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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 Fonnation 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 subsequent enrichment of disseminated 

metasomatic copper, possibly augmented by disseminated copper from 

the Wooltana Volcanics. 





























13. 

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 a:c,d S. 3 and short descriptions of 

given in Table 5.1. 

A. The nature of the Amygaloidal lavas

their character are 

,\ \,1 I:\<)
( 

Analyses (Table 5. ) show that the massive amygdaloidal lavas, 

classified as trachytes on the basis of their mineralogy do not 

correspond to the chemical composition of any common igneous rocks, 

in spite of their obviously 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 

alka!i-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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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. Statistical Analysis of Element Abundances

24. 

In order to make statistically valid analyses of elemental 

abundances possible, results from the three sections were pooled 

together for the two formations. Normal frequency, log frequency 

and log cumulative frequency curves were drawn for the two fonnations 

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 through the rock 

mass, and strong segregation of elements varying in sizes from 

mineable 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, Fe and Mn have positively skewed normal 

distributions which are a close approximation to log normal frequency 

distributions in the case of Cu and Fe. Mn however still remains 

negatively skewed when plotted as a log normal distribution indica­

ting a high frequency of larger values, 

The same plots for element abundances froAf 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 anomalousiy 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 soiutions, 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 











Table 6. 5 Correlation Coefficients from Yndnamutar.2. Nine Tr2.ver:1e 

Cu 

Pb 

Zn 

Fe 

!l!n 

Cu 

1 

-- ---- ·---·

Pb 

.386 
(>10%) 

1 

Zn 

• 213
(>10%) 

.240 
(>10%) 

1 

Fe Mn 

.460 .200 

(5-10%) (>10%) 

.309 .107 
(>10%) (>10%) 

.218 .531 
(> 10,,) (2-%) 

1 .287 
(>10%) 

1 

1.I.D .. Th-s significo.!lce of coefficients are given in brackets as the 
: percent likelihood that these coefficients mny have resulted 
fr0;.n an unco:::relatab�_e population. 

?.J.bJ.c 6. 6 

Cu 

Pb 

Zn 

Fe 

!ln

c.1�-�'.."eJ.0.tion Coefficients fro:n Pinnacles Mine Trave�·�cn

Cu 

1 

- ·--- --•··- ---

Pb 

.304 

(>10%) 

1 

Zn 

-.435 
(<5%) 

.465 
(<5%) 

1 

Fe Mn 

-.138 .435 
(>10%) (<5%) 

.645 .51\1 
(<1%) (<1'•) 

.619 .251 
(<1%) (> 10,,) 

1 .164 
(> 10%) 

1 



Table 6.7 Correlation Coefficients from the Quartz Vein Traverse 

Cu Pb Zn Fe Mn 

Cu l -.338 -. 306 -.467 -.107 
(>10%) (>10%) (2-5%) (>10%) 

Pb l • 298 .562 -.014 
(>10%) (1-2%) (>10%) 

Zn 1 .269 .095 
(>10%) (>10%) 

Fe l .041
(>10%)

Mn l























A.Ja

B. Wywyana Formation

This formation is a metamorphosed carbonate sequence consisting 

essentially of three distinct rock types. The first of these is a 

very altered actinolitic rock consisting of coarse grained crystals 

(2 ems.) of actinolite within a fine grained nark brown earthy matrix. 

The density of actinolite crystals growing in this rock varies between 

30% and 70%. The matrix is composed mainly of siderite with a little 

calcite and is very iron stained. This is interpreted as being a fer­

ruginized equivalent of the actinolite marbles that make up the major 

part of the sequence. 

Forming areas of higher relief is a slightly actinolitic marble, 

brown weathering and grey white on fresh surface. Fine to coarse 

grained actinolite crystals grow within the recrystallized carbonates, 

characteristically in radiating clusters,. with their long axes parallel 

to the bedding plane. In places thin discontinuous bands of cherty iron 

material are present parallel to the bedding. This unit has undergone 

replacement by iron and silica in many parts of the area, and these 

replacement bodies form elongate areas of distinct outcrop parallel to 

the bedding, anything up to 100 metres in length. Thin interbeds of 

shales and laminated calcareous siltstone which are often scapolitized, 

are interbedded within the marble. In the vicinity of the Pinnacles 

Mine a siltstone interbed is locally converted to a quartz•·tremolite­

biotite hornfels (H.S415/ciA15) .Interbeds of fine grained equi-granular 

biotite rocks appear in place of the. siltstones in many places. These 

biotite rocks are often scapolitized or tremolitic and probably represent 

altered equivalents of a more argillaceous facies of the siltstones. 













































amygdule. The matrix consists of feldspar laths displaying 

trachytic texture. 

415/44C 

Hand Sper.imen 

Fine grained grey-white rock 

Thin Section 

80% Feldspar -· subhedral, inclusions of sericite 

10% Opaques - subhedral 

10% Biotite 

Texture 

A.20

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% Opaques 

5% Schorl - subhedral and euhedral ore twinned 

Texture 

Fine grained holocrystalline rock consisting of fine grained feld­

spars aligned in a sub-parallel. manner, and opaques in a fine grained 

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

Tourmalines are associated with biotite. 
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5G.3°18 

4.309 
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6.80S 
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0.00 

0.138 
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Table 7.2 Standards for XRF analyses 

SiO 2
BR DTS-1 G.R.1 G·2 AGV.1 PCC.1 BCR.1 GSP.1 

Ee2o3 0.018 11.842 9.429 4.351 2.493 7.321 9.168 12.335 4. 707

!mO 0.0 0.146 0.140 0.051 0.002 0.186 0.086 0.135 0.043 

�i02 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 

K20 0.035 1.308 0.078 4.562 4.066 3.055 0.053 1.603 5.728 

P2o� 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 

Al2C3 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 

Na 0 0.0 3.050 0.01 3.800 4.070 4.760 0.010 3.270 2.800 

Loss 0.15 

'Iotal 100.351 96.505 98.163 100.692 98.482 101.958 99.173 96.917 98.932 



APPENDIX VI 

Atomic Absorption SpectroEhotomet:!;X Results 

Table 7.5 Geochemical Data : Pinnacles Mine Traverse

Sample 
Position 
(metres) 

Geology Cu(ppm) Pb(ppm) Zn (ppm) Fe (ppm) l'..n (ppm) 

· 415/WA21 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/WAl.9 10.0 Ferruginized actinolitic 411.0 1.2 7.6 150000 37 
415/WA18 15.0 rock. Sheaths of actinolite 179.0 0.6 10.4 220000 48 
415/WA17 

.. 

17 .0 in an iron matrix 41.4 1.3 4.6 160000 36 
415/WA16 18.0 Metasomatized 26.0 0.7 4.2 32450 116 
41�/WAlS 18.33 siltstone 980.0 0.9 6.6 36550 217 
415/WA14 18.66 265.0 0.5 6.9 31600 139 
415/WA13 19.0 Actinolite, biotite rock 100.3 1.2 4.9 23750 149 
415/WA12 19.17 10.2 '). 5 3.7 16650 88 
415/WAll 19.34 Sig1

ified actinolite 16.4 '). 5 2.4 6300 75 
415/WAl 19.50 mar e 10.7 1.1 1.3 6400 62 
415/WA2 19.67 13.6 0.4 0.6 7000 65 
415/WA3 19.84 Actinolite, biotite rock 54.9 0.4 1.7 850 111 

415/WA4 20.0 Biotite Scapolite Hornfels 6.8 0.9 5.0 950 133 
41 �/WA5 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.l 0.7 4.6 22650 357 
415/WA8 22.0 veinlets, tension gashes and 8.6 1.4 6.5 150000 140 

. 415/WA9 24.0 scattered throughout the rock 8.1 1.4 6.8 122350 215 
415/WAlO 27.0 21.8 1.4 7.2 150000 130 



Table 7.6 Geochemical Data Yudnamutana Mine Traverse 

sample 
Position 

Geology 
(metres) 

Cu Pb zn Fe Mn 

415/15 o.o Wooltana 5280 1.00 11.9 43100 41 

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 

415/YS 12.0 6450 1.0 8.2 65000 49 

415/Y6 14.0 3650 1.2 5.7 51900 39 

415/Y7 16.0 Wywyana 2200 0.9 11.2 30700 80 

415/Y8 18.0 Formation 1950 0.4 1.2 2200 278 

415/Y9 20.0 2150 0.7 4.7 32300 223 

415/Yl2 24.0 Actinolite 350 0.3 7.0 6800 58 

415/Yl3 26.0 marble 1025 0.7 3.1 43100 35 
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