpagques
Texture
Fine grained recrystallized carbonate rock with medium grained
actinolite crystals growing within it,
415/WA15

Hand specimen

2 very dark coloured fine grained micaceous rock with lighter

coloured areas of carbonate and chlorite.
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Thin Section

Constituents

20% Carbonate
20% Chlorite
30% BRiotite
30% Quartz
Opaques
Texture
The matrix iz a very fine grained aggregate of aligned biotite
grains and quartz with minor carbonate. Lighter coloured patches
having a "swirling® boundary with the main body of the rock, con-
sist escentially of fine grained chlorite, quartz and carbonate

with coarser grained crystals of the same minerals occasionally

present,
Hand Specimen
A coarse grained aggregate of K feldspar and actinolite. A K-feld-
goar, bictite infilled vein cuts the rock.
Thin Section
5% Biotite (coarse grained, in a vein), also fine grained.
Aclinclite - fine-medium grained, poikolitic texture.
Microcline - perthitic texture, coafse grained.
K-Feldspar -~ fine and coarse grained.
Texture
A vein consisting of coarse grains {(up to .5 cm.} of biotite and

K~Feldspar runs through centre of slide. The main part of the rock

consists of a fine to medium grained aggregate of microcline,
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actinolite wifh fine grained hiotites. Biotites and feldspar often
grow within the poikolitic grains of actinolite and perthitic micro-
lines.

415/1A500

Hand Specimen

Medium grained rock consisting of sheaths of actinolite and minor
biotite,

Thin Section

Constituent
85% Actinolite
10% Biotite
5% Quartz, euhedral
Texture
Fine to medium grained aggregate of euhedral act@nolite and biotite
grains.
415/508

Hand Specimen

Actinolite marhle.

Thin Section

Constituents

75% Actinolite
10% Biotite
10% Calcite
3% Quartz
2% Opagues
Texture

Medium and coarse grained sheaths of actinolite comprise most of
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the rock. Biotite occurs as inclusions in the actinolite as well
as in the main body of the rock. Calcite occurs in veinlets.
415/562

Hand Specimen

Thin Section

Constituents

10% Biotite
60% Quartz
10% Opaques
20% Actinolite
Texture
Rounded fine to medium sand-size quartz grains in a fine grained

matrix of actinolite, biotite and opaques.

Wooltana Velcanics

415/44n

Band Specimen

Fine-grained grey-brown rock. Oval and irregularly shaped amygdules
up to 1 cm. in diameter infilled with quartz.

Thin Section

Congtituents:- Amygdules (20%)

60% Quartz - undulose extinction, composite grains, anhedral
37% Feldspar - undulose extinction, anhedral
3% Opaques
:= Matrix (80%)

88% K-feldspar ~ subhedral
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5% Opaques - anhedral, some red flakes (probably hematite)

5% Microcline

2% Minor Biotite

Texture
Amygdules have a sharp boundary with the ground mass. The matrix is
interpenetrated by many small veinlets often linking amygdules.
Matrix consists primarily of laths of albite displaying a trachytic
texture. Bilotite appears to be altered and is often associated with
hematite,
415/448

Hand Specimen

Fine grained grey rock. Ellipical and irregular shaped amygdules
infilled with quartz, feldspar and opaque minerals.

Thin Section

Constituents:~ Amygdules (15%)

80% Feldspar - undulose extinction, biaxial (+ve) and (-ve)

20% Quartz - subhedral

Biotite - minor
- Matrix (85%)

88% K—Feldsﬁar

5% Microciine -~ anhedral

5% Opaques - anhedral

2% Biotite - minor

Texture

Veins often interlink amygdules. Opaqﬁes are disseminated in ground
mass, within veins énd concentrated on boundaries of amygdules.

Opague filled veinlet seen cutting across a feldspar infilled
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amygdule. The matrix consists of feldspar laths displaying
trachytic texture.
415/44C

Hand Spenimen

Fine grained grey-white rock

Thin Section

80% Peldspar - subhedral, inclusions of sericite
10% Opaques - subhedral
10% Biotite
Texture

Fine grained holocrystalline rock consisting of fine grained laths
of feldspar in a much finer grained matrix of biotite. Hematite
is disseminated throughout the rock.

415/44D

Hand Specimen

Fine grained grey lava.

Thin Section

Constituents

65% Feldspar - sericitized
10% Biotite
20% Opagques
5% Schorl - subhedral and euhedral ore twinned
Texture

¥ine grained holocrystalline rock consisting of fine grained feld-

spars aligned in a sub~parallel mannexr, and opaques in a fine grained

matrix of hiotite. Many biotite crystals are coated with opaques.

Tourmalines are associated with biotite.
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415/44E

Hand Specimen

Fine arained grey rock

Thin Section

Constituents

70% Feldspar ~ subhedral
10% Opaques ~ anhedral
20% Biotite - anhedral
minor Chlorite
minor Tourmaline
Texture
Similar to 44D except that it appears to be more altered due te the
presence of sericite inclusions within thé feldspar. Chlorite is
present in what appears to be an infilled vesicle.
415 /44F

Hand Specimen

Pine grained grey rock with infilled amygdules up to 4 ocms. in
diameter varying from spherical to highly irregular shapes. Some
amygdules are infilled by cuartz, and others by hematite. Hematite
veinlets appear *hroughout the rock.

Thin Section

Constituents :- Bmygdules{20%)

90% Opaques
10% Quartez
minor Biotite
:~ Groundmass (80%)

63% Feldspar (Albite or Oligoclase), absence of albite twins
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7% Opaques

30% Biotite -~ anhedral

Texture
FPine grained laths of Feldspar aligned in a sub-parallel manner in
a finer grained groundmass of biotite. Opaques are disseminated
throughout the groundmass and aggregated in amygdules and veins
interconnecting amygdules. Amygdules are either filled substantially
with opaques or with feldspar in which case opaques coat the outer '
walls., Several veinlets infilled with feldspar exist and one infilled
with biotite may be seen.

415/602a

Hand Specimen

Dark grey micaceous rock with altered scapolite spots. A feldspar
vein cuts the rock.

Thin Section

3% Scapolite
50% Biotite
5% Opagues
42% Feldspar
minor Apatite ~ coated with Fe.
Texture
Basically a fine grained aggregate of anhedral biotite and feldspar.
Running downrcentre of slide is a bein consisting of more coarsexr
grained crystals of biotite feldspar and cpaques.
415/602B

Hand Specimen

Fine grained rock consisting of lighter grey feldspathic areas and
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grey black micaceous areas. BAmygdules up to .5 cm. in diameter and
infilled with iron occur.

Thin Section

40% Feldspar
30% Biotite
25%lOpaques_

Texture |
A holocrystalline rock consisting of fine grained feldspar laths dis-
rlaying a trachytic texture. Superimposed on this are areas of
biotite in definite veins or in broad elongate aggregations, An
anhedral feldspar, coarser grained than the feldspar laths in the
matrix is assoclated with the biotite. Opagues are numerous and also
appear to be present in broad aggregates, A small amygdule is present
infilled with feldspar. “

415/602C

Hand Specimen

Fine grained grey-black rock

Thin Section

Constituents

88% X-Feldspar
7% Opaques
Ky"S% Quartsz
minor Biotite
minor Zircon
Texture
Fine grained laths of simple twinned feldspar giving a trachytic tex-

ture. Also areas of coarser grained anhedral feldspar, microcline and

opaques.
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415/602D

Hand Specimen

Fine grained grey-black rock with white weathered scapolite up to
3 mm, in diameter,

Thin Section

Constituents

45% Feldspar - inclusions of sericite, simple twinned, also sericite
5% Opaques

45% Biotite
5%

Texture
Fine grained holo-crystalline aggregate of feldspar laths in a
biotite matrix.
415/602E

Hand Specimen

Fine grained light-grey rock.

Thin Section

Constituents

40% Feldspar
40% Biotite
15% Opaques
5%
Texture
Fine grained laths of subhedral, simple twinned feldspar in a
finer grained matrix of biotite giving a volcanic texture. $lide
also has broad streaks of more abundant biotite and finer grained

anhedral feldspars with no observable twinning. Veinlets containing
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feldspar also exist.
415/602F

Hand Specimen

Fine grained grey-black rock with biotite infilled amygdulés.

Thin Saction

Constituents:~ Amygdules (5%)

70% Biotite -~ bright orange colour
15% Feldspar -~ biaxial (-ve)
15% Opaques
1= Matrix (95%)
35% Feldspar
3% Microcline
40% Biotite
15% Opaques
102
Texture
The matrix consists of fine grained laths of feldspar, bietite and
opagques. Amygdules range from 2 mm. to 1 cm. in diameter.
415/228B

Hand Specimen

Massive purple-black weathering rock conszisting of many blocky
scapolite crystals growing in a biotite matrix.

Thin Section

Constituents

50% Scapolite
24% Biotite

25% Quartz
1% Opadgues
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Texture
Fine to medium grained euhedral crystals of scapolite in a much finer
grained matrix of green biotite and quartz.

415/540

Hand Specimen

A massive green black weathering scapolitized biotite rock.

Thin Section

Congtituents

50% Scapolite
29% Biotite
20% Quartz
1% Opagues
Texture
Euhedral crystals of gcapolite in a much finer grained matrix of
quartz and hiotite.
415/520

Hand Specimen

Green weathering rock congisting of laths of actinolite in a feldspar
matrix,

Thin Section

45% Actinolite - Poikolitic texture
30% Microcline Perthitic texture
20% Calcite

5% Scapolite

1% Opaques.

3% Feldspar - biaxial (~ve), albhite twinned.
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Texture
Fine to medium grained holocrystalline rock made up of euhedral
crystals, Microcline and calcite exist as grains within poikolitic
crystals of actinolite and feldspar.
415/522A

Hand Specimen

A greenish brown micaceous siltstone.

Thin Section

Constituents

25% Riotite - fine grained, subhedral.
30% Quartz - anhedral

5% Feldspar - anhedral

5% Scapolite, fine-medium grained
20% Actinolite ~ subhedral
minor Tourmaline and Apatite
15% Calcite

Texture

415/523

Hand Specimen

A fine grained brown weathering micaceous rock,

Thin Section

Constituents

73% Biotite, brown subhedral, and altered orange "knots®
20% Quartz
5% PFeldspar

2% Opagque
Apatite



Texture

Alignment of biotite grains giving schistose cleavage.

415/524C

Hand Specimen

Rounded mudstone and quartzite pebbles within a micaceous matrix.

Thin radiating crystals of anthophyllite present throughout.

Pebbles up to 3 cms. long.

Thin Section

Constituents:- Pebble

70% Quartz
25% Biotite
5% Opaques
1= Matrix
70% Biotite - subhedral
10% Anthophyllite - euhedral, medium grained
5% Opaques
15% Tremolite - euhedral
Clinozoisite
Apatite
Feldspar - (biaxial (-ve)
Texture

A siltstone pebble within a fine grained matrix. The siltstone

pebble is penetrated by veinlets containing cuartz and feldspar,

Acicular crystals of anthophyllite grow throughout the rock.

415/605

Hand Specimen

Fine grained biotite schist
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Thin Section

Constituents

95% Biotite - green subhedral, fine grained
5% Feldspar - fine grained
Zircon Tourmaline - Fo concentrated in core?
Texture
Alignment of biotite crystals to give schistose texture.
415/567

Hand Specimen

A soft grey white fine grained mica schist.

Thin Section

Constituents

70% Biotite
2% Opaques
5% OQuartz
5% Chlorite
3% Tourmaline
15% Sericite
Texture
A fine grained schistose rock due to the orientation of the micas.
Clear small tourmaline crystals are very common. Chlorite occurs
as small clusters of subhedral acicular crystals throughout the
rock and quartz occurs throughout the groundmass.
415/568

Hand Specimen

A hard black schistose biotite rich rock.
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Thin Section

Constituents

50% Biotite
10% Scapolite
30% Feldspar
10% Quartz
Texture
Alignment of biotite grains gives a rough schistosity. Euhedral
grains of actinolite and scapolite in a biotite feldspar rock.
415/569

Hand Specimen

A dense light grey weathering rock. Very fine grained, pink coloured
(due to K.feldspar) on fresh surface and penetrated by feldspar
veinlets.

Thin Section

Constituents

60% Feldspar
25% Quartz
10% Biotite
5% Opaques
Texture
A fine grained holbcrystalline aggregate of anhedral feldspar and
quartz. Biotite occur in long thin streaks within the rock and in

veinlets cutting across the rock,

415/571

Hand Specimen

Dark grey weathering fine grained micaceous rock.
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Thin Section

Constituents

30% Feldspar
20% Quartz
35% Biotite
5% Opagues
Texture
Equigranular holocrystalline rock made up of anhedral quartz, feld-
spar and biotite. The feldspar is untwinned. DBiotite occurs in
streaks due to flow banding.
415/572

Hand Specimen

Green black fine grained hiotite schist.

Thin Section

Constituents

35% Feldspar
20% Quartz .
30% Biotite
15% Chlorite
Texture

Fine grained anhedral aggregate of crystalline quartz feldspar and
biotité. Larger crystals of euhedral chlorite associated with
biotite occur.

415/576

Hand Specimen

Dark grey fine grained quartz and biotite rich rock.
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Thin Section

Constituents

50% Quartz
20% Feldspar
20% Bilotite
7% Opaques
Texture
Matrix is a fine grained aggregate of anhedral feldspar cquartz and
biotite, Opagues and more coarse grained biotites are concentrated
in elongate strips. The rock is very uneven grained with coarser
grained gquartz occurring occasionally within the matrix but usually
aggregated in broad elongate.
415/591

Hand Specimen

Fine black biotite schist.
Thin Section

Conctituents

Matrix

95% Biotite
3% Opaques
2% Tovrialine

minor Apatite
Vein

50% Quartz
5% Feldspar
Texture
Crude alignment of hiotite grains give a schistose texture. Anhedral

quartz and Feldspar grains £ill a vein in which the feldsgpars are
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much coarszer grained,
A15/¥2

Hand Specimen

Very fine grained green weathering micaceous schistose rock.

Thin Section

Congtituents

15% Opaques
50% Chlorite
25% Sericite
10% Quartz
Texture

Fine grained aggregate of anhedral and acicular chlorite quartz
and sericite. Coarser grained acicular chlorite and opaques exist
in a vein.

415/Y5

Hand Specimen

Fine grained grey green weathering rock.

Thin Section

Constituents

58% Chlorite
30% Quartz
10% Opaques
2% Tourmaline
minor Malachite
Texture

Holocrystalline aggregate of anhedral chlorite and quartz,



415/702

Hand Specimen

Schistose green micaceous rock.

Thin Section

Constituents

55% Chlorite
5% Opaques
20% Feldsparxr
minor Zircon
15% Biotite

Texture

A holocrystalline schistose fine grained rock due to alignment of
chlorites and biotites. Feldspar is disseminated within the rock
and in bands parallel to the cleavage.

tion of feldspars which could be an amygdule,

415/¥1

Hand Specimen

Fine grained grey-black micaceous schist.

Thin Section

Consgtituents

25% Chlorite
30% Biotite
15% Feldspar
3% Opaques
7% Quartz
20% Tremolite

Texture

(.5 mm. diameter).

The schistosity bends around the “amygdule".

A.34

There is one ovoid aggrega-



415/520

Hand Specimen

Light grey weathering fine grained lava.

Thin Section

Constituents

20% Biotite
20% Quartz
35% Feldspar
12% Opaques
5% Chlorite
Sericite
Limonite
Tourmaline
Texture
Irreqgular shaped quartz infilled amygdules in a matrix of fine
grained anhedral quartz, feldspar and opaques. Sericite
appears to have pseudomorphically replaced a porphyritic
mineral. The matrix is inequigranular due to the random

growth of larger crystals.
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Table 5.} Rocks analysed using X.R.F.

Description

415/44A

415/44B
415/44C

415/44b

415/44E

415/44F

415/602A

415/602B
415/602C
415/602D
415/512a
415/545
415/568

415/609
415/703
415/Y15
415/22B

415/25
415/WA8
415/WAl8
415/¥YR
415/531
415/561
415/537
415/555
415/529
415/540

Massive grey amygdular lava twenty percent guartz-feldspar
infilled amygdules.

Similar to 44A.

Maszsive lava. 80% fine grained laths of feldspar in a biotite
opague matrix.

Massive lava similar to 44C.

Massive lava similar to 44C.

Massive lava with 20% of magnetite infilled amygdules.

Massive lava. ILaths of X feldspar in a biotite and opaque
matrix.

Massive lava containing up to 25% opaques and 30% biotite.
Massive lava 30% quartz-feldspar amygdules in a feldspar matrix.
Massive lava - 40% blotite. -
Biotite schist.

Biotite schist -~ slightly scapolitized.

Biotite schist - 50% green biotite 40% quartz and feldspar

5% actinolite.

Biotite schist.

Chlorite schist.

Chlorite biotite rock.

50% euhedral scapolite crystals in a fine grained biotite rich
matrix.

Massive scapolitic biotite rock.

Actinolite marble from the vicinity of the Pinnacles Mine.
Ferruginized actinolite maxble from the Pinnhacle Mine aréa.
Actinolite marble from the Yudhamutana Mine.

Actinolite marble.

Actinelite marble.

Actinolite marble.

S8lightly actinolitic 5% marble.

Slightly actinolitic marble.

Slightly actinolitic marble.



A Table 5.2 Chemical Composition of Wooltana Volcanics

415/447 415/44B 415/44C 415/44D 415/44E 415/44F 415/602A 415/602B 415/602C 415/602D

‘£i0 62.06 49,27 46.31 48.68 £2.19 52.02 47.14 52.05 51.05 46.48

2
Ti02 1.06 i.16 1.30 1.37 2.33 1.39 1.19 0.98 1.52 1.38
A1203 13.23 11.30 14.47 18.06 le.69 2.63 14.09 i5.02 12.93 15.16
Fe203 10.88 27.54 25.93 17.45 8.52 29.16 19.26 15.15 20.22 -16.65
MnC 0.0 0.01 0.01 0.0 0.02 0.02 0.03 ¢.0 0.03 0.03
MaC 0.2 0.54 1.22 1.05 1.96 l.48 5.68 1.82 3.15 4.74
Cac 0.03 0.03 0.05 0.08 0.37 0.06 0.13 0.10 0.12 0.08
Naio 0.21 0.22 | 0.35 0.33 0.48 G.20 0.27 0.26 0.26 0.33
ch ©1l.82 9.84 11.33 10.84 12.76 7.48 10.53 10.69 9.75 iz.32
PZOS 0.0° 0.14 0.21 0.17 0.40 0.12 0.23 0.15 0.20 0.15
Loss 0.8% 0.18 2.21 1.39 1.43 0.86 5.11 3.00 2.07 5.04

Total 101.45 100.24 103.39 99.40 97.14 102.42 102.66 99.20 100.30 102.36

&=
Hzo 0.52 0.69 0.87 1.07 0.81 1.11 1.57 1.36 1.34 1.79




mahle 5.2 Chemical Composition of Weoltana Volecanics

s
415/545 415/228 4315/25 415/563 4157602 . 415/512° 415/703 415/Y15
SiO2 47.41 48,44 47.28 50.03 43.95 63.63 40.60 31.75
‘I‘iO2 1.45 0.67 1.39 0.77 1.27 0.84 1.38 2.48
A1203 14.44 14.60 12.10 15.42 13.26 10.15 12.16 16.56
Fe, 04 16.07 17.69 20.79 18.50 20.31 13.27 22.76 20.91
MnG 0.07 0.08 0.04 0.08 0.04 0.02 0.06 0.0
FMgO 6.50 4.98 9.85 3.92 8.41 3.82 10.62 13.21
Ca0 2.49 0.12 0.18 0.20 0.25 0.17 0.21 0.08
Nazo 1.66 0.97 .89 0.16 0.17 0.12 0.68 0.22
Kzo 4.74 10.05 7.05 10.22 5.¢3 5.22 l.88 0.17
P205 0.23 0.26 0.35 0.28 0.24 0.19 0.22 0.31
Loss 4.82 6.75 2.61 2.25 3.64 4.04 B.32 13.57
Total 99.87 104.62 102.52 101.81 102.48 101.46 100C.89 89,25
H 0+ 1.74 1.91 1.83 1.82 2.53 1.54 5.95 10.49




Table 5.4 Chemical Composition of Wywyana Formation (assuming 1% Na)

-

-

el

-

415/WA8 415/WAl18 415/531 415/561 415/537 415/Y13

415/512 415/555 415/529  415/540
Si02 32.60 3.0 55.60 64.48 31.41 68,07 53.05 3.52°  2.%82". 0.77 .
Ti02 0.23 0.03 0.25 0.23 0.0 0.38 0.54 0.0 0.0 9.09
A1203 4,45 0.60 5.63 5.28 0.78 5.54 13.52 0.25 0.44 0.27
Fe203 39.43 51.46 5.54 7.88 6.44 15.44 11.01 5.02 18.14 5.52
MnO 0.09 0.09 0.11 0.1l6 0.39 0.01 0.06 0.86 1.24 i.11
MgO 13.15 8.62 9.83 9.52 11.90 4.16 11.85 20.25 17.29 14.87
Cal 5.54 5.75 13.72 8.78 4.18 0.26 0.81 8.30 4.12 3.93
Na.,0 1.0 1.00 1.0 1.0 1.0 1.0 0.5 1.0 1.0 1.0
K20 2.47 0.13 4.37 1.66 0.05 1.29 7.34 0.05 0.04 0.06
9205 0.28 0.09 0.16 0.20 0.11 0.14 0.30 0.14 0.15 0.15
Loss 1.54 3.25 6.29 5.50 19.64 3.46 5.18 46,25 39.68 46.71
Total  100.75 101.02 102.52 104.69 100.74 104.16 85.62 85.01 87.47

75.88




TABTE 5.5 AVERAGTS

el

PCNR TIIE VYTTLNA TOMATICNW

bl

Siichtly Actino-
litic Limastone .
(average of 4

- &halyses)

Actinolite Marble
nezr the Pinnacles
and Yvinamutana

_Mines (3 anaivses)

Actinolite Marble
hverage in country

rock (2 znalrses)

g0
Cao-

Na
20

5C.348
4.309
23.944

9.058

< 8.651
0.424
7.006

15.878

60.035




Table 7.1 Repeat AAS analyses

Cu Pb 7Zn Fe Mn
415/545 6.52 1.62 6.00 36,000
6.20 1.12 4,96 28,000
415/81 6.95 .274 13.58 76,000
| 5.88 ' .220 13.87 28,000
415/Y5 6450 ' 2.741 12.6 14,500 4100
6330 2.2 13.9 22,000 4800
415/Y9 2150 . 966 8.2 65,000 49
2550 1.1 7.5 80,000 64

r Table 7.3 Repeat Na Analyses and Standaxds

415/513 1.17%
.97%
BHN

Table 7.4 Repeat H,O+ Analyses
=

415/¢15  10.61 415/602  1.58
10.37 1.56
415/228B 2.03 415/602B  1.35
1.79 1.37
415/44A 0.54 415/703  6.02
_ 0.51 5.88
415/44C 0.81
0.93
415/545 1.58

1.90



Table 7.2 Standards for XRF analyses

SiOé BR DTS-1 G.R.1 Gi E AGV.1 PCC.1 BCR.1 GSP.1
Fe O, 0.018 11.842 9.429 4.351 2.493 7.321 9.168 312.335 4,707
¥nO 0.0 0.146 0.140 0.051 0.002 0.186 0.086 0.135 0.043
'Iio2 0.001 2.143 0.003 0.657 0.390 1.065 0.0 1.883 0.663
Cao 0.007 13.832 0.142 2.50 1.719 5.192 1.988 6.122 0.605
KZO 0.035 1.308 0.078 4,562 4,066 3.055 0.053 1.603 5.728
P2OE 0.052 1.04 0.002 0.280 0.180 0.447 0.055 0.431 0.344
SiO: 100.009 39.242 40.195 67.115 69.211 60.448 44.029 54.828 67.282
A12C3 0.065 8.473 0.369 14.605 15.510 17.504 0.785 13.377 15.323
¥go 0.170 14.626 47.736 2.752 0.801 1.980 43,006 2.933 1.434
Razo 0.0 3.050 0.01 3.800 4.070 4.760 0.010 3.270 2.800
Loss 0.15

Total 100.351 96.505 98.163 100.692 98.482 101.958 99.173 96.917 98.932




APPENDIX VI
Atomic Absorption Spectrophotometry Results

Table 7.5 Geochemical Data : Pinnacles Mine Traverse

Sample i:i;;::? Geology Cu(ppm) Pb(ppm) Za(ppm)Fe(ppm) Mn({ppm)
: 415/wWA21 0.0 Slightly actinolitic marble 240.0 1.20 6.9 39600 3400
© 415 /WA20 5.0 624.,0 1.5 8.2 24750 5400
: 415/WAl19 10.0 Ferruginized actinolitic 411.0 1.2 7.6 150000 37
¢ 415/WAl8 15.0 rock. Sheaths of actinolite 179.0 0.6 10.4 220000 48
415/wal7? 17.0 in an iron matrix 41.4 1.3 4.6 160000 36
© 415/walé  18.0 Metasomatized 26.0 0.7 4.2 32450 116
415/wWAlS 18.33 siltstone 980.0 0.9 6.6 36550 217
415/WAl4  18.66 265.0 0.5 6.9 31600 139
415/WA13 19.0 Actinolite, biotite xrock 100.3 1.2 4.9 23750 149
415/wa12 19.17 . 10.2 n.5 3.7 16650 88
415/wAall 19.34 Sil%iified actinolite 16.4 n.5 2.4 6300 75
415/WAl 19.50 marble 10.7 1.1 1.3 6400 62
415/wa2  19.67 13.6 0.4 0.5 7000 65
415/wa3 19.84 Actinolite, biotite rock 54.9 0.4 1.7 850 111
415/wWnd 20.0 Biotite Scapclite Hornfels 6.8 0.9 5.0 950 133
417/Wn5 20.33 Actinolite, biotite rock 1.5 0.2 1.7 5300 77
© 415/wa6 20.66 Euhedral magnetite, calcite 3.9 0.4 7.0 23250 144
415 /wa7 21.0 and K.feldspar occur in 10.1 0.7 4.6 22650 357
© 415/WA8 22.0 veinlets, tension gashes and 8.6 1.4 6.5 150000 140
© 415/WAS 24.0 scattered throughout the rock 8.1 1.4 6.8 122350 215
415/WAl0 27.0 21.8 1.4 7.2 150000 130




Table 7.6 Geochemical Data : Yudnamutana Mine Traverse

Sample i::i;i:? Geology Cu Pb Zn Fe Mn
415/15 0.0 Wooltana 5280 1.00 11.9 43100 4l
415/14 2.0 Volcanics 6970 1.3 5.8 55400 39
415/1 4.0 Chloritic 5560 0.90 1.4 30500 31
415/2 6.0 Schists 3450 0.80 2.2 50000 24
415/Y3 8.0 2100 0.70 1.0 34300 29
415/Y4 10.0 3450 0.80 6.8 40400 43
£15/Y5 12.0 6450 1.0 8.2 65000 49
415/Y6 14.0 3650 1.2 5.7 51900 39
415/¥7 16.0 Wywvana 2200 0.9 11.2 30700 80
415/¥8 18.0 Formation 1950 0.4 1.2 2200 278
415/¥9 20.0 2150 0.7 4.7 32300 223
415/%¥12 24.0 Actinolite 350 0.3 7.0 6800 58

415/Y13 26.0 markle 1025 0.7 3.1 43100 35




Table 7.7 Geochemical Data : Quartz Vein Traverse

Position

Sample (metres) Geclogy Cu b Zn Fe Mn
415/593 0.0 Wooltana 620 1.3 8.5 113000 76
415/592 2.0 1150 1.3 15.3 85700 101
415/591 2.66 ?@%;%ggggén 140 1.1 15.4 12900 28
415/590 2.83 1720 0.9 16.7 80700 83
415/589 3.0 Volcanics 910 0.8 16.1 65600 218
415/588 3.17 260 0.9 13.5 68900
415/587 3.33 540 0.9 12.7 79800 149
- 415/586 3.50 1990 0.4 4.6 47500 79
415/585 3.67 13760 0.2 4.6 4200 23
415577 s.0a  MigsEsiizeg 1640 1.4 13.6 - 77300 257
415/578 4.0 580 0.9 22.3 85100 80
415/579 4.17 Biotite 660 0.1 17.2 69400 120
415/580 4.34 schists 510 1.1 10.7 92000 135
415/581 4.50 510 1.4 7.7 4800 178
415/582 6.0 420 1.4 . 7.5 3500 179
415/583 8.0 260 1.3 8.6 3400 178

415/584 8.33 Quartz vein 10.0 0.3 1.7 3200 18
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Recent Alluvium

Tapley Hill Formation:
Yankaninna Siltstone Memb:
Base marked by a grey weather-
ing silty limestone. A sequ-
ence of blue wedthering silt-
stones. Lower Member: Grey.
weathering siltstones with
limestone interbeds.

Balla Ballana Formation:
Massive green weathering sub-
greywacke tillite, quartzites
green weathering and blue
weathering siltstones.
Skillogallee Dolomite: Upper
Member: Fine to medium-
grained well bedded,silicifie:
calc-silicate rocks, and miro:
siltstones, tremolitic marble:
and chert bands. Lower Membe
Well bedded fine grained lami
nated siltstone, quartzites,
dolomites and cherts.

Wortupa Quartzite: Heavy mine
ral laminated and ripple-
marked feldspathic Ouartzite
A polymictic conglomerate
occurs near the top of the
sequence.

Opaminda Formation: Dark
weathering siltstone, Actino-
lite marble.

Blue Mine Conglomerate: Heavy
mineral laminated conglomerat
Humanity Seat Formatio
Brown weathering heavy minera
laminated sandstones.

Wooltana Volcanics: Massive
grey weathering amygdaloidal
lavas, rhyolites biotite and
chlorite schists.

Wywyana Formation: Actinolite
marble and slightly actino-
litic recrystallized limestone
Interbeds of siltstones and
contains siliceous and ferru-
ginous replacement bodies.
Paralana Quartzite: Quartzite
feldspathic quartzites, mica-

ceous and actino-

litic biotite schist.

Freeling Heights Quartzite:
Light grey green weathering
well bedded medium to fine
grained sericitic quartzites.
Mount Neill Granite Porphyry
Massive pink weathering por-
phyry consisting of ovoids of

quartz and feldspar in a micr
rystaliine matr
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