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1. 

ABSTRACT • 

The Heemskirk Granite intruded Precambrian and Cambrian rocks in 

western Tasmania in the Devonian. It congists of red and white 

granite types with the texture in both granite types ranging from 

porphyritic to equigranular. The white granite underlies and intrudes 

into the red types. The two types are similar mineralogically and 

chemically and, apart from the colour difference, the white has more 

miarolitic cavities, more alteration and a higher tourmaline content 

than the red granite. The red granite consists of shallow-dipping 

layers, each of which intruded and chilled against an upper pre-

existing layer. The layering in the white granite is only localised 

and the grainsize gradually increases away from the contact with the 

red granite. The combined thickness of the red layers is about 300m 

while the white granite is at least 500m thick. 

It is postulated that the Heemskirk Granite grew by intrusion of 

sheets into space formed by subsidence within a cauldron-type 

structure. 

The granite mainly consists of quartz, feldspar and biotite. 

Hornblende is only present locally in porphyritic red granite. It is 

pervasively altered with at least three generations of albite and 

biotite and two generations of quartz and chlorite. Biotite 

compositional differences between the two granite types may result 

from reequilibration of biotite to lower temperatures in the white 

granite. 

Both the red and white granites are dominantly peraluminous and 

exhibit LREE enrichment and HREE depletion with .a negative Eu anomaly. 

Zircon. monazite and apatite are the major mineral phases controlling 

REE concentrations. The i 180 values of the red and white granites are 

O0  • similar and range from 4- 9.8 0 /  to -'10.8 ° / oo . However. initial '  

87 Sr/ 86Sr isotopes are different ( 87 Sr/ 86Sr red. granite - 0.7197, 

87 Sr/ 86Sr white granite = 0.7408. Brooks. 1965). It is suggested that 



the difference is due to feldspar alteration during hydrothermal 

activity. 

The 	fD values of biotite in both granite types have been 

lowered by reaction with fluid(s) depleted in ID; however. the water/ 

rock ratios were not sufficiently high to affect the 1 180 values. 

Fractures in the red granite are in part cooling joints, but in the 

southern part of the granite many probably resulted from vapour loss 

during exsolution of a vapour following the emplacement and 

crystallisation of the white granite. The mechanical energy released 

at this time was sufficiently high to form breccias locally. The red 

granite was saturated with aqueous fluid which remained largely in 

situ. However, the white granite exsolved a fluid that was 

transported via fractures through the red granite and locally into 

country rocks. 

Mineralogical, stable isotope and fluid inclusion data assist in 

establishing the origin of mineralisation in the Heemskirk Granite. 

Two types of mineralisation are present in the southern part of the 

Heemskirk Granite, namely cassiterite+tourmaline ,-quartz mineralisation 

in the Federation Plateau area and polymetallic mineralisation in 

Sweeney's and Globe mines located near the southern margin of the 

granite. The former type was probably related to magmatic fluid 

evolved during the emplacement and crystallisation of the white 

granite. The latter formed largely from circulation of ground water 

through country rocks and the red granite. 

In the Federation type. greisen dykes (quartz±tourmaline+topaz± 

muscovite) were formed as a result of alteration of pre-existing 

granitic dykes by magmatic fluids in the temperature range of 550° to 

300 ° C (Th data). Fluid inclusions suggest that H 2 0. CO 2 . NaCl and KCl 

are the main components of the fluids which underwent complex phase 

separation during mineral precipitation. 



The é 180 and ID values of later - quartz+sericitetpyrite and clay 

(illite)i-quartz±pyrite in the Federation workings indicate involvement 

of secondary (meteoric) water. The 34 S values suggest the involvement 

of sedimentary sulphur in the formation of late sulphides in the 

Federation workings. The latest stages of mineralisation in the 

Federation workings are marked by the presence of hematite+magnetite+ 

siderite. 

Polymetallic mineralisation is associated with extensive tourmal-

inisation (quartz+tourmaline±pyrite, Globe mine) or sericitisation 

(quartz+sericite±pyrite. Sweeney's mine). An increase in fS 2  and/or 

decrease in temperature is indicated during mineralisation as the 

mineralogy changes from quartz-sericite±pyrite or quartztourmaline± 

pyrite to sulphide-dominant assemblages. The occurrence of fine-

grained cassiterite in the quartz+sericite±pyrite assemblage may have 

resulted from the release of tin from biotite during alteration. A 

decrease in temperature and/or pH and increase in P co  is indicated 
9 

by the formation of siderite+cassiterite in the later stage of 

mineralisation in Sweeney's mine. The £34S values of sulphides in the 

Globe and Sweeney's mines indicate the involvement of sulphur from the 

Precambrian host rocks. The high negative 1 13C values and the 1 180 

values of siderite are consistent with a fluid equilibrating with the 

Precambrian host rocks. Fluid inclusions in siderite and fluorite 

suggest this fluid was at a temperature between 110 to 270 ° C and of 

low salinity (0-12 eq.wt ° /oo  NaC1). 

Sericitisation of granite resulted in an increase in Fe and Si 

and a decrease in Na, Ca, Mg and K; Ti, Al and REE remain immobile. 

The formation of a clay assemblage (illite+quartz±pyrite) resulted in 

an increase in Al and Fe and decrease in Si, Na and Ca. The REE 

patterns in these rocks are characterised by LREE enrichment and HREE 

depletion relative to unaltered rocks. Both sericite+quartz±pyrite and 

quartz+illite±pyrite assemblages are characterised by the enrichment 

of Rb, Ga and Sn and depletion of Sr and Ba. 
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CHAPTER 1 

INTRODUCTION 

1.1 Location, Topography, Access 

The Heemskirk Granite is situated west of Zeehan in western 

Tasmania (Figure 1.1). The main topographic units in the granite are 

the western coastal plain and the Heemskirk Range to the east. The 

Heemskirk Range is about 8km long and extends from Mt Heemskirk (750m) 

in the north to Mt Agnew. (840m) in the south (Figure 2.1). The 

coastal plain is about 3.5km wide with moderate relief, ranging 

between the 100m contour at the top of the granite cliff along the 

coast and the 200m contour at the base of the Heemskirk Range. The 

vegetation within this area is mainly button grass on the plains and 

rain forest in the sheltered valleys. The best outcrops occur along 

the coast and on the steep slopes of the Heemskirk Range. 

Access to Trial Harbour, which lies at the southwestern margin of 

the Heemskirk Granite, is either via a gravel road from Zeehan or by a 

narrow road from Granville Harbour. The latter is in poor condition 

and access is possible only during summer with a four wheel drive 

vehicle. There are some bulldozed tracks to the major mineralised 

areas such as Sweeney's, Globe and Federation mine areas, but they are 

in poor condition. 

Renison Limited provided helicopter transport for the author 

during the summer seasons of 1981-1982, as part of their tin 

exploration within the Heemskirk Granite. 
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Figure 1.1: 	Map of Tasmania (excluding the islands) showing the 
location of Heemskirk Granite. Hachured area is shown in 
Figure 1.2. 



i.2 Regional Geology  

The geology of western Tasmania has been reviewed recently in 

detail by Williams and Turner (1974). Williams et al. (1976), Solomon 

et al. (1976), Corbett and Brown (1976). and Williams (1978), from 

which a brief outline is presented here. 

The central and southern elevated parts of Tasmania are underlain 

by a Precambrian block termed the Tynnan Geanticline (Figure 1.2). 

Another Precambrian block occurs in the northwest of Tasmania and is 

called the Rocky Cape Geanticline. These two blocks form the eastern 

and western margins of a relatively narrow basin, the Dundas Trough 

(Figure 1.2) which was the site of sedimentation from the Cambrian to 

the lower Devonian, the final stages probably extending over most of 

western Tasmania. 

Deposition was terminated in the early Devonian by the 

Tabberabberan Orogeny which was accompanied by the emplacement of high 

level granitoid plutons (Solomon et al., 1976). 	These range in age 

from 345 to 375 m.y. (Brooks, 1966) and include the Housetop, 	Tor, 

Meredith, Pine Hill, Pieman Heads, Heemskirk and other granites 

(Figure 1.2). 

According to Klominsky and Groves (1970), the similarities in 

petrography and chemistry between the Heemskirk, Meredith and Pieman 

Heads granites suggest they are continuous at depth. The Heemskirk 

3. 
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Granite is a semi-circular stock which intrudes Precambrian, Cambrian 

and possibly Silurian rocks. 

The country rocks adjacent to the granite were studied by 

Waterhouse (1916), Blisset (1962), and Green (1966). Precambrian 

rocks constitute about 909 of the country rocks. They consist mainly 

of quartzite, micaceous quartzite, siltstone and shale (Oonah 

Formation) which in some places have undergone alteration to siliceous 

and tourmalinised slates. Andalusite hornfels has been reported also 

by Green (1966). The Cambrian volcanics at the southern and south-

eastern margins of the granite show more dramatic changes with the 

formation of the following assemblages : 

(a) Calcium and ferromagnesian-rich (hypersthene-laboradorite: 

tremolite-biotite: diopside-hornblende-biotite; tremolite-

biotite). 

(b) Magnesian-rich (hypersthene-cordierite-plagioclase-biotite; 

diopside-hornblende-plagioclase; cordierite-anthophyllite-

biotite). 

(c) Others (garnet-plagioclase-biotite; diopside-actinolite; garnet- 

chlorite-epidote). 	These assemblages represent the hornfels 

facies of contact metamorphism. 

The Heemskirk Granite also intrudes Silurian Crotty quartzite and 

the Amber Slate Formation (Green, 1966). 
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1.3 History of Mining of the Heemskirk Granite 

Alluvial tin was first discovered in 1876 on the western side of 

Mt. Heemskirk by Sprent. Government Surveyor in charge of the west 

coast of Tasmania. This discovery led to the commencement of 

prospecting for alluvial tin in the southern part of the Heemskirk 

Granite and this continued until 1879. During this time, the first 

vein-type cassiterite deposits at Montague were discovered. At about 

the same time the Empress Victoria, Cornwall, Cliffs, and other mines 

started operation (for mine locations see Figure 1.3). Soon after the 

discovery of the deposits, batteries were erected and approximately 

200 miners were employed on the field. The township of Remine at 

Trial Harbour serviced the field. 

A number of factors led to the collapse of mining activity between 

1884 and 1890, including: (a) the erection of at least 15 batteries at 

very high cost before careful geological studies and development of 

the deposits had been made, (b) the apparently irregular occurrence of 

cassiterite which required greater capital for systematic prospecting, 

(c) the inaccessibility of the district at the time of activity, (d) 

the occurrence of pyrite in many of the prospects, making it 

impossible to process the ore, and (e) in a few instances (e.g. Cliffs 

mine) mistaking black tourmaline for cassiterite. 

In 1901, detrital cassiterite was accidently discovered at Mayne's 

farm (later called Mayne's workings) about 4km south of Mt.Agnew. 



1. Persic Mine 
2. Long Iron Blow 
3. Peripatetic Mine 
4. Fisher and Smith Section 
5. Allison's Workings 
6. Old Prince George Mine 
7. No. 4 Adit 
8. 30ft Shaft 
9. No. 3 Adit 
10. No. 1 Adit 
11. No. 2 Level 
12. Yates Level 
13. Tributers Adit 
14. 220ft Level 
15. Black Face 
16. Easter Workings 
17. Munro's Shaft 
18. Air Shaft 
18. Long Edit 
20. Globe Mine 
21. Healey and McIvor's Mine 
22. Wakefield Mine 
23. Montagu Mine 
24. Sweeney's Mine 
25. Montagu Extended Mine 
26. White Face Workings 
27. Woodings Workings 
28. Cornwall Mine 
29. Empress Victoria Mine 
30. Cliff Mine 
31. Mayne's Mine 
32. Whelans Section 
33. St. Dizier 
34. Iron ore in St. Dizier Creek 
35. Spencer Workings 

(These workings mainly consist of adit(s) and/or shaft(s) driven along 
quartz+tourmaline veins and/or greisen dykes and have been described 
by Waterhouse (1916)) 



Cumberland 
lake 

Figure 1.3: Simplified map of the Heemskirk Granite showing locations of old workings. 
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This discovery led to further prospecting but mining was again 

unsuccessful. 

The Federation Tin Mine Limited spent about £80,000 during the 

operation of the Federation workings. Production started in 1928, but 

ended by 1934, mainly due to lack of capital for further mine 

development. 

A few tons of cassiterite were mined from the western Federation 

workings from 1934 to 1942, and from Coleman's workings from 1942 to 

1953. 

The Electrolytic Zinc Co. Limited re-investigated the Federation 

and Sweeney's mines in 1954 and a drilling program was subsequently 

undertaken around Coleman's workings. The tin mineralisation was not 

considered to be economically feasible. 

The Peripatetic mine described by Waller (1902) as containing 

high-grade ore was re-investigated by Texins Development Pty. Limited 

in 1969 and a diamond drilling program indicated minor 

mineralisation. 

In 1977, Renison Limited began systematic detailed investigation 

of the Heemskirk region. This work included detailed soil sampling, a 

diamond drilling program, geological and geophysical studies. Some 

results of these investigations are discussed later. 



1.4 Previous Geological Work 

The Heemskirk Granite and the related tin mineralisation has 

attracted much attention. Thureau (1881, 1882) wrote the initial 

reports on alluvial tin in the Heemskirk Granite and the Federation 

mine and the neighbouring properties were described by Waller in 1902. 

Waller and Hogg (1903), discussed the relationship between tin and 

tourmaline in the Heemskirk Granite, and subdivided the granite into 

normal granite (lacking tourmaline), tourmaline granite and tourmaline 

aplite. Waterhouse (1916) described in detail the geology and 

petrology of the granite which he divided into two phases (white and 

pink). His description of the mineralised area is the most 

comprehensive report published so far. The grades and persistence of 

the lodes in the Federation workings were examined by Hills (1920). 

He found that tin in some deposits extended over a vertical range of 

. at least 500 metres. He estimated the reserves and probable ores at 

around 60,000 and 400,000 tons respectively with 1.2% metallic tin. 

Nye (1929) reported on the Cliffs mine area and emphasised the 

erratic distribution of cassiterite throughout the lodes and the 

necessity of substantial prospecting to locate the parts of the lodes 

containing probable ore. 

The possible occurrence of radiometric minerals was discussed by 

Hughes (1956). Brooks (1966) and Brooks and Compston (1965) carried 

out a study, identifying and dating several granitic phases, and 

recording the highest initial Sr-isotope ratio of any granite up to 

9. 
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that time. The geology of the Trial Harbour area and particularly the 

petrology of the metamorphic aureole around the Heemskirk Granite 

north of the Little Henry River was described by Green (1966a, b) and 

the genesis and mineralisation of the granite was reviewed by Coleman 

in 1968. 

Klominsky (1972), mapped the Heemskirk Granite in detail and 

studied the petrography and geochemistry of the red and white granites 

and the controls over the mineralisation. 

Wells (1978) mapped the mineralised areas within the southern part 

of the Heemskirk Granite at 1:500 scale and briefly discussed the 

alteration and related mineralisation. The geology, mineralisation 

and paragenesis of the Sweeney's mine was described by Plath (1979). 

Collins et al. (1981) included the Heemskirk Granite in a gamma-ray 

spectrometry and magnetic survey of Tasmanian granitoids. Since 1977, 

Renison Limited geologists have been studying the alteration and 

associated tin mineralisation in the southern part of the granite and 

Klominsky's excellent map has been revised slightly by Poltock 

(1982). 

1.5 Present Study 

This project involved some field work followed by petro-

geochemical, fluid inclusion and stable isotope studies of the 

southern part of the Heemskirk Granite and its related mineralisation. 

It investigated the genesis of the Heemskirk Granite and the physico- 



11. 

chemical parameters of the hydrothermal fluids responsible for the 

mineralisation of the southern part of the granite. 

A diamond drilling program by Renison Limited for tin exploration 

produced about 6000 metres of drill core from the southern area and 

this material was made available. 

Seven weeks during the summer of 1981 and 1982 were spent in the 

field for mapping and sample collection. 



CHAPTER 2 

THE GEOLOGY OF THE HEEMSKIRK GRANITE 

2.1 Geology 

The geology of the Heemskirk Granite was studied by Waterhouse in 

1916, and later by Brooks (1965), Green (1966), Coleman (1968), 

Klominsky (1972) and Poltock (1982). 

The Heemskirk Granite is a semi-circular body occupying some 

120km 2 , and is divided into two broad types, the red and the white 

granites (Figure 2.1 and see map 1 in map folder). This division is 

principally based on the presence or absence of pink to red K-feldspar 

and/or pink to red plagioclase. Brooks (1965) further subdivided the 

white granite into the white granite series A (equigranular coarse-

grained), and the white granite series B (porphyritic). The 

distribution of these granites and the locations of Brooks' samples, 

used for f 180 analysis (Chapter 6), are shown in Figure 2.2. 

Brooks 	and Compston (1965) showed that whole rock initial 	. 

87Sr/ 86Sr ratio of the white granite was several times greater than 

any other granite measured previously (series A = 0.7330 and series B 

= 0.7408) and also that the red granite has significantly lower ratios 

(0.7197) than the white granite. 

Klominsky (1972) studied the geology of the granite in detail and 

his field observations have been essentially confirmed by the field 

observations of Poltock (1982) and the author. In these studies each 

granite type (the red and white) has been divided into: (a) the 
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porphyritic, (b) coarse (5mm), 	(c) medium (2-5mm), and (d) fine 

(2mm) grained types. These subtypes are not necessarily separated or 

defined by sharp boundaries and this is especially true for the white 

granite types. 

Inspection of drill core has revealed that the colour division 

alone is not a reliable guide to the granite types. The red granite 

may 'vary from pinkish to white in colour and the white granite in its 

fresh state may show a pinkish colour. This is also observed in field 

outcrops in which separate bodies of the red granite have been located 

within the white granite without chilled margins, grainsize or 

mineralogical variations (Poltock, 1982). 

Klominsky (1972) suggested that the red and white granites occur 

in layers in which the red granites form the upper and earliest parts 

of the pluton. 

The principal geologic features of the red and white granite are 

presented below. 

2.2 Red Granite 

The major minerals of the red granite are K-feldspar, plagioclase, 

quartz 	and biotite. 	The texture varies from equigranular to 

porphyritic. 	The phenocrysts are K-feldspar, quartz and locally, 

hornblende. 	The red granite occupies slightly less than half of the 

intrusion (57km2  of 120km2 ) and crops out,mainly in the east and 
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southeast section of the pluton. 	In the southern part of the 

Heemskirk Granite, the coarse-grained red granite is in direct contact 

with 	fine-grained white granite and is the dominant phase (Figure 

2.1). 	However, on the northern and central part, there are several 

layers of the red granite which vary in grainsize. The grainsize in 

each layer increases downward (i.e. fine- to coarse-grained) and it 

has a sharp contact with the underlying layer (i.e. coarse-grained 

granite has sharp contact with fine-grained granite, Figure 2.3). The 

repetition of layers seen in Figure 2.3 is somewhat speculative as 

some field relationships are not clear. The thickness of the layers 

varies from 20m to 150m (Poltock, 1982), becoming thinner towards the 

west and some layers appear to be discontinuous. 

At Mt. Heemskirk and Mt. Agnew the porphyritic red granite (Figure 

2.1) appears to have gradational contacts with the coarse- to medium-

grained variants. On the coast, north of Trial Harbour, there is a 

grey to white granite phase which appears to be a marginal variation 

of red granite at the contact with the country rocks (Green, 1965). 

The thickness of this zone is up to 40 metres. The granite has 

similar mineralogy to that of the red granite, but the K-feldspar is 

grey. The grainsize decreases gradually towards the contact, however, 

there is no clear chilled margin. No xenoliths were observed by the 

author in this granite. 



   

 

 

Red 	0  coarse-grained 
Granite n medium- to fine-grained 

0 fine-grained 

White 	coarse-grained 
Granite Cl medium- to fine-grained 

fine-grained 
PC 	PrecambrianOonah Quartzite 

Scale: 1/50,000 Horizontal, 1/75,000 vertical 

Figure 2.3: E-W cross section (along line AB, Fig. 2.1), showing the generalised layering 
sequence of the Heemskirk Granite. 



2.3 White _Granite 

The white granite occupies slightly more than half of the surface 

exposure of the Heemskirk Granite (63km 2  of 120km 2 ). It crops out 

mainly on the coastal plain, in the vicinity of the Globe mine, and on 

the southeastern and northern contacts with country rocks (Figure 

2.1). This distribution indicates that the white granite underlies 

the red granite. The contact is visible on the coast north of Trial 

Harbour, where the coarse-grained red granite overlies a zone, about 

30m thick, of red granite with bands rich in biotite. Near the base, 

the bands locally show bending and in one place are cut off at the 

base (Figure 2.4). The banding is more-or-less parallel to the base 

of the red granite which is marked by a quartz vein about 5cm thick 

(Figure 2.4a). This overlies relatively fine-grained white granite 

showing crude layering parallel to the vein, the layering reflecting 

grainsize variations. Beneath about 80cm of this layered granite lies 

coarse-grained white granite with numerous splashes of tourmaline or 

quartz+tourmaline, many of which have vughy centres. The inter-

relationships between white granite types were first described in 

detail by Green (1966) but he failed to locate the actual contact 

between the white and the red granites. 

Fine-grained white granite is found near the contact with the 

coarse-grained red granite (without biotite banding) in southern 

localities (e.g. north of Trial Harbour), but in the northern areas 

there is no noticeable change in grainsize across the contact, which 

is marked only by colour change and the presence of quartz-tourmaline 

nodules. 

18. 



Figure 2.4: Biotite-banded red granite overlies crudely banded, fine-
grained white granite, which overlies coarse-grained 
tourmaline-rich white granite. Note the quartz vein at 
the base of the red granite. Boundaries dip about 30 0  to 
right (-SW) -1.5km north of Trial Harbour. Dashed area 
has been shown in Fig. 2.4a for details. Back pack 
measures 35cm. 

Figure 2.4a: Detail of part of Fig. 2.4. 	Field note book measures 
15cm. 



Figure 2.4: Biotite-banded red granite overlies crudely banded, fine-
grained white granite, which overlies coarse-grained 
tourmaline-rich white granite. Note the quartz vein at 
the base of the red granite. Boundaries dip about 30 0  to 
right (-SW) -1.5km north of Trial Harbour. 	Dashed area 
has been shown in Fig. 2.4a for details. 	Back pack 
measures 35cm. 

Figure 2.4a: Detail of part of Fig. 2.4. 	Field note book measures 
• 	15cm. 
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The 	main 	minerals 	of 	the white granite are K-feldspar, 

plagioclase, quartz and biotite. The porphyritic phase is 

characterised by the presence of K-feldspar and quartz as phenocrysts. 

The equigranular white granite contains black tourmaline as an 

essential mineral. Tourmaline occurs as fine grains replacing earlier 

formed crystals (Figure 3.15) or as nodules in the white granite. 

Quartz-tourmaline nodules occur both in the red and white granite 

(Figures 2.5, 2.6 and 2.7), but in the red granite the concentration 

of quartz-tourmaline nodules decreases rapidly away from the contact, 

while in the white granite, they decrease in number gradually away 

from the contact. Most of these features were also noted by Klominsky 

(1972) and Poltock (1982). Nodules up to 15cm diameter occur thickly 

to the north of the red granite along the coast, beginning about one 

kilometre northwest of Trial Harbour (Figures 2.4, 2.4a) and extending 

up to Granville Harbour towards the central part of the white 

granite. They occur in a gently dipping sheet about 50m thick, 

gradually decreasing in number up towards the red granite and 

downwards into the white granite. 

Grainsize within the bulk of the white granite gradually becomes 

coarser away from the contact with the red granite (Figure 2.1) and 

layering is present only locally (e.g. Figure 2.4a). Approximate 

thicknesses of the fine-, medium- and coarse-grained white granite are 

75m-100m, 75m-100m and >200m respectively (Poltock, 1982). 

The porphyritic variant of the white granite is rare and the few 

outcrops are restricted to the northwest region of the Heemskirk 



Figure 2.5: 	Quartz-tourmaline nodules in the red granite (in the 
vicinity of the contact with the white granite, central 
area). Heemskirk Granite (Location is shown  in  Fig. 2.1). 



Figure 2.6: 	Quartz-tourmaline nodules in the white granite. 
(Location is shown in Fig. 2.1) 

Figure 2.7: Quartz-tourmaline nodules in the white granite. Note the 
near-spherical shape of these quartz-tourmaline nodules, 
Heemskirk Granite (1.5km NW of Trial Harbour). 
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Granite, 	where 	they 	overlie 	the medium- to fine-grained white 

granite (Figure 2.1). 

The white granite is probably sheet-like, but if so, the thickness 

must be at least 0.5km. 

2.4 Minor Rock Types 

Aplites are common in both types of granites. They occur as 

dykes, sills and irregular masses, ranging from a few centimetres to a 

few metres across. The red varieties are less common. Aplite dykes 

extend from the granite into the country rocks (e.g. Oonah Quartzite) 

and their grainsizes and widths decrease away from the contact (e.g. 

500m northeast of Trial Harbour). The grainsize and texture of the 

aplites vary from lmm to 5mm and equigranular to porphyritic (K-

feldspar and quartz as phenocrysts). Pegmatites are not common in the 

Heemskirk Granite and occur as small dykes and segregations up to one 

metre across in both granites. The main components are large crystals 

of quartz and orthoclase up to 3cm in size. There is a close 

association between the pegmatites and the aplites in that the 

pegmatites commonly occur in the centre of the aplitic dykes. 

Pegmatite patches also occur at contacts between the red and the white 

granites. 

Mafic dykes have been described in detail by Green (1966). They 

occur on the coast, one and a half kilometres to the northwest of 

Trial Harbour and vary in width from 0.5 to 1 metre. According to 
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Green (1966), the dykes consist of approximately 34% diopside and 60% 

hedenbergite with minor axinite, sphene and apatite. 

2.5 Primary Joint System 

The primary joint system was studied by Klominsky (1972) and Wells 

(1978). 	There is one set of flat joints and two major sets of 

vertical joints striking NE-SW and NW-SE. 	The NNE and ENE joints 

predominate in the southern part of the granite (Figures 2.8b, 2.8c). 

Other, less common joint directions are NW and EW. The joints in the 

red granite are more widely spaced than joints in the white granite. 

The joints were also the locus of extensive greisenisation and 

quartz+tourmaline veining within the Heemskirk Granite, especially in 

the southern part. The quartz+tourmaline and/or greisen dykes have 

been formed along pre-existing joints. This is shown in Figure 2.8a 

in which there is a distinct correlation between the quartz+tourmaline 

veins and joint directions within the Heemskirk Granite. 

2.6 Faults 

Subsequent to aerial photograph interpretations, Klominsky (1972) 

and Boshier (1978) mapped three major fault systems oriented N-S, NE-

SW and E-W. The first orientation is considered to be a major fault 

system and is found south of Gap Creek and St. Dizier Creek. The 

second system (NE-SW) is located in the northwestern part of the 

Granite and the third fault (E-W) appears to be continuous across the 



Figure 2.8a: Rose diagram showing the strike of the quartz+tourmaline 
veins in the Heemskirk Granite (after Klominsky, 1972). 

Figure 2.8b: Rose diagram showing the joint directions of the white 
granite (data collected mainly from southern part of the 
Heemskirk Granite). 

Figure 2.8c: Rose diagram showing the joint directions of the red 
granite (data collected mainly from southern part of the 
Heemskirk Granite). 
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granite. 	The approximate positions of these faults are shown in 

Figure 2.1. There are also three fault systems in the southern part 

of the Heemskirk Granite. Two are oriented WNW-ESE and the third has 

a NE-SW strike direction (Figure 4.1). 

2.7 Age  

Based on the intrusive relationships, Twelvetrees (1901) and Ward 

(1908) suggested a Devonian age for the Heemskirk Granite. Evernden 

and Richard (1962) recorded an age of 338 m.y. from K-Ar radioactive 

dating of biotite separates. Using the same method on biotite and 

muscovite, McDougall and Leggo (1965) reported ages ranging from 326 

m.y. to 345 m.y. 

By means of a total rock Rb-Sr isochron determination, coupled 

with biotite ages, the ages of the red, white 'series A' and white 

'series B' granites (Figure 2.2) are 352±7 m.y., 356±4 m.y. and 358+3 

m.y. respectively by Brooks and Compston, (1965). These ages are not 

significantly different at the 95% confidence level. 

2.8 Review of Mineralisation 

The Heemskirk Granite contains areas of tin-bearing, altered 

granite characterised by quartz+sericite, quartz+tourmaline and 

quartz±tourmaline±topaz±muscovite assemblages. 	There are two major 

types of mineralisation within the Heemskirk Granite: 	(a) Tin and 

tungsten mineralisation associated with greisen dykes and quartz+ 
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tourmaline veins. 	Minor disseminated pyrite and/or chalcopyrite is 

present locally. 	Examples include Federation, Coleman, Cornwall, 

Empress, Montague, and Prince George workings (Figure 1.3). (b) 

Polymetallic mineralisation associated with widespread quartz+sericite 

+pyrite assemblages (e.g. Sweeney's mine), or quartz+tourmaline±pyrite 

(e.g. Globe mine). 	The mineralisation is discussed in detail in 

Chapter 4. 	Quartz+tourmaline+cassiterite veins occur in sediments 

close to the granite contact at Mayne's mine (Figure 1.3). 



CHAPTER 3 

PETROGRAPHY AND MINERAL CHEMISTRY OF THE HEEMSK IRK GRANITE 

3.1 Introduction 

The entire Heemskirk Granite has undergone some degree of 

alteration. One of the major problems is to identify the relative 

importance of magmatic, magmatic-hydrothermal and other processes 

causing this alteration. It is possible to identify a pervasive 

alteration distinct from localised, more intense alteration associated 

with cassiterite mineralisation and these two types are discussed in 

Chapter 4. 

3.2 Petrography 

The major rock-forming minerals in the red and the white granites 

are quartz, K-feldspar, plagioclase and biotite. Hornblende occurs 

only in the porphyritic red granite cropping out in the northern part 

of the granite (Figure 2.1). Minor minerals include zircon, ilmenite, 

apatite, monazite, allanite, sphene, magnetite, rutile, pyrite and 

sphalerite. 	These occur as inclusions mainly in biotite and 

hornblende. 	Tourmaline, siderite, fluorite and muscovite are also 

present as late stage minerals. 

The major constituents of the pegmatite are K-feldspar and quartz 

with minor plagioclase, fluorite, tourmaline and muscovite. The 

aplites contain similar mineralogy to the fine-grained granite types. 
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The general petrographic features of the red and the white granite 

types and pegmatites are shown in Table 3.1 and 3.2. As can be seen 

from these tables, the red granite mainly differs from the white 

granite by (a) occurrence of pink to red K-feldspar and/or 

plagioclase, (b) its low content of tourmaline, and (c) the occurrence 

of a hornblende-bearing porphyritic phase. 

Feldspars: 	In hand specimen, K-feldspar and/or plagioclase have a 

pink to red colour and those of the white granite are yellow to cream. 

The reddish colour appears to be related to the existence of very 

fine-grained hematite and is discussed further in Chapter 8. 

Albite is a 	common 	mineral and has been formed in three 

stages: (1) early euhedral to subhedral crystals of albite (type 1), 

(2) albite rims on earlier formed K-feldspar and albite (type 2), and 

(3) late albite postdating K-feldspar and albite types 1 and 2 (type 

3). Type 3 albite occurs as (a) anhedral grains, (b) irregular rods 

In K-feldspar (i.e. replacement perthite), (c) micro-veins, and (d) 

along K-feldspar/K-feldspar boundaries (Figures 3.1, 3.2 and 3.3). 

The late albites have overprinted the original perthitic textures 

(Figures 3.2, 3.3 and 3.4). Remnants of sericitised plagioclase with 

unaltered type 2 albite rims are found locally in K-feldspar (Figure 

3.4). It appears that alteration of plagioclase preceded type 2 

albite, but this may not be conclusive. 	The composition of the 

altered plagioclase is not known. 
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Monazite 

Magnetite 
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TABLE 3.1 General petrographx featuret; of the rut granite 

Rock type Porphyritic Hornblende-tearing (northern Coarse-gtained red granite medium-up-dined red granite fine-graimi granite 
outcrops, Figure 2.1) 	grainsize tEern 

	 2mn *ntinsize a2ma 	grainsize Samn 
Mineral 	red granite Ellotite-twering (southern 

outcrops. Figure 2.1) 

Quartz 	Subhedral to authediel. ranging in size 
from 0.52*n in the matrix to lOmm as Oulu, 
crysts. Forms graphic texture with K-
feldspar. generally shows undulatory 
extinction. 

K-feldspar 	Red to pink in hand specimen, subhedral. 
as phenocrysts up to 15mn across. may 
contain biotite and/or hornblende, 
carlsted twinning, anhedral in matrix. 

Plagioclase 	White to cream in hand specimen, as matrix 
and phenocrysts (up to 15n), some 
crystals zoned. as inclusion in 
K-feldspar 

40%. mdthadral, SInne 
stntintli mainly inter-
stitial to K-feldspar and 
biotite. May oxitain 
tourmaline needles. 

35%. pink to red in hand 
specimen, suthedral to 
ardedi-al, interstitial to 
quartz and biotite, 
imrlsbed twinning same 
crystals with albite rims 

2(2% white to crass, or 
pink in hand specimen. 
subhedral unzened,. 
closely associated with 
K-feldspar. ' 
Reausits'or plagioclase 
crystals ray occur within 
K-feldsper 

42%., other features as in 
coarse-graintol red granite. 

3, other features as in 
anise 	 grained red 
granite. 

17%, other features as 
in ccerse-ipltintei red 
granite. 

42%. sehluArid to 
anhedral, 
to biotite, K-fehispar. 
Kay be observed as 
phenocrysts. May form 
graphic texture with K-
feldspar. 

402%, subhedral to. 
anhedral. interstitial 
to other minerals, form 
graphic texture with 
quartz. 

8%. anhedral, inter-
stitial to others. 

Biotite 	In hornblerde-bearing granite, not 
cannon, brown colour, up to 0.5mm, 
closely aqqnciated with K-feldspar and 
hornblende. In biotite-bearing granite 
5%, brawn, dark G3 red brown, up to 2011, 
subhedral to anhedral In shape, may occur 
as inclusions in other minerals tut 
mainly as constituent of groundmass. 

Hornblende 	Absent in biotite-bearing granite. In 
hortibleside-bearing smite 4%, dark 
green, up to Zan across, subhedral to 
anhedral, closely associated with 
K-feldspar. 

5%, bnesi to red brown. 	5%, other features as 
anhedral to subhairal. up in coarse-grained red 
It) Its, may occur as 	granite. 
crystal clots, within K- 
feldspar or plagioclase or 
as micro-vein. 

no. 

3%. mostly elongated 
interstitial to other 
minerals, mostly 
chlorltised. 

n.o. 

Accessory minerals are 
less, with ihmatite the 
most abundant. 

Euhedral, same zoned as inclusions in 
biotite or hornblende. 

Absent in hornblende-bearing granite, 
common accessory mineral in biotite-
bearing granite, as inclusions in 
biotite. 

As inclusions in hornblende, biotite or 
K-feldspar. 

Only in hornblende-bearing granite, as 
inclusions in hornblende. 

Absent in biotite-bearing granite. 
cannon in hornblende-bearing granite, 
mainly disseminated in hornblende as 
inclusions. 

Euhedral, some zoned, as 
biotite. 

Cannon inclusion in 
biotite. 

Rare, aqqociated with 
biotite. 

n.o. 

Rare, as inclusim in 
biotite. 

As in coarse-grained red 
granite. 

As in coarse-grained red 
granite. 

As in onarselpsined red 
granite. 	 . . 

Rare, in biotite. 

As in coarse-grained red 
granite. 

Allanite 	Rare, associated with biotite or 
hornblende. 

Rutile 	no. 

Pyrite 	no. 

As inclusions in biotite. As in coarse-grained red 
granite. 

no. 	 n.o. 

Rare, as inclusion in 
	As in coarse-grained red 

biotite. 	 granite. 

Sphalerite 	no. 	 n.o. 	 n.o. 

Inurmaline 	Only as needles in quartz. 	 As needles in quartz, 	As needle in quartz, 	As needles in quartz. 
rarely as constituent of 

	
rarely as nodules. 	also as nodules. 

of quartz-tourmaline 
nodules. 

n.0 Not observed 
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TABLE 3.2 General petrograllic fratures of the white granite and pegmatites 

Mineral 

ceartz 

K-feldsger 

Plagioclase 

Rodk type Porphyritic white 
granite 

Biotite 	Brown, subhedral up 
to 2mm, occurs as 
cluster, inter-
stitial to other 
minerals, contains 
accessory minerals. 

Similar to coarse-grained 
white granite. 

Bemblende 	n.o.* 

Zircon 	Euhedral, some 
zoned, as 
inclusion in 
biotite. 

Ilmenite  Comm inclusion 
in biotite. 

Apatite 

Mcnazite 

SPhene 

Magnetite 

Rutile 

Pyrite 

SOhalerite 	n.o. 

Allanite 	Rare. 

lburmaline 	Rare, as needles 
In quartz, also 
in vughs. 

n.o. 	 As inclusions in biotite, 
observed only in Sample NO. 
57596. 

40%. suibedral to andushal 
interstitial to K-feldspar 
and biotite. sane crystals 
with undulatory extinction. 

35% arbhedral to anliedral. 
with rim of albite, 
carlsbad twinning, inter-
stitial to quartz, biotite. 

20%, subhedral, . 
albite twinning cannon, 
closely associated with 
K-feldspar. 

4%, brain, subhedral up to 
2mm, contains accessory 
minerals, may occur in 
plagioclase, K-feldspar 
and quartz or as cluster. 
Some partially chloritised. 

Extremely rare, in close 
association with biotite. 

Black, common as nodules. 
vughs, and needles in 
quartz crystals. 

45%, smmtlselnal tu anhedral, 
graphic texture commun. may 
may maw as panucrysts. 

42%, anhedral. graphic 
texture common, may occur 
as phenocrysts. 

U. subhedral to anheiral. 
Interstitial to other 
minerals. 

Accessory minerals 
decreasing in abundance. 

Interstitial In 
K-feldsiktr. 
cunt:tins 
LUt111113 1 i I te 
needles. 

Pink to white in 
hard sprains'. 
euhedral. 

Yellow to cream 
in hand specimai 
euhedral, mat 
=MI . 

Accessory 
minerals rare 
to absent. 

Euhedral to sub-
hedral as pheno-
crysts up to aim. 
Undulatory 
extinction. 

Suthedral as pheno-
crysts, up to Kern 
anhedral in [matrix, 
albite rims cannon. 

Mostly as matrix 
constituent, zoning 
not COMM , part-
tal ly ser ic I tIsed:. 

Gause-grained Waite granite Medium-gained Ithite granite Fine-grained white granite Pegmatite 
grainsize emm 	 Sam sgrainsize a2mm 	grainsize 	 gnsinsize up to 

acrass 

42%. other features as in 
mime-grained white 
granite. 

37%, other features as in 
coarse-grained white 
granite. 

15%, other features as in 
coarse-grained white 
granite. 

As inclusion in biotite. 

As inclusion in biotite. 

n.o. 

0.0. 

Features as in coarse- 
grained white granite. 

Features as in coarse- 
grained %bite granite. 

Euhedral, sane 'zoned. as 	As coarse-grained white 
inclusions in biotite. 	granite. 

Cabman inclusion in 	As coarse-grained white 
biotite. 	 granite. 

As inclusion in 	As inclusion in biotite. 
biotite. 

n.o. 	 As inclusion in biotite. 

0 .0.  n.o. 

n.o. 	 n.o. 

n.o. 	 Rare in chloritised biotite. 

n.o. 	 Rare, mainly disseminated 
in rock. 

2%, pale brow' suliudral to no. 
anhedral. interstitial to 
other minerals or cutting 
plagioclase or K-feldpir, 
mostly chloritised. 

n.o. 	 n.o. 	 n.o. 	 n.o. 

n .o. 

As in coarse-grained white As in coarse-grained white Black, not 
granite. 	 granite. nodules are more 	carmen. 

abuncUant close to the 
contact with red granite. 

n.oP Not observed 



Figure 3.1: 	Anhedral late albite (albite 3) replacing albite rim 
(albite 2), albite 1 and K-feldspar. Note the occurrence 
of albite 3 as anhedral grains or irregular rods in 

K-feldsoar.  Sample No. 21867. 

Figure 3.2: 	Micro-veins of albite (albite 3) cutting K-feldspar. 
Note the rim albite (albite 2) and albite 1, secondary 
quartz (SQ) cutting albite 1 and also late sericitisation 
of albite. Sample No. 21863. 



Figure 3.3: Secondary albite (albite 3 ) along K-feldspar, K-feldspar 
boundary. Note albite twinning in some of the crystals, 
also replacement perthite in K-feldspar. Sample No. 
1/29, Heemskirk Granite. 

Figure 3.4: 	Anhedral sericitised plagioclase with albite rims 	in 
K-feldspar; 	light spots in K-feldspar are albite. 
Heemskirk Granite. Sample No. 21868. 
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There is not sufficient textural evidence to distinguish between 

the different generations of K-feldspar, assuming, as seems likely, 

there is more than one generation. 

Myrmekitic texture is extremely rare and may be observed in albite 

rims on K-feldspar (Figure 3.5). 

Quartz: 	Early formed quartz is interstitial to K-feldspar and 

biotites. 	However, late quartz partially replaces earlier formed 

minerals including K-feldspar, albite types 1 and 2 and also early 

formed biotite and choritised biotite (Figures 3.2, 3.6, 3.7 and 

3.10). It possibly coexists (or nearly so) with albite 3, since there 

is no textural evidence of replacement between these two minerals. 

Biotite: Subhedral to anhedral red to dark brown biotite appears to 

have been formed over a long period. Early biotites are enclosed by 

K-feldspar, quartz and early plagioclase or occur as clusters or 

interstitial to quartz and K-feldspar (biotite 1, Figure 3.8). 

Biotite also appears as a later phase (biotite 2), replacing early 

formed albite (albite 1, Figure 3.9). The latest biotite (biotite 3) 

appears as micro-veins cutting earlier formed minerals (e.g. quartz, 

K-feldspar, Figure 3.10). Most of the biotite is variably chloritised 

(Figure 3.7). 

Chlorite: Chlorite occurs in two modes, (1) as a product of biotite 

alteration (Figure 3.14), and (2) as micro-veins (Figure 3.12). Type 



Figure 3.5: 	Secondary albite rim (on early plagioclase) showing 
myrmekitic texture. 	Note the brown micro-vein of 
biotite. Sample No. 1/1. 

Figure 3.6: 	Secondary quartz (white) replacing biotite. 	Note the 
relict zircon and apatite (needle-shaped) in quartz. 
Dark blue anhedral grains are fluorite. Heemskirk 
Granite. Sample No. 21863. 
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Figure 3.7: 	Replacement of choritised biotite by secondary quartz 
(white) and occurrence of relict apatite and zircon 
inclusions in quartz. The dark grey mineral is 
plagioclase. Heemskirk Granite. Sample No. 21863. 

Figure 3.8: Early formed biotite (biotite 1) enclosed in K-feldspar. 
The white colour mineral is quartz. Sample No. 21721. 
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Figure 3.9: 	Secondary dark brown biotite replacing albite 1. 	The 
grey-brown mineral is quartz (Q). Note the replacement 
of albite 1 by quartz. Heemskirk Granite. Sample No. 
22059. 

Figure 3.10: Micro-veins of biotite cutting quartz (Q) and K-feldspar 
(K-f). Note partial replacement of K-feldspar by quartz. 
Heemskirk Granite, Sample No. 1/1. 
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1 chlorite occurs along biotite cleavages and/or as patches in 

chloritised biotite; however, it also appears as uniform crystals as a 

result of a complete chloritisation of biotite (identified as green 

biotite by previous workers, e.g. Klominsky, 1972). It commonly 

contains abundant ilmenite (Figures 3.11 and 3.14) which has probably 

•been formed by the release of Ti during chloritisation. Type 1 

chlorite is iron-rich (Appendix 2.6). Type 2 chlorites are extremely 

rare and were observed only in sample 21721. They cut all other early 

and/or late forming minerals (Figure 3.12). 

Siderite: Siderite (as the only carbonate) is not common. It appears 

as microveins cutting all other minerals and also replaces the 

chloritised biotite (Figures 3.13 and 3.14). 

Fluorite: 	Fluorite is common within or closely associated with 

chloritised biotite. 	Texturally it appears to be secondary and 

possibly formed during the chloritisation of biotite, since fluorine 

is released during alteration reactions. This is discussed further in 

this chapter. 

Muscovite: Muscovite is not common in the Heemskirk Granite and may 

be observed only in the white granite replacing feldspar. 

Tourmaline: Tourmaline in the white granite occurs in three different 

modes (a) in vughs, (b) as a major constituent of quartz-tourmaline 



Figure 3.11: Occurrence of ilmenite (black) in and around chlorite 
(Chi). Note the corroded, irregular boundary of primary 
biotite (Bio) in albitised K-feldspar. Sample No. 21868. 

Figure 3.12: Micro-veins of chlorite (dark green), cutting sericitised 
plagioclase (Flag) and quartz (Q). Heemskirk Granite. 
Sample No. 21721. 



Figure 3.13: Micro-vein of siderite cutting secondary quartz and 
K-feldspar. Note the replacement of K-feldspar by 
siderite (brown) along cleavages, also the corroded 
nature of the K-feldspar boundary. Heemskirk Granite, 
Sample No. 21863. 

Figure 3.14: Replacement of chlorite by siderite (brown). 	Note the 
abundant 	ilmenite 	inclusions 	(black) 	in  chlorite. 
Heemskirk Granite. Sample No. 22071. 
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nodules, (c) disseminated in the granite as a secondary phase 

replacing earlier formed phases (Figure 3.15) and (d) as needle-shaped 

crystals in primary and/or secondary quartz. It is far less common in 

the red granite and can be mainly observed as: (a) constituent of the 

quartz-tourmaline nodules in the vicinity of contact with the white 

granite, and (b) needle-like crystals in the primary and/or secondary 

quartz. 

Paragenesis: Based on the replacement and cross-cutting relationships 

described above, the possible timing relationships between different 

minerals of the Heemskirk Granite are summarised in Table 3.3. 

3.3 Summary and Discussion 

The early phases of alteration are dominated by the development of 

albite, biotite and quartz. Only one K-feldspar phase is recognised. 

The recognition of early sericitised plagioclase probably means the 

early formed albite (albite 1) had a precursor feldspar. 

Albitisation is common in many tin granites (Serebryakov, 1961; 

Ramberg, 1962; Syritso and Chernik, 1967; Beus, 1970; Shcherba, 1970; 

Parson, 1978; Taylor, 1979) and generally follows the growth of K-

feldspar, quartz and biotite (Pollard, 1983). It is generally 

succeeded by greisen development (Shcherba, 1970; Beus, 1970; Taylor, 

1979). 



Figure 3.15: Tourmaline (green) cutting early formed albite (albite 
1). (Bluish background is due to tungsten film). 
Heemskirk Granite. Sample No. 21881. 
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TABLE 3.3 Paragenesis of minerals, Heemskirk Granite 

Stage 	I 	II 	III 	IV 

Mineral 

Biotite 1,2,3 

Plagioclase 

Albite 1,2,3 

K-feldspar 

Quartz 

Muscovite 

Chlorite 

Fluorite 

Ilmenite 

Siderite 

Sericite 

Tourmaline 

	 Minor. paragenesis not clear 
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Pollard et al. (1982) have detailed the textural and mineralogical 

features of the Herberton tin granite (Queensland). Petrographically 

the granite is similar to the Heemskirk Granite and consists of 

K-feldspar, plagioclase, biotite and quartz. However, Pollard et al. 

(1983) have described a more complex feldspar history, consisting of 

different generations of K-feldspar and albite. They also reported 

the association of 'green biotite' with quartz and fluorite and 

presence of ilmenite+quartz and ilmenite within or as rims on 'primary 

biotite'. These appear to be a replacement and/or alteration 

phenomena (i.e. release of F and Ti during alteration and/or 

reequilibration of biotite at lower temperatures; this is discussed in 

the following section). Similarly the muscovite-carbonate association 

described by Pollard et al. (1982), is interpreted by the author as 

the alteration of biotite/chlorite to muscovite, as evidenced by 

relict zircon and exsolved ilmenite in chlorite and/or muscovite. The 

muscovite is then replaced by siderite. All of these features are 

also seen in the Heemskirk Granite, the later phases being described 

in Chapter 4. 

It is also noted that Pollard et al. (1982) did not mention 

chemical analyses of the green biotite, a significant point since 

homogeneous subhedral plates of chlorite after biotite are readily 

mistaken for green biotite. 
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3.4 Mineral Chemistry of Biotite 

The biotites were analysed by electron microprobe in polished thin 

sections, while separates were analaysed by XRF (after Norrish and 

Hutton, 1969) and ion specific electrode (Hopkins, 1977; Boyle, 

1981). 

Biotites of different generations (e.g. biotite 1 and biotite 2) 

were analysed by microprobe. However, there is no compositional 

differences between the biotite 1 and biotite 2 in the same granite 

type. Biotite 3 types were not analysed. 

Biotite separates were obtained from fresh-looking granite by 

using an electromagnetic separator and heavy liquids. Although every 

attempt was made to exclude chloritised biotite it is evident from 

analyses (e.g. 106619, 106624, Appendix 2.1) that some chlorite was 

present, expressed as the higher water content and lower K 20. Most of 

the analyses of biotite separates by Klominsky (1972) show high 

degrees of chloritisation. 

All of the analyses which have been used to study the basic 

composition and structure formulae of the biotites are based on the 

results obtained from microprobe analysis of the fresh biotite 

crystals from coarse- to fine-grained granite types from the southern 

part of the granite. The result from the analyses of the biotite 

separates are used only to study the effect of chloritisation on the 

compositions of biotite. 
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The chemical results are presented in Appendix 2.2. 	The 

uniformity of analyses within crystals in rock types suggests that 

equilibrium has been achieved among co-existing mineral phases and 

presumably in the crystal-melt fluid system. 

3.4.1 	Structure formulae of the biotites from the red and white 

granites based on microprobe analyses 

Major cations filling octahedral sites in biotite from both the 

red and white granite include Fe, Mg and Ti. Biotite from the red 

granite appears to be different in structure from biotite in the white 

granite. 

Except for the late aplitic phases, the biotites from the red 

granite are uniform in their proportion of cations filling octahedral 

sites (Figures 3.16 and 3.17). There is an apparent variation in the 

proportion of Mg, Fe and Ti between biotites of the different 

grainsize varieties of the white granite (Figure 3.16) and the 

proportions are different from the red granite in that they exhibit 

higher Al and lower Ti and Mg contents in the octahedral sites. 

In terms of tetrahedral sites the biotites from the red granite 

are deficient in (Al-f-Si) (Appendix 2.2), however, the vacancies may be 

filled by Fe3+  (Hazen and Wones, 1972). 

There are more deficiences in the total octahedral and twelve 

coordinated atoms in biotites from the white than in those from the 
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Figure 3.16: Histograms of mole fraction of phlogopite and of the 
number of ions of Ti and total Al per unit cell formula 
of biotite from the Heemskirk Granite. Categories are 
based on the different grain size of the white and red 
granites. Class intervals for the histograms are 0.02 for 
Xph and Ti, 0.04 for total Al. 
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red granite. There is a positive correlation between Ti VI  and MgVI . 

High Al contents in octahedral sites correspond to lower contents of 

•VI 	• MgVI and T1 , Indicating the following substitutions: 

2* 
3Mg 2A1 3+ 

+ 	•4+ 	3+ Mg2  + 	4 2A1*0 

Histograms of mole fraction of phlogopite (Mg/Mg+Fe), total Al, 

AlVI , Si 4+  , T1 4+  , and Al 203-Fe0-Mg0 diagram provide a comparison of 

the chemical variation in the biotites between the white and red 

granite types (Figures 3.16, 3.17 and 3.18). 

The mole fraction of phlogopite in coarse-grained red granite is 

slightly higher than the medium- and fine-grained red granite. In the 

white granite the decrease in X ph  from the coarse- to fine-grained is 

more pronounced. Compositions of the red and the white granites 

indicate higher values of X ph  for the red granite biotite than the 

white granite biotite. 

The Ti content of biotites appears to be similar in all types of 

the red granite, however, it decreases with respect to grainsize in 

the white granite. Generally, biotites from the red granite types 

show higher contents of Ti than in the white granite types. 

A high Ti content in biotite apparently indicates a high 

temperature of crystallisation. 	Czamanske and Wones (1973) found 



MgO 
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Al 203 

Figure 3.18: Al203 -Fe0 t -Mg0 of the biotites from the white and red 
granites. GBiotites from coarse- and medium-grained red 
granite; 	obiotites from fipe-grained red granite:0 
biotites from coarse-grained white granite; 	abiotites 
from medium-grained white granite; mbiotites from fine-
grained white granite. 



51. 

TiO2 contents of 1.5, 3.3 and 4.5 weight percent in biotites from 

granitic, granodioritic, and monzonitic rocks of the Sierra Nevada 

batholith. This increase reflects the increase of temperatures of 

crystallisation from granitic to monzonitic rocks. Carmichael (1967) 

reported high Ti contents in phlogopites from high temperature, K-rich 

lavas; the TiO2 contents are up to 7.8% in Fitzroyite of west 

Kimberley, Australia. Anderson (1980) found an increase of Ti content 

from rim to core in zoned biotites of the Wolf River granite, in north 

Wisconsin, USA. 	Also, the experimental work of Robert (1976) on 

synthetic phlogopite coexisting with rutile or 	geikilite (MgTiO3) 

showed a positive correlation between the TiO 2 content of the 

phlogopite and temperature. He found that solubility of Ti in 

phlogopite increases from 0.67 wt% of TiO2  at 600°C to 6.6 wt% of TiO 2  

at 1000°C. 

In the red granite the similar TiO 2 contents of biotite 

irrespective of grainsize may indicate similar temperatures of 

formation for all grainsize variations. However, in the white 

granite, the slight progressive decrease of average TiO 2  contents from 

coarse- to fine-grained granite may suggest a lower temperature of 

crystallisation with decreasing grainsize and lower overall 

temperature for the white granite compared to the red granite. 

The Al contents of biotite from the red granite are similar for 

all grainsize varieties except that the Al content of the 

coarse-grained granite is slightly lower than in the medium- to fine-

grained red granite. There is a marked difference in Al contents 
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between the red and the white granites (Figure 3.17). The Al content 

of biotite is related to the Al activity of coexisting minerals 

(Nockolds, 1947). However, the red and the white granite types have 

similar mineralogy, so the difference in Al content may reflect 

different magmatic conditions but, more likely, re-equilibration with 

fluids in the late magmatic stage. 

The Si contents of the biotites of the coarse- and medium-grained 

red and white granites are the same, but the Si contents of biotites 

in the fine-grained red granite are higher than those in the fine-

grained white granite. 

The Na, Mn, Ca contents of biotites are low (<0.45 wt% as oxides) 

and do not show any systematic variations. 

The Cl contents of biotites were measured by electron-microprobe 

and yielded an average value of 0.47wt %. No systematic variation in 

Cl content was observed with respect to grainsize and/or granite 

types. 

3.4.2 Chloritisation of biotites 

The results from the analyses of the biotite separates illustrate 

the effect of chloritisation on the composition of biotite. The K 

content falls with increasing chloritisation. 
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The relationships between Mg, Al, and Si contents of biotite and 

degree of chloritisation, as shown by K content, are shown in Figure 

3.19. The correlations are poor, however, the trends show that more 

chloritised biotite contains less Mg and Si and more Al, as expected 

with the approach to chlorite composition. 

The large variation of the Mg, Al, and Si contents of the 

different samples containing similar K contents may reflect the 

different original concentration of the elements in the fresh biotites 

(e.g. chloritised biotite from the coarse-grained red granite shows 

lower concentration of Al than coarse-grained white granite having the 

same degree of chloritisation). Similarly composition of chlorite 

(i.e. completely chloritised biotite) varies between the granite 

types. 

The Ti contents of chloritised biotite are very similar to those 

of fresh biotites (for equivalent grainsize and granite type) and the 

variation is dependent only on the granite types and grainsize of 

granites. However, this does not necessarily mean that the Ti is 

still in the structure of the biotite, since the chloritised biotite 

is characterised by high concentrations of ilmenite inclusions that 

have exsolved from the biotite. 

Variations in Rb, Ba, Nb, Y, Zn, Zr, Sn and Fe contents with 

degree of chloritisation are shown in Figure 3.20a-h. The Rb and Ba 

contents decrease with increasing chloritisation (Figure 3.20a, b) and 

the Nb and Y increase with the increasing of chloritisation (Figure 
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alteration (K20 content) in the white and the red 
granite, Heemskirk Granite. 
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contents with degree of biotite alteration (K 20 content) 
in the red and the white granite types, Heemskirk 
Granite. Symbols as Fig. 3.19. 
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3.20c-d). 	Zn, Zr and Sn 	do not show any systematic variations 

(Figure 3.20e, f, g). 

The F content of biotites decreases as the degree of 

chloritisation increases (Figure 3.20h). The F content of relatively 

fresh biotite (e.g. sample 106634) is around 1.4wt%. There is a poor 

positive correlation between the Mg and F contents of the analysed 

biotite separates (Figure 3.21). 

3.4.3 K-feldspar-magnetite-biotite assemblage 

The experimental work of Wones and Eugster (1965) and Wones (1972) 

may be applied to the mineral assemblage K-feldspar-magnetite-biotite 

to estimate the temperature, f02  and fH r, during the crystallisation 
2v  

of this assemblage. 

Magnetite is absent in the white granite and is extremely rare in 

equigranular varieties of the red granite, being found only in samples 

67607 and 67590. The size of the magnetite crystals is similar to 

that of the ilmenite (i.e. 40-50Am) and both occur as separate 

inclusions in individual biotite crystals. TiO 2  content of magnetite 

range from 0.0 to 7.0wt% (Appendix 2.9). The low TiO2  content may be 

due to re-equilibration of the magnetite at lower temperatures. 

Magnetite is a common accessory mineral in porphyritic hornblende-

bearing granite, but due to the absence of an appropriate equilibrium 

assemblage, it cannot be used for geothermometry. 
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The Fe3+  value of biotite used for this study was from a 

relatively fresh biotite (i.e. K 20 = 7.9wt%) analysed by Klominsky 

(1972). The average mole fractions of phlogopite, annite, and proton 

deficient oxyannite of the magnetite-bearing biotite are 0.26, 0.64 

and 0.10 respectively. It is possible to locate an approximate f0 2-T 

curve by considering the relative position of the average composition 

of biotite (Figure 3.22) from the red granite (curve RG in Figure 

3.23) relative to hematite-magnetite and NI-Ni0 buffers. Thef H20-T 

curve can then be defined (Figure 3.24) using the curve RG (Figure 

3.23), and the biotite stability relations of Wones and Eugster 

(1965), and Wones (1972): 

KFe3A1Si 30 10 (OH) 2  + 1/2 0 2  = KA1S1 308  + Fe304  + H20 

from which log f H20  = 7.409 /T + 4.25 + 1/2 log f02  + 3log xannite 

-lo gaK-feldspar 	logamagnetite 

The average mole fraction of annite for the red granite is 0.64. 

The activities of K-feldspar and magnetite are assumed to be 1. 

The intersection of the f 	-T curve (Figure 3.24, curve RB) H20 

with the granite solidus curve (peraluminous, H20 saturated) of 

Clemens (1981, curve GS) defines a maximum f H r, of 1 Kbar (assuming 
2' 

Pt = PH 0 ) and minimum temperature of 700 ° C for the crystallisation 
2 

of the assemblage biotite-magnetite-feldspar in the red granite. 

However, the solidus curve for Heemskirk Granite is not known and the 

temperature is clearly only a qualitative assessment. 
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Proton - deficient oxyannite 

An nite 
KFe3A1S13010(OH)2 
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KMg3A1 Si301010H )2 

Figure 3.22: The average composition of the biotite from the red 
granite (R) in terms of mole fractions of annite, 
phlogopite and proton-deficient oxyannite. 

Fe 203 = 3.74 
Xph = 0.26 
Xann = 0.64 
XPdo = 0,10 
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Figure 3.23: Temperature-fugacity of oxygen relationship for Ni-NiO, 
Fe304 buffers (after Wones and Eugster, 1965; Wones, 
1972), and for the biotite composition of the red granite 
(curve RG), Heemskirk Granite. . 
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Figure 3.24: Temperature-fugacity of water curves for K--feldspar, 
biotite, magnetite assemblage from the red granite. 
Curve GS is the solidus curve of peraluminus granite 
(water saturated, Clemens, 1981). 



3.4.4 Summary and discussion 

The chemical data on biotites from the Heemskirk Granite show that 

each major rock type has a fairly uniform biotite composition. 

Biotites from the white granite can be distinguished from those of 

the red granite by: 

(1) higher content of Al VI  

(2) lower Ti' and XPu I. (for medium- to fine-grained varieties only) 

(3) higher vacancies in the structure of the biotite (i.e. more 

deficiences in the total octahedral and twelve coordinated 

atoms. 

The differences may be related to a lower temperature of formation 

for biotites from the white granite or the fact that the white granite 

biotites re-equilibrated at lower temperatures (Thompson, 1947; 

Walshe, pers. comm., 1984). 

The biotites in the red granite type may have formed at f0 2  and 

temperature of about 10 -17 atm and 700°C, but due the lack of 

sufficient data these values are probably not reliable. 

Some biotites in each granite type are partially chloritised. 

62. 

Chloritisation can be identified optically by the occurrence of small 



patches of green chlorite and the abundance of ilmenite (exsolved from 

biotite), and chemically by lower: K 20, F, Rb and Ba and higher Nb and 

Y by comparison with less altered biotites. 

3.5 Geochemistry of  Tourmaline 

Tourmaline separates and polished thin sections were used to study 

the colour-structure-composition relationships of tourmaline and the 

tourmaline-tin association. The colour of tourmaline in hand specimen 

varies from black to green or black-blue. In thin sections various 

shades of green-blue and yellow are observed. Pleochroism varies from 

pale- to black-green in green tourmaline, pale- to dark-blue in blue 

tourmaline and yellow to brown in light brown tourmaline. 

Colour-composition relationships: 	Tourmalines in the Heemskirk 

Granite are very Fe-rich (schorlite) with FeO contents ranging from 

16-20wt% (Appendix 2.7, 2.8). There is a distinct relationship 

between colour and composition of the tourmalines. Green and blue 

tourmaline generally have low Mg and Ti (Sample No. 106613, Appendix 

2.7) while light brown tourmaline contains up to1.6wt% MgO and.1 wt % TiO2  

and is correspondingly low in Al (Sample No. 106567, Appendix 2.7). 

Figures 3.25a, b, c illustrate the compositional variations within 

zoned (blue cores, green rims, Figure 3.26) tourmaline in terms of Al, 

Na, Fe contents. The green tourmaline is enriched in Fe and Na and 

depleted in Al compared with the blue cores. Because of the colour 

zoning in most of the other tourmaline crystals, the calculated 

chemical compositions from the separates only give the average 
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Table 3.28: Tourmaline crystals showing blue cores and green rims, 
Sample No. 106613. 
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compositions for different colours of tourmaline for each tourmaline 

separate. 

Structure-composition relationship:  According to Foit and Rosenberg 

(1977), two coupled substitutions account for most of the chemical 

variability in schorlite and dravite (Mg-rich tourmaline) viz: the 

dehydration type 0H -+R2+=R3++02-  and the alkali-defect type R 1++R2+= 

R3++0 . Since the F and 1( 20  contents of the tourmalines could not be 

measured by microprobe analysis, no comment can be made on the 

importance of the dehydration substitution. However, Na and Fe from 

microprobe analyses exhibit strong positive correlation with the total 

number of cations and negative correlations with Al (Figure 3.25a, b, 

c). Considering Figures 3.25a, b, c then the deficiency in the total 

number of cations can be accounted by the following substitution: 

Na+  + Fe2+  = Al3+  +0 

A different type of coupled substitution is observed in the light 

brown tourmaline in that Ti and Mg contents decrease as the Al content 

increases (Figure 3.27a, b), suggesting the following substitution: 

2A1 3+ = Mg2+ + Ti 4+ 

Tourmaline-tin relationship: 	Based on analyses of seventeen 

tourmaline separates (>99% purity, Appendix 2.8) it appears that tin 

(possibly as cassiterite) occurs in all tourmaline types. The values 

range from 20-1245 ppm with an average of 330ppm. 	There is no 
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correlation between colour, type of occurrence or the composition of 

tourmaline with tin concentration. The lack of correlation between 

tourmaline composition and tin concentration may indicate that the tin 

Is not included in the structure of the tourmaline. It very likely 

occurs as tiny inclusions (possibly as cassiterite) either within or 

Interstitial to tourmaline crystals. 

3.6 Feldspar Composition 

• The composition of plagioclase within a single crystal is 

inhomogeneous. It ranges from albite to oligoclase. Zoning is not 

common, being observed mainly in porphyritic red granite (e.g. Sample 

No. 37689), with the composition of An n  (margins) to An  

The microprobe analyses of feldspar are shown in Appendix 2.5. 

There are two factors that make the use of feldspar geothermometry 

impossible in the Heemskirk Granite. Firstly the inhomogeneous 

composition of the plagioclase within single crystals and secondly the 

ambiluity of albite, some of which may be an exsolution product in K-

feldspar. Exsolution reduces the Na content of the K-feldspar (0r 89- 

Or96 ) and consequently lowers the calculated temperature. This is why 

the temperatures obtained using the graphical technique of Brown and 

Parson (1981), or the determinative curves of Whitney and Stormer 

(1977), are considerably lower than the expected temperatures for the 

crystallisation of magmatic feldspars. 



CHAPTER 4 

The term "greisen dyke" is referred to the pre-existing microgranite 

dyke which has been hydrothermally altered (greisenised). 



CHAPTER 4 

MINERALISATION AND RELATED ALTERATION 

IN THE HEEMSKIRK GRANITE 

4.1 Introduction 

Metasomatic alteration is a common phenomenon in tin-bearing 

granites (Taylor, 1979). Reactions between fluids and granite 

generate a wide range of alteration products as the compositions of 

both the granite and the fluid change in time and space. Typical 

alteration products include sericite, tourmaline, topaz, muscovite, 

quartz and chlorite. These clearly late-stage minerals follow earlier 

phases of feldspar-quartz-biotite alteration as described in Chapter 

3. 

Many authors have described greisen and there is considerable 

variation in the definition of this term (Taylor, 1979). Generally 

'greisen' is defined as a high-temperature post-magmatic alteration 

product of granite formed by residual acid magmatic solution high in 

silica and volatile constituents (Shcherba, 1970). It is generally 

rich in Li, F, B and rare earth elements and contains muscovite, 

tourmaline, topaz and quartz (Shcherba, 1970; Hall, 1971; Taylor, 

1979). The Heemskirk greisens contain quartz±topaz±tourmaline± 

muscovite with minor wolframite, cassiterite and sulphide minerals. 

In 	the 	Heemskirk 	Granite 	all 	zones of significant tin 

mineralisation are altered and the three significant mineralised areas 

described in detail in this chapter include (a) the Federation 
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workings and surrounding area (Federation Plateau), (b) Sweeney's 

mine, and (c) Globe mine (Figure 1.3). The major features of the 

three styles are shown in Table 4.5. 

4.2 Geology and Alteration of the Federation Workings and Surrounding 

Area (Federation Plateau) 

The geology of the Federation Plateau was investigated by Wells 

(1978) and his mapping (modified) is shown in Figure 4.1. Both the 

red and the white granites host the mineralised and altered rocks. 

The red granite observed in the area includes the whole range of 

textural varieties but in the white granite only the medium- to fine-

grained varieties are present. In the Federation workings area the 

white granite is at its highest exposed elevation at this level and 

Intrudes the red granite layering sequence though no chilled margin is 

evident. There are also numerous small white microgranite dykes with 

chilled margins cutting the red granite. 

Contact between the red and white granite is sharp and the fine-

grained variant of the white granite is in direct contact with the 

medium- to coarse-grained red granite. Quartz-tourmaline nodules are 

abundant in both granite types in the vicinity of the contact, and 

decrease in abundance and size away from the contact. 

The fracture systems were described in Chapter 2 (Figures 2.8b and 

2.8c). Wells (1978) suggested that the earlier joints were dominantly 

ENE-WSW (e.g. joints) and were overprinted at the contact by NNE-SSW 
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joints associated with white granite. 	He also observed two major 

east-west lineaments on aerial photographs. 	These have apparently 

displaced the granite and are considered to be major faults (Figure 

4.1). Joints clearly influenced the flow path of the ore solutions, 

since all of the quartz+tourmaline and greisen dykes have been 

developed along them (Figure 2.8). The relationships between 

the white and the red granites, alteration and mineralisation are 

illustrated in Figure 4.2). 

4.2.1 Mineralogy of the altered, mineralised zones in the Federation 

area 

The main alteration minerals within the Federation workings and 

surrounding area are sericite, quartz, topaz, hematite and tourmaline. 

These occur in four major mineral assemblages: 

(a) Quartz t muscovite t topaz t tourmaline (greisen) and quartz + 

tourmaline veins: Greisens mainly occur as dykes varying from 

less than 5cm to 15m wide, and up to a few hundred metres in 

length. The average width and length of the greisen dykes are 

around 4 and 400 metres respectively. In general granite 

textures are not observed in greisens, but in rare cases they 

show similar texture to the surrounding granite (e.g. the 

greisen dyke located east of Central Federation). This suggests 

that the greisen dykes are the products of alteration of pre-

existing granitic dykes. The alteration appears to have been 

formed at temperatures of about 550°C but it may have 
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continued to lower temperatures (fluid inclusion data, (Chapter 

5). The strike directions of the greisen dykes are more or less 

parallel to the joint directions. 

There is a regular zonation in greisen dykes, with 

quartz±topaz±tourmaline at the centre, surrounded by a zone of 

muscovite+quartz±topaz that grades outward into sericitised 

granite (Figure 4.3). This was also observed by Wells (1978). 

However, the actual zonation pattern varies widely throughout 

the area and localised enrichments in any of the major 

constituents are observed (e.g. intense tourmalinisation occurs 

locally within greisen zones in the Federation workings area). 

Mineralogically, quartz is the dominant constituent of the 

greisens and probably for this reason early workers (e.g. 

Waller, 1902) called these greisen.zones 'white dykes'. Quartz 

grains may be of different generations. Early-formed secondary 

quartz is subhedral in shape, shows undulose extinction and 

grains range in size from lmm to 5mm. Late quartz occurs as 

fine-grained aggregates (50.5mm). Quartz also occurs as large 

(up to 3cm) crystals in cavities in greisen dykes. 

Topaz occurs both as fine grains (<0.5mm) and as fan-like 

rosettes, interstitial to quartz and/or tourmaline. 

Tourmaline crystals range in colour from black to green or blue- 

green and range in size from less than lmm to a few centimetres 

in length. 	Tourmaline appears as an early-formed mineral in 
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Figure 4.3 : Schematic cross section through a greisen 
dyke,east of the Central Federation workings, Heemskirk 
Granite. 
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greisen dykes and may itself be altered and/or veined by fine-

grained sericite (Figure 4.4). Locally, greisen zones have been 

tourmalinised completely and the rock consists of fine to coarse 

radiating or needle-shaped tourmaline crystals associated with 

quartz grains. Modally the rock varies from 100% tourmaline to 

equal amounts of quartz and tourmaline. An example of near-

total tourmalinisation associated with greisen zones occurs in 

the Black Face open-cut in the Central Federation workings 

(Figures 4.7 and 4.10). 	Muscovite occurs as euhedral to 

anhedral flakes ranging from 0.5 to 3mm in length. 	It is 

commonly interstitial to quartz and may comprise up to 50% of 

the rock (the remainder being mainly quartz with minor 

tourmaline and/or topaz crystals). Minor sulphide minerals, 

including arsenopyrite, pyrite and chalcopyrite, occur as 

disseminated fine grains (-1mm) interstitial to quartz. 

Wolframite appears as coarse-grained crystals (up to lcm long) 

in a NW-trending greisen zone about 200 metres south of 

Coleman's workings (Figure 4.1). The wolframite is associated 

with coarse euhedral quartz. A semi-quantitative analysis by 

XRF of the wolframite indicated high Fe/Mn ratios (i.e 

ferberite). 

Zircon, apatite, monazite, cassiterite and rutile rarely 

occur as fine-grained crystals (30-50 m) closely associated with 

quartz+tourmaline and topaz. Due to the scarcity of these 

minerals their parageneses are not clear. 



Figure 4.4: Alteration of euhedral zoned tourmaline to fine-grained 
sericite and quartz. Federation Plateau. Sample No. 
31283. 

Figure 4.5: Sericitised granite, consisting of fine-grained sericite 
(Ser) corroded primary quartz (PQ) and fine-grained 
crystals of secondary quartz (SQ) and pyrite (black). 
Federation workings. Heemskirk Granite. Sample No. 
106556. 
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guartzi-tourmaline veins are up to 300 metres in length and 

vary in width from lmm to 3m. The main constituents of these 

rocks are quartz and black or green tourmaline with minor 

disseminated pyrite and/or arsenopyrite as accessory minerals. 

The veins are generally terminated at both ends abruptly without 

any change in their thicknesses towards the termination point. 

Most quartz+tourmaline veins follow the joint directions, 

however, there are some irregular quartz+tourmaline veins. The 

veins vary from tourmaline-poor to tourmaline-rich. 

Bismuthinite associated with quartz+tourmaline veins was 

reported by early workers (e.g. Ward, 1908, Waterhouse, 1916) in 

the West Federation workings. However, no such mineralisation 

was observed by the author. 

(b) 	Quartz+sericite: 	This assemblage is common in the Federation 

Plateau and mainly consists of quartz and sericite derived from 

alteration of granite. All the granites in the Federation 

Plateau have been sericitised to some degree. In slightly 

altered granite in which the feldspars and biotite have been 

replaced by sericite, the quartz grains remain mainly unaffected 

and granitic textures are preserved. However, intensely altered 

granite has lost its granitic texture and the rock is 

	

. characterised 	by 	sericite, 	secondary 	quartz and minor 

disseminated 	crystals 	of 	pyrite (Figure 4.5). 	Intense 

sericitisation 	is 	observed locally, predominantly in the 

vicinity of the workings. Disseminated, fine-grained (-20Am) 
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aggregates of cassiterite occur in sericite in highly 

sericitised granite. 	Veinlets of quartz, pyrite and quartz+ 

tourmaline occur within the sericitised granite. 	The f34S 

values of the pyrite veinlets are higher than those of 

disseminated pyrite in the sericitised granite. (see Chapter 6 

for details). 

(c) Illite+quartz+pyrite: This alteration type is not common in the 

Federation Plateau area. 	It is observed only in the East 

Federation workings (drill core Nos. F18 and F19, Figure 4.1) 

where quartz+sericite with disseminated pyrite (assemblage B) 

gives way to soft, intensely altered rock consisting of illite, 

disseminated pyrite and quartz. Illite is the major component, 

with minor small crystals of quartz and euhedral pyrite (up to 

lcm3 ). 

(d) Hematite+siderite+magnetite: 	This assemblage is observed in 

drill core Nos. F5 and F12 from Waxman and Weston workings 

(Figure 4.1). 	Hematite, siderite and magnetite replace the 

quartz+sericite±pyrite assemblage. 	The concentration of 

hematite increases with increasing intensity of alteration and 

Is replaced by magnetite (Figure 4.6). The relationship between 

the intensely altered rock (assemblage C) and the hematite+ 

siderite+magnetite assemblage is not known, but apparently both 

are the products of late and probably low temperature fluid 

reactions. 



Figure 4.6: 	Replacement of hematite (white) by magnetite (light 
grey). Both have been partially replaced  and  veined by 
siderite (sid). Federation Plateau. Sample  No.  106538. 
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The paragenesis of the altered rocks in the Federation Plateau is 

summarised in Table 4.1. 

4.2.2 Breccias 

Breccias are locally developed in the areas associated with 

greisen zones, a major occurrence being within a greisen zone in the 

Central Federation workings (Figure 4.7). Small outcrops of breccias 

occur within a greisen zone located about 200 metres south of 

Coleman's workings (Figure 4.1). The breccias form circular to 

elliptical outcrops ranging from 2 to 4 metres across (Figure 4.7). 

The depths at which these breccias extend are not clearly known, but 

drill core No. Fl (Figure 4.1) has intersected the breccia at a depth 

of 75 metres (Figure 4.8). The breccia fragments are mostly angular 

to sub-rounded, and up to 70cm across (Figure 4.9). Both the matrix 

and fragments consist of very fine-grained quartz and green 

tourmaline. The matrix is darker in colour than the fragments, 

possibly due to a higher content of tourmaline. The fragments are 

matrix supported. 

The surface of the matrix of the breccias located in the southwest 

of the Black Face open-cut (Figure 4.7), is characteristically heavily 

weathered to limonite and/or goethite (Figure 4.9). 

Only a small section of the Black Face open-cut has been 

brecciated (Figure 4.10). 	Much of the Black Face open-cut has only 
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TABLE 4.1 Paragenesis of minerals in the Federation workings 
area (Federation Plateau) 

Stage/ 
Mineral 	1 	2 	3 	4 

Tourmaline 

Topaz 

Quartz 

Muscovite 

Arsenopyrite 

Chalcopyrite 

Pyrite 

Wolframite 

Cassiterite 

Monazite 

Rutile 

Zircon 

Sericite 

Illite 

Hematite 

Magnetite 

Siderite 

Paragenesis not clear 

•-) 
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Figure 4.8 : Cross section showing the intersection of 
breccia by drill hole No. Fl. Federation 
workings. 



Figure 4.9: Outcrop of breccia with angular to subrounded fragments 
(green) in a weathered matrix (brown colour). 

Figure 4.10: Breccia fragments (light green) in matrix of dark green 
tourmaline and quartz. Black Face open cut. Federation 
workings. 
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been fractured with no signs of displacement of the fractured blocks 

(Figure 4.11). The occurrence of breccia pipe has also been mentioned 

by Wells (1978) and Taylor (1979). The breccias in the Federation 

workings area may be classified as 'intrusive hydrothermal breccias' 

as described by many authors (e.g. Locke, 1926; Kent, 1964; 

Fletcher, 1977; Sillitoe and Sawkins, 1971; Wards et al., 1982; 

Knutson et al., 1979). Tourmalinisation is common in such breccias 

(e.g. Kent, 1964; Grant et al., 1980; Fletcher, 1977) and brecciation 

probably occurred as a result of explosive escape of exsolved fluid 

(commonly enriched in boron) during the final stage of magmatic 

crystallisation. 

The formation of the breccias in the southern part of the 

Heemskirk Granite is possibly related to the intrusion of the white 

granite. Evolution of a vapour phase in the white granite (with 

attendant volume increase) caused internal over-pressure which 

exceeded the minimum principal stress (probably oriented horizontal) 

plus the tensile strength of roof rocks and resulted in fracturing and 

brecciation. 

4.3 Geology and Alteration in Sweene 's Mine Area 

The geology and mineralistion in the Sweeney's mine has been 

described by Plath (1979) and is further discussed by the author. 

The Sweeney's mine is within the coarse-grained red granite 

(Figure 4.1). 	Figure 4.12 (modified after Wells, 1977) is a 



Figure 4.11: Total tourmalinisation (fine-grained green tourmaline and 
quartz) with intense fracturing but no displacement of 
fragments. Black Face open cut, Central Federation 
workings. 
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Figure 4.12 : Geology of Sweeney's mine area, Heemskirk Granite (after Wells, 1977). 
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geological map of the area, mainly drawn from the outcrops observed 

along bulldozed tracks. Several microgranite dykes of pale pink to 

white granite with chilled margins intrude the coarse-grained red 

granite. Quartz'-tourmaline nodules are located in the vicinity of the 

microgranite dykes and the red granite contact. The red granite has 

vertical joints striking NW, NE and E and the joints commonly contain 

quartz+tourmaline or clay veinlets in zones 0.2 to lcm wide. The clay 

appears to be a weathering product, since clay veinlets are rarely 

observed in the drill core. Cross-cutting relationships suggest that 

the NE and NW veinlets postdate the E veinlets (Figure 4.13a). The 

veinlets have similar orientation to the joints (Figure 4.13b). The 

tourmaline in the veinlets is predominantly black, however, a green 

variety does occur locally. 

In the vicinity of Sweeney's mine the red granite is mostly 

sericitised (±disseminated pyrite) or argillised. The former 

alteration is characterised by dark green sericite after feldspar and 

the latter by the presence of kaolinised feldspar which gives the rock 

a yellowish colour. Granitic texture is preserved. Argillisation 

appears to be a weathering product since it is observed only on the 

surface. There are a few small outcrops of silicified rocks in the 

vicinity of the trenches (Figure 4.12), the rocks consisting mainly of 

quartz of 3-5mm grainsize. In some places sulphides (mainly pyrite 

and sphalerite) are present. Plath (1979) mentioned the presence of 

breccia closely associated with silicified rocks, however, no breccias 

were found during this study. The silicification is only seen at the 

surface and may be another weathering product. 
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Figure 4.13a: Rose diagrams showing the quartz+tourmaline and clay 
veinlet Aqrections of the red granite, Sweeneys mine area. 

quartz+tourmaline 
clay 

Figure 4.13b: Rose diagram showing the joint directions of the red 
granite. Sweeney's mine area. 



91.. 

4.3.1 Mineral paragenesis in the Sweeney's mine area 

Three stages of alteration can be recognised (Table 4.2). 	The 

stages are recognised by replacement textures and late veinlets of 

sphalerite and pyrite. However, replacement textures are difficult to 

recognise and the sequence of events is commonly difficult to 

determine. 

Stage 1 - Quartz+sericitetpyrite: The alteration at this stage varies 

from slight to complete alteration of granite. In slightly altered 

rocks, with granitic texture preserved, plagioclase and K-feldspar 

become sericitised and biotite is completely altered to chlorite, but 

primary quartz remains unaffected. Zircon, monazite and ilmenite also 

appear to be stable. A few fine-grained cassiterite crystals (-15Am) 

may have formed at this stage (Figure 4.14). In more altered rocks in 

which granitic texture is destroyed, fine-grained sericite is the 

major constituent, and is associated with secondary quartz. Primary 

quartz is rare and chlorite (after biotite) is altered to sericite 

and/or muscovite. Disseminated, euhedral crystals of pyrite with 

minor sphalerite are also common. Minor relict zircon, fine-grained 

cassiterite, and tourmaline may also be present. 

Stage 2 - Sulphide minerals associated with quartz+siderite and 

fluorite: Sulphide minerals are abundant at this stage of alteration 

and sulphide deposition may be subdivided into three substages: 



Figure 4.14: 	Cluster of fine-grained crystals of cassiterite in 
quartz-sericite rock. Sweeney's mine area. Sample No. 
21707. Similar feature can also be observed in quartz+ 
sericite rocks of the Globe mine area and Federation 
Plateau. 
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2a - Pyrrhotite+arsenopyrite+gurbiundite (FeSbS) +quartz: Semi-massive 

pyrrhotite is the dominant mineral of this stage. Small inclusions of 

pyrrhotite occur within arsenopyrite and vice-versa suggesting that 

arsenopyrite and pyrrhotite formed more or less together (Figure 

4.15). Minor, euhedral pyrite crystals occur in pyrrhotite and may 

also have formed with the pyrrhotite (Figure 4.16). Pyrrhotite is 

commonly altered to pyrite and/or marcasite (Figure 4.15). 	The 

secondary pyrite is fine-grained. 	Pyrrhotite and secondary 

pyrite are both replaced by sphalerite in Stage 2b (Figure 4.17). 

Minor fine-grained crystals of gudmundite occur in equilibrium 

with arsenopyrite and/or pyrrhotite and are replaced by later minerals 

(Figure 4.18). 	This is the first time gudmundite (FeSbS) has been 

reported within a Tasmanian ore deposit. 	It is difficult to 

distinguish from arsenopyrite under the microscope, but was confirmed 

by qualitative electron-microprobe analysis. Gudmundite has an upper 

stability limit at low confining pressure of 270°-290°C (Clark, 1966). 

Monoclinic pyrrhotite and antimony are formed in the breakdown of 

gudmundite (FeSb 	Sb+FeS). 	Thus the presence of gudmundite 

indicates a maximum temperature around 300°C. However, the 

temperature obtained from composition of the arsenopyrite gives a 

temperature of around 430°C (Chapter 8). This may indicate late 

formation of gudmundite, but this is not consistent with petrographic 

observation. 



Figure 4.15: Occurrence of pyrrhotite (Po) in arsenopyrite (Aspy) and 
arsenopyrite in pyrrhotite. 	Pyrite and marcasite (Py, 
Mar) are after pyrrhotite (Stage 2a). 	Sweeney's mine. 
Sample No. 14791. 

Figure 4.16: Formation of pyrite (Py) after pyrrhotite (Po) in either 
side of a siderite (dark grey) veinlet. Euhedral pyrite 
appears to be in equilibrium with pyrrhotite (Stage 2a). 
Sweeney's mine. Sample No. 14786. 
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Figure 4.17: Partial replacement of pyrite (Py) (after pyrrhotite) by 
sphalerite (Sph). Sample No. 14783. 

Figure 4.18: Partial replacement of gudmundite (Gud) and pyrite (Py) 
(after pyrrhotite) by sphalerite (Sph) and sericite. 
Sweeney's mine. Sample No. 22063. 
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Non-sulphide minerals include quartz with minor tourmaline, the 

latter occurring as needles within quartz. 

2b - Sphalerite (ZnS)+stannite (Cu2FeSnS 4 )+quartz: Stannite occurs as 

anhedral coarse-grained crystals generally replacing pyrrhotite 

(Figure 4.19). It contains chalcopyrite exsolution lamellae and minor 

sphalerite and pyrite blebs. Minor bismuth and galena inclusions also 

occur within stannite crystals, however, their parageneses are not 

clear. Stannite also occurs as lamellae and/or blebs within semi-

massive sphalerite. 

Chalcopyrite occurs along the boundaries of sphalerite. stannite 

(Figure 4.20), and pyrrhotite (Figure 4.21). Stannite is also 

replaced by chalcopyrite and siderite along micro-fractures, 

suggesting chalcopyrite has formed in several stages. 

Texturally there seem to be at least two generations of 

sphalerite. The first generation of semi-massive sphalerite is 

commonly associated with stannite and contains stannite, arsenopyrite 

and chalcopyrite inclusions (Figure 4.22). The second generation of 

sphalerite partially replaces stannite. 

Quartz is common in this stage and minerals of minor abundance 

include prehnite as fine fibrous aggregates (Thin Section No. 21877) 

and fine-grained sericite. 
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Figure 4.19: Replacement of pyrrhotite (Po) by stannite (St) (Stage 
2b). 	Note the replacement of'stannite(St) by sphalerite 
(Sph). 	Sample No. 14783. 

Figure 4.20: Occurrence of chalcopyrite (Ccpy) along the contact 
between sphalerite (Sph) and stannite (St). Sweeney's 
mine. Sample No. 14780. 



Figure 4.21: Occurrence of chalcopyrite (Ccpy) along pyrrhotite (Po) 
grain boundaries. The gangue mineral is quartz. Sample 
No. 14785. 

Figure 4.22: Sphalerite (Sph) containing stannite (St) and arseno-
pyrite (Aspy). Note the partial replacement of arseno-
pyrite by sphalerite and siderite (Sid). Sweeney's mine. 
Sample No. 14791. 
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The stannite in Sweeney's mine appears to be a low temperature 

type (i.e. A-stannite) because thereis no microcline-like twinning 

characteristic of inversion from a to A-stannite (Ramdohr, 1969). 

According to the observations of Ramdohr (1969) and experimental work 

of Heidelberg (1975) the exsolution of chalcopyrite in sphalerite is 

only observed in hydrothermal deposits formed at high temperatures. 

Pure sphalerite dissolves very little chalcopyrite at 500 ° C and the 

solubility slightly increases with increase in temperature (e.g. at 

600°C sphalerite dissolves around 1.2wt% chalcopyrite). Therefore the 

abundant chalcopyrite bodies in sphalerite grains (Figure 4.20) must 

be replacement features along the grain boundaries, cleavages and 

cracks. The replacement of sphalerite by chalcopyrite in Kuroko 

deposits has been discussed by Barton (1978), who described fine-

grained (1mm) chalcopyrite inclusions in solid sphalerite that also 

occurred along grain boundaries and cracks. 

The composition of sphalerite in Sweeeney's mine is inhomogeneous 

and varies within single and between different crystals, but exhibits 

no regular zoning. The Fe content varies over 6 atomic percent within 

single crystals (Sample No. 14799) and 9 atomic percent between grains 

(Appendix 2.3). A sphalerite sample from a veinlet (Sample 14778) 

appears to have two generations distinguished by chemical composition 

and textural features. Sphalerite from the central position of the 

veinlet is massive and the Fe content is between 5.5 to 8.5 atomic 

percent. Sphalerite from the margins of the veinlet is characterised 
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by granular texture and Fe contents range from 10.4 to 13.4 atomic 

percent (Figure 4.23). 

2c - Boulangerite (Pb
5
Sb

4
S
11
)+fluorite+siderite+cassiterite: 

Boulangerite, siderite and fluorite are closely associated with each 

other (Figures 4.25, 4.26). The cassiterite has probably formed from 

the breakdown of stannite to give cassiterite and chalcopyrite, 

possibly by the following reaction: 

Cu 2FeSnS4 +1/20 2+Fe+++H2Ozf2CuFeS 2+Sn02+2H+  

The corroded texture of the fine grained cassiterite with embayments 

filled by siderite (Fig. 4.24, 4.27, 4.28, 4.29, 4.30) suggests that 

the cassiterite was partially dissolved by a carbonate solution 

(c.f. Edwards, 1951, 1965). 

Radiating fibrous or subhedral crystals of topaz appear to be 

common at Stage 2C or Stage 3, but its paragenesis is not clear. 

Fine-grained crystals of cassiterite occur in the topaz (Figure 4.30). 

Monazite occurs rarely in siderite (Sample No. 14787). 

Siderite occurs as veinlets, in coarse crystalline or semi-massive 

patches. Based on qualitative microprobe analysis, the siderite 

contains Mn. Boulangerite occurs as fibrous masses or needle crystals 

(Figure 4.25). Semi-quantitative analysis of boulangerite shows that 

it contains up to 2.6% Fe (boulangerite-jamesonite solid solution) and 

is unzoned. 
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Figure 4.23: Two 	types 	of sphalerite, massive (A) and granular 
(B) in a sphalerite veinlet. 	Fine yellow grains are 
chalcopyrite and the gangue mineral 	is siderite. 
Sweeney's mine. Sample No. 14778. 

Figure 4.24: Fine-grained crystals of cassiterite (Cass) with siderite 
(Sid) in stannite (St) (see text for detail). Note 
partial replacement of stannite and pyrrhotite (Po) by 
topaz (Top) and siderite (Sid). Sweeney's mine. Sample 
No. 14785. 



Figure 4.25: Replacement of sphalerite (Sph) by boulangerite (Boul) 
and fluorite (F1) (Stage 2c). Sample No. 14799. 

Figure 4.26: Boulangerite (Boul) and siderite (Sid) replacing pyrite 
(after pyrrhotite). Sweeney's mine. Sample  No.  22063. 
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Figure 4.27: Cassiterite grains (Cass) and siderite (Sid) in stannite 
(St). Note the occurrence of chalcopyrite (Ccpy) and 
cassiterite in stannite, and pyrrhotite (Po) inclusions 
in stannite. Sample No. 14785. 

Figure 4.28: Topaz (Top) and siderite (Sid) replacing arsenopyrite 
(Aspy) and stannite. Note the occurrence of cassiterite 
(cass) in topaz and in siderite. Sweeney's mine. Sample 
No. 14790. 



Figure 4.29: Occurrence of cassiterite (Cass) as fine-grained crystals 
and clusters in siderite (Sid). The light yellow mineral 
is pyrite. Sweeney's mine. Sample No. 14784. 



Figure 4.30: Fine-grained crystals of cassiterite (Cass) with siderite 
(Sid) in pyrite (Py). Note the formation of topaz (Top) 
along a fracture, also close association of stannite (St) 
and chalcopyrite (Ccp) with cassiterite. Sample No. 
22055. 

Figure 4.31: Siderite (Sid) and chlorite (Chl) in an intensely altered 
granite (Stage 3). Sweeney's mine. Sample No. 22487. 
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Violet-coloured fluorite occurs as semi-massive to coarse-grained 

crystals in close association with boulangerite and/or siderite 

(Figure 4.25). 

Stage 3 - Chlorite+siderite: This stage represents the most intense 

phase of hydrothermal alteration and is characterised by fine-grained 

pale green-blue chlorite and abundant siderite, replacing all earlier 

formed minerals (Figure 4.31). Based on microprobe analysis of Sample 

No. 22467, the chlorite is high in Al and Fe and low in Mg contents 

(Appendix 2.6). Secondary quartz and minor sericite or muscovite may 

also be present. 

4.3.2 Distribution of mineralising stages within the Sweeney's mine 

area 

No spatial zoning of alteration stages has been observed. 

However, some drill cores are dominated by the development of a 

particular stage of alteration. Drill holes S4, S5 and S6 (Figure 

4.1) are mostly characterised by the alteration minerals of Stage 2b 

and 2c, while drill holes S8 and Sll exhibit Stage 2a alteration 

minerals. Almost all of the mineralising and alteration stages can be 

observed in drill holes S14 and S15 in equal proportions. 

Sericitisation with or without disseminated pyrite is widespread 

and may be observed in all drill cores intersecting altered or 

mineralised zones. Zn, Cu, As, Pb, Sn, Ag, and Sb analyses from drill 
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TABLE 4.2 Paragenesis of gangue and ore minerals 

Sweeney's mine 

Stage/ 
 

2 

Mineral 
 

1 
	

2a  2b  2c  3 

Chlorite 

Sericite 

Quartz 

Marcasite 

Tourmaline 

Pyrite 

Pyrrhotite 

Arsenopyrite 

Gudmundite 

Stannite 

Sphalerite 

Chalcopyrite 

Galena 

Bismuth 

Prehnite 

Topaz 

Boulawaerite 

Fluorite 

Sideritp 

paragf.nesis not rIf.:ir 
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cores intersecting altered and/or mineralised zones do not necessarily

•correlate with any particular stage of alteration. This is due to the 

partial replacement of early stage minerals by those of later stage 

and also the random occurrence of sulphide veinlets in the mineralised 

zones. The average concentration of the above minerals, analysed by 

Renison Limited, are shown in Table 4.3 

4.4 Geology and Alteration in the Globe Mine Area 

The Globe mine is within the coarse-grained red granite and is 

situated in the southeast of the Heemskirk Granite, close to the 

contact with Cambrian country rocks (Figure 1.3). Figure 4.32 is the 

geological map of the area and is drawn from the outcrops observed 

along bulldozed tracks. Within the mine area the coarse-grained red 

granite is mostly replaced by fine-grained green tourmaline, quartz 

and minor euhedral pyrite. A number of aplitic dykes, some of which 

are veined by quartz+tourmaline and cut by greisen dykes, occur within 

the mine area. 

The main alteration is an intense tourmalinisation of the granite 

associated with numerous small veinlets of tourmaline, quartz+ 

tourmaline, and muscovite+quartz+tourmaline. Tourmaline (green in 

colour) and quartz+tourmaline veinlets are the predominant types 

(85%). The quartz+muscovite+tourmal•ne veinlets (10%) are commonly 

characterised by green tourmaline in the centre of the veinlets. 
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TABLE 4.3: Average and standard deviation of Sn. Cu, As, Pb. Zr. Bi and Ag contents of 
altered and/or mineralised rocks from analysed drill core, Sweeney's mine 
(analyses carried out by Renison Limited). 
in Figure 4.12. 

Locations of drill holes are shown 

Drill Hole %Sn %Cu As %Pia %Zri i git Au 

SWY 1 0.06±0.002 <0.05 <0.10 0.001±0.001 0.02±0.01 <0.003 <1.0 

SWV 3 <0.05 <0.05 <0.10 ' <0.009 <0.025 <0.001 <1.0 

SWY 4 4.00±0.35 <0.07 <0.44 0.47±1.20 2.51±2.70 <0.005 11.9±13.0 

SWY 5 <0.02 <0.001 <0.10 <0.017 <0.4 <0.002 ,<4.0 

SW( 7 0.80±0.70 <0.10 <0.65 0.63±.1.40 2.41±3.40 <0.004 26.0±45.0 

ONV 8 0.30±0.30 <0.50 <0.10 <0,20 1.30±2.00 <0.0e0 18.0±30.0 

SW? 11 1.00±0.70 0.95±0.70 1.11:1.2 <0.70 1.60±1.70 <0.07 102.0±67.0 

SW? 14 0.20±0.20 <0.60 0.7±1.0 <0.10 0.51±0.70 <0.02 34.0±37.0 

SW? 15 0.60±0.70 <0.60 <0.80 0.5010.50 0.80±1.20 <0.01 23.0±21.0 
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Figure 4.32: Geology of the Globe mine area. Heemskirk Granite. 



Quartz+tourmaline and quartz+muscovite+tourmaline veins strike in 

a variety of directions even in one locality but there are apparently 

two major strike directions: (a) NW-SE, and (b) NE-SW, both dipping 

vertically (Figure 4.33). 

4.4.1 Paragenesis of mineralised zones in the Globe mine area 

Field and petrographic observations of altered and/or mineralised 

rocks revealed several generations of alteration and associated 

mineralisation. The sequence is described below and in Table 4.4 and 

is mainly based on the core from three drill holes (Figure 4.32). 

Stage 1 - Sericite+pyrite+quartz: Sericitisation appears to be the 

earliest stage of alteration and is similar to the sericitisation 

observed in Sweeney's mine (see Section 4.3.2). It is characterised 

by sericite, primary and secondary quartz and disseminated 

pyrite (Figure 	4.5). 	Disseminated fine-grained sphalerite also 

occurs in minor 	quantities. 	Cassiterite 	is present as fine- 

grained (-30 Am) disseminated in sericite or secondary quartz. 

Stage 2 - Tournaline+quartztpyrite: 	The Globe mine alteration is 

characterised by extensive tourmalinisation of granite. Tourmaline 

occurs as fine-grained and is green to dark green in colour with 

needle-shaped and patches of extremely fine-grained crystals. It 

replaces sericitised granite (Figures 4.34, 4.35) and is commonly 

associated with small (up to 2mm diameter) crystals of quartz. 

Intense tourmalinisation results in the total replacement of the 
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Figure 4.33: Rose diagram showing the strike of quartz+tourmaline, 

quartz, and greisen veinlets in the Globe mine area, 

Heemskirk Granite. 

.greisen (quartz+muscovite+tourmaline) 

quartz 

quartz+tourmaline 



Figure 4.34: Drill core showing the local replacement of sericitised 
rock (yellow-grey at both ends of tray) by tourmalinised 
rock (dark green). Pale sericitised rock gradually gives 
way to dark tourmalinised rock. Globe mine. Drill Core 
No. TH8 

Figure 4.35: Replacement of sericite (Ser), quartz (Q) with 
disseminated pyrite (Py) and sphalerite (Sph) by 
tourmaline (Tou) and quartz. Globe mine. Sample No. 
106519. 



114. 

sericitised rock by tourmaline and quartz (Figure 4.35). There is a 

clear association between tourmaline and the occurrence of fine-

grained cassiterite (Plates 4.36A, 4.36B). 

The only observed sulphide veinlet in tourmalinised rock (drill 

core No. TH7) consists of sphalerite, arsenopyrite, pyrite/marcasite, 

boulangerite and siderite. The arsenopyrite is replaced by sphalerite 

and boulangerite. Siderite is a late-formed mineral replacing 

sphalerite, arsenopyrite and pyrite/marcasite (Figure 4.37). 

Stage 3 - Sulphide minerals associated with siderite and quartz: 

Sulphide minerals deposited during this stage may be divided into two 

substages: 

3a - Sphalerite+siderite: Sphalerite formed in several generations. 

It occurs co-existing with disseminated pyrite in sericitised rocks 

(i.e. Stage 1). Later-formed sphalerite (either disseminated or in 

patches) replaces coarse-grained to semi-massive siderite, and/or 

tourmaline (Figures 4.38 and 4.39). Sphalerite also occurs within 

sulphide veins (Sample 10583) and replaces arsenopyrite (Figure 4.37). 

The veins cut tourmalinised rock. 

The colour of sphalerite varies irregularly within single crystals 

from dark to light red-brown. Zoning was also observed in Sample 

10583 where there is a regular repetition of dark to light red-brown 

sphalerite within a single crystal. The Fe content of sphalerite 

ranges from 0.64 to 1.8 atomic percent in light red-brown and from 



4.36A 

4.36B 

Figures 4.36A and B: 	Fine-grained crystals of cassiterite (dark 
brown) in tourmaline. Globe mine. Sample No. 106526. 



Figure 4.37: Arsenopyrite (Aspy), sphalerite (Sph), pyrite (Py) and 
boulangerite (Boul) as constituents of a veinlet. Note 
the remnant of arsenopyrite crystals in boulangerite and 
sphalerite. Globe mine. Sample No. 106583. 

Figure 4.38: Replacement of tourmaline (pale brown, green) by 
sphalerite (dark red). Globe mine. Sample No. 106519. 
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Figure 4.39: Replacement of siderite (Sid) by sphalerite (Sph). Globe 
mine. Sample No. 106666. 

Figure 4.40: Tourmaline crystals (green) enclosed by later galena 
(dark). Globe mine. Sample No. 106665. (dark grey 
areas are pits caused during polishing) 
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9.0 to 10.1 atomic percent in the dark brown sphalerite (Sample No. 

106666). 	Sphalerite is commonly free of exsolution and replacement 

phases 	but minor irregularly-shaped bodies of pyrite occur in 

sphalerite (Figure 4.37). 

3b - Galena+tetrahedrite+seneghinite (CuPb 133b7S24 ) +chalcopyrite: 

These phases replace earlier formed minerals. Galena occurs as grains 

replacing disseminated pyrite, sphalerite or tourmaline (Figure 4.40), 

or in massive form with remnant sphalerite and pyrite (Figure 4.41). 

The galena does not contain impurities (qualitative microprobe 

analysis). 

Tetrahedrite and meneghinite are not common and are closely 

associated, but the time relationship between these two minerals is 

not known. Meneghinite was identified by qualitative microprobe 

analysis and is recorded for the first time in Tasmania. Tetrahedrite 

contains minor Zn and significant Ag with up to 100g/tonne being 

recorded (Renison Ltd analysis). The tetrahedrite appears to be the 

only silver-carrying mineral within the Globe mine area. Chalcopyrite 

occurs as small (0.2mm) irregular-shaped crystals in close association 

with tetrahedrite and/or meneghinite (Figure 4.42). 



Figure 4.41: Massive galena (Gn) with enclosed corroded pyrite (Py) 
and sphalerite (Sph). Globe mine, Sample  No.  106485. 
(The black areas are due to poor polishing) 

Figure 4.42: Tetrahedrite (Tet), meneghinite (Meg) and chalcopyrite 
(Ccpy) replacing siderite (grey). Globe mine, Heemskirk 
Granite. Sample No. 106591. 
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TABLE 4.4 Paragenesis of gangue and ore minerals 
Globe mine 

Stage/ 
	

3 
Mineral 
	

1 	2 
	

3a 
	3b 

Quartz 

Sericite 

Pyrite 

Cassiterite 

Tourmaline 

Sphalerite 

Siderite 

Galena 

Tetrahedrite 

Meneghinite 

Chalcopyrite 

Arsenopyrite 

Stannite 

Boulangerite 

minor constituent 
. - . 
	 veinlet constituent, paragenesis not clear 

. - . 



TABLE 4.5 General features of Globe, Sweeney's and Federation mines, South Heemskirk Granite 

Mine/ 
Feature 
	

Sweeney's 
	

Globe 	Federation 

Host rock 
	

Coarse-grained red 
	

Coarse-grained red 
	

Medium- to fine-grained 
granite. 	granite. 	red and white granites. 

Form 
	

Replacement of early- 
formed mineral, few 
veinlets. 

Common alteration Sericite+quartz±pyrite. 
mineral assemblage 

As in Sweeney's mine. 

Sericite+quartz±pyrite, 
tourmaline+quartz±pyrite. 

Greisen dyke, quartz± 
tourmaline veins. 

Sericite+quartz±pyrite, 
quartz+tourmalinet 
muscovite±topaz, hematite 
+siderite+magnetite. 

Cassiterite 
	Disseminated in sericite Disseminated in green 

	Disseminated in sericite+ 
occurrence 	+quartz±pyrite 	tourmaline, and in 	quartz±pyrite assemblage, 

assemblage and 	sericite+quartz±pyrite. 	greisen dykes and quartz+ 
associated with siderite. 	 tourmaline veins. 

Major sulphide 
minerals 

Arsenopyrite, pyrite, 
phyrrhotite, stannite, 
sphalerite. 

Sphalerite, pyrite, 
tetrahedrite and galena. 

+13.1 o/ 	to +15.0o/ oo 	00  

Pyrite. 

to +11.8o/ oo 	oo 
134s 	

+9.7°/00 to + 13.10/00 



CHAPTER 5 

FLUID INCLUSIONS 

5.1 Introduction 

Fluid inclusions were studied in quartz from granite, pegmatite, 

quartz+tourmaline nodules, quartz+tourmaline vein and quartz+sericite 

assemblages, and in fluorite and siderite. Of the 150 doubly polished 

fluid inclusion sections prepared, only 25 were found to contain 

useful fluid inclusions. This is because most of the fluid inclusion 

sections contain only 2 phase, very low vapour-liquid ratio inclusions 

(i.e. low temperature) which have apparently overprinted the higher 

temperature presumably primary or pseudosecondary fluid inclusions. 

In addition some others have fluid inclusions which are too small for 

studying (e.g. <4gm). 

A major problem in studying the fluid inclusions were their small 

size, most being <6gm in diameter. An absolute distinction between 

primary and secondary fluid inclusions was not always possible, except 

for some low temperature inclusions which occur along obvious 

microfractures. Possible primary high temperature inclusions 

are very small and occur either as small (4-10 gm) isolated inclusions 

or as clusters with no obvious connection with microfractures. 

The fluid inclusions in quartz from the granite and quartz+ 

tourmaline nodules are too small for measurements, except for some low 
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temperature 2 phase inclusions. However, no measurements were made on 

these fluid inclusions. 

Due to the small size of the high temperature fluid inclusions 

(types A-2 and A-3, Table 5.1), it was not possible to detect CO 2 . 

which may well have been present. 

The experimental measurements are shown in Appendix 3. 	The 

following terms and observations are used throughout this chapter. 

Liquid 

✓ Vapour 

Ice 

• Halite 

Sylvite 

• Critical temperature 

Th 	Homogenisation temperature of fluid phases Th L  = L+V-PL and 

Thy  = L+V-+V 

Tm 	Temperature of melting or dissolution of a solid phase 

e.g. Tm Ice, TmNaC1 

Tn 	Temperature of nucleation of a single phase in the fluid 

upon cooling 

Te 	Eutectic temperature 



B-1 B-2 

HnO (L) 
Ct2 (L) 

CO2  (L) CO
2 (V) CO2 (V) 

H20 (V) 

Tourmaline 
Halite 
Unknown 

TABLE 5.1 classifiraticin of inclusicil types and their distribution. lieurisk irk (;ninite 

Minepil. Inclusion 	A 	 B 	 • C 
host rock. type 	A-1 	A-2 	A-3 	B-1 	B-2 	B-3 	C-1 	C-2 	C-3 	C-4 
paragenesis 
stage 	6@e@O8@e40‘)00 
Quartz, granite 	v 	? 	V 	? 	? 	_ 	V 	V v 	V' 

Quartz, quartz- 

tourmaline nodules 	v/ 	? 	? 	? 	_ 	V 	v/ 	_ 

Quartz, pegmatite 	v' 	_ 	_ 	_ 	v/ 	v' 	_ 

Q4artz, greisen 

dyke, 1 	V 	v/ 	v 	- 	ti 	./ V. 	V 	./ V 

Quartz, quartz 

tourmaline vein, 1 	v 	V 	V 	_ 	v 	_ 	v 	V 	v' 	1.7 

Quartz, quartz- 

sericite rock, 1 	v/ 	v' 	_ 	_ 	_ 	_ 	v' 	v/ 	v' 	_ 

Fluorite, mineralised 

rook, 3 	v/ 

Siderite, mineralised 

roCk,3 

V 	observed 

not observed . 

Legend for fluid inclusion types: 
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Immiscibility: 	Immiscibility is defined as a system containing 

several homogeneous phases in equilibrium with each other, synonymous 

to a stable mechanical mixture (Pichavant et al., 1982). 

Samples suitable for study could not be obtained from all 

paragenetic stages (Chapter 4) in each area. Quartz from pegmatite 

and early stages of mineralisation (e.g. greisen, quartz+tourmaline 

veins, quartz+sericite alteration) were selected from Sweeney's mine 

and the Federation workings. while later paragenetic stages containing 

fluorite and siderite are from Sweeney's mine samples. No suitable 

material was obtained from the Globe mine. 

5.2 Description and Classification of Inclusions 

Fluid inclusions in fluorite have mostly an elongated or negative 

crystal form and range in size from 15 to 50gm. Fluid inclusions in 

quartz have a variety of shapes (i.e. oval, rounded, elongated, 

negative crystal forms or irregular) and they range in size from <5 to 

50m). The high temperature inclusions are generally small (<5 to 

10m) and oval shaped. Fluid inclusions in siderite are very rare and 

commonly show negative crystal shape. The fluid inclusions can be 

classified as follows: 

Type A : Two phase (L. 	+ VH 0 ) inclusions with variable 
11 2 0 	2 

vapour-liquid ratios can be classified into 3 subtypes on 

their vapour-liquid ratios, viz.: 
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Type A-1: 

Type A-2: 

Type A-3: 

Inclusions with low vapour-liquid ratios (10-30% by 

volume). 

Clusters of inclusions containing variable but high 

vapour to liquid ratios (e.g. 50 to 100% by volume). 

Isolated, rare inclusions 	containing 	high but 

consistent vapour to liquid ratios (-70% by volume). 

These inclusions do not coexist with A-2 inclusions. 

Type B : 	Carbon dioxide-bearing fluid inclusions consisting of 

LCO
2  

VC0
2 

(B-1), LH20  + LCO
2  

VCO (B-2) and
2 

LH
2 

+V (CO
2
AA

2
0
?

)+H  (B -3 ). • 

Type C : 	Fluid inclusions (LH0  + VH ) containing one (C-1) two 2  20   

C-2) or more (C-3) solid phases and isolated, rare 

inclusions with high salinity (e.g. >50 wt% NaCl 

equivalent) (C-4). 

The distribution of these inclusion types between paragenetic 

stages is shown in Table 5.1. 

5.2.1 Type A 

Type A inclusions show a wide range of homogenisation temperature. 

They are very common in all quartz, fluorite and siderite samples and 

comprise >99% of the total fluid inclusion population in these 
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minerals (Figure 5.1). They have low vapour-liquid ratios (10-30% by 

volume). 	Fluid inclusions with vapour-liquid ratios of about 30% do 

occur but are less common. 	Type A-1 inclusions predominantly occur 

along fractures and also as isolated large inclusions. 	All type A-1 

fluid inclusions homogenise into the liquid phase. 

Type A-2 inclusions contain variable vapour-liquid ratios ranging 

from 50 to 100% by volume (Figure 5.2). They occur as clusters of 

inclusions in a single plane and homogenise to vapour or liquid, or 

may show critical homogenisation. These inclusions are very rare and 

were observed only in quartz from greisen, quartz+tourmaline veins and 

sericitised granite. Due to the small size of these inclusions in 

quartz from granite and quartz+tourmaline nodules, their occurrence 

could not be identified positively. 

Type A-3 inclusions are characterised by high, but consistent 

vapour content(- 70% by volume) and, upon heating, homogenise to vapour 

(Figure 5.3). They are extremely rare and are found as isolated fluid 

inclusions. These fluid inclusions were found in quartz from quartz+ 

tourmaline veins, greisen dykes, granite and quartz+tourmaline nodules. 

5.2.2 Type B 

Two phase CO2 -bearing inclusions (L+V, Type B-1) are very rare and 

were observed only in 'a quartz sample from a pegmatite (Figure 5.4a 

and b). They contain a single liquid phase at room temperature and 

the vapour CO2  nucleates upon cooling of the fluid inclusions. Type 
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B-2 fluid inclusions (Figure 5.4a and b) consist of aqueous solution 

and a vapour bubble which is ringed by liquid CO 2 . The CO 2/H 20 ratios 

range from 20 to 65%. The CO
2 
vapour bubble in some inclusions 

appears only on cooling and at room temperature they may contain only 

aqueous solution and liquid CO 2 . 

Rare type B-2 fluid inclusions (LH 0  + L 	+ V 	) were 
2 

CO
2  

CO
2 

found in three quartz samples from quartz+Tourmaline veins, greisen 

dykes and pegmatite (Sample Nos. 106419, 106428 and 106401 

respectively). Type B-1 and B-2 inclusions (in pegmatite) are 

observed in the same plane. Most of the types B-1 and B-2 occur along 

fractures and appear to be pseudosecondary or secondary inclusions. 

Type B-3 inclusions( LH 0  
ft 2 

+V(CO +H 0?) +H  
2 2 • 	

) were found in 

quartz from greisen (Sample 106402). They show consistent phase 

ratios (Figure 5.4c). A small rounded opaque mineral occurs in some 

of these fluid inclusions. Type B-3 inclusions are superficially 

similar to Type C-1 (below) but heating behaviour is different to that 

group, necessitating a separate classification. 

5.2.3. Type C 

Fluid inclusions containing one solid phase (C-1) are the most 

common and the solid phase was identified as halite (i.e. cubic, low 

relief, isotropic, Figure 5.5a). They occur in quartz from granite, 

quartz-tourmaline veins, greisen dykes, pegmatite and quartz+sericite 

rocks (sericitised granite). Type C-2 inclusions ( 
LH 0+VH 0+2  

	

2 	2 
solid phases, Fig. 5.5h) are less common than Type C-1 and the most 

common daughter minerals are halite and sylvite. Sylvite occurs with 

semi-rounded shape, low relief and is isotropic. Another rare solid 
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phase, yet unidentified, coexists with halite, has very small size, 

irregular shape, high relief and is anisotropic. An opaque semi-

rounded mineral may also occur with halite. Type C-2 inclusions occur 

in quartz from granite and quartz+tourmaline nodules, quartz+ 

tourmaline greisen dykes and quartz+sericite rocks. However, due to 

the small size of fluid inclusions in quartz from granite and quartz+ 

tourmaline nodules the solid phases (except halite) could not be 

identified. 

The number of solid phases varies in different fluid enclusiohs, 

e.g. up to 12 solid phases were observed in an inclusion in Sample No. 

106403. Among these is an anisotropic solid phase which occurs as 

needle-shaped, light green-blue crystals with high birefringence and 

parallel extinction, which was identified as tourmaline. Tourmaline 

needles also occur in quartz from greisen dykes, quartz+tourmaline 

veins, and quartz+sericite rocks (Figure 5.2c). Other common solid 

phases are halite, sylvite, a small rounded opaque mineral, and also 

many different unidentified anisotropic minerals with different 

habits. Most of the solid phases in type C-3 inclusions appear to be 

trapped accidentally, since the inclusions have different solid phase 

ratios. Type C-3 inclusions occur in quartz from granite, quartz+ 

tourmaline nodules, greisen dykes, quartz+tourmaline veins and quartz+ 

sericite rock. 

Type C-4 inclusion's are extremely rare and were observed only in 

quartz from granite, quartz+tourmaline and greisen dykes. They are 

highly saline and contain about 60 wt% equi. NaCl. The daughter 



Figure 5.1 	Type A-1 fluid inclusions, Heemskirk Granite. 

Figure 5.1a 	Type A-1 inclusion in fluorite, Sample 106405, Sweeney's 
mine. 

Figure 5.1b, c 	Type A-1 inclusion in quartz, Sample 106424, 
Sweeney's mine. Note also the occurrence of Type C-2 (H2OL.01 

	2 
solid phases) in Figure 5.1b. 

Figure 5.2 	Type A-2 fluid inclusions, Heemskirk Granite. 

Figure 5.2a 	Type A-2 fluid inclusions in the same plane. Note the 
occurrence of Type C-1 in a different plane. Sample 106402, 
Federation workings. 

Figure 5.2b 	Type A-2 inclusions showing variable V/1 ratios. Sample 
106409, Federation workings. 

Figure 5.2c 	Type A-2 inclusions. Note the occurrence of Type C-1 
inclusions and also tourmaline needles in quartz, Sample 106419. 

Figure 5.3 	Type A-3 fluid inclusions, Sample 106409, Federation 
workings. 

Figure 5.4 	Type B fluid inclusions, Heemskirk Granite. 

Figure 5.4a 	Type B-1 and B-2 inclusions (CO2L +v and CO2L +v + H2OL 
respectively). Type B-1 inclusion contains only liquid phase at 
room temperature. Type B-2 show low CO 2/H20 ratio. Sample 106401, 
Federation working area. 

Figure 5.4b 	Type B-2 inclusion (CO2L + CO2v + H2OL) with high CO2/ 
1120 ratio. Note the occurrence of Type B-1 and B-2 along healed 
microfractures, Sample 106401. 

Figure 5.4c 	Type B-3 inclusions containing! v t +- (CO fH o?)" 
2 2 

The small rounded opaque solid phase is also commOrf. 

Sample 106402. 

Figure 5.5 	Type C fluid inclusions, Heemskirk Granite. 



Figure 5.5a 	Type C-1 inclusions containing halite crystals, Sample 
106421. 

Figure 5.5b 	Type C-2 inclusions containing halite and an anisotropic 
solid phase. Note the occurrence of Type C-3 inclusion containing 
halite (1), unknown isotropic mineral, (2) one rounded opaque 
mineral, and three anisotropic solid phases - Sample 106421. 

Figure 5.5c 	Type C-3 inclusion containing halite (1), sylvite (2), 
tourmaline (3). Sample 106421. 	Identity of No. 4 is not known. 

Figure 5.5d 	Type C-3 inclusions containing halite (1), tourmaline 
(2). The brown solid phase is possibly an iron oxide. The 
inclusion has possibly been necked down. Sample 106421. 

Figure 5.5e 	Type C-3 inclusion, containing an anisotropic mineral 
(1) and two opaque solid phases (2). Sample 106424. 

Figure 5.5f 	Type C-4 inclusions ocntaining large halite and small 
bubble. Note the vapour-rich inclusion in close association with 
Type C-4. Type C-3 inclusions are not in focus. Sample 106402. 
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halite occupies more than 60% volume of the inclusions (Figure 5.5f). 

The large solid phase in similar fluid inclusions in quartz from 

granite appears to be halite, but due to the small size of the fluid 

inclusions, this identification remains questionable. 

5.3 Fluid Incluison  Homogenisation Data 

The fluid inclusion homogenisation temperatures obtained for each 

rock type are shown as histograms in Figures 5.6 to 5.10. Every 

attempt was made to measure both Tm and Th for each individual type C 

fluid inclusion. However, due to the small size of fluid inclusions, 

some Tm or Th were not able to be measured accurately and are not 

shown on the histograms (Appendix 3). 

5.3.1 Type A 

Two phase (L-V) fluid inclusions with low V/L ratios (Type A-1) 

show a wide range of homogenisation temperatures from 113 °  to 330 ° C, 

however, inclusions with lower homogenisation temperature and lower 

V/L ratios predominate (average 178 ° ). Homogenisation temperatures of 

type A-2 (to liquid or vapour) range from 346° to 469°C, however, 

about 70% of the fluid inclusions homogenised in the range 380 °  

to 450 ° C. Three fluid inclusions in quartz from greisen (Sample No. 

106426) and quartz+sericite rocks (Sample No. 	106424) showed 

critical homogenisation between 356° and 392°C. 	Type A-3 

inclusions exhibited the highest temperatures. 	A few inclusions 

did not homogenise even at 580 ° C and may indicate higher trapping 
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Figure 5.9:  Th (5.9a) and TmNaci  (5.9b) histograms for fluid 
inclusions in quartz from pegmatite, Heemskirk Granite. 
Symbols as for Figure 5.6. 

Figure 5.10: Th histograms for fluid inclusions in fluorite (5.10a) 
and siderite (5.10b), Sweeney's Mine. 	Symbols as for 

Figure.. 5.6. 
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temperatures or two-phase trapping at the time of formation. Th v of 

type A-3 ranged from 503 °  to >580°C. Only a total of five 

homogenisation temperatures could be measured. 

5.3.2 Type B 

The homogenisation temperatures of two phase ( Lco'vco 2 	2 )  

inclusions (Type B-1) ranged from +2 °  to +13.7 ° C. 	These inclusions 

are very rare and only seven homogenisation temperature measurements 

were made. 	The ThL  of CO2  phases in type B-2 ranged from +7.3 to 

+26.9°C (Table 5.2). 	One fluid inclusion homogenised to vapour at 

+18.9°C. 	Due to the small size of type B-2 inclusions the final 

homogenisation temperatures to CO 2 -rich phase could not be measured 

accurately because the boundary between the CO 2-rich and H 20-rich 

phases become difficult to observe at higher temperatures). Based on 

12 measurements, the likely final homogenisation temperatures are 

between 300 °  to 400 ° C. One B-2 inclusion homogenised to the H 20-rich 

phase at 305 ° C. Tm and ThL of type B-3 inclusions ranged from 300° to 

320 ° C and 380 °  to 430 ° C respectively. One fluid inclusion showed 

Tm>Th (360° and 216 °  respectively) and another did not homogenise even 

at 570°C while the daughter mineral of this fluid inclusion dissolved 

at 420 ° C. There was no change in the opaque mineral upon heating in 

type B-3 inclusions. 
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TABLE 5.2 Calculated Xco  and X II  of Type B-2 inclusions 
2  2 0  

using methods of Burruss (1981) 

Sample 

No. 

Thco2  Density 

( ° C)  (g/cc) 

Vc02 

(%) 

CO 
2 

bars 

Bulk D 

mol/L 

Bulk 

molar V 

(cm 3 /mole) 

X
H 0 
2 2 

X CO 

106401 16.0 0.82 50 195 37.0 27.0 .84 0.16 

21.6 0.76 45 150 38.5 26.0 .86 0.14 

19.3 0.75 35 132 43.0 33.3 .90 0.38 

16.9 0.81 40 172 41.0 24.4 .84 0.16 

16.0 0.82 55 195 35.0 28.6 .70 0.30 

23.1 0.74 30 123 43.0 23.2 .90 0.10 
26.9 0.68 20 121 47.5 21.0 .95 0.05 

14.2 0.83 35 199 42.0 23.8 .86 0.14 

19.7 0.78 25 150 46.5 21.7 .91 0.09 

8.8 0.75 25 125 46.0 21.7 .91 0.09 

14.8 0.82 35 195 41.5 24.1 .86 0.14 

13.7 0.83 65 99 28.0 35.7 .48 0.62 

18.6 0.78 55 150 34.5 40.8 .40 0.60 

14.1 0.83 57 198 34.0 29.4 .66 0.44 

10.8 0.87 43 260 40.0 25.0 .84 0.36 

7.3 0.89 36 290 43.0 23.0 .89 0.11 
25.9 0.70 45 117 37.5 26.7 .81 0.19 

18.9 0.78 50 150 37.0 27.0 .78 0.22 

14.2 0.83 45 199 39.0 25.6 .79 0.21 
25.0 0.72 40 120 40.5 24.7 .93 0.17 
23.7 0.74 15 123 48.0 20.8 .93 0.07 
20.9 0.76 35 130 41.5 24.0 .88 0.12 
18.6 0.20 37 70 38.0 26.3 .95 0.05 

106419 29.0 0.64 50 109 35.0 28.6 .81 0.19 
29.0 0.64 45 109 37.0 27.0 .83 0.17 
28.7 0.64 50 108 35.0 28.6 .81 0.19 
29.0 0.64 55 109 33.0 30.3 .78 0.22 
28.0 0.66 45 112 37.0 27.0 .82 0.18 

106421 23.9 0.74 35 123 41.0 24.4 .87 0.13 
24.3 0.72 40 120 39.5 25.0 .85 0.15 
23.9 0.74 40 123 39.5 25.0 .86 0.14 
24.6 0.73 35 122 41.0 24.4 .85 0.15 
25.6 0.70 45 117 37.0 27.0 .81 0.19 



3.3.3 Type C 

Type C-1 inclusions show a wide range of homogenisation and 

dissolution temperatures. Type .  C-1 inclusions in quartz from 

pegmatite show the lowest Th L  and TmNaC1 (115° and .160 ° C respectively) 

while similar inclusions from greisen dykes show highest Th and Tm Naci  

(377° and 398°C respectively). 	About 70% of the measured TmNaCI 

values from all samples range from 210 °  to 270 ° C. 	More than 90% of 

type C-1 inclusions showed TmNacI >Th. There is no correlation between 

the Th and TmNaci  in type C-1 inclusions (Figure 5.11). Tm Kci  in type 

C-2 inclusions ranged from 71 °  to 223 ° C Appendix 3). The differences 

between TmNaC1 and Tml(cl  are not consistent between inclusions, 

ranging from <10° to >150°C. Such inconsistency suggests that either 

the K/Na ratios of the hydrothermal fluid varied with time the 

daughter mineral has been misidentified as sylvite. Anosotropic solid 

phases within type C-2 and C-3 did not dissolve at high temperatures 

(e.g. >500°C) and the fluid inclusions decrepitated. 

Dissolution temperatures for daughter minerals in type C-3 

inclusions averaged 530 ° C. The bubble in type C-4 inclusions is not 

commonly observed, due perhaps to the small size of the bubble or by 

being obscured by the halite crystal. The only measured Th L  of a type 

C-4 inclusion was 240°C. Repeated Tm Nan  measurements were 

reproducible to ±2 ° C. The single halite crystal renucleated as two or 

three small crystals after the first TmNac i measurement. 
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5.4 Fluid Inclusion  Composition - Freezing Experiments 

Type A to C-3 inclusions show a wide range of composition. Te of 

type A-1 inclusions ranged from -18° to -22 ° C, which is very close to 

the eutectic point for the NaCI-H 20 system (i.e. -20.8 ° C, Crawford, 

1981). 	Therefore Tmice for these inclusions allows relatively 

accurate determination of the salinity. 	The salinity of type A-1 

Inclusions range from almost pure water to 12.5 eq.wt% NaC1 (Figure 

5.12). 	However, these inclusions fall into a distinct group on a 

salinity-homogenisation temperature plot (Figure 5.12). 	Those fluid 

Inclusions with the lowest homogenisation temperature (-130°C) have 

the highest salinities (10-12.5eq.wt% NaC1). 

Five Te measurements of type A-2 inclusions ranged from -35 °  to 

-42 ° C, indicating the presence of other solute species like CaC1 2  

and MgC1 2  (Crawford, 1981). Due to presence of these solute species, 

and lack of data regarding the melting temperature of hydrate phases, 

the salinity of these inclusions cannot be estimated reliably. Those 

which show critical homogenisation phenomenon indicate salinities of 2 

eq.wt% NaCl. 

The Te of type C-1 inclusions consistently range from - 38 °  to 

-49°C which is lower than both H 20-NaCI and H 20-KCI eutectics 

(-20.8° and -22.9°C respectively, Crawford, 1981) and indicates the 

presence of CaC1 2 , MgC1 2  etc. 
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Dissolution temperatures of daughter minerals in type C-2 fluid 

inclusions yield approximate solute concentrations and K/Na ratios, 

using the data of Keevil (1942), Ravich and Borovaya (1949). Only a 

few dissolution temperatures were measured on type C-2 inclusions 

containing halite+sylvite daughter minerals (Figure 5.13). The 

KC1/NaC1 appears to be very high, ranging from 0.46 to 1.31, assuming 

that the daughter salt coexisting with halite showing a similar Tm, is 

sylvite. 

Measured Tm CO  for type B-2 inclusions range between -54,9°  to 
2 

 

-55.9°C, although the errors in measurements are at least ±2°C at 

these low temperatures. The Tm 	values are close to the pure CO 2  CO
2 

eutectic temperature and suggest low or negligible concentrations of 

C114  are present in the CO 2  inclusions. 

The salinity determinations using the Tm ice  method are inaccurate 

in CO2-bearing inclusions (type B-2) due to clathrate formation 

(Collins, 1979). However, the CO 2  hydrate melting temperatures may be 

utilised for salinity measurements provided no other gas species (i.e. 

CH4 ) is present (Hollister and Burruss, 1976; Collins, 1979). This 

assumption appears valid since the Tm CO  measurements indicate that 
2 

 

the CO2 is pure. The Tm clathrate for type B-2 inclusions in quartz 

from pegmatite (Sample No. 106401) ranges from +2.6 to +6.7 (x = 

4.1±1.2), an average depression of +5.9 ° C from the Tm clathrate in the 

pure CO2 -H20 system (+10 ° C). The solute concentration in the aqueous 

phase which would result in this depression of melting equals 11 wt% 

NaC1 (Collins, 1979). Five Tm clathrate measurements of type B-2 
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inclusions in quartz from quartz+tourmaline veins are more consistent 

and average +9+0.5 ° C and indicate the presence of 2 equivalent wt% 

NaC1 in the aqueous phase. Thus, the internal pressure of type B-2 

inclusions vary between 20 and 40 bars at room temperature (Collins, 

1979). The Tm clathrate of type 8-2 incluison from quartz in greisen 

dykes could not be measured, due to their small size. 

The homogenisation of CO 2  phases in type B-1 inclusions occurred 

between +2 °  and +13.7 ° C corresponding to a density range of 0.91 to 

0.82 g/cm3  (Lowrey and Erickson, 1927). The Th co  L for type B-2 
2 

inclusions occurred between +7.3° and +26.9 ° C and suggests a much 

wider range of densities from 0.86 to 0.68 g/cm 3 . Type B-2 inclusions 

In pegmatite appear to have higher densities than those in quartz from 

quartz+tourmaline veins and greisen (x=0.76, 0.64 and 0.73 respect-

ively). The CO2  phases in one type B-2 inclusion homogenised to 

vapour at418.6 ° C which indicates a density of 0.2 g/cm3 . 

Using the method described by Burruss (1981) it is possible to 

calculate the mole fraction of CO 2  in Type B-2 inclusions (Table 5.2). 

The X 	of inclusions in quartz from pegmatite exhibits a wide CO2 
range from 0.05 to 0.62 while those in quartz from quartz+tourmaline 

and greisen dykes rsange from 0.13 to 0.19 and 0.17 to 0.22 

respectively. 

5.5 Discussion 

The complexity of fluid inclusion types, rarity and small size of 

high temperature inclusions coupled with the problem of overprinting 
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by a low temperature fluid makes it difficult to determine the nature 

of the hydrothermal evolution. However, four distinct fluid 

inclusions types are present : 

(a) low density L-V inclusions which may or may not contain CO 2 

(Types A-2 and A-3), 

(b) salt-rich inclusions (Types C-1 to C-4), 

(c) CO2 -bearing fluid inclusions (Types B-1 to B-3), and 

(d) low temperature L-V inclusions (Type A-1). 

There is a great range of salinity and homogenisation temperature 

between and within different fluid inclusions types indicating either 

the involvement of a number of fluids of different origin or that 

different processes have affected a single hydrothermal fluid and/or 

the inclusions do not represent fluids from which crystals have 

formed. Possible causes for the compositional and Th ranges observed 

are : 

(a) Necking down 

(b) Boiling 

(c) Crystallisation at high pressure 

(d) Supersaturation 

(e) Trapping of solid NaC1 from saturated fluid 

(f) Mixing of fluids 



5.5.1 Necking down 

Necking down of inclusions after trapping may be an important 

factor, causing a wide range of salinity and homogenisation temperature 

(Ahmad and Rose, 1980; Wilkins and Ewald, 1984). Necking down of 

inclusions undersaturated prior to modification will result in 

inclusions showing a range of homogenisation temperatures but with 

similar salinity (e.g. Field I, Figure 5.14). Inclusions which become 

saturated prior to necking down will show a spread from high 

temperature-low salinity to low temperature-high salinity (Field II, 

Figure 5.14) or from high temperature-high salinity to low 

temperature-low salinity (Field III, Figure 5.14). 

Since most of the inclusions in the Heemskirk mineralisation do 

not exhibit such features (Figure 5.15), it would appear that for the 

most part necking down has not contributed to the observed range of 

salinity and homogenisation temperature. However necking may have 

contributed to the high saline (50-60 eq.wt% NaC1)-low Th inclusions 

(Figure 5.15). No physical evidence for the necking down processes 

(e.g. interconnecting inclusions) has been observed in the fluid 

inclusions used for this study. 

5.5.2 Boiling 

There is no direct evidence for the boiling of the hydrothermal 

fluid since there are no coexisting vapour-rich and salt-rich 

Inclusions with similar homogenisation temperatures and Th > TmNacl. 
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Figure 5.14: Diagram showing the effect of necking down on fluid 
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However the variation in Th of type A-2 inclusions may have resulted 

from heterogeneous trapping of vapour and liquid from a boiling fluid 

(e.g. Figures 5.7, 5.8). In such cases the homogenisation temperature 

is always higher than the actual trapping temperature (Ahmad and Rose, 

1980). 

5.5.3 Crystallisation at high pressure 

A possible explanation for fluid inclusions with Th(Tm, other than 

necking down, is that of trapping at high pressures: this is 

illustrated in Figure 5.16. If a fluid inclusion containing 40 eq. 

wt% NaC1 is trapped at point A, and follows the isochore until point 

B, halite crystals will precipitate as the liquid moves into the 2 

phase (liquid+halite) region. Vapour will form on the V+H curve. In 

such cases, with the knowledge of the differences between the Th and 

TnLNCI 	slope of isochore, the pressure can be estimated. 

However, the details of isochores for the NaCl-saturated solution and 

more complex solutions is not known. A temperature difference of 

around 200
o
C between TmC1 _ 	and Th (Type C-4) needs a pressure Na 

correction of more than 2000 bars (for solution containing 25wt% NaC1, 

Potter and Brown, 1977). However, the majority of Type C fluid 

inclusions exhibit temperature differences of 50 °C to 100 °C which need 

pressure corrections of 400 to 900 bars. Apparently these are the 

minimum pressure needed, given that the inclusions were more saline 

than 25wt% NaCl. 

5.5.4 Supersaturation 

Fluid inclusions showing TmcTm_NaC1  may have resulted from the 

existence of supersaturated solutions at the time of trapping (e.g. 



A Liquid 

• 

Liquid+Halite 
	 Liquid+Vapor 

Solubility Curve 

Vapor+Halite 

200 	4400 	 660 	 800 

Tc 

1.54. 

700 

500 

(/) 

CD 

CL 
300 

100 
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Eastoe, 1978). 	However, this does not explain the wide range in 

TmNaC1 and Th of the inclusions (e.g. <150 ° C to >500°C). 

5.5.5 Trapping of solid NaC1 from saturated fluids 

Most of the observed fluid inclusion compositions (type C) plot 

above the NaC1 saturation curve (Figure 5.15) which suggests that the 

hydrothermal fluid was saturated with NaC1 prior to trapping. NaC1 

crystallisation prior to trapping will result in Th-Tm location above 

the NaC1 saturation curve. Nearly 90% of the inclusions homogenise by 

melting of salts (i.e. TmNacI >Thv) and plot above the saturation 

curve (Figure 5.15) indicating the possible importance of this 

process. 

Although no salt crystals were observed in the quartz crystals, 

rare small (<4gm) inclusions consisting of a halite crystal and film 

of water around the halite (e.g. Sample No. 106402) (with no physical 

evidence for necking down), support this interpretation. The few 

Inclusions that exhibited homogenisation by vapour disappearance after 

melting of salts (Thv>TmNacl) may have resulted from necking down 

after entrapment. Modification by necking down could cause a 

dispersion in the data in the direction of the arrows in Figure 5.17. 

5.5.6 Mixing of fluids 

The salinity of fluid inclusions exhibit two general trends (a) 

fluid(s) ranging from 30 to 62 eq. wt% NaCl and (b) fluid(s) ranging 
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Figure 5.17: Diagram showing modification by necking down in the 
direction of arrows for saturated fluid inclusions. 
Heemskirk Granite. 
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from pure water to 12.5 eq. wt% NaCl. There is a distinct gap in 

salinity between these two general fluids (Figure 5.15). If mixing of 

fluids was an important process for the observed range of salinity, 

there would have been a continuum of compositions filling this 

salinity gap. Therefore mixing of two fluids seems an unlikely 

process. However, such a process could easily occur in the fluids 

showing low temperature and low to moderate salinities (e.g. Type A-1 

inclusions). This is evidenced by the occurrence of fluid inclusions 

covering the whole range of observed salinities (e.g. from 0.0 to 12.5 

eq. wt% NaC1, Figure 5.15). 

5.5.7 Conclusions 

The simplest explanation for the diversity of salinity in the 

inclusions is that they formed by trapping of near-saturated brines in 

a 2-phase condition over a wide range of temperature. Although several 

inclusion types (eg. Type C) cannot have coexisted with vapour. These 

inclusions may have resulted from processes operating subsequent to the 

initial 2-phase separation event. 

It is suggested that the complexity of inclusion composition has 

resulted from separation of a saline fluid and low density vapour 

phase from a magmatic aqueous phase. It is possible that the high 

temperature (., 500°C) low density fluid inclusions (Type A-3) represent 

the original low density vapour phase. However, no saline inclusions 

with an equivalent ThL  were observed to coexist with A-3 inclusions to 

substantiate this hypothesis. If the high temperature, low density 

fluid inclusions (Type A-2 to A-3) represented the vapour phase, they 

could have been easily separated from the brine, because of their 

density contrast during passage from the white granite. If this was 
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the case, then the separation of magmatic aqueous phase into brine and 

a vapour phase may have occurred at temperatures below about 700 °C and 

1200 bars (assuming a NaCl-H 2
0 system, Burnham, pers. comm., 1984). 

In this scenario the low density vapour phase would have risen at 

greater rate than the saline fluid. As the fluid rose and cooled, it 

condensed a liquid fraction which itself became saturated. To form the 

Type C inclusions, thus, the liquid fraction must have moved away from 

the liquid-vapour field into a liquid only field that subsequently 

became saturated in salt. 

CO2 
is a common component of an aqueous phase derived from felsic 

magmas (Burnham and Ohmoto, 1980). It is present in a range of 

salinities and temperatures in Type B inclusions and may be present in 

other types where it could not be identified due to small size. In a 

2-phase system CO 2  will be present in both vapour and salt-rich liquid 

but preferentially in vapour. The CO 2 
content of fluid exsolved from 

magma changes gradually, since it has a lower solubility than water in 

granitic magma. In this case the original exsolved magmatic fluids 

may have been brines with low density CO 2-rich vapour (i.e. NaCl-H 20- 

CO2 
 system) and immiscibility can occur at higher temperatures and 

pressures (e.g. 740 °C and 2kbars, Sterner and Bodnar, 1984). However, 

some inclusions (Type 8-3) may represent heterogeneous trapping or a 

mechanical mixture (Pichavant et al., 1982; Touret, 1977). 

Type B-1 and B-2 inclusions appear to be secondary or at least 

pseudosecondary and the variation in CO2-H20 ratios in different fluid 

inclusions and final homogenisation of these fluid inclusions to CO 2 
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or H 20-rich phase suggest that they were possibly trapped on the 

solvus in the CO 2 -H 20 system. In this case, the homogenisation 

temperature would equal the trapping temperatures (i.e. -350°C). CO 2 - 

poor and CO 2 -rich fluid inclusions representing the coexisting pairs 

of inclusions trapped on the solvus were not observed in the same 

healed fracture but commonly occurred in the same small sample. 

The high temperature fluid inclusions in greisen dykes and quartz-

tourmaline veins (Type A-3) suggest a maximum temperature of about 

550 ° C, but it may have continued to lower temperatures. Fluids of 

this generation appear to have a primary magmatic origin, based on 

their (180  composition (Chapter 6). 

Primary (or pseudosecondary) looking fluid inclusions in quartz 

from quartz+sericite rocks indicate a range of 300 °  to 460°C which may 

correspond to the deposition of quartz in this assemblage. There are 

no fluid inclusion data from the Globe mine area and for the early-

formed minerals in Sweeney's mine area. However, based on 

arsenopyrite geothermometry (Chapter 8), a temperature of 430°C is 

estimated. Averaged homogenisation temperatures in siderite and 

fluorite are 175° and 170 ° C respectively, which may correspond to 

minimum formation temperature for these minerals. 

Low temperature (i.e. 110° to 270°C) fluid inclusions probably 

represent the meteoric dominated fluid; since siderite and fluorite 

which formed late in the mineralisation contain only type A-1 



160. 

inclusions and siderite also indicate meteoric water isotopic 

signature (Chapter 6). 

5.6 	Pressure Estimates 

A pressure less than 1200 bars is estimated, assuming that the 

high salinity and low density fluids (i.e. fluid inclusions type A-3 

and C-4) have resulted from immiscibility in NaC1-H 20 systems, 

however, more likely immiscibility occurred at higher pressures due to 

the possible existence of CO 2  in the system since the immiscibility 

field in H 20-NaC1 system field is shifted to higher pressures in the 

presence of CO 2 (Sterner and Bodnar, 1984). 

A few type A-2 inclusions exhibit critical phenomena between 356° 

and 392°C. This corresponds to pressure range of 240 to 280 bars 

respectively in the system NaCI-H 20 (Sourirajan and Kennedy, 1962) 

though the fluid is clearly more complex. Due to lack of sufficient 

data, pressure estimate, from CO -bearing inclusions is not 

available. 

Assuming that type C-1 is represented by the system NaC1-H 20 

(Sourirajan and Kennedy, 1962), then a minimum possible trapping 

pressure 	can he approximately estimated for type C-1 

Inclusions. 	At the disappearance temperature of vapour or halite, 

using the solubility curve (Figure 5.16) ) 	The estimated minimum 

pressure range is from 50 to 200 bars. 
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An independent estimate of pressure by estimation of the thickness 

of overlying sediments (-3km, M. Bank, pers. comm.) gives 

approximately a lithostatic pressure of 750 bars, however, this 

method of pressure estimation is probably not reliable, because the 

thickness of the lower Paleozoic rocks change locally and the effects 

of folding and faulting which occurred before the Devonian is not 

known. Neither is the form of the postulated cauldron known (Chapter 

8). 



CHAPTER 6 

STABLE ISOTOPE STUDIES IN THE HEEMSRIRK GRANITE 

6.1 Introduction 

Stable isotope ratios are capable of providing information 

pertaining to the source of the granites and the fluids that affect 

the plutons after emplacement. They also provide insight into the 

chemical conditions of formation of the mineralisation. Samples of 

sulphide, siderite and altered and fresh granite were analysed in the 

isotope laboratory of the Geology Department, University of Tasmania. 

6.2 Sulphur Isotopes 

f34S values have been determined for 41 sulphide minerals from the 

Heemskirk Granite, related ore bodies and country rocks (Figure 6.1). 

The sulphide minerals include pyrite, pyrrhotite, sphalerite, galena, 

arsenopyrite, chalcopyrite and molybdenite. Thirteen f 34S values were 

already available from the work of Both et al. (1969), but the exact 

locations and parageneses of several samples are uncertain. 

6.2.1 Federation workings 

j
34 S values of sulphide minerals in the Federation workings range 

from +3.7°/oo to 	11.90/ 00  (Table 6.1 and Figure 6.2). 134S values 

of disseminated pyrites in sericitised rocks range from +5.1 °/to oo 

+10.6°/. The higher positive values appear to be related to more oo 
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Figure 6.1 	Simplified sketch map of southern part of the 
Heemskirk Granite, showing the sample locations used for sulThur 
isotope analysis.. 
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TABLE 6.1 	Sulphur isotope data. Neemskirk Granite 
• 

Mulsemetic 
Sample No. Locality" )  Mineral Occurrence/host rock stage 	f34s°/co (2) 

106475 Federation workings Pyrite Veinlet in serIcitised granite 3 +11.9 
106492 - 3 • 9.4 
106465 Disseminated In sericitised granite 2 • 6.5 
106474 2 6.5 
10E464 00 2 • 5.1 
106471 2 • 8.7 
106396 •• 

2 +5.5 
106470 Disseminated in hematitised rod( 3 • 5.5 
106494 Dessiminated in intensely sericitised rock +8.7 
toe4e2 Disseminated in greisen • 8.4 
106566 Disseminated in Intensely sericitised nod( 2 • 9.3 
106482 Wolybdenite Sericitlsed rock 2 • 8.4 
106490 Pyrite Quartz+tourmaline vein 1 • 3.7 
106480 Sweeney's mine Sphalerite Vein In sericitised rock 2 •14.9 
106467 Pyrite Disseminated in sericItised rock 1 +13.! 
106481 Sphalerite Vein In sericitlsed rock 2 +13.6 
106472 PhyrrhotIte Seel-sessive in mineralised rock 2-a +13.5 
106473 Sphalerite Vein in serlcitised rock 2 +13.9 
106466 Pyrite Semi-massive after pyrrhotite in mineralised rock 	2,b +16.0 

106466 2-h +14.5 
106463 Disseminated In fresh granite + 1.8 
106485 Globe mine Galena Massive in tourmalinised rock 3 +9.7 
106491 Disseminated in tourmallnised rock 2 +11.6 

106491 Pyrite 2 +12.9 
106469 MI 	 It In cavity. tcurmalinised rock 2 +11.6 
106477 OR 	MI • 2 +12.8 
106476 PO 	OS Sphalerite Veinlet, tourmalinised rook 3 +12.7 
106497 Pyrite Disseminated in tourmalinised rook 3 7.8 
106479 Of Sphalerlte +13.1 
106484 W of Globe mine Pyrite Disseminated In quartzfsericite rodk 1 +12.1 
106487 1 +13.5 

106484 « Disseminated in tourmallnised rock 2 +7.2 

106558 Phar Lap workings Pyrite Dissesdnated In guartz+sericite 2 +17.1 

106478 E of Cumberland Lake 
workings 

Pyrite Diseaminated in warty-sericite +8.9 

106499 Ffiar Lap workings Pyrite Disseminated in sericitised/ksolinised rock 3 +12.8 

106493 Peripatetic mine Pyrite Disseminated in quartzesericite 1 +8.9 

106486 Spencer sorkings Arsenopyrite (3)  Semi-massive in quartz+tourunline vein 1 +14.5 

106496 hhite Face workings Chalcopyrite Disseminated in greisen 1 +13.5 

106498 Pyrite 1 +16.9 

X5237 (4)  Sseeney's mine Pyrite +13.1 

10491 (4)  +13.9 

11233 (4)  +11.1 

5283(4)  Sphalerite +15.1 

3162(4)  Mayne's mine Pyrite +5.8 

R177a/89(4)  Geescon's workings Pyrite +7.5 

R177a/90(4)  +9.3 

R177a/91 (4)  +9.9 

1123z(4)  Federation mine Pyrite +7.2 

11224 (4)  Empress mine Pyrite +13.7 

X3177 (4)  Globe mine Sphalerite • 2.2 

12743(4)  Pyrite +6.0 

X3023(4)  Mulybienite + 6.0 

106496 West of Zen Pyrite Oonah Quartzite (PE) +18.5 

106496 .19.4 

(1) 
(2) 
(3)  
(4) 

See Figure 8.2 and 1.3 for locations of workings 
All values are In parmil relative to Canyon Diablo troilite 
Converted to Ag 2s for f34s analysis 
Analysis is from Both et al. (1909) 
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intensely sericitised rocks. Two samples of late veinlets of pyrite 

00  0/ 	and +11.9 °/' in sericitised granite have values of +9.4 	The cm 

f34S value of one sample of disseminated pyrite in greisen is oo 

and pyrite from a quartz+tourmaline vein has a value of +3.7 °/00 ,which 

is the lowest value within the Federation workings. 134S values of 

Both et al. (1969) range from +7.5° /oo to+9.9°/oo (Table 6.1). 

However, Both et al. (op. cit.) did not describe the host rocks or . 

occurrence of the minerals. 

6.2.2 Sweeney's mine 

Samples from this deposit show a narrow range from +13.1°/ oo to  

+15°/oo (Table 6.1 and Figure 6.2). The only measured sample of 

disseminated pyrite in 'fresh' granite is significantly lower 

(+1.8°/ ) than those of the mineralised zone. The I34S values do not 

show any any systematic variation with respect to time, space or type of 

occurrence. For example, pyrrhotite (Sample No. 106472) which formed 

during an early stage of mineralisation (see Chapter 4, for 

paragenesis) shows a similar I34S value to pyrite formed by the 

alteration of pyrrhotite (e.g. Sample 106466) and to sulphides 

occurring as crosscutting veinlets (Sample 106473). 

No two appropriate sulphide minerals (e.g. pyrite-sphalerite) are 

in equilibrium, so that temperature estimates assuming isotope 

fractionation under equilibrium conditions are not possible. 
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The f34S values of Both et al. (1969) are similar to those 

obtained from this study and range from +11.0°/00  to +15.1 / cl-oo (Table 

6.1). 

6.2.3 Globe mine 

The f34S values from this deposit vary from +9•70/ 	to +13.00/ oo oo 

and do not show any systematic temporal or spatial variation (Table 

6.1, Figure 6.2). The 534S values appear to be independent of their 

host rock types and/or their occurrences (Table 6.1). 

A geologically unreasonable temperature (i.e. >600 ° C) obtained 

from one sulphide pair (Sample No. 106491, Table 6.1) indicates 

isotopic disequilibrium. 

6.2.4 Other workings 

The 134S values from the Spencer, Peripatetic, east of Cumberland 

Lake, White Face and Phar Lap workings (Figures 1.3, 6.1) range from 

+13'9°/oo to +17.1 /oo, similar to the J34S values from Sweeney's mine. 

A pyrite-chalcopyrite pair from a greisen vein in the Wolframite 

workings gave an unlikely temperature of formation (<100 ° C) suggesting 

they were not in isotopic equilibrium. 
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6.2.5 Precambrian Oonah Quartzite 

The ‘34S values of two apparently syngenetic pyrite samples from 

the Precambrian Oonah Quartzite (drill core Nos. 38 and 89, 2km west 

of Zeehan, Aberfoyle Tin Expl.) show high positive values of 

+18.5% and +19.4°/ 00  (Table 6.1). 

6.2.6 Summary and discussion 

In the Federation area there appears to be a general increase in 

134s S values from least altered (i.e. sericitised granite) to most 

altered rocks (i.e. illite+quartz±pyrite). The youngest sulphides 

(i.e. the pyrite veinlets) have the highest f 345 values. The (04S 

values of Sweeney's and Globe mines are generally heavier than those 

of Federation workings and are less scattered. The 1 34S values of 

quartz+tourmaline veins and greisen dykes vary considerably (e.g. from 

to +16.9°/ ) without any apparent differences in their oo 	oo 

parageneses. The other small individual workings are characterised by 

high positive values (i.e. >4.8•9°/oo)* 

The discussion on the chemistry of the ore fluids (Chapter 8) 

indicates they are acid and reduced, so that the dominant aqueous 

sulphur species is H2S; therefore the 1 34S values of sulphide minerals 

closely reflect the 34SH  values of the hydrothermal fluids. 
2' 

Hence the low 1 345 values for some of the sulphides are unlikely to be 

related to oxidation. 	The 134S isotopic composition of the only 

analysed fine-grained disseminated pyrite in unaltered granite is 
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typical of that in felsic igneous rocks (+1.8°/), but the high oo 

positive 1 34S values within the altered and/or mineralised areas 

are outside probable magmatic values (Ohmoto and Rye, 1979). The wide 

range of 134S values from different deposits is interpreted as 

indicating a heterogeneous sulphur source probably resulting from 

mixing of magmatic and country rock sulphur. 

6.3 Carbon and  Oxygen Isotopes of Hydrothermal Siderite 

• Seven siderites from the Sweeney's and Globe mines and Federation 

workings were analysed for carbon and oxygen isotopes. In the 

Federation workings and Sweeney's mine, siderite is a late-stage 

mineral, postdating sulphide deposition, but in the Globe mine it 

appears to be earlier than most of the sulphide minerals (Chapter 4). 

The siderites have isotopic compositions in the range 1 13C = 

to -2.1° / oo (PDB) and i180  = +15.4°/ oo to +18.5 °/ 00  (SMOW, 

Table 6.2 and Figure 6.3). The high positive f180 values are unusual, 

given the low temperature of formation of siderite (-200 ° C) indicated 

by homogenisation temperatures of a limited number of fluid inclusions 

observed from the Sweeney's mine (Chapter 5). The siderite-water 

fractionation at this temperature is close to +8.50/00 (Beker and 

Clayton, 1976), indicating aqueous 1 180 values in the range  

to +9.4°/' Assuming a similar temperature of formation for siderite oo 

from the Federation and Globe mines, the composition of fluids in 

equilibrium with these siderites ranges from, +6.9°/oo to +10.O °/. 

These values are within the range of primary magmatic water (Taylor, 
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TABLE 6.2 	Carbon and oxygen isotope analyses of hydrothermal siderite 

Sample Locality (1)  Paragenetic 
stage 

13.o, 
G/ oo 

(2) £ 18 00 /  
oo 

(3)  f 1800 /  (4) 
'Po 

106461 Sweeney's mine 2-c -2.1 -14.9 +15.4 
106459 Sweeney's mine 2-c -6.1 -14.6 +15.7 
106458 Sweeney's mine 2-c -5.2 -14.2 +16.3 
106455 W of Globe mine 2. 3 -9.0 -13.9 +16.6 
106457 Sweeney's mine 3 -4.4 -12.6 +17.9 
106454 Globe mine 2 -5.3 • -14.4 +16.0 
106453 Federation 

workings 
3 -6.0 -11.9 +18.5 

(1) Locations of workings are shown on Figure 1.1 
(2) Carbon analyses referred to PDB standard 
(3) Oxygen analyses referred to PDB standard 
(4) Oxygen analyses referred to SMOW standard 

Analytical error is ±0.2 ° / oo 
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1979). 	However, a magmatic origin would appear to be unlikely 

considering the 1 34  S values of associated sulphides and the likely low 

formation temperature. 

An alternative explanation is that the isotopic composition has 

been derived from the reaction of fluid with carbonate and quartz in 

• the country rocks. 	Considering a f180 value for Precambrian and 

Cambrian rocks of +15 °/ 	then a fluid in equilibrium with the 

country rock at 200°C has an isotopic composition of about 4-6'50/ow 

This value is close to the 1180 composition of fluid in equilibrium 

with the siderite. 

The oxidation state of the hydrothermal fluids (Chapter 8) 

indicates that H2C °3(apparent) was the dominant aqueous species of 

carbon. p13 j C values of the fluid can therefore be represented by the 

p13 j C composition of the siderite. The 1 13C values of siderite are 

highly variable which may indicate reaction with fluids of different 

13C values. 	However, the low 1 13C values of the siderite are 

difficult to understand. 	Negative values of 1 13C values can be 

derived from isotopically light carbon such as deep seated carbon 

( f 13C values --5 0/oo  Ohmoto and Rye, 1979), or carbon from an organic ' 

source (1 13C as low as -34 °/' Hoefs, 1973). oo 
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6.4 	Oxygen and Hydrogen Isotopes in the Heemskirk Granite,  

Country Rocks, and Mineralisation 

6.4.1 Granite 

Fifteen samples from the collections of Brooks (1965), Klominsky 

(1972) and the author were selected for oxygen isotope analysis. The 

location of these samples is shown in Figure 2.2. The 1 180 values for 

the white granite 'series A', white granite 'series B' (see Chapter 2 

for classification), and the red granite are very similar and range 

from to +10.9°/ oo (Table 6.3). 	The 1 180 values of the 

Heemskirk Granite are similar to 1 185 values of 'S-type' granites 

elsewhere (Chappell and White, 1974) which range from oo to  

+ 130/ oo (Taylor and Turi, 1976; O'Neil et al., 1977; O'Neil and 

Chappell, 1977; Michard-Vitrac et al., 1980; Lee et al., 1982; Haack 

et al., 1982). The fractionation between quartz and feldspar is less 

than 	 / 1.5c). 	(Table 6.4) and is normal for formation of this mineral oo 

pair at magmatic temperatures (-700 ° C, Taylor, 1968; Criss and Taylor, 

1983). 

Five biotite separates (some slightly chloritised, see Appendix 

2.1 for analyses) were analysed for hydrogen and oxygen isotope 

ratios. 	The iD values of biotite are very low and range from 

127.0 °/ 00  to -150.7°/ oo (Table 6.4, Figure 6.4A). The lower values do 

not necessarily indicate a higher degree of chloritisation. The 1 180 

values of these biotites are tightly grouped at .4 °/ +7 • 2°/ oo to +7 	oo 

(Figure 6.4A) which could be considered to be 'normal 	magmatic 
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TABLE 6.3 Whole rock oxygen isotope analyses of the 
Heemskirk Granite and country rocks 

Sample 11800, Rock type 	 / 	(SMOW) oo 

* 	67625 
* 	67623 
* 	67628 
* 	67622 

Coarse white granite (Series A) 
Coarse white granite (Series A) 
Marginal grey granite (Series A) 
Marginal grey granite (Series A) 

+10.8 
+10.4 
+10.9 
+10.7 

* 	67618 White tourmaline granite (Series A) +10.2 
* 	818 White granite (Series A) +10.4 
* 	67617 White granite 	(Series B) + 9.8 
* 	67620 White granite (Series B) +10.6 
* 	67621 White granite (Series B) +10.9 

* 	67627 Axinite-pegmatite-aplite +10.6 
** 37664 Porphyritic hornblende-bearing red granite +10.6 
* 	67616 Coarse white granite (Series A) +10.8 
** 37689 Porphyritic hornblende-bearing red granite +9.8 
***67585 Coarse-grained red granite +10.4 
***67584 Coarse-grained red granite +10.2 

67626 Oonah Quartzite (country rocks) +15.0 
67624 Oonah Quartzite (country rocks) +14.3 
67615 Oonah Quartzite (country rocks) +14.8 

Sample from Brooks' collection, ANU, see Figure 2.2 for location 
Sample from Klominsky's collection, University of Tasmania 

* * * 	Samples from Sweeney's mine (57585) and Federation workings 
(67584) areas (Figure 6.2) 

Analytical error is +0.2 °Ioo 
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TABLE 6.4 	Oxygen and hydrogen isotope analyses of 
mineral separates. 	Heemskirk Granite 

Sample 118°°/ 00 (1)  Mineral, host rock, 
paragenetic stage 	SMOW 	A 

W/00 

106615 Chloritised biotite (granite) + 7.7 -144.0 
106623 Biotite (granite) + 7.8 -122.0 
106632 Chloritised biotite (granite) +14.1 -130.0 
106627 Biotite 	(granite) + 7.8 -150.7 
106634 Biotite (granite) + 7.2 -133.2 
106631 Biotite 	(granite) + 7.4 -127.0 
67584 K-feldspar (granite) + 9.51 - 
67584 Quartz (granite) +11.41 +1.4 	- 
106658 Quartz (greisen) 	1 +12.3 - 
67603 Quartz (granite) +12.01 
67603 Feldspar (granite) +11.3J +.7 	- 
106505 Quartz (greisen) 	1 +13.4 
106660 Quartz (greisen) 	1 +13.2±.31 
106660 Wolframite (greisen) 	1 + 4.8 	j+8.4 

106650 Quartz (greisen) 	1 +13.1 
106655 Muscovite (90%) + quartz (greisen) n.a 	(2)  -112.0 

(1) Fractionated values between indicated pairs 
(2) Not analysed 
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values, considering the whole rock 1 180 values and fractionation 

factor between quartz and biotite at magmatic temperature (i.e. qtz- 

biot. = +3° / 	to +5° / 	Taylor, 1974; Criss and Taylor, 1983). oo 	oo ,   

6.4.2 Altered granite and country rocks 

The oxygen and hydrogen isotope analyses of selected altered rocks 

and minerals are shown in Tables 6.4, 6.5 and Figure 6.4A. The 1 180 

values of sericitised granite appear to be slightly lighter than the 

1 180 values of fresh granite and range from +7.7 0/ 	to +9.5°/ oo 	occ 

However, for completely altered rocks (e.g. Sample No. 106395, Table 

6.5), the 1 180 values are as low as + 3 . 7°/ so . oo 

In contrast, two -  samples of greisen dykes have higher values 

(+12.7°/ 4-13(3/oo' Table 6.5) than fresh granite. The 1 180 values 

of quartz from the greisens are in the range of +12.3 0 / oo  to 

	

One wolframite-quartz pair has 1 180 values of +4.8 °/ 	and oo 

+ 13 . 2°/00 respectively. 	Using the empirical oxygen isotope 

fractionation equations of Clayton et al. (1972) and Landis and Rye 

(1974), the A wolframite-quartz gives a temperature of 540 °C, which is 

in close agreement with the temperatures obtained from fluid 

inclusions (i.e. -520 ° C, Chapter 5). However, available wolframite-

quartz fractionation data (Landis and Rye, 1974) suggest that this 

mineral pair is unsuitable as a geothermometer, since their respective 

mineral-water fractionations have a similar slope. 



TABLE 6.5 Whole rock oxygen and hydrogen isotopes of the hydrothermally altered rocks, 
and their equilibrating fluids at indicated temperatures ( ° C) 

Sample Locality" )  Rock type Paragenetic Rock 

stage  
1 1800/00  

SMOW 

(°C) 

Fluid 
1 1800/ 

• 
SMOW 

oo 

Rock 

dpc)/ oo 

Fluid 

11)°/ 00 

106389 Federation workings Dark green, sericitised granite 2 + 9.5 + 7.8 (450) -115 -100 

106395 ., 	.. Pale green, soft kaolinisid granite 3 + 3.7 + 0.7 (250) -125 - 95 

106397 ,, 	,, Pale green, soft kaolinised granite 3 + 3.7 + 0.7 (250) -128 - 98 

106386 ,. 	.. Sericitised granite 2 - -123 -108 

106384 ., 	,. Sericitised granite 2 n.a. - -123 -108 

106385 Sweeney's mine Sericitised granite 1 + 7.8 + 6.1 (450) -120 -105 

106391 ., 	., Quartz+sericite 1 n.a. - -119 - 

106394 W of Globe mine Mineralised/sericitised rock 2 + 7.7 + 6.0 (450) -123 -108 

106660 White Face workings Greisen +13.0 +10.0 (510) n.a. - 

106661 Phar Lap workings Greisen +12.7 + 9.7 (510) n.a. - 

(1) See Figure 1.1 for location of workings 

(2) n.a. 	- not analysed 
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The 1 180 and 11) values of an intensely chloritised biotite are 

and -130°/ 00  respectively. The 1 180 value shows a depletion 

of around 3o / 	relative to the fresh to slightly chloritised biotite oo 

separates. 	The hydrogen isotope values of eight altered rocks are 

tightly grouped at -115°/oo to - l 23° / 	(Table 6.5). 

The 1' 8o composition of the Precambrian Oonah Quartzite appears to 

be distinctly higher than that of the granite, three analyses yielding 

+14.3°/ 00  to 15° / 00  (Table 6.3). 

6.4.3 The composition of the fluids associated with the granite 

Assuming a solidus temperature for the granite of about 700 ° C, and 

a whole rock-water oxygen isotope fractionation in the range of 

0.00/00  to 0.3 °/oo  (Taylor, 1974), the oxygen isotope composition of 

the fluid is in the range of +9 ' 5°/oo to +10.6 °/ a  for 'fresh' 

granite, which is slightly higher than the 'magmatic box' of Taylor 

(1974). This shift to relatively high f 180 values is also seen in the 

Cornish and other Hercynian granites (Sheppard, 1977). 

The quartz-feldspar and quartz-biotite fractionations are 'normal' 

for high temperatures (i.e. -700 ° C), which suggests that the minerals 

are in isotopic equilibrium (Table 6.4). 

The temperature of formation of the biotites is not clearly known. 

Based on a K-feldspar-biotite-magnetite assemblage the calculated 

temperature of biotite crystallisation is around 700 ° C (see Chapter 

..„ 
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values of Sheppard et al. (1971), and a 3). Using 118C/biotite-H20 

temperature of around 700°C, then the 1 180 values of a fluid in 

equilibrium with biotite is in the range +10.6 °/ 	to  oo 	oo 

(Figure 6.4B). 

The hydrogen isotope values of the biotite separates are 

uncommonly low (i.e.-127°/oo  to -150°/00 ). However, the biotite-

water fractionation is dependent on the composition of biotite 

(Suzuoki and Epstein, 1976). Considering this factor (Appendix 2.1) 

the fD values of fluid in equilibrium with biotite at 650°C range from 

( -72°/oo to  -99°/ooFigure 6.4B).  

The calculated JD values of the fluid are slightly depleted with 

respect to the composition of the generalised field of 'primary 

magmatic water' (Taylor, 1974). This may indicate the involvement of 

a second fluid, perhaps meteoric water, during the chloritisation of 

biotite. Figure 6.5 illustrates the possible effect of meteoric water 

on the ID and 1 180 compositions of biotite in the Heemskirk Granite. 

Major assumptions included in this calculation are (a) the fluid is 

Isotopically in equilibrium with the rock at the indicated 

temperature, (b) the biotite content of the rock is 5 percent (modal 

analysis), (c) the biotite has an initial water content of 2wt% 

(chemical analysis), (d) it is a closed system, (e) the initial ID 

values of water and biotite are -120 0/ 00  and -90 °/00  respectively and 

the temperature of chloritisation is around 550°C. 
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Figure 6.5: Calculated ID and ( 180 values of biotite in equilibrium 
with the meteoric water under changing W/R ratios (for 
method of calculation see Taylor, 1977). 
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The uncertainty of the latitude of Tasmania in the Devonian 

(Kanasewich et al., 1978; McElhinny and Embleton, 1974), results in a 

wide range of possible ID values of meteoric water at that time. The 

assumed values for initial 1180 and 11) used in this chapter (-14 °/oo  

and-120o/oo  respectively) are no more than an intelligent guess. 

As water/rock ratios increase from zero to 0.003 (wt. unit), the 

11) values of the biotite in the granite will drop by about -50 °' oo 

without any significant depletion in the 1180  values of the biotite. 

The 1 180 values will be significantly affected only after water/rock 

ratios reach 0.03 (wt. unit), however at this stage the 1D values have 

reached their lowest possible values (for method of calculation see 

Taylor, 1977). 

The f1 80 and 1D compositions of fluid in equilibrium with 

sericitised granite at 450 ° C (temperature based on fluid inclusion 

data, Chapter 5) are in the range of +6 °/to +7 . 8°/on  and oo oo 

to -108°/ 00  respectively (Table 6.5, Figure 6.4B, using isotopic 

fractionations from O'Neil and Taylor, 1969; Taylor, 1974). 

A temperature of formation for the intensely altered rocks (e.g. 

illite+quartz±pyrite) is not known, but assuming a temperature 

of 250 ° C, then the fluid in equilibrium with the rock has 1180 

oo 	 - values of around 0.7 0/ 	and 1D values of -95 / to 98°/ oo 	 oo 

usingisotopic fractionations of Sheppard et al. (1971) and Taylor 

(1974). • The depletion of 118  and ID values of the altered rocks 
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appear to be related to interaction between an externally derived 

fluid depleted in 1 180 and 11) and the rocks. 

The calculated water/rock ratios of the sericite+quartzite and 

clay+quartz+pyrite assemblages at 500°C and 250°C are in the range of 

0.1 to 0.5 (wt.% oxygen) as shown in Figure 6.6. The calculations 

for this diagram are made assuming that there is continuous 

circulation and re-equilibration of the water with the rock (Taylor, 

1977). Starting with initial 1 180 values of +10%, the 1 180 values 

decrease as the water/rock ratio increases. 

Quartz from greisen dykes has a higher 1 180 value than quartz from 

the fresh granite. However, taking the temperature into account 

(520°C, based on fluid inclusions) the oxygen isotope composition of 

fluid in equilibrium is in the range of +10.60°/ +9.7 °/00  to (from oo 

the quartz-H 20 fractionation of Taylor, 1974), similar to the 

composition of the magmatic fluid in equilibrium with the granite. For 

the fluid composition to have remained constant required relatively 

high water/rock ratios at this stage. 

The only muscovite concentrate (-90% muscovite, -10% quartz) from 

a greisen analysed for 11) has a value of -112 °/. This may indicate oo 

the re-equilibration of muscovite at lower temperatures with an 

externally derived fluid, low in ID value. 
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Figure 6.6: 	Plot of 1 180 values of hydrothermally altered rocks vs 
calculated water/rock ratios (wt% oxygen). Hachured area 
indicates the 1 180 values of the altered rocks in the 

180  Heemskirk Granite of initial i 	OE granite =  oo 
(For method of calculation see Taylor, 1977) 
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Assuming a temperature of 450°C for the intensely chloritised 

biotite, the equilibrating fluid has the 1 180  and ID values of 

+7.8° /00  and -100°  /00  respectively (from A chi . _H20  of Sheppard et 

al., 1971, Figure 6.4B). 

The results suggest 

(a) The oxygen isotope compositions of magma and fluid at high 

• temperature were high relative to porphyry copper and other 

granitoid systems, being about +10.0±0.5 °/. 

There is no way of distinguishing 'magmatic' water exsolved from 

the melt, from meteoric water that has equilibrated with granite. 

at low water/rock ratio and high temperature. Nevertheless the 

geometry of the red and white granites, their contrasting 

alteration, and evidence of fluid flow from white to red granite 

is good evidence for believing the high temperature fluid to be 

of magmatic origin. 

(b) The felsdpar, quartz and biotite of fresh granite were formed in 

isotopic equilibrium at magmatic temperatures, but the ID values 

of biotite were variably affected by a later external fluid of 

low ID composition. The water/rock ratios were <0.003. 

(c) The greisen, dominated by quartz, formed in equilibrium with 

magmatic fluid at a lower temperature than the granite, but the 

muscovites may have re-equilibrated with an external fluid, 

depleted in ID value. 
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(d) 	The involvement of later external fluid(s) with low 11) value 

was higher in sericite+quartz±pyrite and illite+quartz±pyrite 

assemblages, water/rock ratios ranging from 0.1 to 0.5. 

6.5 Relationship Between 1 180 and 87Sr/ 88Sr in the Heemskirk Granite 

The 1 180 values and initial 87Sr/86Sr of the white granite 'series 

A' and 'series B', and the red granite (Brooks' classification, see 

Chapter 2) are plotted in Figure 6.7. 

The large differences in the initial 87Sr/86Sr values of the 

granite types (from as low as 0.7192 in red granite to 0.7407 in the 

white granite 'series B') led Brooks (1966) to suggest that the higher 

initial 87Sr/88Sr of the white granite was due to a greater degree of 

contamination of this magma with country rocks ( 87Sr/86Sr of country 

rock = 0.781). However, such assimilation should have dramatically 

altered the 1 180 values (see De Paolo, 1981), so that this process 

does not contribute to the variation in the observed initial Sr 

isotope ratio (Figure 6.7) Other alternative explanations for 

variation in initial ratio (e.g. hydrothermal alteration) will be 

discussed in Chapter 7. 
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CHAPTER 7 

GEOCHEMISTRY OF THE HEEMSKIRK GRANITE AND 

HYDROTHERMALLY ALTERED ROCKS 

7.1 Introduction 

A total of 43 samples from the coarse- to fine-grained white and 

red granites, porphyritic red (hornblende and biotite-bearing) 

granites and altered rocks were analysed for major, trace and 

rare earth elements (Appendix 4). The data are used to (a) show the 

geochemical variations within different types of granite, (b) 

evaluate the processes involved in the petrogenesis of the 

Heemskirk Granite, and (c) study the effect of various styles of 

hydrothermal alteration on the chemistry of the rocks. 

Analyses of major, trace and rare earth elements were carried out 

at the Geology Department, University of Tasmania by the X-ray 

fluorescence technique (after Norrish and Hutton, 1969) using a 

Philips P1410 X-ray spectrometer automated with a TRS-80 micro-

computer. REE were determined using an ion exchange-XRF technique 

(Eby, 1972; Fryer, 1977). Lithium was determined by atomic absorption 

spectroscopy using a standard addition method (Abbey, 1967). Fluorine 

was determined using an ion specific electrode method (Boyle, 1981; 

Hopkins, 1977). 
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It should be noted that (a) the whole of the Heemskirk Granite has 

been affected by pervasive albitisation (see Chapter 3 for details), 

therefore, any quantitative geochemical modelling of fractional 

crystallisation, assimilation processes, etc. should be treated with 

caution, (b) the chemical analyses are mainly from drill core from the 

southern part of the Heemskirk Granite. Considering the geology of 

the granite (Chapters 2 and 8), the obtained data may not be 

representative of the different petrographic types of the whole 

granite. Detailed sampling from different layers of the granite 

(Chapters 2 and 8) may be required for more reliable results. 

However, deep weathering, pervasive alteration and inaccessibility 

make this task very difficult. 

7.2 Classification 

The Heemskirk Granite has been classified compositionally and 

modally as granite by Brooks (1966), Green (1965), Coleman (1968), 

and Klominsky (1972). Various geochemical parameters have been used 

to classify granites. In the southeastern Australian context, 

Chappell and White (1974) recognised a widespread granitic group 

, 18u- characterised by high 67Sr/66Sr, f 180, 	high silica and low Na 20 

contents. 	These granites were called 'S-type' and were inferred to 

have been formed by melting of sedimentary protoliths. They are 

distinguished chemically and isotopically from those derived from 

melting of igneous rock (I-type). The coarse- to fine-grained red and 

white granites and the porphyritic biotite-bearing of granite of the 

Heemskirk Granite are classified as 'S-type' granite (e.g. no 
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hornblende, ilmenite as main accessory mineral, low Na 20 etc.) 

(Appendix 	4). 	However, 	the 	porphyritic 	hornblende-bearing 

granite is chemically meta-aluminous and exhibits 'I-type' 

characters (e.g. existence of hornblende and magnetite, sphene, 

allanite, higher Na 20 etc. (e.g. Sample No. 37689, Appendix 4). 

The Heemskirk Granite has some similarities to 'A-type' granites 

of southeastern Australia (Collins et al., 1982) in that it is 

enriched in Ga, Nb and Y. However in contrast to 'A-type' it is lower 

in Zr and Zn and the Ce content appears to be more scattered (Appendix 

4). 

A classification based on opaque mineral compositions (Ishihara, 

1977), would place the hornblende-bearing porphyritic granite within 

the 'magnetite series'. All other granite types within the Heemskirk 

Granite are typical of the 'ilmenite series'. 

On several classifications the porphyritic hornblende-bearing 

granite is different to the other granite types. However, there is no 

field evidence to indicate that the small volume of exposed 

hornblende-bearing granite (Chapter 2, Figure 2.1) is a different 

intrusive phase. 

An An-Ab-Or diagram suggests that all the granite types plot in 

the low temperature trough (Figure 7.1), although this may be a result 

of the pervasive albitisation of the granite. The AFM diagram (Figure 
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7•1 

Figure 7.1: Compositions of the Heemskirk Granite in terms of 
normative albite-anorthite and orthoclase. 

Figure 7.2: AFM ternary diagram for the Heemskirk Granite. 
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7.2) also illustrates that the porphyritic hornblende-bearing granite 

is not significantly different from the other granite types. 

7.3 Major Elements 

The variation of major elements against Si0 2  are shown in Figures 

7.3a to 7.3f. The major element contents of the coarse-, medium- and 

fine-grained red granite are similar to their grainsize equivalents in 

the white granite. Silica shows a regular increase from 

hornblende-bearing porphyritic red granite through biotite-bearing, 

coarse-, medium- and fine-grained red and white granite. The Mg, Fe, 

Ca contents of the granite types decrease with increasing silica 

content as does Al to a lesser extent. 

The Na and K contents of the granite types may not represent the 

original composition of magma, since the granite has pervasively been 

affected by albitisation. The higher content of Na in hornblende-

bearing porphyritic granite appears to be related to high feldspar 

content of this type of granite (see Chapter 3 for details). 

The biotite appears to be the main Fe- and Mg-bearing mineral and 

this is shown by Sample 67585 (collected from a local biotite 

enrichment in the red granite), which is distinctly higher in Mg and 

Fe content than other granite types. Early- and late-formed biotite 

(excluding minor biotite micro-veins) appear to have similar 

• compositions (Chapter 3). 	They may be both secondary, however, 

alteration may have taken place isochemically for Fe and Mg so that 
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the analysed values for these two elements may represent the original 

values for the Heemskirk Granite. This is supported by the regular 

negative correlation between Si0 2  and Mg and Fe. This contrasts with 

K and Na variation which shows no systematic change between the 

different granite types. 

7.4 Trace Elements 

Trace element variations within the Heemskirk Granite are shown in 

Figures 7.4a to 7.4f. Sr, Zr and Ba decrease with increasing Si0 2 , 

and Ce shows the same trend to a lesser degree. Rb and Y do not show 

any systematic variation with increasing S10 2 . The irregular 

distribution of Rb is probably due to the chloritisation of biotite, 

since biotites are a major Rb-bearing mineral in the granite (up to 

1400 ppm, Appendix 2.1) and slight chloritisation lowers the Rb 

concentration (Figure 3.20). However, the Y contents probably 

indicate the alteration of feldspars. 

The U contents of the red and white granites range from 7.6 ppm to 

27.1 ppm and 11.8 ppm to_25.1 ppm respectively. Correspondingly, the 

Th contents range from 28.5 ppm to 67.5 ppm and 24.8 ppm to 71.3 ppm 

respectively. The U and Th contents appear to be slightly higher in 

fine-grained granite types (Appendix 4.1, 4.2). According to.Collins 

et al. (1981) from field surveys, the white granite U/ Th  ratios are 

>0.33, but those of the red granite are <0.33. This does not agree 

with the present data which show both granite types having similar 
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"Th ratios. 	(The means and standard deviations of this ratio for 

the red and white granite are U.33±.09 and 0.33±.07 respectively.) 

• The Sn contents of the red and the white granite types are similar 

and have means and standard deviations of 8.3±4.4 ppm and 8.0±2 ppm 

respectively.The coarse to medium grained red granite appears to be more 

enriched in Sn (up to 18.0 PPm) than the more finely-grained red 

granite (3.2 ppm). This systematic variation is less evident in the 

white granite, though the porphyritic phases appear to have similar Sn 

contents to those of the coarse-grained red granite ( Appendix 4.1, 

4.2). The enrichment of Sn in the coarse-grained red granite is 

related to its higher biotite content, as biotite is the main Sn-

bearing mineral (Chapter 3). The Heemskirk Granite would be 

classified as a tin granite on its Sn content (Taylor, 1979). 

F and Li concentrations decrease from the coarse- to fine-grained 

varieties. The white granite contains more F and less Li than the red 

granite (1740±403 ppm, 44.8t10.8 ppm and 1175±649 ppm, 51.8±27.5 ppm 

for the F and Li of the white and red granites respectively, Appendix 

4.1, 4.2). Biotite appears to be the main F- and Li-bearing mineral, 

with the biotite-rich sample (No. 67585) exhibiting the highest 

concentration of F and Li (2800 ppm and 93 ppm respectively). 

Zn, Ni, Cu,- Pb and Ga show no systematic variations between the 

red and white granite, nor within the varieties of each granite type 

(Appendix 4.1, 4.2). 
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The fractionation diagrams (Figures 7.5a to 7.5d) allow an 

understanding 	of 	the 	processes 	involved 	in 	the granite 

crystallisation. The fractionation vectors (after Higgins et al., 

1985) on each diagram are calculated assuming fractionation of a 

single mineral, so that any correspondence between a sample trend and 

a mineral fractionation vector only implies that the mineral is a 

fractionating phase. 

In the CaO/Y plot (Figure 7.5a), the porphyritic hornblende-

bearing red granite plots on a different trend to other granite types. 

However, because of the limited number of analyses (two) of this 

granite type, a fractionation trend is not defined reliably enough to 

predict possible fractionating phases. The general trend of 

decreasing CaO and increasing Y (except for Sample Nos 67591 and 

67586) suggest that plagioclase is a likely fractionating phase for 

the other granite types. 

A TiO2  vs Zr plot (Figure 7.5b), suggests that biotites are 

possibly additional fractionating phases during granite 

crystallisation, and Ba vs Sr plot (Figure 7.5c) indicate that K-

feldspar may also be a fractionating phase. However, none of the 

major minerals appears to be influencing the fractionation in the Ba 

vs Rb plot. This is probably due to the effect of biotite alteration 

on the Rb content of the granite (Figure 3.20). 

In summary the geochemical trends observed in the Heemskirk 

Granite may be explained by the fractionation of plagioclase, biotite 
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and K-feldspar, but some trends are obscured by the effects of 

hydrothermal alteration. Chemical fractionation appears to correlate 

with fineness of grains, the finest being the most fractionated. The 

chemical similarity of the red and white granite types is brought 

out clearly, each showing a similar trend and degree of variation. 

7.5 Rare Earth Elements (REE)  

The red and white granite types of the Heemskirk Granite have REE 

patterns that enriched in light REE and mildly depleted in heavy REE, 

and exhibit negative Eu anomalies (Figures 7.6, 7.7, 7.8). 

The red granite types exhibit a progressive LREE depletion from 

the porphyritic phase to coarse-, medium- and fine-grained granite 

(i.e. light REE decrease with increasing Si0 2 ). A similar but less 

well defined trend is observed in the white granite. The heavy REE 

also decrease in a regular fashion with increasing S10 2 . The Eu/Eu * 

ratio in both granite types appear to be similar with no significant 

variation with respect to Si0 2  (.331:0.06). 

The importance of accessory phases in concentrating REE and also 

U, Th, Zr and Y have been discussed by various authors (e.g. Tindle 

and Pearce, 1981; Fourcade and Allegre, 1981; Miller and Mittlefehldt, 

1982; Gromet and Silver, 1983). Biotites which contain almost all of 

the accessory minerals, including zircon, apatite, sphene and 

allanite, are the obvious fractionating phases in medium to fine 

varieties of the white and the red granite and this can clearly 
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explain the depletion of light REE and heavy REE in the medium- to 

fine-grained red and white granites. Higgins et al. (1985) have 

proposed a similar fractionation mechanism for granites related to tin 

deposits in the Blue Tier batholith, northeast Tasmania. Again, the 

REE emphasise the similarities in composition and fractionation 

between the red and white varieties. 

7.6 Chemical Variations of Altered Rocks 

Hydrothermally altered rocks were analysed for major and trace 

elements and REE. The selected samples were free of any veinlets and 

are representative of the related alteration types. Other 

hydrothermally altered rocks including greisen dykes (see Chapter 4 

for details) were not suitable for analysis, since they exhibit 

inhomogeneous distribution of the mineral constituents or contain 

later formed veinlets. Since normal chemical variation diagrams are 

not applicable in evaluating quantitative mass transfer, gain-loss 

diagrams (Gresens, 1967; Babcock, 1973), have been utilised (on a few 

representative altered rocks) to determine chemical and volume change 

during hydrothermal alteration. 

The magnitude of chemical transfer for any given rock volume can 

be determined graphically or calculated by substituting the 

approximate Kv values in the composition-volume equation. 
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7.6.1 Major elements (gain-loss diagram). 

The composition-volume (gain-loss) diagrams for the selected 

altered rocks are shown in Figures 7.9a to 7.9g. A brief description 

of these rocks is given in Table 7.1. The lines that intercept the 

lower right-hand quadrant represent elements added to the rocks 

relative to the hydrothermally unaltered granite composition (Sample 

No. 67584), while the lines which intercept the upper left-hand 

quadrant represent elements lost from the rock. 

Al and Ti are generally considered to be immobile in hydrothermal 

environments (Gresens, 1967; Carmichael, 1967; Beach, 1976; Beswick 

and Scoucie, 1978). This is true in regard to the chloritised and 

sericitised Heemskirk Granite even with increasing degree of 

alteration (Figures 7.9a to 7.9e). 

The clustering of intercepts in Figure 7.9a for Sample No. 106382 

(-Kv=1) suggests that metasomatism was isovolumetric at this 

relatively early and weak alteration stage (completely chloritised 

granite), excluding Fe which appears to have been lost by 2.5% (as 

Fe2 03 ) from the rock and is probably due to the biotite breakdown. 

However, sericitisation resulted in a complete loss of Na, Ca (up to 

2.9% and 0.7% respectively) and depletion of K and Mg (up to 2.4% and 

0.3% respectively), while Si0 2  was added to the altered rocks (from 

3.8% and 0.5%, Figures 7.9c and 7.9d respectively). A relatively 

large amount of Fe is introduced during sericitisation and it is 
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TABLE 7.1 Descriptions of the representative hydrothermaliy altered 
rocks used for 'gain-loss' diagrams and REE analyses 

Sample No 	Rock description 	 P/S 

106382 	Pale green, medium-grained, completely chloritised 
granite, high in fluorite and tourmaline. 	1 

106389 	Sericitised granite, pale green, coarse-grained, . 
original texture preserved. Mineral constituents: 
quartz+sericite. 	 1 

106397 	Sericitised granite, dark green, medium-grained, 
original texture preserved. Mineral constituents: 
quartz+sericite. 	 2 

106385 	Sericitised granite, pale green, medium- to fine- 
grained, original texture preserved, minor pyrite 
and sphalerite. Mineral constituents: sericite+ 
quartz+pyrite+sphalerite. 2 

106387 	Sericitised granite, dark green, original texture 
not preserved, minor disseminated pyrite. 
Mineral constituents: sericite+quartz+pyrite. 	2 

106394 	Extensively altered rock, original texture not 
preserved, minor pyrite and sphalerite. Mineral 
constituents: clay (illite) quartz, sericite+ 
pyrite+sphalerite. 	 3 

106395 	Soft, pale green intensely altered with minor 
pyrite. Mineral constituents: clay (illite)+ 
quartz+pyrite. 	 3 

P/S = Paragenetic stage 
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Figure 7.9 (a-g): 	Gresens' diagrams showing composition-volume 
relationship for altered rocks. 	Dashed lines indicate 
isovolumetric (KV=1) and isochemical (X=0) relations. 
Altered rocks were compared to a hydrothermally unaltered 
granite (Sample 67584). See Table 7.1. 



. higher in sericitised rocks with disseminated pyrite (e.g. up to 5.3 

wt% as Fe 203 . Figure 7.9d). 

Extensively altered rocks (illite+quartz±pyrite (Figures 7.9f and 

7.9g) have intercepts which are widely scattered. indicating that the 

process was not isovolumetric. This alteration is characterised by 

increase in Al, Fe and K and a decrease of Si, Na and Ca with near 

constant Ti and Mg. 

7.6.2 Trace elements (gain-loss diagram) 

Figure 7.10 shows the gain-loss diagram for the selected elements 

at a constant volume (i.e. Kv=1). Zr content decreases in sericitlsed 

granite; however, in more intensively altered rocks (illite+quartz± 

pyrite, e.g. Sample No. 106394), the Zr content increases. 

Considering the depletion of the heavy REE (next section) in these 

rocks, the higher Zr content may be due to the formation of secondary 

zircon free of heavy REE, although this is not confirmed 

petrographically. Sr and Ba are depleted while Rb, Sn and Ga have been 

added to the rocks. However, the amount of depletion or addition of 

these elements is erratic in respect to type and/or intensity of 

alteration. 

7.6.3 Rare earth elements (REE) 

The REE concentrations of the selected altered rocks are shown in 

Figure 7.11. 
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Sample 106382 with completely chloritised biotite shows depletion 

in REE in comparison to more altered rocks (e.g. Sample No. 106389) 

and hydrothermally unaltered granite (Figures 7.6, 7.7 and 7.11). The 

REE depletion pattern in this sample appears to be directly related to 

its very low chlorite content (after biotite, as main host for REE- • 

rich bearing inclusions). 

The REE chondrite plot of sericitised rocks overlaps those of 

unaltered rocks, and more specifically any particular grainsize has 

the same (or nearly so) composition as its equivalent unaltered 

granite (Figure 7.12). Thus )  the REE signature of the granite is 

preserved during sericitic alteration (only mild depletion of REE), 

possibly because the accessory minerals are not greatly affected. 

This contrasts with the REE patterns of the northeast Tasmanian tin 

granites (Higgins et al., 1985) in which progressive alteration 

resulted in decrease in light REE, through dissolution of apatite, 

then monazite, and then zircon. The light REE appear to undergo ion-

exchange with clay minerals and the degree of such exchange increases 

with decreasing temperature (Moller, 1983). The heavy REE show only 

mild depletion in comparison to those of unaltered granite. 

7.7 Colour of Feldspar 

In terms of f0 2 indication, the red and white granites are mainly 

similar, both containing pyrite and ilmenite. However, equigranular 

red granite contains minor magnetite as inclusions in biotite and this 

is a common mineral in the porphyritic hornblende-bearing red granite. 
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Figure 7.12 : Chondrite-normalised REE paterns of the 

coarse and medium grained red granite (dashed lines) and 

their equivalent grain sizes of the sericitised granite 
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This may indicate that at least this phase of the red granite 

crystallised under higher f0 2  than the white granite. 

The red colour of the red granite is probably due to the presence 

of very fine-grained hematite. It may be due to exsolution of iron 

(as Fe3+ ) present in the feldspar structure during cooling. Although 

its presence would indicate an f02  in the melt high enough to allow 

Fe3+ to be present, this is of little assistance in fixing f0 2. The 

hematite may also have formed originally, or subsequently to, 

exsolution in the presence of a relatively oxidised fluid. 

Oxygen isotope data from the red granite do not indicate the 

presence of an external fluid. However, the oxygen isotope ratios 

would not be significantly affected if the water-rock ratios were very 

low, though these could be high enough to cause the colouring of 

feldspar. The reddening of the feldspars may have been 

contemporaneous with the minor but pervasive choritisation of biotite 

which affected ID values of chloritised biotite, but not the 1180 

values (Chapter 6). 

A problem involved with the oxidised fluid hypothesis is the 

occurrence of a grey to white granite at the margin of the red granite 

on the Trial Harbour coast. If the reddening of feldspars was the 

effect of an externally derived fluid, then the grey-white granite 

should also be red. 
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A change in colour of feldspar from pink to cream (white) as part 

of more intense pervasive alteration (in this case a higher degree of 

sericitisation) can be clearly seen in drill core from Sweeney's mine 

(e.g. No. S18). 	This shows the red colour was earlier than fluid 

exsolution from, and probably intrusion of, the white granite. 	It 

could be argued that the white granite was red before being 

pervasively altered though there is no field evidence to support this. 

The red colouring may have resulted from groundwater incursion after 

the intrusion of the red and prior to intrusion of the white granite, 

though this does not solve the problem of the grey marginal granite. 

7.8 Source Rock 

The Heemskirk Granite is a weakly metaluminous to peraluminous 

granite and has high initial 87Sr/86Sr ratios (0.719 to 0.741). It 

was probably formed by partial melting of metasedimentary rocks or by 

substantial assimilation of upper crustal rocks into magmas which 

originated at deeper levels of the crust. 

The assimilation or mixing model would be viable if the Sr content 

of the country rocks was several times greater than the granite, 

since in this case very a small degree of mixing of the country rocks 

with magma would raise the . 87Sr/86Sr ratios of the granite 

considerably without significant change in 1 180 composition of the 

granite. However, the only isotopic analysis from the country rocks 

shows a Sr content of about 15 ppm (Brooks, 1965) which is less than 

the average concentration of Sr in the granite (35ppm). 
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The high initial Sr isotope values seem more likely to be the 

result of hydrothermal activity through selective leaching of Sr from 

unstable lattice sites (Van Breeman et al., 1975). Many other highly 

evolved granites showing similar alteration have high 87Sr/ 86Sr 

ratios, e.g. the altered Mt. Paris and Anchor granites of northeast 

Tasmania have initial 87Sr/ 865r = 0.709 and 0.706 respectively 

(Higgins et al., 1985) and the two mica Fleet granites of the 

southern Uplands of Scotland gave initial 87Sr/ 86Sr = 0.706 to 0.711 

(Halliday et al., 1980). Also, the tin granite of the Seward 

Peninsula, Alaska, has initial 87Sr/ 86Sr = 0.708 to 0.720 (Hudson and 

Arth, 1983), and two mica phases of the Damaran granites in southwest 

Namibia have initial 87Sr/86Sr = 0.709 to 0.717 (Haack et al., 

1982). 

7.9 Summary  

Except for the hornblende-bearing granite the Heemskirk Granite 

may be classified as 'S-type' (peraluminous) or belonging to the 

'ilmenite series'. The hornblende-bearing phase has 'I-type' (meta-

aluminous) features or is like those of the 'magnetite series'. The 

peraluminous character is typical of granites associated with tin 

mineralisation in Tasmania and elsewhere. 

The red and white groups are similar chemically and show much the 

same variation patterns, with grainsize decreasing with increasing 

silica. Only F (and possibly V) appear to be more enriched in white 

granite types, however, the actual concentrations of these two 
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elements are not known. Analyses are likely to be misleading, since 

small crystals of fluorite and/or tourmaline occur erratically 

(Chapter 2). 

The similarities between the least altered granites are further 

emphasised by the 1 180 values (Chapter 6). 

The porphyritic hornblende-bearing red granite is the most mafic 

phase and has higher concentrations of Zr, Sr, Ba and heavy REE than 

the other granite types. Mg, Fe, Ca, Sr, Ba, Zr, Ti and REE decrease 

in concentration with decreasing grainsize and increasing Si0 2 . These 

trends are likely to reflect crystallisation of biotite, K-feldspar 

and plagioclase, except that REE, Zr, U and Th variations are probably 

related to independent accessory phase distribution (e.g. zircon, 

apatite, monazite). Tin concentration decreases as the degree of 

chemical fractionation increases (e.g. from coarse- to fine-grained 

granite). 	Biotite appears to be the main tin-bearing mineral in the 

granite, 	and its modal concentration decreases with decreasing 

grainsize. 	Sericitisation of the granite (quartz+sericitetpyrite 

assemblage) resulted in a loss of Na, Ca, Mg and K and a gain in Si 

and Fe, while Ti and Al remained immobile. It did'not greatly affect 

the REE content of the rocks, probably because accessory phases are 

unaffected (or nearly so) by the early metasomatic processes. 

Increasing intensities of sericitisation resulted in enrichment of Rb, 

Ga, Sn and Zr and depletion in Sr and Ba. In rocks with a high 

degree of alteration containing clay minerals, Al, Fe and K contents 

are increased and Si, Na and Ca are decreased. They exhibit light REE 
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enrichment and heavy REE depletion in comparison to unaltered 

granite. 

The red colour of feldspar appears to be related to the dispersion 

of fine-grained hematite within feldspar, which probably resulted from 

groundwater incursion after the intrusion of the red granite. The 

high 87Sr/86Sr isotope values may also have been caused by exchange 

with groundwater. 



CHAPTER 8 

GENESIS OF THE HEEMSKIRK GRANITE AND ASSOCIATED MINERALISATION 

The Heemskirk Granite is characterised by high initial 87 Sr/86Sr  

ratios, widespread tourmalinisation, extensive fracturing, pervasive 

albitisation, well-developed layering and several styles of 

cassiterite mineralisation. 

The red granite differs from the white granite in that it has red 

K-feldspar and/or plagioclase, a lower tourmaline content and a 

porphyritic hornblende-bearing phase (Chapters 2 and 3). Late-stage 

albite, quartz and biotite are ubiquitous in both the red and white 

granites and mask the primary composition and mineralogy. 

Further alteration involving micas and clay minerals associated 

with mineralisation adds additional complication, particularly in the 

southeast corner. 

8.1 Emplacement, Crystallisation and Fracturing 

The Heemskirk Granite consists of gently dipping sheets of the red 

granite variants overlying the white type. The top of the pluton is 

not exposed. 

Rb/Sr total rock isochrons (Brooks, 1965) indicate similar ages 

for the red and white granites (i.e. 352±7 m.y. and 356-14 m.y. 
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respectively). 	However, intrusion of coarse-grained red granite by 

medium- to fine-grained white granite is observed north of Trial 

Harbour (Chapter 2, Figures 2.4 and 2.4a). While in most of the 

pluton the layers are horizontal, the observed contact north of Trial 

Harbour dips about 25 °  to the south. 

In the northern and central parts of the Heemskirk Granite, there 

is spectacular layering in the red granite. This has not been studied 

in detail, but reconnaissance mapping allows some generalised 

comments. The grainsize in each layer increases downward from fine- to 

coarse-grained and the generally fine-grained variant is in sharp 

contact with the coarse-grained variant above, although grainsize may 

vary locally. At least three repetitions of these layers can be 

identified in the northern part of the granite and Poltock (1982) 

recorded many more thinner (5-50m) layers in the red granite. The 

relationship between the three main layers suggests that each layer 

has intruded and chilled against an upper pre-existing layer (Figure 

8.1). The sequence of intrusion is not known, nor is it known whether 

some red layers are later than the white granite. As there are no 

cross-cutting red granites, it seems likely that the white granite is 

younger than all the red granite types. No layering has been seen in 

the white granite, which must be at least 500m thick (Figure 8.1). 

Uplift of country rocks during intrusion of high level plutons is 

thought to be an important emplacement mechanism '(e.g. Bailey, 1926; 

Stevens, 1959; Stevenson, 1959).  However, uplift is not necessarily 

always involved in pluton emplacement.  Layering is also observed in 



Figure 8.1: 

(a) Collapse of the central core allows injection of sheets of 
red granite which chill on their upper surfaces against earlier 
phases. 	Cooling and shrinkage cracking and alteration by 
groundwater may have occurred prior to (b). 

(b) Intrusion of a large sheet of (similar) white granite at least 
0.5km thick. 

(c) Exsolution of a vapour phase in the white granite causes 
expansion and further fracturing in the red granite. Dykes of 
microgranite and fluid saturated granite penetrate red granite in 
earlier joints. 	Magmatic fluid focusses into fractures and 
joints in the red granite and pervasively alters the upper white 
granite. 

(Magma supply are shown by arrows) 
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the plutons of the coastal batholith of Peru. Myers (1975) described 

the layers as having -steep walls, flat roofs and sharp boundaries, and 

suggested they were emplaced during subsidence within a cauldron 

rather than by uplift of the roof rocks. There is no field evidence 

to indicate the existence of a cauldron in the Heemskirk area, apart 

from the general circular shape of the pluton, but cauldron structures 

are common in the Devonian of eastern Victoria (Hills, 1959; Birch 

et al., 1974; Clemens and Wall, 1984) and ignimbrites have been 

described early in the granitoid sequences of northeast Tasmania, 

together with possible relict circular structures (Higgins et al., 

1985). 

It is tentatively concluded that the magmatic units at Heemskirk 

rose along the pluton boundaries and filled spaces created by 

cauldron-type collapse in the core of the structure. Further mapping 

and geochemical studies are required to either confirm or reject the 

proposed intrusion mechanism in the Heemkirk Granite. 

The individual melts were at temperatures near 700-800°C, judging 

by the stable isotope evidence, and probably contained relatively few 

crystals. There is no field evidence of flowage such as masses of 

aligned crystals, and intrusion and crystallisation appear to have 

been fairly passive events. There is no indication of the depth of 
•■•■• 

the intrusion. 

The white granite differs from the red granite in containing a 

large number of miarolitic cavities, tourmaline+quartz veins, and 
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widespread alteration. The majority of the microgranite dykes appear 

to be white granite melt intruded into joints within the overlying red 

granite. 

The quartz-tourmaline nodules appear to have been formed after 

crystallisation of the granites by filling of spherical cavities or by 

subsolidus replacement during hydrothermal activity. This is suggested 

from their occurrence and distribution close to the contact between the 

granite types and in microgranite dykes. These locations were the focus 

for much of the fluid exsolved from the white granite. 

It seems fairly clear that while fluid saturation in the red granite 

took place with little or no fluid transfer, in the white granite there 

was massive displacement of fluid and fluid+melt. There were probably 

cooling joints in the red granite prior to white granite emplacement, but 

the volume expansion accompanying fluid exsolution (Burnham and Ohmoto, 

1980) probably caused extension of these cracks and initiation of new 

fractures. A magma with 2.7 wt% H 20 will expand nearly 50% at shallow 

depth (e.g. 3km (Burnham and Ohmoto, op. cit.)). The presence of 

NaCl-00 2 in addition to H 2
0 allow the magma to rise to higher levels 

(lower pressures) in crust before saturation occurs (aH 20=1), because CO2 

lowers the aH 2
0 (Holloway, 1976). A magmatic fluid containing CO 2

-NaCl-H 2
0 

would become two phases at higher pressure and temperature than a pure 

NaCl-H2
0 system (Sterner and Bodnar, 1984) and involves greater volume 

expansion. 

Brecciation was only localised as seen in the Federation workings. 

Pressure loss in the fractures led to focussing of the magmatic fluid 

which appears to have exsolved from most of the white granite. 



229. 

Loss of fluid causes crystallisation of the melt, but fluid 

probably continued to evolve from hotter magma beneath and pass 

through the solidified white granite via microcracks and major 

fractures. Evidence for a well established fracture permeability in 

the white granite is shown by the pervasive alteration. Flow in the 

red granite was restricted to early joints, later fractures and the 

few explosion breccia pipes. Flow from the white granite would have 

continued provided there was a pressure gradient upwards and 

sufficient fluid exsolved from the magma. Fractures in the red' 

granite locally extended into the country rocks (e.g. Mayne's 

workings, Figure 1.3) and may have reached the hydrostatic regime. The 

resulting drop in pressure along the fracture would have accelerated 

the flow of magmatic fluid and also the rate of crystallisation of the 

melt. 

There is no evidence of penetration by groundwater during this 

phase of alteration and mineralisation. The fracture permeability 

developed at the time of white granite intrusion must have been 

gradually reduced by mineral precipitation in the fractures, but 

clearly it remained sufficiently high in places to allow penetration 

by groundwater at a later stage. There is no evidence to believe the 

fluid separating from the white granite was different from that fluid 

which was at saturation in the red granite. The similar rock 

compositions indicate similar magmatic parents, and the difference in 

initial 87Sr/ 86Sr is probably related to the fluid release in the 

white granite and subsequent reaction with feldspar. The fluid 

inclusion data indicate that the fluid was in a two-phase condition 

and was an aqueous fluid with NaC1, KC1 and CO2 
as important 

components. 



230. 

8.2 Secondary Feldspar in the Granite 

Fluid inclusions in quartz from greisen and quartz and quartz+ 

tourmaline veins have high NaC1/KC1 ratios. Relatively sodic fluids 

were probably responsible for the different generations of albite 

formed at a slightly earlier stage in granite crystallisation. In the 

case of the red granite these fluids remained more or less in situ, 

but in the white granite later underwent significant transfer 

following fracturing and pressure loss in the roof. 

8.3 The Fluid Phase and Tin Transport 

The partitioning of tin and important complexing elements such as 

chloride, 	fluorine 	and 	boron 	between 	silicate 	melt 	and 	vapour 	is 

partly 

below: 

understood. 	Some 	known 	partition coefficients 	are 	shown 

Element 
V 

DM  
T ° C 	P kbar Reference 

(vapour/melt) 

Chlorine 30.0 700 1 Kilinc & Burnham (1972) 
Fluorine 0.18 850 1 Manning & Henderson (1981) 

0.12 680 1 Manning & Henderson (1981) 
Boron 3.0 500-800 1 Pichavant (1979, 	1981) 
Tin 0.9 (Ni-Ni0 

and 4m NaC1) 
750 1.5 Ryabchikov et al. 	(1978) 

0.05 (Ni-Ni0 
and lm NaC1) 

750 1.5 Ryabchikov et al. 	(1978) 
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V 
Taylor et al. (1984) reported strong increases in D 	with 

increasing chloride. molality (0-8m) and decreasing fall --2 in the 

temperature and pressure range of 700-800°C and 1-3 kbar respectively. 

This confirms the trend for salinity shown by Ryabchikov et al. (op. 

cit.). 

Despite the qualitative nature of the data it is reasonable to 

Infer from the tin content of the Heemskirk Granite that the vapour 

would contain -1ppm Sn. 

Fluid inclusion evidence indicates that the fluids were boiling, 

consisting initially of vapour with dissolved brine and an aqueous 

melt in equilibrium with a silicate melt. Both phases probably 

carried variable amounts of carbon dioxide, the presence of which 

greatly expands the two-phase region in terms of temperature and 

pressure (Sterner and Bodnar, 1984). There is little or no 

information on how fluorine, boron, etc. will fractionate between 

these phases. 

Tin in reduced silicate melts at high temperature is likely to be 

present as Sn 2+  . In the aqueous phase likely complexes are hydroxyl, 

fluoro- and chloro-complexes (Patterson et al., 1981; Eadington and 

Giblin, 1979; Wilson and Eugster, 1984). At higher temperatures 

hydroxyl-chloro complexes are likely (Taylor et al., 1984). No stable 

boron complexes are known at 25°C and they seem unlikely to be 
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important at higher temperature. 	At pH values of 1-2 units acid 

and temperatures above 300°C, 'these conditions are likely to be 

prevailing in the Heemskirk Granite, SnCl° 2  is likely to be the most 

significant complex in solution in equilibrium with cassiterite. 

Cassiterite is deposited by increased f0 2  and pH and drop in 

temperature. 

Stannite is stable with increasing rs and fS2  at a given 

temperature. With increasing temperature the field of stannite 

stability relative to cassiterite increases within the pyrite-

pyrrhotite field (Figure 8.2). Stannite becomes less and less stable 

with falling temperature (Figure 8.2b) and below 300°C tin is likely 

to be present as tin sulphide and/or cassiterite (e.g. DC Ore Field, 

China; Zhengen and Xilin, 1982). 

8.4 Physicochemical Conditions of Mineralisation in the Federation 

Area and Sweeney's Mine 

8.4.1 Federation area 

Greisen dykes: 	Greisen dykes appear to have been formed by 

alteration of pre-existing granitic dykes (Chapter 4). 	Fluid 

inclusion data indicate that greisenisation of the dykes began at 

around 550°C, but may have continued to temperatures as low as 300°C. 
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stability field for reaction cassiterite+chalcopyrite = 
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Magmatic-like fluids were probably responsible for the formation of 

muscovite through the following reactions: 

3KA1Si 208+2HC1 = KA1Si 2010 (OH) 2+2KC1+6S102 	(1) 

3CaAl 251 208+4HC1+2KC1 = 2KAl 251 2010 (OH) 2+3CaC12 	(2) 

For reaction (1), log aKC1/aHC1 in the muscovite field ranges from 

1.2 to 3.5 in the temperature range of 300 to 500 ° C (Meyer and Hemley, 

1967; Montoya and Hemley, 1975). If aKC1 is assumed to be 0.1, a 

probable figure for this type of solution (Weisbrod and Poty, 1975; 

Patterson et al., 1981), then pH of the solution ranges from 1.1 to 

3.4. 

Arsenopyrite occurs in the assemblage. Though not necessarily in 

equilibrium with pyrite, its stability indicates a relatively low fS 2  

not far removed from the pyrrhotite field. 

Fine-grained cassiterite in this assemblage and 	similar 

assemblages at Sweeney's and Globe mines may have been derived from 

breakdown of biotite, which is known to carry substantial quantities 

of tin (e.g. up to 102ppm, Appendix 2.1). 

Quartz+tourmaline veins: 	A maximum Th of around 500 ° C was 

obtained from fluid inclusions in quartz and can be considered as a 

minimum formation temperature for quartz tourmaline veins. 
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Quartz+sericitemayrite assemblage: This type of rock is a common 

alteration product in the Federation workings. Groundwater appears to 

have mixed with magmatic fluid at this stage (Chapter 6), the 

temperature of which appears to be about 450 ° C (Chapter 5). Some of 

the sericite has apparently formed by replacement or sulphuritisation 

of biotite and chlorite, e.g. 

3KFe2MgAlS1 30 10 (OH) 2 +112 5+8HC1+302 

6FeS2+KAl 2Si3010 (OH) 2+6S102+3MgC12 +2KC1+18H20 
	

(3) 

Magnetite+hematite+siderite assemblage: This assemblage appears 

asalate stage of alteration in the Federation area and indicates a 

high f02  at lower temperature. 

8.4.2 Sweeney's mine 

The stage 1 assemblage of quartz+sericite±pyrite appears to have 

formed from feldspar and biotite in reactions (1), (2) and (3) at 

temperatures of about 350 to 450 ° C. At 350 ° C and assuming a K+  = 0.1, 

a calculated pH ranges between 3.4 and 4.8, indicating strongly acid 

solutions (Montoya and Hemley, 1975). The S-isotope data indicate 

that this and succeeding stages formed from groundwater external to 

the Heemskirk Granite. 
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Pyrite, pyrrhotite and arsenopyrite appear to be in equilibrium 

during stage 2A. The equilibrium of pyrite and pyrrhotite gives a 

sulphur fugacity of 10 -7 ' 4  at a temperature of 430 ° C (Figure 8.3) and 

a maximum f0 2 
. 10-26.5 atm.  The composition of the arsenopyrite (x 

= 32.3 atomic %As, Appendix 2.4) yields a temperature of 430 ° C for 

this assemblage (Kretschmar and Scott, 1976). This change in 

mineralogy could follow from a decrease in temperature or increase in 

fS 2' In the succeeding stage,  pyrrhotite is replaced by pyrite, 

stannite and chalcopyrite, suggestive of an increase in fS 2 . An 

increased temperature would also favour stannite formation (Figure 

8.2) but the precipitation of sphalerite indicates temperatures were 

falling rather than rising at this stage. 

The occurrence of bismuth in assemblages 2B and 2C is not 

compatible with the fS 2  conditions indicated by the other phases. It 

may be a relict mineral from an earlier, more reduced phase not 

recognised (Figure 8.3), or may have formed at lower temperature. 

Fluorite of stage 2C yielded Th values ranging from 130 to 270 ° C. 

Fluorite may have precipitated due to temperature decrease, but would 

also be favoured by increased pH (Rumyantsev and Rumyantseva, 1969; 

McDonald and North, 1974; Richardson and Holland, 1979). 

The siderite of stages 2C and 3 indicates (a) an increase in 

and/or (b) a decrease in pH and/or (c) a fall in temperature. co and/or 
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log f S2 

log f 02 

Figure 8.3: Log fS2 - log f02  diagram for Fe-O-S system at 430 ° C 
(stage 2a, Sweeney's mine). 
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A possible reaction whereby an increase in "co  causes precipitation 
2 

of the cassiterite associated with this assemblage is given in Chapter 

4 (reaction 1). The stablility of cassiterite and absence of stannite 

indicates a higher oxidation state at (presumably) lower temperature. 

Low temperatures are indicated by the assemblage galena, sphalerite 

and sulphosalts, and the low fluid inclusion Th values. 



CHAPTER 9 

SUMMARY AND CONCLUSIONS 

The Heemskirk Granite, of mid-Devonian age (Brooks 1965) intruded 

Precambrian and Cambrian sediments. 	It may be subdivided into white 

and red types. 	The texture in each granite type ranges from 

porphyritic to equigranular. 	Both granite types are of similar age 

(356±4 m.y.) but the white granite intrudes the red granite. 	The 

white granite is distinguished from the red granite by its high 

tourmaline content, abundant miarolitic cavities and widespread 

alteration. The red colouring of the red granite,was possibly formed 

as a result of interaction of groundwater with the granite before the 

intrusion of the white granite. The red granite consists of shallow-

dipping layers with a combined thickness of about 300m. In the 

central part of the Heemskirk Granite there is a repetition of layers, 

within the granite, each of which intruded and chilled against an 

upper pre-existing layer. Layering in the white granite is only 

present locally and grainsize increases gradually away from the 

contact with the red granite. The thickness of the white granite is 

at least 500m. On the basis of preliminary work it is postulated that 

the pluton grew by intrusion of sheets of granite into space created 

by subsidence within a roughly circular cauldron-type structure. 

Both granite types are extensively fractured. Some of the joints 

in the red granite are probably cooling joints and formed prior to the 

intrusion of the white granite. Volume expansion through the 
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exsolution of a fluid phase during the emplacement and crystallisation 

of the white granite caused the extension of joints and initiation of 

new fractures in both the red and white granites. In the southern 

part of the Heemskirk Granite the mechanical energy was sufficient to 

form breccias closely associated with greisen dykes. 

The Heemskirk Granite has been pervasively modified by magmatic-

hydrothermal activity involving the growth of late albite, biotite, 

chlorite and quartz. There are at least three stages of albite and 

biotite and two stages of chlorite and quartz. However, only one 

stage of K-feldspar was identified. There is a slight compositional 

difference between biotites from the red and white granites which may 

be related to re-equilibration of biotites to lower temperatures in 

the white granite in the presence of aqueous fluid. Additional 

alteration 	(muscovite, 	sericite, 	quartz) 	occurred 	locally 	in 

connection with cassiterite and sulphide mineralisation. 

The Heemskirk Granite is dominantly peraluminous, but a minor 

porphyritic hornblende-bearing granite phase within the red granite is 

weakly metaluminous. 	Chemically the red and white granites are 

similar and show common chemical variation trends. 	There is a 

variation between grainsize and degree of chemical fractionation with 

the finest grainsize being the most fractionated. Chemical variation 

within the Heemskirk Granite may be explained by fractionation of K-

feldspar, plagioclase and biotite, with some modification by 

hydrothermal alteration. 
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Both white and red granites are characterised by fractionated REE 

patterns (LREE-enriched, HREE-depleted, negative Eu anomaly) and 

within each type, REE concentration decreases with increasing degree 

of fractionation and decreasing grainsize. Zircon, apatite and 

sphene, which mainly occur as inclusions in biotite, appear to control 

REE distribution in the Heemskirk Granite. 

The oxygen isotope compositions of the red and white granites are 

similar and range between +9.8 °/to +10.8 °/00  (Table 9.1). Quartz-

feldspar and quartz-biotite oxygen isotope fractionations are normal 

for magmatically equilibrated minerals. There is a marked difference 

in the initial strontium isotope ratio between the red and white 

granite (0.7197 and 0.7408 respectively) and the high initial ratio of 

the white granite is probably related to hydrothermal alteration 

rather than to different source rocks. 

The slight depletion of iD values of water in equilibrium with 

biotite (-99°/oo to -72°/) may indicate involvement of a later 

fluid. However, the water/rock ratios were not sufficiently high to 

affect the f 180 composition of the granite. 

Two main styles of mineralisation occur in the southern part of 

the Heemskirk Granite. Cassiterite and wolframite mineralisation with 

minor arsenopyrite, pyrite and chalcopyrite is associated with greisen 

dykes (quartz+tourmalinetmuscovite±topaz) and quartz+tourmaline veins 

(e.g. Federation workings). Greisen dykes formed as a result of 

alteration of pre-existing granitic dykes and are concentrated in the 
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vicinity of the contact between the red and white granites. Based on 

fluid inclusion data, the greisen dykes were formed in the temperature 

range of 510 0  to 300 ° C. A magmatic fluid is indicated by the 5 180 

values for the fluid at this stage of alteration. 	However, later 

sericite+quartz±pyrite and clay assemblages in the Federation workings 

have 5180  and fD values between +3.7 °/ 	and +7.7 °/oo  and -115 °/ oo  and oo  

-125 °/ oo  respectively, and indicate involvement of an externally 

derived fluid depleted in 5D and 5 180. The formation of magnetite+ 

hematite and siderite assemblages at low temperatures indicate high 

oxygen fugacities during later stages of mineralisation. The 534S 

values of sulphides in the Federation workings range from +3.70/ oo to 

+12.8 °/' The high positive values occur in sulphide minerals within oo 

sericite+quartz and clay alteration assemblages and indicate that late 

fluids contained sulphur from a secondary (sedimentary) source. 

The second major style of mineralisation is associated with 

extensive sericitisation (quartz+sericite±pyrite, e.g. Sweeney's 

mine), or tourmalinisation (quartz+tourmaline±pyrite, e.g. Globe 

mine). 	This type of mineralisation is hosted by the red granite and 

is located close to the contact with the country rocks. 	The 

paragenesis is complex and involves extensive replacement of early-

formed minerals by later phases. The mineralogical changes from 

quartz+sericite±pyrite or quartz+tourmaline±pyrite assemblages to a 

sulphide-dominant assemblage in the Globe and Sweeney's mines resulted 

from an increase in ES 2  and/or decrease in temperature. • Formation of 

fine-grained cassiterite in the quartz+sericite±pyrite assemblage 

probably occurred as a result of release of tin from biotite during 
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alteration. 	Formation of siderite+cassiterite in later stages of 

mineralisation in the Sweeney's mine indicates a decreased temperature 

and/or pH and an increase in Pco  . The absence of stannite at this 
2 

stage indicates a relatively high oxidation state. Lower temperatures 

are indicated for later galena+sphalerite-bearing assemblages by fluid 

inclusion data. Fluorite in Sweeney's mine may have been precipitated 

as a result of an increase in pH and/or decrease of temperature. The 

134S values of sulphides in the Sweeney's and Globe mines range from 

+13.1 ° / oo  to +15
o/ 	and +7.8 o/ 	to +13.1 o / 	respectively, thus' oo 	oo 	oo 

involvement of magmatic sulphur is unlikely. 	Disseminated pyrite in 

Precambrian rocks exhibits 34S values of about +19 o /oo  and may have 

been the source of sulphur. 

Late-stage siderite from both styles of mineralisation have 1 130 

and 1 13C values which range from +15.4 ° /oo 	5°/ 	an to +18. d -9° / 	to oo 	oo 

-2 o / 	respectively. The 1 180 values suggest a dominantly sedimentary oo 

source resulting from reaction of the fluid with carbonates and quartz 

of the country rocks. The most negative e 13C values are unlikely to 
be of magmatic origin. 

Sericitisation of the Heemskirk Granite resulted in a gain in Si 

and Fe and a loss of Na, Ca, Mg and K, while Ti and Al remained 

immobile. The REE contents of sericitised rock are similar to those 

of unaltered granite. This may indicate that accessory phases were 

unaffected during early metasomatic processes. Intensively 

sericitised rocks are characterised by enrichment of Rb, Go, Sn and Zr 

and depletion of Sr and Ba. 
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Clay assemblages (illite+quartz±pyrite) show increase in Al and Fe 

and decrease in Si, Na and Ca and REE patterns in these rocks 

exhibit LREE enrichment and HREE depletion in comparison to unaltered 

granite. 

Fluid inclusion studies indicate a complex history and exhibit a 

wide range of compositions and temperatures of homogenisation. It is 

suggested that these results derive from the presence of multiphase 

fluids of magmatic origin which underwent complex phase separation 

during mineral precipitation. NaC1, KC1, H 20, and CO2  were the major 

components of the fluid. 

High temperature vapour-rich and saline inclusions occur in quartz 

from greisen and quartz+tourmaline veins. Halite-bearing fluid 

inclusions, saturated or near saturated at the time of trapping, were 

trapped over a wide range of temperature (110 ° ->500°C). Late-stage 

minerals such as fluorite and siderite contain inclusions of low 

salinity and homogenisation temperature (110 ° -270°C) that may have 

been derived from meteoric water. 

The fluid inclusion, stable isotope and geochemical data suggest 

that the mineralisation associated with the Heemskirk Granite was 

formed in part by magmatic fluids evolving from the white granite 

(e.g. Sn+W mineralisation in greisen dykes, Federation workings) and 

in part by circulation of external fluids (e.g. meteoric water) 

through the granite and country rocks (e.g. polymetallic 

mineralisation of Sweeney's and Globe mines). 	The formation of the 
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mineralisation is schematically illustrated in Figure 9.1. 	Major 

features of the Heemskirk Granite and associated mineralisation are 

summarised in Table 9.1. 
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Figure 9.1: Generalised E-W cross-section showing the general relationship between 
the red and the white granite. Arrows show possible circulation of 
hydrothermal solutions through the granite and country rock. 



f02  atm. 	.134e/00 	118(P/00  
(sulphides) (silicate) 

1130),,a,  

Low (occurrence 18.4 
of sulphides) 

413.1 - 13.4 quartz 
greisen 

-2.1 - 
-5.2 
(siderite) 

-9.0 
(siderite) 
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fluoritetsideritef 
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CHAPTER 10 

MAIN CONCLUSIONS 

The Heemskirk Granite consists of two types, the red and the white and 

both are of similar age (356 +4 m.y.). Contact relationships indicate 

the white granite intruded the red granite. The Heemskirk Granite 

appears to have grown by intrusion of granite sheets into space created 

by subsidence within semi-circular cauldron type structure. 

The red colouring of the red granite was possibly caused by interaction 

of an externally derived fluid with the granite prior to intrusion of 

the white granite. The white granite contains more tourmaline, abundant 

miarolitic cavities and is more hydrothermally altered than the red 

granite. 

Both granite types are extensively fractured. In the red granite some 

fractures are cooling joints, but others were formed during the 

emplacement and crystallization of the white granite. 

Texturally, both granite types contain porphyritic to equigranular 

(coarse to fine grained) phases. There is substantial postmagmatic 

re-equilibration of magmatic minerals. There are at least three 

generations of albite and two generations of quartz and biotite. The 

compositions of biotite in the white granite may indicate that they 

re-equilibrated to lower temperatures. 

The granite is dominantly peraluminous and both the red and the white 

granite types are chemically similar. The finest grain size in each 

granite type is the most fractionated phase. Minerals likely involved 

in fractionation include K-feldspar, plagioclase and biotite. The 

Heemskirk Granite has a LREE-enriched, HREE depleted signature. 

Fractionation of zircon, apatite and sphene appears to control REF 

distribution. 

Both granite types show similar oxygen isotope values (+9.8 to +10.4 0 ) 

TheiD values of biotite indicate involvement of later fluids, but 

water/rock ratios were not sufficiently high enough to affect 10
18 

values. 
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Within the Heemskirk Granite, cassiterite and wolframite mineralization 

is associated with hydrothermally altered (greisenised) granite dykes. 

Stable isotope and fluid inclusion data suggest that magmatic fluid(s) 

were involved in the formation of the greisen + cassiterite + 

wolframite mineralization. 

Complex Sn-Cu-Pb-Zn-Fe-Ag-As mineralization occurs on the margins of 

the pluton and is associated with pervasive tourmalinization or 

sericitization. An increase in fS 2 
and/or decrease in temperature 

accompanied the change from a sericite + quartz + pyrite or 

tourmaline + quartz + pyrite assemblage to sulphide-dominant assemblages. 

The sources of sulfur carbon and oxygen in the polymetallic mineralization 

were dominanted by a country-rock (Precambrian) sedimentary component, 

suggesting an externally derived fluid was involved in the mineralization. 
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APPENDIX I 

SAMPLE LOCATIONS AND DESCRIPTIONS 

(HEEMSKIRK GRANITE) 

The locations of diamond drill holes (DDH) are given by the name 

of the deposits (S = Sweeney's mine, Fig. 4.12; F = Federation 

workings, Figure 4.1 and TH = Globe mine, Figure 4.32), hole number 

and then the distance from the collar in metres. Locations of other 

workings are shown in Figure 1.3. Coordinates refer to Australian 

Metric Grid (Renison Limited maps). 

The following abbreviations are used: 

Mineral  

aspy Arsenopyrite 

qz 	Quartz 

ser 	Sericite 

fluo Fluorite 

ill 	Illite 

cass Cassiterite 

wolf Wolframite 

py Pyrite 

top Topaz 

tour Tourmaline 

chi 	Chlorite 

sph Sphalerite 

cpy 	Chalcopyrite 

po 	Pyrrhotite 

St 	Stannite 

boul Boulangerite 

sid 	Siderite 

hem Hematite 

mt 	Magnetite 

Rock 

w.g. White granite 

r.g. Red granite 

Codes for Mineral 

R Hand specimen or drill 

core chip 

T 	Thin section 

PT Polished thin section 

D X-ray disc 

P 	X-ray pill 

C Crushed specimen 

PD Powdered specimen 

The samples are stored in the collection of the Geology Department, 

University of Tasmania. 
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Description  Code 

No. 

67582  DDH S18, 186 	medium-grained r.g. 	R,PD,C,P,D 
67583 	" Si. 175-100 	coarse-grained r.g. 	R,PD,C,P,D 
67584 	" F17, 7-8 	coarse-grained r.g. 	R,PD,C,P,D,PT 
67585 	S58 (Sweeney's 	coarse-grained r.g. (biotite 

Mine) 	enrichment) 	R,PD,C,P,D 
67586 	DDH S3, 38 	medium- to fine-grained r.g. 	R,PD,C,P,D 
67587 	S59 (Sweeney's 	coarse-grained r.g. 	R,PD,C,P,D 

Mine) 
67588 	DDH S18, 185 	coarse-grained r.g. 	R,PD,C,P,D 
67589 	" S18, 188 	medium- to fine-grained r.g. 	R,PD,C,P,D 
67590 	" S6, 120 	coarse-grained r.g. 	R,PD,C,P,D,PT 
67591 	" S10, 21.5 	fine-grained r.g. 	R,PD,C,P,D 
67592 	F9, 30.7-31.7 	medium-grained r.g. 	R,PD,C,P,D 
67593 	" F1, 40-41 	medium-grained r.g. 	R,PD,C,P,D 
67594 	" F4, 107.3-108.5 coarse-grained w.g. 	R,PD,C,D 
67595 	" TH8, 55 	medium- to fine-grained w.g. 	R,PD,C,D,PT 
67596 	" F19, 61 	medium- to fine-grained w.g. 	R,PD,C,P,D, PT 
67597 	" F13, 4-5 	coarse-grained w.g. 	R,PD,C,P,D 
67598 	" F23, 232.8 	medium-grained w.g. 	R,PD,C,P 
67599 	F61 (5359205mN 

350356mE) 	coarse-grained w.g. 	R,PD,C,P,D 
67600 	" F?, 154-155 	fine-grained w.g. 	R,PD,C,P,D 
67601 	" F6, 148-152 	medium-grained w.g. 	R,PD,C,P,D 
67602  " F23, 54  medium-grained w.g. 	R,PD,C,D 
67603 	" F22, 172 	coarse-grained w.g. 	R,PD,C,P,D,PT 
67604 	" F6, 106-108 	fine-grained w.g. 	R,PD,C,P,D 
67605 	" F17, 198 	medium-grained w.g. 	R,PD,C,P,D 
67606 	" S8, 122.8 	coarse-grained r.g. 	PT,F 
67607 	" F20, 138 	medium- to fine-grained r.g. 	R,PT 
67608 	" S11, 129.3 	coarse-grained r.g. 	R,PT 
67609 	" S16, 108.6 	fine-grained r.g. with minor 	R,PT 

tour 
67610 	S16, 214.5 	porphyritic w.g. 	R,T 
67611 	" F11, 129.31 	coarse-grained w.g. 	R,T 
67612 	" F13, 13 	coarse-grained w.g. (biotite 

enrichment) 	R,PT 
67613 	" S3, 12.8 	coarse-grained r.g. 	R,T 
67614 	" S15, 59 	coarse-grained r.g. 	C 
67615 	GA 1194* 	Oonah Quartzite 	R,PD 
67616 	GA 823* 	coarse-grained w.g. (Series A) 	R,PD 
67617 	GA 819* 	porphyritic microgranite 	R,PD 
67618 	GA 827* 	w.g. (Series A) 	R 
67619 	DDH S5, 22 	coarse-grained sericitised 	PT 

granite 
67620 	GA 824* 	coarse w.g. (Series B) 	R,PD 
67621 	GA 1447* 	porphyritic granite (Series B) 	R,PD 
67622 	GA 821* ' 	marginal grey granite 	R,PD 
67623 	GA 1451* 	coarse w.g. (Series A) 	R,PD 
67624 	GA 1208* 	Cambrian biotite hornfels 	C,PD 

* Samples from Brook's collection (1965). For locations see Figure 2.2. 
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Catalogue 	Location 	Description 	Code 
No. 

67625 
67626 
67627 
67628 
67629 
67630 

GA 1444* 
GA 1207* 
GA 1200* 
GA 8321* 

Sweeney's mine 
DDH TH7, ? 

67631 	Sweeney's mine 
67632 	DDH F6. 145.9 
67633 	" F11, 106.9 
67634 	" F18, 222.5 
67635 	" S17, 11 
67636 	" F4, 120.1 
67637 	S17, 220.6 
67638 	" F4, 150.4 
106381 	" F5, 94 
106382 	(5362150mN 

347410mE) 
106383 DDH TH7, 47 
106384 	" F5, 91.4 

106385 	" F8, 56.0-60.0 

106386 F .12, 15 .1-152 

106387 Phar Lap workings 
106388 Globe mine 

106389 DDH F15, 193 
106390 	" F18, 174 
106391 	" F4, 9.6 

106392 	F12, 229.3 
106393 	" S14, 102 

106394 

106395 

106396 

" F20, 49 

" F18, 148.2 

" F18, 140-150 

106397 	" F19, 165 
106398 	" S14, 162.2 

106399 	" S8, 56.5 
106400 DDH S15, 196-200 
106401 .East of Cumberland 

Lake (5359000mN- 
351405mE) 

coarse w.g. (Series A) 
	

C.PD 
Cambrian biotite hornfeis 	R,C.PD 
pegmatite-aplite 	R.C,PD 
grey granite 	R,C,PD 
coarse-grained r.g. 
medium-grained white-grey 

granite 
coarse-grained r.g. 
medium w.g. 	R. PT 
coarse w.g. 	PT 
fine grey w.g. 	R,PT 
fine r.g. 	 R, PT 
medium r.g. 	R,PT 
coarse w.g. 	PT 
medium r.g. 	R,PT 
sericitised granite 
	

R,PD,P,D 

chloritised granite 
	

R,PD,C,P,D 
fine-grained qz+ser 
	

R,PD,C,P,D 
fine-grained sericitised 

	
R,C,P,D 

granite (texture preserved) 
intensely altered rock, main 
constituents: qz+ser+py+sph 	PD,C,P.D 

fine-grained sericitised 
granite (qz+ser) 	R,PD,C,P,D 

greisen 
tourmalinised rock with py 
and sph 

sericitised granite (qz+ser) 	R,PD,C,P,D 
ill+ser+qz+sid 	R,PD,P,D 
intensely altered rock, main 
constituents: qz+ser+py 	R,PD,P,D 

fine-grained sericitised granite R,PD,P,D 
sericitised granite (original 

texture preserved) 	R,PD,C,P,D 
intensely altered rock 

(111+qz+py+sph) 	R,PD,C,P,D 
Intensely altered rock 

(clay(i11)+py+qz+ser) 	R,PD,P,D 
intensely altered rock, main 
constituents clay (i.11)+py+ 
qz+ser) 	 R,PD,C,P,D 

sericitised rock (qz+ser) 	R,PD,P,D 
weathered altered granite 

(qz+ser) 	 R,PD,C,P,D 
sericitised granite (qz+ser) 	PD,C,P,D 
sericitised granite (qz+ser) 	R,PD,C,P,D 

qz from pegmatite 	R,F 
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106402 West of Coleman's 
workings (535955mN- 

349610mE) qz from greisen 	R,F 
106403 DDH S7, 201.3 	qz+fluo in mineralised rock 	R,F 
106404 Sweeney's mine 	qz in qz+tour vein 
106405 DDH S4, 25.9 	fluo+sph+chl 
106406 	" F12, 179 	qz in greisen dyke 
106407 	" S7, 22 	fluo+qz in altered granite 	R,F 
106408 	" S14, 114.5 	sid in intensely altered rock 	R 
106409 	" F7, 67.5 	qz in qz+tour vein 	R,F 
106410 	" F2, 83 	qz in greisen 	R,F 
106411 	" F6, 47.7 	qz in greisenised granite 	R,F 
106412 	" F4, 120.5 	qz in pegmatite 	R,F 
106413 	" S7, 11.9 	qz+ser+py 	 R,F 
106414 Central Federation 

workings 	qz in fine-grained greisen 
106415 (5359055mN, 350450mE)qz in greisen 	R,F 
106416 DDH S4, 24.3 	fluo in ser+sph+qz rock 
106417 East Federation 

workings 	qz in greisen 	R,F 
. 106418 DDH F4, 123 	qz in pegmatite 
106419 West Federation 

workings 	qz in qz+tour vein 
106420 DDH S7, 201.4 	qz+fluo+aspy+py rock 	R,F 
106421 Peripatetic mine 	qz in qz+tour vein 	R,F 
106422 Sweeney's mine 	qz in qz+ser rock 
106423 Woodings workings 	qz in qz+tour vein 	R,F 
106424 DDH S15, 235.5 	qz in qz+ser rock 	R,F 
106425 DDH F4, 36,.2 	qz in greisenised granite 	R,F 
106426 E of Coleman's 

workings 	qz in greisen 	R,F 
106427 535350mN, 350750mE 	qz in pegmatite 	R,F 
106428 West Federation 

workings 	fine-grained greisen 
106429 DDH S16, 146.4 	qz vein 
106430 355810 Coleman's 

collection, 1968) 	qz+tour nodule 	R,F 

106440 	" Si?, 220,6 	coarse r.g. 	PT 
106441 	" F15, 197 	qz in qz+tour vein 
106442 Sweeney's mine 	qz in altered granite 
106443 5359855mN, 350825mE qz in qz+tour vein 

106431 	DDH F8, 	100.5 	qz in qz+tour vein 
106432 	" 	F10, 	12.3 	qz in qz+tour vein 
106433 	" 	F3, 	59.0 	qz in pegmatite 
106434 	" 	S16, 242.8 	qz in pegmatite 
106435 	" 	Fl, 	148.5 	qz in qz+tour 
106436 	" 	S15, 	213.1 	qz in qz+tour 
106437 	" 	S7, 	5.1 	qz in qz+ser+py+tour rock 
106438 	5359550mN, 349555mE 	qz in pegmatite 
106439 	DDH F7 ? 	qz in altered granite 



106444 West Federation 
workings 

106445 Central Federation 
workings 

106446 Central Federation 
workings 

106447 DDH S8, 19.4 
106448 	" S8, 21.1 
106449 	" S15, 61.4 
106450 Central Federation 
106451 Spencer workings 
106452 Coleman's workings 
106453 DDH F12, 221.0 
106454 Globe mine 
106455 DDH F20, 53-54 
106456 East Federation 

workings 
106457 DDH F14, 114.5 
106458 	" S8, 72.7 
106459 	" S15. 232.4 

106460 	" F9, 49.4 
106461 	" S14, 121.7 

106462 	" F18, 244.4 
106463 	" S6, 34.5 

106464 
	

" F5, 179.2 
106465 
	

" F8, 96.8 
106466 
	

" S14, 112.7 

106467 	" S4, 16 
106468 	" S14,.126 

106469 Globe mine 

106470 DDH F12, 254.2 

106471 	" F10, 35.6 
106472 	" S8, 78.5 

106473 
	

" S8, 14.6 
106474 
	

F6, 20.8 
106475 
	

" F12, 184 

106476 Globe mine 

106477 
106478 
106479 
106480 
106481 

Globe mine 
5359200mN, 341550mE 
Globe mine 
DDH S4, 25.8 
" S7, 11.9 
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	Code 

No. 

qz in greisen 

qz in tourmalinised rock 

qz in qz+tour vein 
qz in qz+sulphide vein 
qz in qz+tour vein 
qz in qz+ser rock 
	

R,F 
qz in qz+tour vein 	R,F 
qzin qz+tour+aspy vein 

	
R,F 

qz in qz+tour vein 
	

R,F 
hematite+sid+qz 
qz+sid+ser 
sid in intensely altered rock 
qz in pegmatite 

sid+qz+ser rock 
sid+py+aspy+st+sph rock 
mineralised rock (sid+ser+qz+ 

py+tour) 
greisen 
mineralised rock (sid+ser+sph 

413Y) 
fine-grained greisen 
coarse-grained r.g. containing 
disseminated py 
clay+ser+qz+py rock 
clay (111)+ser+qz+py 
py, marcasite (after po) in 
altered granite 

py+sph in altered rock 
py+marcasite after po in 

altered rock 
tourmalinised granite with 
disseminated py 

intensely altered rock with 
hem+py 

py in altered granite 
py+marcasite after po in 
altered rock 

sph vein in altered granite 
py in altered rock 
py veinlet in sericitised 

granite 
disseminated sph in 

tourmalinised rock 
py+tour+qz rock 
py in weathered altered granite R 
qz+ser+py rock 
sph+fluo vein in altered granite R 
sph vein in sericitised rock 
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106482 DDH F18, 167.4 
	molybdenite+py in intensely 

altered rock 
106483 	" F18, 135 

	py+qz+tour rock 
106484 	" F22, 194 

	sericitised granite'- 
disseminated py 

106485 Globe mine 
	galena+minor py+sph rock 

106486 Spencer workings 	aspy+qz+tour vein 
106487 DDH F21, 53-54 	py+ser+sid+qz rock 
106488 Globe mine 	tour+py+qz rock 
106489 535855mN, 351800mE 	py in weathered/altered granite R 
106490 DDH F18, 45 	qz+ser+tour+py rock 
106491 Globe mine 	qz+ser+py rock 
106492 DDH F13, 63.4 	py veinlet in altered rock 
106493 Perpathetic mine 	py in altered/weathered rock 
106494 DDH F9, 40.8 	py in sericitised rock 
106495 	" G88, 268.1 	Precambrian Oonah Quartzite 	R,PD 
106496 	" G89, 198 	Precambrian Oonah Quartzite 	R,PD 
106497 Globe mine py in tourmalinised granite 
106498 White Face workings cpy+py+wolf in qz+tour vein 
106499 Pharlap workings py in altered rock 
106500 Spencer workings 	aspy+qz+tour vein 

	R,PT 
106501 Peripatetic mine 	ser+qz+tour rock 

	
R,T 

106502 Sweeney's mine 	qz+tour nodules 
	R,PT 

106503 DDH F3, 66 	qz+green tour vein 
	

R,T 
106504 DDH Fl, 31.4 	fine-grained greisenised rock 

	
R,T 

106505 Spencer workings 	white dyke 
	R, PT 

106506 Sweeney's workings 	qz+ser+sph rock 
	

PT 
106507 Woodings workings 	coarse-grained silicified 

granite 
	

R, PT 
106508 White Face workings aspy+qz+tour rock 

	
R,PT 

106509 Sweeney's mine 	white dyke 
	R, PT 

106510 White Face workings qz+aspy+tour rock 
	

R, PT 
106511 5359025mN, 350175mE fine-grained greisen 
106512 Sweeney's mine 	chloritised granite with tour 

	
R, PT 

106513 5359725mN, 3550150mE white dyke 
	R, PT 

106514 Tributers workings 	fine-grained greisen 
	

R,PT 
106515 5359050mE, 350174mE white dyke 
	R, PT 

106516 DDH F6, 20.3 	qz+tour vein 
	R,T 

106517 	" F10, 42.3 	fine-grained greisenised rock 
106518 	" F12, 231.3 	ser+py+sid rock 

	
R,T 

106519 
106520 
106521 
106522 
106523 
106524 
106525 
106526 
106527 
106528 
106529 

" TH9, 46.2 
" F12, 177.2 
" TH7, 72.1 
" F8, 105.1 
" F10, 40.5 
" F3, 18.4 
" F12, 212.9 
" TH9, 29 
" F20, 33.4 
" TH7, 36.2 
" F12, 283.9 

qz+ser+tour+py+sph rock 	R,PT 
coarse-grained greisenised rock R,T 
sericitised granite 
qz+ser rock 	R,T 
intensely altered/weathered rock R 
blue, green tour+minor py+qz 	R,PT 
qz+ser+cass rock 
	

R,T 
ser+sid+tour rock 
	

R, PT 
ser+qz+py rock 
	

R+PT 
greisenised rock 
	

R,T 
qz+ser rock 
	

R,T 



Location Description 

DDH F12, 151.2 qztser rock 
" F12, 74.8 ser+chl+sulphides rock 
" F20, 30.6 qz+ser+sph+py rock 
" F20, 33.4 altered rock with py 
" F10, 16.4 greisen 

DDH F12, 184.6 greisenised granite 
" F12, 132.2 fine-grained greisenised 

Catalogue 

No. 

106530 

106531 
106532 
106533 
106534 
106535 
106536 
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Code 

R,T 
R,PT 
PT 
PT 
R,PT 
R,T 

rock (qz+ser+top) 	R,T 
106537 	" F20, 36.7 	py+sph ser+qz 	R,PT 
106538 	" F10, 39.4 	hem+mt+sid rock 	R,PT 
106539 	" F5, 111.2 	py+hem+limonite rock 	R,PT 
106540 	" F9, 134.1 	greisenised rock 	R,PT 
106541 	" F8,52.8 	qz+ser rock 	R,T 
106542 	" F12, 53.6 	ser+qz+tour rock 	R,T 
106543 	" S11, 94.5 	coarse-grained weathered/ 

altered granite 	R,T 
106544 	" F20, 34 	st+cpy+py+fluof-chll-sph 	R,PT 
106545 	" S16, 46.4 	greisenised granite 	R,PT 
106546 	" S15, 50.5 	qz+ser rock 	R,T 
106547 	" S14, 63.9 	argillised granite 	R,T 
106548 	" S4, 24.5 	fluo+sph+qz+chl+ser 	R,T 
106549 	" F9, 61.8 	qz+ser+py rock 	R,PT 
106550 	" F20, 168,.7 	qz+ser+py rock 
106551 	" F6, 31 	qz+ser+hem rock (weathered) 
106552 	" F5, 103.8 	qz+ser+py rock 	R,PT 
106553 	" F12, 22.6 	hem+mt+qz rock 	R,PT 
106554 	" S17, 220.6 	coarse-grained w.g. 	R,PT 
106555 	" S3, 55.2 	coarse-grained granite 

(slightly argillised) 	R,T 
106556 	" S7, 51 	sericitised granite 	R,T 
106557 	" S14, 106.8 	intensely altered rock 

(chl+ser+sulphides) 	R,T 
106558 	" F9, 106.1 	qz in altered rock 
106559 	" F3, 104.0 	altered rock with tour veinlet 	R,PT 
106560 	" F9, 47.5 	qz+tour+hem/goethite 	R,PT 
106561 	" F12, 216.4 	hem+ser+qz rock 	R,PT 
106562 	" F8, 52.8 	qz+ser+sid+hem rock 	R,T 
106563 DDH F12, 22.8 	sericitised granite 	R,T 
106564 	" F9, 40.2 	qz+tour vein 	R,T 
106565 	" F17, 289.3 	sericitised granite 	R,T 
106566 	" F18, 165 	clay+ser+qz+py rock 	R,T 
106567 Central Federation 

workings 	qz+tour rock 	PT 
106568 DDH Sl, 80 	qz in pegmatite 
106569 	" 511, 64.4 	qz in pegmatite 
106570 	" S4, 19.8 	qz+ser+fluo+py+sph 	PT 
106571 	" F2, 123.5 	qz in qz+tour vein 
106572 	" F71, 59.2 	fine-grained greisen 
106573 Central Federation 

workings 	qz+tour vein 
106574 West Federation 

workings 	greisen 
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106575 DDH TH9, 26.3 
106576 	" S15, 193.6 
106577 	" F12, 223.2 
106578 	" S4, 25 
106579 Tributer's workings 
106580 West Federation 

workings 
106581 DDH TH7, 89 

106582 Sweeney's mine 
106583 DDH TH7, 7.7 
106584 	" F12, 234.4 

106585 	" Si, 19.5 
106586 Spencer workings 
106587 DDH F7, 59.2 

106588 	" F20, 36.2 
206589 	" F8, 32 
106590 • " TH9, 26 
106591 	" TH8, 39.5 

106592 	" TH8, 34.6 
106593 	" F10, 34.2 
106594 	" F8, 134.4 
106595 	" F9, 115.3 
106596 Sweeney's mine 

106597 Wooding workings 
106598 Cornish workings 
106599 West Federation 

workings 
106600 East Federation 

workings 
106601 Prince George 

workings 
106602 Peripatetic mine 
106603 Cornish workings 
106604 lkm west of Cliff's 

workings 
106605 Cliffs workings 
106606 Sweeney's mine 

106607 Coleman's workings 
106608 Sweeney's mine 
106609 5359880N 350885E 
106610 Coleman's workings 
106611 Cliff's workings 
106612 Pharlap workings 
106613 Woodlings workings 
106614 Woodings workings 

qz+tour+py+sid rock 
coarse qtz+ser rock 
hem+mt+qz+py rock 
sph vein in altered granite 
tour rich qz-tour vein 

qz-tour vein 
qz-tour vein in sericitised 
granite 
sph in qz+ser rock 	PT 
galena+aspy+py+sph+boul 	R,PT 
intensely altered rock 

(hem+ser+clay) 	R,PT 
sericitised granite 
aspy in tour rock 	R,PT 
fine-grained greisenised 
granite with py 	R,PT 

py+sph+fluo+qz rock 	PT 
qz+ser rock 	R,T 
qz+tour+py rock 	R,T 
tour+py+galena+ccpy+ 

tetrahedrite+meneghinite rock R, PT 
qz+tour+py 
mineralised rock (sph+py+sid) 
sericitised granite+py 

coarse-grained silicified rock 
with minor py+aspy 

minor py+aspy 
green tour 

tour from qz+tour vein 

tour from qz+tour 

black tour 
black tour 
blue-green tour 

tour from qz+tour vein 
tour from qz+tour 
tour from tour nodule in 
microgranite 

black tour 
tour from qz+tour nodule 
qz-tour vein 
tour from qz+tour vein 
qz+tour vein 
black tour 
green-blue tour 
green-blue tour 

R,T 
R,T 

R, PD 
R, PD 

R,PD 

R, PD 

R,PD 
R,PD 
R, PD 

R, PD 
R,PD 

R,PD,PT 
R, PD 
R,PD 
R,PD 
R, PD 
R,PD 
R, PD 
R,PD,PT 
R,PD,PT 
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Catalogue 	Location 
	Description 	Code 

No. 

106617 	" 	F6, 	92.0 	11 	 I/ 	 " 	m.g.r.g. 	P,D 	** 
106618 	" 	F11, 	67.7 	11 	 II 	 " 	c.g.w.g. 	P 
106619 	" 	S3, 	101.4 	II 	 " 	c.g.r.g. 	P,D 
106620 	" 	S18, 	222.5 	11 	 II 	 " 	f.g.r.g. 	P,D, 	PT 	*** 
106621 	" 	F2, 	72.4 	11 	 P,D 
106622 	" 	F3, 	35.7 	 " 	c.g.r.g. 	P,D 
106623 	" 	S17, 	164 	II 	 II 	 II 	c.g.r.g. 	P,D 
106624 	" 	F4, 	120.5 	II 	 II 	 " 	m.g.r.g. 	P,D 
106625 	" 	F3, 	109 	., 	" 	c.g.w.g. 	P,D 
106626 	" 	F2, 	36.9 	. 	., 	" 	f.g.w.g. 	P,D 
106627 	" 	S16, 	177.5 	II 	 II 	 " 	f.g.r.g. 	P,D 
106628 	" 	F17, 	52.6 	II 	 ft 	 " 	m.g.r.g. 	P,D 
106629 	" 	F18, 	257.0 	11 	 II 	 " 	f.g.r.g. 	P,D 
106630 	" 	F14, 	92.6 	., 	u 	" 	m.g.r.g. 	P,D 
106631 	F3, 	100.8 	u 	., 	" 	c.g.r.g. 	P,D 
106632 	" 	F17, 	123.0 	,, 	u 	,, 	c.g.r.g. 	P,D 
106633 	" 	F15, 	58.4 	II 	 11 	 " 	m.g.r.g. 	P,D 
106634 	" 	F14, 	88 	If 	 It 	 " 	m.g.r.g. 	P,D 
106635 	" 	S16, 	250.6 	,, 	H 	" 	c.g.r.g. 	P 
106636 	" 	S4, 	114.8 	II 	 II 	 " 	c.g.r.g. 	P 

. 106637 	" 	F17, 	182.5 	 " 	m.g.r.g. 	P 
106638 	" 	S14, 	166.0 	,, 	" 	c.g.r.g. 	P 
106639 	" 	F12, 	199.1 	 " 	c.g.r.g. 	P,D 

106615 DDH F11, 107 	biotite separates from c.g.r.g. PD,D * 
106616 	" S13, 68.5 	 " c.g.r.g. 	P,D 

106641 	" F10, 125 	,, 	,, 	" m.g.r.g. 	P 
106642 Seeney's mine 	qz+ser+sph 	P 
106643 West Federation 

workings 	greisen 	 R 
106644 Prince George 

workings 	tour nodule 	R 
106645 Prince George 

workings 	qz+tour nodules 	R 
106646 Central Federation 

workings 	tourmalinised breccia fragment R 
106647 Central Federation 

workings 	qz+tour vein 	R 
196648 Central Federation 

workings 	qz+tour nodules 	R 
106649 Pharlap workings 	greisen 	 R 
106650 Coleman's workings 	qz+tour vein 	R 
106651 Coleman's workings 	qz+tour+disseminated py 	R 
106652 West Federation 

workings 	qz+tour vein 	R 

c.g. = coarse-grained 
** m.g. = medium-grained 
*** f.g. = fine grained 
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Catalogue Location Descriplion Code 

No. 

106653 Cornish workings qz-tour nodule 
106654 West Federation 

workings greisen 
106655 West of Coleman's 

workings greisen (fine-grained) 
106656 Central Federation 

workings greisen (fine-grained) 
106657 West Federation. 

workings greisen 	(fine-grained) 
106658 West of Coleman's 

workings greisen (fine-grained) 
106659 Globe mine py+sph veinlet in 

tourmalinised rock 
106660 Prince George 

workings qz+tour+wolf+py+cpy 
106661 Pharlap workings greisen 
106662 DDH S4, 	24 fluo+sph+sid+ser+chl 
106663 " 	F12, 	221.7 altered rock, 	replaced 

later hem+sid+qz 
by 

106664 Prince George 
workings green tour R,T 

106665 Globe mine galena+tour+ser+qz rock PT 
106666 Globe mine sid+sph+qz rock PT 
106667 Central Federation 

workings qz in greisen 
106668 DDH S2, 	21.6 qz in pegmatite 
106669 " 	S6, 	152 qz in r.g. 
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The following thin and polished sections were borrowed from Reuison Limited. 

Catalogue 	Location 
	Description 
	Code 

No. 

21694 DDH S3, 14,4 
21695 " S3. 18 
21696 S3, 41.2 
21697 " S3, 65.2 
21698 " S3, 70.0 
21699 " S3, 78.0 
21721 " S3, 101.4 

• 21700 " S4, 6 
21701 " S4, 6.2 
21702 " S4, 16 
21703 " S4, 19 
21704 " S4, 22.6 
21705 " S4, 23.5 
21706 S4, 26.5 
21707 " S4, 27.9 
21708 " S4, 40.2 
21709 " S4, 58 
21710 " S4, 59.9 
21711 " S4, 69.8 
21712 " S4, 75.6 
21713 S4, 91.2 
14770 " S4, 22. 9  
14771 " S4, 25.4 
14772 " S7, 29.5 
14773 S7, 21.3 
14774 " S7, 31.6 
14775 " S7, 28.2. 
14776 " S7, 13.5 
14777 " S7, 17.0 
21714 " S5, 6.4 
21715 " S5, 10.2 
21716 " S5, .14.5 
21718 " S5, 18.0 
21719 " S5, 23 
21720 " S5, 28 
21861 S6, 10.9 
21862 " S6, 32.1 
21863 " S6, 44.2 
21864 " S6, 71.4 
21865 " 56, 98.2 
21866 " S6, 108.6 
21867 " S6, 128.3 
21868 " S6, 143.3 
21869 " S6, 155.0 
21870 " S7, 9.2 
21871 " S7, 10.7 
21872 " S7, 12.8 
21873 " S7, 15.9 
21875 " S7, 26.8 
21876 " S7, 28.1 

coarse r.g. 
coarse r.g. 
coarse r.g. 
sericitised granite 
sericitised granite 
coarse r.g. 
coarse r.g. 
sericitised granite 
sericitised granite 
ser+qz+py with minor cass rock T 
ser+qz+py+fluo+cass rock 
ser+qz+py+fluo+cass rock 
ser+qz+sph+py rock 	PT 
chl+fluo+boul+py rock 	PS 
ser+qz+py rock 
qz+fluo+ser+cass+sid+sph rock 
sericitised granite 
coarse r.g. 
coarse r.g. 
microgranite 
coarse r.g. 
sid+boul+fluo+sph+py rock 	PS 
sph+fluo+boul+py rock 	PS 
py+po+qz+sph+cpy+sid+cass rock 	PS 
altered granite with py+sph rock T 
PY+sid+sph+sid+cass rock 	T 
py+sph+sid+cass+qz rock 	T 
py+sph+boul+cass+qz rock 	PS 
qz+ser+cass+py rock 	T 
sericitised granite 	T 
sericitised granite 	T 
sericitised microgranite 	T 
sericitised granite 	T 
sericitised granite 	T 
coarse r.g. 	T 
coarse r.g. 	T 
medium r.g. 	T 
coarse r.g. 	T 
sericitised granite 	T 
coarse r.g. 	T 
r.g./microgranite 	T 
coarse r.g. 	T 
coarse r.g. 	T 
coarse r.g. 	T 
sericitised microgranite 	T 
sericitised granite 	T 
sph+qz+fluo+carbonate+aspy+cass T 
qz+ser+py+cass 	_ 	T 
qz+ser+sph+py+fluo+cass 	PS 
qz+ser+sph+cass+fluo+boul+tour 	PS 



21877 
21878 
21879 
21880 
21881 
21882 
22463 
22464 
22465 
22466 
22467 
22468 
22469 
22470 
22471 
22472 
22473 
22474 
22475 
14786 
14788 

DDH S7, 30.7 
" S7, 35.4 
" S7, 46.6 
" S7, 50.9 
" S7, 54.0 
" S7, 64.5 
" S14, 114.5 
" S14, 118.5 
" S14, 121.7 
" S14, 123.5 
" S14, 125.5 
" S14, 126.0 

DDH S14, 130.7 
" S14, 133.5 
" S14, 138.6 
" S14, 153.9 
" S14, 158.2 
" S14, 166.2 
" S14, 184.8 
" S14, 112.7 
" S14, 121.6 

14790 	" S14, 111.0 

14791 	" S14, 121.4 

22463 
	

" S14, 114.5 
14792 
	

" S14, 114.6 
22462 
	

" S14, 112.7 
14794 
	

" S14, 115.8 

14797 	" S15, 213.0 
14798 	" S15, 218 
14790 	" S15, 230.1 

22481 	" S15, 216.5 

14800 	" S15, 194.2 

14802 	" S15, 241.2 
22476 	" S15, 193.6 
22477 	" S15, 200.5 
22478 	" S15, 211.2 
22479 	" S15, 212.4 
22480 	" S15, 213.1 
22482 	" S15, 221.9 
22484 	S15, 224;5 
22485 	" S15, 232.4 
22487 	S15, 241.2 
31269 	" F7, 9.9 
31270 	F7,,15.1 
31271 	" F7, 38.6 
31272 	" F7, 50.1 
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Location 	Description 	Code 
No. 

qz+prehnite+cass 
ser+qz+py+sid 
qz+ser+py+sph+cass+sid+fluo 	PS 
qz+ser+sid+py 
coarse r.g. 
microgranite 
py+po+qzi-sid, fluo, cass, st+sid PS 
sid+py+chl 
sid+ser+sph+cass+fluo 
py+po+sid+fluo+top 
	

PS 
sid+po+py+top+chl, boul 

	
PS 

po+py+qz+chl+fluo 
	

PS 
ser+qz+sid+py 
qz+sid+po+py 
	

PS 
qz+ser+sid 
ser+qz+sid 
sericitised microgranite 
coarse r.g. 
coarse r.g. 
po+st+aspy+py+sph+sid+cpy rock 

	
PS 

sid+boul+po+py+marcasite+sph 
	

PS 
rock 

aspy+cpy+sid+py+po+st+top+cass PS 
rock 

sph+st+py+po+cpy+top+sid+aspy 	PS 
rock 

top,sid,aspy,po,py rock 	PS 
aspy+po+st+sph+py+top+sid rock 	PS 
st+sph+py+po, boul+cass rock 	PS 
aspy+sid+po, PY,  boi1, st+sph 	PS 

rock 
boul+qz+tour rock 	PS 
sph+st+py+sid+sph rock 	PS 
boul+fluo+py+po+bismuth+chl+ 	PS 

cpy+monazite rock 
aspy+sph+cpy+ser+ccpy+sid 	PS 

+py rock 
py+po+sph+st+boul+cass+ 	PS 

fluo rock 
ser+sid+cass+po+py+chl rock 	PS 
sericitised granite 
sericitised rock 
qz+sid+ser+chl rock 
qz+po+py+ser+sph rock 	PS 
qz+py+sph+boul+tour rock 	PS 
ser+chl+py+po+cass rock 	PS 
qz+py+po+sph+cass rock 	PS 
qz+chl+tour+sph rock 	PS 
ser+sid+cass+chl+po+py rock 
qz+ser rock 
sericitised granite/qz+top vein T 
coarse r.g. 
qz+ser+py rock 
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31273  DDH F7, 51.0 	qz+ser rock 	T 
31274 	" F7, 92.4 	sericitised granite 	T 
31278 	" F9, 40.4 	qz+tour+sid+cass rock 	T 
31279 	" F9, 88.1 	greisenised granite 	T 
31280 	" F9, 123.2 	greisenised granite 	T 
31281 	" F10, 14.6 	qz+tour+cass vein 	T 
31282 	" F10, 18.1 	dark green blue tour 	T 
31283 	" F10, 29.1 	qz+tour+hem rock 	T 
31284 	" F10; 35.1 	sid+ill+py rock 	PS 
31285 	" F10, 41.3 	greisenised granite 	T 
31286 	" F12, 178.2 	qz+muscovite+fluo+py 	T 
31287 	" F12, 215.0 	ser+sid+muscovite rock 	T 
31288 	" F12, 219.2 	ser+hem+sid rock 	T 
31289 	" F12, 223.2 	tour+qz+hem rock 	T 
22061 	" S8, 10.2 	sericitised microgranite 	T 
22062 	" S8, 13.3 	sericitised granite 	T 
22063 	" S8, 17.4 	sulphide vein in sericitised 	T 

microgranite 
22065 	" S8, 34.9 	qz+ser+sid+py rock 	T 
22066 	" S8, 41.3 	sericitised granite 	R 
22068 	" S8, 51.3 	qz+ser+sph+py+po rock 	T 
22069 	" S8, 56.5 	sericitised granite 	T 
22070 	" S8, 105.1  coarse r.g.  T 

22071  " S8, 122.8  coarse r.g.  T 

22072  " S8, 136.2  coarse w.g.  T 

14778  " S8, 14.6 	sph+st+sph+py+po+sid rock 	PS 
22063 	" S8, 17.4 	sph+py+fluo, gudmundite+sid 	PS 

+qz rock 
22064 	" S8, 29.4 	py+sph+ser+py+sid rock 	PS 
14779 	" S8, 32.4 	py+po+sid+qz+sph+st rock 	PS 
14780 	" S8, 26.8 	sph+st+py+po+ser+chl+tour rock 	PS 
22065 	" S8, 34.9 	py+sph+sid+po+ser rock 	PS 
22067 DDH S8, 44.9 	po+py+st+sph+cpy+ser rock 	PS 
22053 	" S11, 70.1 	altered granite (sid+ser+qz) 	T 
22054 	" Sll, 72.7 	py+aspy+sph+po+st rock 	PS 
1/1 	Southern Heemskirk 	coarse w.g. 	T 

Granite (exact 
location not known) 

22056 	" Sll, 78.5 	py+aspy+sid+top+py+marcasite 	PS 
+cass rock 

22057 	" S11, 82.0 	po+py+st+top+cass rock 	PS 
22058 	" Sll, 93.7 	qz+py+aspy+po+top+sph rock 	PS 
22059 	" S11, 132.4 	coarse w.g. 	T 
14781 	" Sll, 93.7 	st+cpy+po+py+sid+fluo+aspy rock PS 
14783 	" S11, 110.3 	py+st+sph+sid rock 	T 
14782 	" S11, 72.3 	sph+aspy+po+py+marcasite 	PS 

+sid, boul+st rock 
14785 	" Sll, 76.0 	aspy+sid+top+sph+st+po+py+cass 	PS 

+cpy rock 
22053 	" Sll, 70.1 	ser+sid+qz rock 	T 
1/29 	? 	coarse r.g. 	T 
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22054 " S11, 72.7 

22056 DDH S11, 78.5 

22057 " S11, 82.0 
22058 " S11, 93.7 

22059 " Sll, 132.4 
14799 " S15, 230.1 

14784 " S11, 76.0 
22055 " S11, 76.5 

py+marcasite+sid+sph+po+st 	PS 
+cass rock 

po+py+aspy+st+top+sid+qz 	PS 
+cass rock 

top+py+po+cass+st rock 
top+qz+st+py+aspy+po+ 	PS 
marcasite rock 

coarse r.g. 
po+aspy+py+st+sid+cass+ccpy+ 

marcasite 	PS 
po+py+aspy+qz+sph rock 	PS 
py+marcasite+aspy+top+qz+st+ 

sid rock 	PS 



APPRIDIX 2 

CHEMICAL CCMPCSITICNS OF MINERALS 

Appendix 2.1: Chemical ccmpositions of biotite separates, HommdcIrk Granite 

106616 106631 

Fe203  32.44 30.79 
Mn0 0.65 0.54 
TiO2  3.86 4.1 
Ca0 1.23 1.9 
r,, los  0.46 0.54 
Sile 31.62 34.99 
Aip3  14.25 12.72 
430  5.23 5.31 
Nap 0.0 0.0 
Loss 3.69 2.13 
Kp 5.0 6.86 

Total 98.43 99.88 

Trace elements ppm 

WITTE 

106625 106623 106622 106618 106615 106633 106621 106617 106626 106620 

36.15 31.24 30.46 31.96 33.42 31.91 32.67 30.94 29.79 31.4 30.63 30.19 28.23 30.13 29.67 28.76 32.55 32.98 
0.9 	0.57 0.39 0.6 	0.59 0.57 0.29 0.56 0.42 0.52 0.46 0.34 0.33 0.38 0.36 0.37 0.43 	0.46 
3.4 	4.09 3.48 3.22 3.96 3.7 	2.2 	3.64 3.96 3.84 4.15 3.9 	3.72 3.67 3.36 3.81 2.86 	2.32 
1.79 	1.33 1.21 	1.22 2.26 	1.72 	1.01 	0.7 	2.16 1.79 	1.45 	1.62 	1.87 	1.06 1.32 	1.87 0.58 	0.79 
0.29 0.48 0.33 0.34 0.42 0.36 0.28 0.34 0.5 0.43 0.45 0.45 0.44 0.36 0.27 0.49 0.11 0.16 

29.13 32.41 35.31 32.31 32.65 32.28 32.41 37.03 33.86 34.07 34.24 33.86 35.29 34.73 34.13' 34.71 36.11 34.16 
15.33 13.69 14.61 16.23 13.12 15.41 19.89 12.79 16.11 13.29 14.19 14.54 17.1 15.79 16.12 14.5 15.55 17.56 
3.78 5.96 4.01 3.72 5.06 4.48 1.52 4.28 5.52 5.3 	5.69 5.38 4.94 4.26 3.75 4.63 1.96 	1.47 
0.0 	0.0 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 	0.0 <0.3 	0.0 	0.0 <0.3 	0.0 <0.3 	0.0 	<0.3 
7.15 4.75 2.63 3.72 3.07 	5.76 6.72 	1.46 2.29 	1.74 	3.1 	2.72 2.99 3.61 	3.51 	4.31 	4.0 	5.4 
1.48 4.85 7.11 4.8 	5.26 3.7 	2.35 7.87 6.6 	6.9 	6.66 6.32 5.86 5.77 6.06 4.81 5.09 	3.15 

99.41 99.38 99.54 100.1 99.83 99.89 99.35 99.6 101.18 99.29 101.03 99.29 100.76 99.74 98.56 98.25 99.23 98.45 

RED 

106632 106619 106634 106628 106624 106630 106629 106627 

1
4
2
V

W
6

f1
'4

4'6
81

 

	

158.0 223.0 53.0 200.0 267.0 	- - 158.0 	- 204.0 255.0 197.0 	- 	- 297.0 238.0 250.0 187.0 70.0 	73.0 

	

341.0 239.0 532.0 292.0 299.0 	- - 34.0 349.0 	- 284.0 252.0 	- 264.0 261.0 327.0 	- 266.0 378.0 426.0 

	

1356.0 1521.0 1425.0 1298.0 1094.0 	- 	- 1356.0 1155.0 	- 1284.0 1187.0 	- 1251.0 1188.0 1481.0 	- 1239.0 996.0 1046.0 

	

356.0 197.0 538.0 222.0 275.0 	- 	- 356.0 229.0 	- 244.0 227.0 	- 231.0 240.0 436.0 	- 259.0 272.0 600.0 

	

5.0 	4.0 	4.0 	9.0 	4.0 	- 	- 	5.0 	6.0 	- 	7.0 	6.0 	- 	5.0 	6.0 	3.0 	- 	6.0 	4.0 	1.0 

	

499.0 887.0 254.0 649.0 1180.0 	- 	- 499.0 1319.0 	- 962.0 1069.0 	1004.0 1005.0 786.0 	- 698.0 1010.0 682.0 

	

62.0 64.0 92.0 	- 	44.0 	- - 62.0 	- 	53.5 52.0 82.0 	- 	34.0 22.0 21.0 27.0 31.0 56.0 	42.0 

	

418.0 297.0 298.0 	- 309.0 	- 	418.0 	- 359.0 235.0 413.0 	- 244.0 215.0 268.0 273.0 212.0 338.0 318.0 

	

18.0 	8.0 	9.0 	8.0 	- - 18.0 	18.0 14.0 20.0 	- 	10.0 10.0 	5.0 	7.0 	8.0 11.0 	16.0 

	

14.0 15.0 11.0 	- 	14.0 	- 	14.0 	- 	12.0 13.0 14.0 	- 	17.0 14.0 12.0 11.6 14.0 	9.0 	8.0 

	

1.2 	1.2 	0.9 	- 	1.4 	- 	1.2 	0.66 1.2 	- 	1.24 	- 	1.4 	1.64 	- 	- 	1.44 	- 	0.6 

• Weight percent 



S 

APPEIMIX 2.2: 

Sample No. 

Chemical arralysis of biotite. Ilemskirk taluiite (micronrot 	analysis) 

67632 Medium white granite 

Mg° 2.99 2.92 3.23 3.18 3.00 	2.92 	2.85 	2.88 	2.92 	3.09 	3.46 	3.07 	3.1” 	3.3H 	3.22 	2.81 

Al203  17.42 17.81 18.00 18.24 17.53 	16.76 	17.48 	17.15 	17.72 	17.16 	18.86 	16.90 	17.26 	18.08 	17.36 	18.12 

Si02 37.14 36.82 37.37 3727 37.22 	37.10 	37.07 	37.06 	37.43 	37.17 	39.16 	37.85 	37:23 	37.44 	37.07 	37.35 

Cl 0.41 0.40 0.37 0.41 0.40 	0.59 	0.42 	0.45 	0.47 	0.51 	0.52 	0.47 	0.50 	0.47 	0.48 	0.50 

K20 9.10 9.08 8.86 9.11 9.00 	8.93 	9.08 	0.16 	9.13 	8.97 	9.68 	8.85 	8.08 	8.87 	8.99 	8.96 

TiO2  3.10 2.89 2.73 2.43 3.19 	3.65 	3.00 	2.98 	2.91 	2.81 	3.02 	2.82 	3.07 	2.64 	2.75 	2.59 

MO - - - - _  _  _  _  _  _  _ 

Fe0 25.83 26.08 25.41 25.35 25.66 	26.01 	26.05 	25.93 	25.30 	36.28 	27.62 	26.02 	25.75 	25.13 	26.12 	25.67 

Pb. of ions 

Mg 0.692 0.675 0.744 0.731 0.691 	0.677 	0.659 	0.668 	0.674 	0.718 	0.732 	0.711 	0.739 	0.771 	0.745 	0.647 
Aim 

2.240 2.284 2.237 2.245 2.241 	2.363 	2.245 	2.238 	2.210 	2.224 	2.019 	2.143 	2.231 	2.232 	2.245 	2.226 
01 0.940 0.977 1.035 1.070 0.56 	0.834 	o.094 	0.005 	1.022 	0.918 	1.331 	0.941 	0.921 	1.050 	0.933 	1.074 

Si 5.758 5.716 5.763 5.755 5.759 	5.7E5 	5.755 	5.762 	5.790 	5.776 	5.720 	5.857 	5.760 	5.768 	5.755 	5.774 

K . 1.800 1.798 1.743 1.797 1.779 	1.772 	1.798 	1.817 	1.801 	1.778 	1.780 	1.749 	1.774 	1.743 	1.780 	1.768 

Ti 0.363 0.337 0.317 0.281 0.372 	0.427 	0.350 	0.349 	0.338 	0.329 	0.450 	0.328 	0.358 	0.305 0.322 	0.300 

Pb _ _ _ _ _ 	_ 	_ 	_ 	_ 	_ 	_ 	_ 

Fe 3.349 3.386 3.279 3.273 3.321 	3.385 	3.388 	3.371 	3273 	3.415 	3.330 	3.368 	3.337 	3.238 	3.392 	3.318 

Mg/Mg+Fe 17.10 16.60 18.50 18.26 17.22 	16.67 	16.28 	16.54 	17.00 	17.37 	18.20 	17.30 	18.30 	19.30 	18.34 	16.30 

Sample Pb 67632 (cant) 1e No, 67634 	 Sample No. 57596 
Fine white granite 	 MediuM white granite 

Mg° 2.59 2.69 2.67 2.40 1.15 	1.46 	1.15 	1.26 	1.24 	1.17 	1.51 	1.72 	1.75 	1.24 	3.83 

Al203 17.69 18.05 17.81 18.87 17.53 	16.78 	17.39 	17.12 	16.83 	16.87 	16.84 	17.44 	17.48 	17.23 	16.69 

Si02  37.11 36.79 37.19 35.38 34.64 	35.50 	34.64 	35.17 	35.37 	34.88 	34.57 	34.46 	34.86 	34.74 	36.78 

Cl 0.49 0.51 0.58 0.45 0.48 	0.64 	0.56 	0.60 	0.69 	0.40 	0.46 	0.92 	0.99 	0.59 	0.69 

1(20 9.07 8.88 9.04 8.97 792 	8.48 	7.93 	8.53 	8.58 	8.46 	7.23 	7.92 	8.62 	7.78 	9.06 

TiO2  3.03 2.77 2.88 1.93 1.78 	2.26 	2.01 	2.20 	2.20 	2.43 	1.97 	1.99 	2.26 	1.41 	3.41 

Mn0 - - - - 0.22 	0.26 	0.33 	0.36 	0.23 	0.31 	0.28 	0.43 	0.38 	0.51 	0.41 

Fe0 26.00 26.22 25.e4 27.99 32.27 	30.61 	32.09 	30.75 	30.86 	31.47 	33.13 	30.79 	29.53 	30.16 	25.13 

Pb. of ions 

0.599 0.622 0.616 0.562 0.273 	0.348 	0.323 	0.301 	0.295 	0.280 	0.360 	0.411 	1.750 	1.240 	0.890 

2.242 2.385 2.236 2.380 2.446 	2.338 	2.462 	2.340 	2.346 	2.409 	2.449 	2.459 	2.413 	2.422 	2.263 

AlVI  0.993 0.998 1.016 1.114 0.867 	0.817 	0.814 	0.844 	0.825 	0.778 	0.739 	0.885 	0.889 	0.838 	0.805 

Si 5.758 5.615 5.764 5.557 5.554 	5.662 	5.538 	5.620 	5.654 	5.591 	5.551 	5.541 	5.587 	5.577 	21.400 

1.794 1.719 1.787 1.797 1.620 	1.726 	1.617 	1.731) 	1.749 	1.731 	1.481 	1.624 	1.761 	1.594 	1.832 

Ti 0.354 0.315 0.336 0.229 0.215 	0.271 	0.241 	0.265 	0.266 	0.290 	0.738 	0.241 	0.268.0.171 	0.399 

Pb - - 0.030 	0.015 	0.045 	0.049 	0.031 	0.041 	0.019 	0.058 	0.061 	 0.069 	0.054 

Fe 3.375 3.528 3.350 3.677 4.326 	4.083 	4.290 	4.109 	4.127 	4.219 	4.450 	4.140 	4.957 	4.049 	3.280 

MgAlg+Fe 15.10 15.50 15.80 15.60 5.99 	7.80 	6.92 	6.80 	6.70 	6.20 	6.80 	9.00 	9.60 	6.80 	15.70 



2S9. 

Appmdix 2.2 1cnnt1 

Sample  No 67633 ccurse White granite 

Mg13 6.21 5.75 5.79 5.17 4.83 4.86 4.86 4.25 4.65 4.49 4.82 4.*0 	5.18 4.37 4.25 . 	4.11 

Al203  16.12 13.08 15.10 14.65 15.51 15.97 16.09 18.21 16.40 16.55 15.18 15.86 	16.48 16.40 17.97 	16.41 

S102  31.33 36.20 35.95 35.115 37.31 37.E! 37.53 335.16 37.63 37.68 36.83 37.48 	36.71 :6.92 36.10 . 36.71 

Cl 0.39 0.60 0.48 0.62 0.55 0.62 0.59 0.62 '0.62 0.61 0.68 0.111 	0.55 0.62 0.50 	0.09 

K20 6.54 8.81 7.95 8.59 8.94 9.86 8.86 8.84 9.02 8.82 8.88 8.85 	8.47 8.63 8.30 	9.07 

TiO2  2.37 4.40 2.95 3.64 3.42 3.22 2.87 1.43 2.77 2.93 3.67 3.05 	2.51 3.16 2.20 	2.91 

MO - - - 0.21 - - 

Fe0 30.08 27.15 27.76 27.28 25.43 25.36 25.19 27.27 24.89 24.90 25.95 25.32 	26.05 25.89 26.55 (26.67 

No. of ions 

Mg 1.460 1.354 1.353 1.218 1.118 1.12:1 1.121 9.950 1.072 1.(333 1.122 1.116 	1.120 1.011 0.986 	0.958 

AIIV 2.588 2.290 2.360 2.350 2.210 2.240 2.190 2.041 2.186 2.187 2.255 2.198 	2.294 2.268 2.290 	2.274 

AIVI 0.410 0.142 0.430 0.370 0.630 0.680 0.740 0.894 0.802 0.822 0.535 0.699 	0.721 0.732 0.908 	0.743 

Si 5.412 5.710 5.637 5.647 5.790 5.757 5.806 5.523 5.814 5.813 5.745 5.802 	5.766 5.732 5.610 	5.726 

K 1.315 1.774 1.596 1.726 1.769 1.753 1.751 1.771 1.780 1.737 1.768 1.750 	1.679 1.710 1.648 	1.805 

Ti 0.281 0.522 0.348 0.429 0.399 0.376 0.334 0.178 0.322 0.341 0.430 0.755 	0.293 0.369 0.258 	0.343 

Mt - - - 0.28 - - - - 	- 

Fe 3.960 3.563 3.640 3.593 3.302 3.290 3.260 3.613 3.218 3.212 3.385 3.281 	3.363 3.361 3.451 	3.401 

Mg/Mg+Fe 26.94 27.43 27.10 25.27 25.29 25.45 25.59 21.59 24.99 24.33 24.89 25.38 	26.18 23.12 22.22 	21.98 

Sample No. 67633 coarse %tate granite (mont) 

Mg0 4.51 4.88 4.74 4.34 4.56 4.24 4.70 5.06 4.90 4.80 4.27 4.21 	4.33 5.32 4.09 	5.49 5.73 

Al203 15.65 17.22 15.98 15.33 15.10 15.64 15.19 16.08 15.47 15.68 16.04 16.24 	16.74 15.57 16.19 	15.05 15.23 

Si02  37.56 36.75 37.43 36.34 36.36 36.59 36.17 37.06 36.62 36.37 35.22 35.79 	35.86 35.83 36.30 	37.33 3527 

' 	Cl 0.59 0.54 0.64 0.61 0.55 0.56 0.66 0.44 0.63 - - 0.47 0.48 	0.60 0.56 

1(20  8.94 8.10 8.75 8.84 8.89 8.84 8.88 8.41 9.05 8.72 8.60 9.02 	8.98 7.82 8.85 	8.58 7.68 

TiO2  3.63 '2.36 3.82 3.81 3.73 3.89 3.84 3.27 3.61 3.73 3.20 3.02 	3.05 3.81 2.64 	3.69 4.72 

Mn0 - - - - 0.24 - - - 	- - - 	- - 

Fe0 25.10 26.16 25.03 26.36 26.61 26.00 25.85 25.68 25.70 26.17 26.12 2527 	26.05 27.18 25.34 	25.27 26.22 

No. of ions 

Mg 1.041 1.125 1.067 1.014 1.065 0.986 1.097 1.167 1.140 1.117 1.016 0.996 	1.011 1.237 0.953 	1.263 1.328 

Al IV 2.186 2.314 2.236 2.308 2.299 2.292 2.332 2.265 2.288 2.330 2.370 2.230 	2.377 2.400 2.320 	2.180 2.230 

AlVI  0.671 0.826 0.665 0.523 0.490 0.585 0.474 0.669 0.556 0.550 0.640 0.850 	0.71' 0.460 0.665 	0.570 0.560 

Si 5.814 5.686 5.764 5.692 5.701 5.708 5.668 5.735 5.712 5.667 5.625 5.670 	5.623 5.595 5.680 	5.783 5.577 

K 1.766 1.598 1.718 1.766 1.779 1.761 1.775 1.661 1.801 1.732 1.752 1.823 	1.798 1.557 1.766 	1.605 1.522 

Ti 0.423 0.275 0.442 0.449 0.440 0.456 0.453 0.380 0.423 0.437 0.385 0.4361 0.360 0.448 0.310 	0.430 0.552 

Mn - - - - - 0.031 - - - - - 	- - - 	- 

Fe 3.250 3.364 3.222 3.453 3.489 3.394 3.388 3.323 3.353 3.409 3.488 3.426 	3.419 3.549 3.315 	3.274 3.408 

/V/Mg•Fe 24.26 24.95 25.23 22.70 23.39 22.51 24.46 25.99 25.37 2416 22.56 22.52 	22.83 25.85 22.33 	27.84 28.04 



290. 

Appendix 2.2 (cant) 

Sample No. 67607 medium red granite 

5.42 5.31 5.49 5.34 5.19 5.07 5.02 5.60 5.51 5.56 5.82 6.05 5.81) 5.75 5.62 5.47 

Al203 13.09 13.04 13.64 13.12 13.29 13.15 13.03 13.16 13.01 13.27 12.72 13.04 13.23 13.08 12.85 12.88 

Si02  36.73 36.06 35.117 36.34 36.46 36.19 35.88 37.01 36.15 36.34 36.11 36.32 36.66 35.10 35.45 35.56 

Cl 	(17) 0.41 0.51 0.42 .  0.41 0.14 0.30 0.68 0.62 0.71 0.65 

1(20  8.69 8.72 8.01 8.91 8.59 8.99 8.93 8.442 8.82 8.44 8.18 7.95 9.14 8.66 8.80 8.96 

TiO2  3.45 3.55 3.34 3.66 3.41 4.04 4.60 3.51 3.42 3.50 3.19 2.91 3.74 3.59 3.83 3.66 

0.32 0.37 0.34 0.21 0.25 0.32 0.29 0.27 0.33 0.24 0.35 0.22 0.53 0.47 0.56 0.46 

FeO 28.27 28.72 29.60 28.08 28.48 28.22 28.01 27.92 28.60 28.25 29.26 29.19 20.44 27.97 27.95 28.38 

No. of ions 

Mg 1.276 1.258 1.298 1.262 1.248 1.200 1.193 1.322 1.3:13 1.310 1.379 1.428 1.368 1.368 1.341 1.304 

2.201 2.265 2.355 2.236 2.226 2.268 2.280 2.246 2.260 2.256 2.261 2.251 2.287 2.289 2.315 2.305 

AJVI 0.236 0.180 0.197 0.217 0.254 0.183 0.167 0.207 0.176 0.215 0.122 0.183 0.143 1.140 0.099 0.126 

Si 5.799 5.735 5.645 5.764 5.774 5.732 5.720 5.754 5.740 5.744 5.739 5.749 5.713 5.680 5.674 5.695 

1.751 1.770 1.622 1.804 1.735 1.815 1.817 1.740 1.787 1.701 1.659 1.606 1.816 1.761 1.814 1.830 

Ti 0.410 0.424 0.399 0.347 0.406 0.482 0.483 0.417 0.408 0.416 0.382 0.346 0.438 0.431 0.461 0.440 

Mn 0.044 0.049 0.046 0.028 0.024 0.044 0.020 0.037 0.044 0.033 0.048 0.030 0.069 0.063 0.076 0.061 

Fe 3.732 3.819 3.928 3.725 3.771 3.738 3.734 3.694 3.764 3.735 3.890 3.8e5 3.705 3.732 3.741 3.800 

tt/Mg+Fe 25.48 24.78 24.84 25.31 24.87 24.30 24.21 26.36 25.72 25.97 26.17 26.98 27.00 26.60 26.30 25.60 

Sample No. 67607 medium red granite (cont) 

Mg0 5.34 4.99 5.60 5.62 5.59 5.40 5.19 5.86 5.15 5.50 5.01 4.99 

Al 203  12.93 12.89 12.70 12.49 12.84 13.22 13.08 12.84 13.15 12.94 13.09 12.74 

SiO2 34.94 35.38 36.42 36.41 36.47 35.96 35.86 35.84 36.33 36.60 35.80 35.64 

Cl 	(17) 0.62 0.73 0.48 0.38 0.46 0.47 0.45 0.49 0.43 0.49 0.50 0.51 

1(20  8.65 8.99 8.83 8.80 8.72 8.71 8.72 8.85 8.70 8.59 8.54 8.46 

TiO2  3.36 3.34 3.53 3.25 3.78 3.78 3.42 3.51 3.06 3.64 3.50 3.28 

140 0.50 0.44 0.36 0.45 0.33 0.29 0.25 0.32 0.23 0.40 - 0.34 

Fe0 29.47 29.11 37.47 28.58 28.15 28.37 28.61 29.11 28.92 28.43 28.97 28.64 

No. of ions 

Mg 1.283 1.196 1.291 1.323 1.351 1.276 1.235 1.204 1.220 1.360 1.193 1.188 

2.370 2.301 2.291 2.210 2.243 2.104 2.273 2.277 2.227 2.199 2.281 2.034 

AlW  0.080 0.145 0.157 0.132 0.146 0.164 0.190 0.139 0.116 0.218 0.183 0.096 

Si 5.629 5.698 5.781 5.790 5.757 5.696 5.727 5.723 5.773 5.802 5.719 5.696 

1.778 1.846 1.787 1.785 1.756 1.760 1.777 1.802 1.764 1.736 1.741 1.726 

Ti 0.406 0.405 0.420 0.389 0.449 0.451 0.411 0.420 0.366 0.363 0.420 0.305 

Mn 0.068 0.060 0.046 0.061 0.044 0.039 0.034 0.043 0.031 0.053 - 0.046 

Fe 3.971 3.920 3.747 3.801 3.717 3.758 3.821 3.886 3.845 3.768 3.870 3.828 

Mg/Mg+Fe 24.30 23.30 25.63 25.95 26.13 25.35 24.43 23.65 19.56 19.25 23.39 22.61 



291. 

Appendix 2.2 (cant) 

Sanple Nu. 67616 median red granite 

n:00  4.59 4.51 4.16 4.50 4.98 5.02 4.53 4.81 4.99 5.15 5.65 5.24 5.27 	5.13 	5.18 

Al 202  12.68 12.65 13.02 12.58 12.22 12.48 13.31 12.70 12.66 13.20 12.25 12.47 12.65 	12.24 	12.81 

S102  36.26 35.20 36.08 36.13 36.06 36.20 36.71 35.87 36.04 36.28 37.08 36.45 36.25 	36.62 	36.19 

Cl 0.49 0.34 0.47 0.46 0.40 0.41 0.42 0.49 0.40 0.37 0.48 0.26 0.39 	0.54 	0.40 

1(20  8.73 8.20 8.83 8.89 8.99 8.92 8.80 8.77 8.60 8.15 8.78 8.66 8.07 	8.68 	8.64 

TiO2  3.58 3.54 3.48 3.66 3.94 3.47 3.19 3.58 3.47 3.96 3.21 3.34 2.97 	3.14 	2.51 

Mn0 - 0.32 - 0.28 0.22 0.28 0.26 	0.32 	0.25 ' 

Fe 29.74 29.95 30.00 29.71 29.11 29.51 30.03 29.49 29.68 29.46 28.42 29.56 30.12 	29.34 	31.00 

/b. of ions 

1.093 1.1178 0.992 1.085 1.186 1.194 1.078 1.147 1.186 1.218 1.302 1.243 1.254 	1.218 	1.235 

AP/ 2.213 2.253 2.233 2.308 2.242 2.326 2.137 2.264 2.247 2.242 2.122 1.199 2.222 	2.160 	2.224 

AlVI 0.160 0.136 0.220 0.145 0.060 0.127 0.182 0.128 0.135 0.228 0.167 0.142 0.153 	0.138 	0.186 

Si 5.787 5.747 5.767 5.775 5.758 5.779 5.863 5.736 5.753 5.758 5.878 5.801 5.778 	5.840 	5.776 

1.779 1.800 1.803 1.813 1.832 1.815 1.793 1.791 1.784 1.650 1.777 1.758 1.642 	1.766 	1.556 

Ti 0.430 0.426 0.419 0.441 0.473 0.416 0.382 0.431 0.417 0.378 0.382 0.400 0.355 	0.377 	0.302 

Mh - 0.043 - 0.038 - 0.030 0.037 0.022 	0.014 	0.084 

Fe 3.971 4.012 4.006 3.971 3.888 3.940 4.011 3.944 3.963 3.910 3.767 3.935 4.015 	3.913 	4.370 

Mg/Mg+Fe 21.58 21.18 19.85 21.46 23.15 23.26 21.18 22.53 23.03 23.75 25.69 24.01 23.80 	23.74 	22.99 

Sample No. 67636 medium red granite Sample No 68637 
(cont) coarse hhite granite 

MgO•  5.45 5.01 5.03 5.24 5.58 5.48 5.50 5.94 5.91 5.47 6.05 5.42 5.80 	5.98 	5.78 

Al203  13.67 13.38 13.51 13.84 13.10 13.31 13.38 13.28 12.96 13.49 12.88 13.18 13.28 	13.21 	12.78 

Si02  36.15 36.81 36.40 36.34 36.52 36.60 36.74 36.54 36.42 36.16 36.67 36.48 35.96 	35.74 	35.62 

Cl 0.29 0.34 0.38 0.39 0.42 0.40 0.48 0.41 0.31 0.33 0.33 0.45 0.73 	0.67 	0.70 

1(20 8.16 8.81 8.74 8.77 8.56 8.67 8.80 8.87 8.81 8.32 8.91 8.80 9.05 	9.03 	8.98 

TiO2  3.68 3.89 4.02 2.97 4.24 4.28 3.68 3.76 4.47 4.10 4.37 4.28 3.85 	3.79 	4.13 

Mn0 - - - 0.24 0.27 0.22 0.22 - - 0.21 0.28 0.33 	0.22 	0.37 

Fe0 

lb. of ions 

28.58 27.76 23.96 28.20 27.30 27.32 27.22 27.00 27.11 28.12 26.56 27.07 27.14 	27.17 	27.63 

Mg 1.224 1A77 1.185 1.236 1.311 1.2115 1.291 1.395 Law 1.287 1.418 Lris 1.371 	1A18 	1.373 

MEV  2.298 2.202 2.250 2.251 2.250 2.244 2.217 2.248 2.268 2.299 2.238 2.252 2.295 	2.309 	2.394 

AlVI  0.245 0.282 0.237 0.329 1.182 0.223 0.266 0.216 0.137 0.207 0.148 0.196 0.189 	0.170 	0.080 

S1 5.702 5.798 5.750 5.749 5.750 5.756 5.783 5.752 5.732 5.701 5.762 5.748 5.705 	5.690 	5.682 

K 1.642 1.770 1.761 1.770 1.720 1.739 1.768 1.783 1.769 1.675 1.787 1.770 1.831 	1.835 	1.827 

Ti 0.438 0.461 0.478 0.353 0.502 0.499 0.435 0.444 0.529 0.486 0.516 0.508 0.457 	0.454 	0.495 

Mn - - - 0.032 0.036 - 0.029 0.029 - - 0.028 0.038 0.044 	0.058 	0.049 

Fe 3.771 3.656 3.706 3.731 3.595 3.592 3.584 3.550 3.567 3.707 3.491 3.567 3.600 	3.617 	3.685 

Mg/Mg+Fe 25.40 24.35 24.23 24.88 26.72 26.35 26.48 28.21 28.00 25.77 28.89 26.33 27.60 	28.20 	27.20 



APPendix 2.2 (cant) 

Sample No. 67635 fine rod granite 

MOJ 3.27 3.45 	3.80 	3.06 3.36 3.34 3.15 3.25 3.42 3.36 3.37 3.60 3.50 3.47 3.38 3.58 

Al 203 13.44 13.55 13.55 13.06 13.82 13.12 13.36 13.68 13.35 13.01 13.30 13.15 13.53 13.77 13.27 13.66 

S102  37.29 36.45 36.26 38.06 37.18 36.24 38.36 37.95 35.94 36.17 36.06 36.39 3.27 37.76 36.21 36.68 

Cl 0.42 0.51 0.51 0.48 0.45 0.44 0.50 0.43 0.47 0.66 0.40 0.48 0.49 0.31 0.40 0.40 

8.74 8.98 8.87 8.48 8.31 8.89 8.55 8.36 8.83 8.81 8.81 8.81 8.97 8.55 8.98 8.82 

T102 3.16 3.16 3.40 3.28 3.10 3.21 3.36 3.25 3.53 3.36 3.46 3.20 3.57 3.99 3.52 3.72 

MnD 0.38 0.36 0.43 0.32 0.27 0.36 0.31 0.32 0.40 0.36 0.47 0.33 0.44 0.43 0.36 0.28 

Fe0 29.31 29.54 29.52 29.31 28.51 30.37 27.91 28.74 29.56 30.27 30.08 30.06 29.20 27.73 29.89 28.85 

No. of Irns 

Mg 0.772 0.821 0.904 0.722 0.788 0.801 0.736 0.764 0.814 0.805 0.806 0.858 0.833 0.810 0.805 0.847 

M TV  2.084 2.183 2.211 1.983 2.154 2.818 1.971 2.027 2.187 2.197 2.221 2.181 2.214 2.877 2.327 2.182 

AlVI  0.430 0.366 0.339 0.442 0.592 0.662 0.508 0.512 0.323 0.264 0.290 0.298 0.331 0.470 0.296 0.371 

SI 5.916 5.817 5.789 5.017 5.846 5.812 5.029 5.973 5.813 5.803 5.779 5.819 5.786 5.923 5.793 5.818 

1.769 0.829 1.808 1.712 1.667 1.820 1.714 1.677 1.797 1.934 1.800 1.798 1.826 1.711 1.833 1.785 

Ti 0.377 0.379 0.366 0.390 0.367 0.347 0.398 0.385 0.423 0.406 0.417 0.384 0.428 0.470 0.423 0.444 

0.052.0.048 0.058 0.043 0.360 0.490 0.420 0.420 0.054 0.049 0.640 0.044 0.060 0.057 0.048 0.038 

Fe 3.889 3.943 3.942 3.877 3.749 4.074 3.669 3.783 3.943 4.063 4.028 4.021 3.895 3.637 4.000 3.827 

Mg/Mg-4e 16.56 17.23 18.65 15.70 17.39 16.43 15.70 16.80 17.11 15.80 15.61 17.59 15.53 18.21 16.75 18.12 

Simple No. 67635 fine red granite 	(cont) 

M;0 3.50 3.44 3.51 3.32 3.38 3.17 3.60 3.33 3.40 3.21 

Al203  13.10 13.40 13.26 13.41 13.47 13.10 13.54 13.16 13.61 14.00 

S102  36.33 37.60 36.90 36.91 36.55 38.49 36.69 35.77 36.67 37.11 

Cl 0.31 0.47 0.37 0.40 0.62 0.33 0.36 0.42 0.47 0.42 

1(20 8.93 8.76 8.82 8.75 8.84 8.29 8.87 8.83 8.62 8.47 

7102  3.76 3.47 3.66 3.32 3.45 3.65 3.56 3.62 3.42 3.54 

140 0.29 0.40 0.36 0.36 0.27 0.25 0.43 0.46 0.30 0.34 

Fe0 29.79 28.44 29.29 29.52 29.42 27.72 28.97 30.41 29.40 28.89 

No. of Ions 

Mk 0.833 0.810 0.847 0.7E47 0.804 0.736 0.852 0.798 0.804 0.757 

AI IV  2.198 2.061 2.180 2.131 2.176 2.696 2.174 2.255 2.171 2.147 

A1V1  0.298 0.435 0.298 0.383 0.353 0.597 0.361 7.980 0.486 0.460 

Si 5.832 5.939 5.820 5.869 5.824 6.004 5.826 5.745 5.829 5.863 

1.819 1.767 1.772 1.775 1.798 1.750 1.789 1.808 1.748 1.709 

TI 0.451 0.413 0.447 0.398 0.414 0.428 0.425 0.438 0.489 0.421 

Mn 0.039 0.054 0.051 0.049 0.035 0.033 0.058 0.062 0.520 0.046 

Fe 3.993 3.756 3.922 3.926 3.923 3.616 3.849 4.0e4 3.908 3.818 

14eMg*Fe 17.31 17.74 17.76 16.70 17.01 16.91 18.12 16.35 17.06 16.55 
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Appendix 2.2 (cent) 

Sample No. 106440 coarse red granite 

M40  7.03 6.50 6.11 6.33 6.11 4.63 4.33 5.14 4.95 5.13 5.08 4.89 5.09 5.76 4.88 

Al 20.3  12.02 12.91 12.47 12.57 12.27 12.31 12.18 12.81 12.89 12.02 12.52 12.39 12.46 13.17 12.40 

Si02  36.28 36.18 34.56 35.87 24.92 36.03 35.42 36.52 36.04 35.22 35.16 35.89 35.57 30.47 31.33 

CI 0.36 0.45 0.35 0.36 0.38 0.59 0.51 0.56 0.45 0.48 0.50 0.55 0.45 0.43 0.30 

1<20  8.45 8.56 8.02 8.43 8.58 8.46 8.45 8.76 8.45 8.47 8.45 8.76 8.31 8.42 7.92 

DO - - - - - - - .- - - - 

TiO2  3.18 3.44 3.20 3.27 3.46 3.43 3.34 3.30 3.05 3.25 3.34 3.46 3.33 3.32 3.02 

MOO 0.23 0.22 0.25 - 0.23 - 0.23 0.28 - - - 0.22 0.31 

Fe0 26.03 27.15 27.20 26.80 26.91 29.86 29.84 29.28 29.33 28.62 29.28 29.15 29.42 29.06 29.42 

No. of Ions 

Mg 1.687 1.536 1.502 1.522 1.493 1.111 1.066 1.212 1.183 1.257 1.222 1.174 1.226 1.151 1.206 

Al IV  2.160 2.260 2.301 2.112 2.280 2.200 2.209 2.219 2.226 2.014 2.244 2.190 2.253 2.240 2.773 

Alw 0.120 0.152 0.123 0.321 0.090 0.136 0.138 0.172 0.210 0.314 0.139 0.166 0.140 0.260 0.152 

Si 5.840 5.739 5.699 5.787 5.721 5.800 5.791 5.782 5.774 5.786 5.756 5.783 5.747 5.740 5.697 

Cl 0.080 0.098 0.080 0.079 0.087 0.131 0.116 0.123 0.1C0 0.109 0.113 0.123 0.101 0.095 0.083 

K 1.736 1.732 1.687 1.735 1.793 1.737 1.763 1.769 1.727 1.776 1.741 1.802 1.714 1.690 1.676 

Ca - - - - - - - - 

Ti 0.385 0.410 0.397 0.397 0.426 0.416 0.411 0.393 0.368 0.402 0.405 0.420 0.405 0.393 0.378 

Mn 0.320 0.029 0.035 - 0.032 - 0.1150 0.039 - - 0.029 - 0.044 

Fe 3.505 3.602 3.751 3.617 3.687 4.020 4.081 3.877 3.929 3.932 3.953 3.929 3.975 3.825 4.083 

Vg/Mg+Fe 32.49 29.87 28.59 29.62 28.82 18.54 20.56 23.82 23.14 24.22 23.61 23.01 23.57 26.10 22.80 

Sample No 106440 course red granite 

(coot) 

Sample No. 67613 	coarse red granite 

Mg° 5.03 5.17 5.25 4.18 6.64 6.65 5.83 5.82 5.38 4.43 5.14 5.23 4.87 6.15 

Al203 12.47 12.18 12.96 12.64 13.54 13.64 14.14 14.37 13.24 12.44 12.42 13.47 12.74 13.74 

$102  35.54 35.53 35.68 34.83 38.46 38.50 36.68 38.70 35.15 35.16 34.94 36.25 34.68 35.01 

Cl (17) 0.43 0.54 0.44 0.50 - - 0.37 0.40 0.31 0.36 0.30 0.37 0.34 - 

1<20  8.50 8.61 8.19 8.07 9.63 9.55 9.87 9.88 0.36 8.86 9.34 9.36 9.14 7.60 

Ca° - - - - - 2.06 2.04 0.91 0.68 0.50 0.56 0.50 0.65 

TiO2  3.36 3.54 3.36 3.22 3.47 3.50 4.29 4.25 3.48 3.70 3.43 3.E4 3.75 2.33 

MID 0.27 0.23 - - 0.35 0.42 0.42 0.50 0.28 0.42 0.34 0.33 0.27 - 

Fe0 28.67 29.19 29.11 31.02 31.53 30.95 33.13 32.84 29.94 28.76 29.59 30.58 29.72 30.35 

No. of ions 

Mg 1.218 1.247 1.258 1.018 1.478 1.440 0.240 1.256 1.272 1.188 1.116 1.206 1.171 1.459 

AI IV  2.214 2.300 2.432 2.283 2.248 2.300 2.381 2.414 2.478 2.312 2.364 2.454 2.400 2.425 

AIVI 0.017 0.084 0.200 0.153 0.122 0.070 - - 0.059  0.010 - 0.027 0.154 

Si 5.666 5.744 5.728 5.697 5.752 5.691 5.524 5.515 5.582 5.688 5.645 5.604 5.600 5.575 

CI 0.097 0.121 0.990 0.114 - - 0.090 0.090 0.080 0.090 0.080 0.997 0.093 - 

K 1.759 1.776 1.677 1.6E4 1.837 1.780 1.797 1.796 1.694 1.830 1.925 1.847 1.879 1.544 

Ca - - - - - - 0.314 0.310 0.155 0.117 0.080 0.093 0.086 0.112 

Ti 0.400 0.430 0.406 0.396 0.390 0.382 0.460 0.456 0.416 0.450 0.416 0.447 0.456 0.298 

Mn 0.037 0.032 - ... 0.044 0.044 0.051 0.060 0.038 0.057 0.048 0.043 0.036 - 

Fe 3.890 3.945 3.909 4.243 3.940 3.830 3.957 3.941 3.970 3.891 3.997 3.953 4.014 4.043 

MigAMg+Fe 23.82 24.02 24.32 19.35 27.27 27.35 23.86 24.29 24.24 .  23.39 23.62 '23.38 22.58 26.25 
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Appendix 2.2 (cunt) 

*allaPie Mo. 67613 Coarse nal granite (coat) 

Mg0 5.45 5.06 5.29 6.98 5.18 5.23 5.67 5.83 5.53 5.33 5.61 

Al 203  13.35 12.06 11.30 11.98 12.117 12.21 12.51 12.59 12.44 12.24 12.81 

Si02  32.64 34.00 34.13 35.24 31.:2 34.M 33.98 34.88 31.48 31.40 34.ui 

Cl - 

K20 8.31 9.99 10.10 9.80 10.01 9.80 9.76 9.96 9.91 10.05 9.24 

0.70 0.76 0.83 0.77 0.77 0.72 0.74 0.76 0.75 0.74 0.73 

T[02  3.00 3.79 3.78 3.25 4.07 3.70 3.43 3.14 3.46 4.00 3.65 

Mn0 0.33 0.28 0.30 0.31 0.29 0.27 0.28 0.29 0.28 0.25 0.25 

Fe0 31.70 29.08 30.26 28.17 28.18 29.73 29.25 28.19 28.74 28.37 28.87 

No. of ions 

it 1.324 1.211 1.286 1.433 1.251 1.267 1.371 1.399 1.230 1.288 1.418 

m IV 2.567 2.419 2.177 2270 2.303 2.337 2.389 2.387 2.333 2.331 2.548 

AIVI 
- - - - - - - - 

Si 5.325 5.511 5.574 5.665 5.568 5.535 5.505 5.610 5.595 5.560 5.433 

Cl - - - - - - - - - 

K 1.729 2.049 2.106 2.010 2.068 2.029 2.018 2.034 2.083 2.073 1.739 

al 0.120 0.132 0.145 0.134 0.135 0.125 0.129 0.130 0.130 0.129 0.129 

Ti 0.368 0.461 0.466 0.393 0.495 0.455 0.424 0.479 0.465 0.486 0.401 

MI • 0.046 0.039 0.041 0.042 0.040 0.03E1 0.009 0.039 0.129 0.035 0.035 

Fe 4.324 3.942 3.133 3.789 3.924 4.037 3.963 3.792 3.897 3.833 3.964 

1g/Mg+Fe 23.44 23.50 23.73 27.44 24.17 23.89 25.70 26.94 23.99 25.00 25.50 

Each analysis represents an average of at least 2 analyses 

The number of biotites analysed in coarse, medium and fine red granite are 8, 10 and 8 respectively 

The number of biotites analysed in coarse, medium and fine %bite granite are 11, 10 and 5 respectively 
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APPENDIX 2.5 

011itICitiOn of felilspars. Wow.* irk Granite 

Sample 
Plagioclase 
67632 67595 67835 67633 67596 

S102  67.58 68.03 65.27 65.59 65.98 	66.81 	66.10 68.47 	67.40 	67.67 	63.68 	65.04 65.33 65.14 
Al 203  20.36 20.24 21.93 21.80 23.51 	21.54 	21.95 19.95 	20.28 	20.33 	22.93 	22.59 18.67 18.78 
Mg0 - 0.11 - - - 	0.10 -  -  -  - - 0.08 
Ca0 0.80 0.33 2.77 2.41 0.52 	1.37 	1.63 - 	1.09 	0.72 	3.94 	1.99 0.23 0.32 
Fe° - - - - 0.34 	0.245 	7 - 	- 	- 	- 	0.34 - - 
K20 0.15 0.18 0.32 0.56 0.75 	0.13 	0.35 0.24 	0.51 	0.42 	0.55 	0.60 15.43 14.71 
u120 11.10 11.10 9.7 9.64 8.9 	9.84 	9.87 11.34 	10.72 	10.86 	8.90 	9.36 0.35 0.98 

Total* 

Ca 3.80 1.60 13.30 11.80 3.00 	7.10 	8.20 0.00 	5.20 	3.50 	19.10 	10.10 1.20 1.60 
Na 95.30 97.30 84.80 85.00 91.90 	92.10 	89.70 98.60 	92.00 	94.20 	77.80 	86.20 3.30 9.00 
K 0.80 1.10 1.80 3.20 5.10 	0.80 	2.10 1.40 	2.90 	2.40 	3.10 	3.60 95.50 89.40 

No. of ions 

Si 2.956 2.970 2.871 2.883 2.877 	2.920 	2.890 2.967 	2.954 	2.961 	2.813 	2.861 3.002 2.990 
Al 1.049 1.011 1.137 1.129 1.208 	1.109 	1.133 1.026 	1.047 	1.048 	1.190 	1.171 1.011 1.015 
Pg - 0.0077 - - - 	- 	0.0% -  -  -  - - 0.006 
Ca 0.037 0.015 0.130 0.114 0.024 	0.064 	0.076 - 	0.051 	0.033 	0.186 	0.094 0.011 0.016 
Fe - - - - 0.012 	0.009 	- - 	- 	- 	- 	0.012 - - 
K 0.008 0.010 0.018 0.003 0.042 	0.0(77 	0.019 0.013 	0.028 	0.023 	0.031 	0.033 0.904 0.861 
Na 0.941 0.939 0.828 0.821 0.753 	0.830 	0.838 0.958 	0.911 	0.921 	0.762 	0.798 0.031 0.087 

Plagioclase 
Sample 106620 67636 67603 - zoned from centre to rim 

5102  64.68 64.55 67.40 67.67 63.68 	65.04 	61.34 61.07 	61.72 	61.77 	62.09 	64.27 	63.87 63.26 
Al203  22.10 22.14 20.87 22.25 21.71 	20.20 	24.62 24.81 	24.35 	24.10 	23.87 	22.40 	22.81 23.26 
Mg0 0.15 - - - 0.11 	0.10 	- 0.11 	0.08 	- 	0.09 	- 	0.09 - 
Cal) 3.07 3.21 1.08 5.17 2.31 	0.54 	5.77 5.90 	5.20 	5.43 	5.23 	3.30 	3.85 4.17 
FeO - - 0.34 - -  -  - -  -  -  -  - - 
1<20  0.57 0.43 0.47 0.22 0.16 	0.30 	0.31 0.27 	0.81 	0.92 	0.89 	0.81 	0.52 0.38 
Nn20 9.44 9.67 10.16 8.74 9.72 	10.92 	7.95 7.84 	7.84 	7.79 	7.83 	9.23 	8.86 8.91 

Totals 

Ca 14.80 15.10 5.40 24.30 11.50 	2.60 	28.10 28.90 	25.60 	26.30 	25.70 	15.70 	18.80 20.10 
Na 82.00 82.50 91.80 74.40 87.60 	95.60 	70.10 69.50 	69.70 	68.30 	69.50 	79.70 	78.20 77.70 

3.20 2.40 2.80 1.20 1.00 	1.70 	1.80 1.60 	4.70 	5.30 	4.70 	4.60 	3.00 2.20 

No. of ions 

Si 2.852 2.847 2.938 2.816 2.893 	2.968 	2.721 2.710 	2.738 	2.744 	2.756 	2.838 	2.819 2.795 
Al 1.148 1.151 1.077 1.160 1.121 	1.040 	1.287 1.297 	1.273 	1.262 	1.248 	1.166 	1.187 1.213 
Ti - - - - -  -  - -  -  -  -  -  - - 
M4 0.009 - - - 0.007 	0.006 	- 0.037 	0.005 	- 	0.006 	- 	0.006 - 
Ca 0.145 0.024 0.026 0.012 0.009 	0.016 	0.274 0.280 	0.247 	0.258 	0.246 	0.156 	0.182 0.197 
Fe - - 0.012 - -  -  - -  -  - . 	 _  -  - - 
K 0.032 0.024 0.026 0.012 0.009 	0.016 	0.017 0.015 	0.616 	0.052 	0.053 	0.045 	0.029 0.021 
No 0.806 0.827 0.863 0.750 0.826 	0.925 	0.684 0.674 	0.674 	0.671 	0.673 	0.790 	0.758 0.763 

* Normali sed to 100 



Anorthoc lase 
Sample 	67635 

Si02 	65.26 65.01 
Al203 	18.61 18.70 

MO 	- 
rao 	0.26 0.33 

1(20 	15.03 15.67 
N-120 	0.84 0.30 

Total* 

da 	1.30 1.70 
Na 	7.80 2.80 
K 95.50 94.10 

I. of ions 

N
R

A
.'.

.6.  2.998 2.994 
1.007 1.015 

- 

0.012 0.016 
0.881 0.920 
0.075 0.027 
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Appendix 2.5 (cant) 

Plagioclase 
	 Orthoclase 

Sawle 	37731 zoned frcm centre to rim 
	 37689 - zcned fram centre to rim 	67632 

60.73 61.34 	60.90 	61.55 	66.52 	56.86 	63.35 61.04 63.61 64.85 65.11 64.66 

24.93 24.24 	24.64 	24.47 	21.50 	23.30 	21.96 22.63 22.25 21.46 18.54 18.57 

- 	0.09 	0.14 	- 	0.90 	0.21 0.33 0.21 0.08 - 

6.09 5.74 	5.97 	5.33 	1.44 	9.95 	4.45 6.32 4.01 2.26 0.25 0.45 

0.17 	0.11 	0.60 	0.11 	2.19 	0.59 0.86 0.42 - - 

0.64 0.61 	0.85 	0.85 	0.53 	0.90 	0.12 0.10 0.12 0.14 16.10 16.00 

7.51 7.68 	7.44 	7.06 	9.89 	6.60 	9.31 8.71 9.38 10.20 - 0.16 

29.80 27.80 	29.20 	27.90 	7.30 	45.00 	20.80 28.50 19.00 10.80 1.30 2.10 

66.50 57.40 	65.90 	66.80 	89.60 	54.00 	78.60 71.00 80.40 88.40 0.00 1.50 

3.70 4.80 	4.90 	5.30 	3.20 	1.00 	0.70 0.50 0.70 0.80 98.70 9 - 

2.701 2.729 	2.710 	2.733 	2.914 	2.595 	2.812 2.734 2.816 2.892 3.001 2.986 
1.307 1.271 	1.292 	1.280 	1.109 	1.253 	1.149 1.195 1.161 1.110 1.067 1.012' 
- - 	0.006 	0.009 	- 	0.061 	0.014 0.022 0.014 0.005 - 0.10 

0.290 0.274 	0.285 	0.253 	0.068 	0.486 	0.211 0.303 0.193 0.106 0.012 0.20 
- 0.006 	0.004 	0.022 	0.004 	0.084 	0.021 0.032 0.015 - - - 

0.036 0.047 	0.048 	0.048 	0.029 	0.011 	0.007 0.005 0.007 0.008 - 0.015 
0.647 0.663 	0.642 	0.608 	0.839 	0.584 	0.801 0.757 0.805 0.868 0.947 0.944 

67634 	 37731 67596 67636 

64.83 65.06 	64.58 	65.06 	64.87 	645.00 65.00 65.01 64.92 64.97 64.87 

18.62 18.59 	18.61 	18.47 	18.55 	18.51 18.39 18.46 18.45 18.54 18.65 
0.14 - 	 0.10 	- 	- - 0.14 - 0.14 - 
0.25 0.34 	0.63 	0.31 	0.53 	0.47 0.90 0.40 0.37 0.27 0.30 

15.67 15.67 	15.89 	15.70 	15.77 	15.73 15.01 15.40 15.47 15.78 15.93 
0.50 0.43 	0.18 	0.36 	0.28 	0.24 0.67 0.58 

.- 
0.73 0.24 0.25 

1.30 1.70 	3.20 	1.60 	2.70 	2.40 4.50 2.00 1.80 1.40 1.50 
4.60 3.90 	1.70 	3.30 	2.60 	2.20 6.00 5.00 6.50 2.20 2.30 

94.30 94.30 	95.20 	95.10 	94.80 	95.40 89.50 93.00 91.60 96.40 96.20 

2.988 2.990 	2.986 	2.998 	2.992 	2.997 2.993 2.994 2.995 2.994 2.992 
1.011 1.008 	1.013 	1.003 	1.008 	1.005 0.998 1.002 1.003 1.009 1.010 
0.009 - 	0.006 - 0.009 - 0.009 - 

0.012 0.016 	0.031 	0.015 	0.026 	0.023 0.044 0.019 0.018 0.013 0.015 
0.921 0.915 	0.936 	0.923 	0.928 	0.925 0.863 0.906 0.910 0.926 0.937 
0.045 0.038 	0.016 	0.032 	0.025 	0.021 0.069 0.052 0.062 0.021 0.023 

Si02 	63.30 62.91 
Al 203 	23.09 23.23 

MO 	 - 
Ca0 	4.24 4.36 
Fe0 	0.16 0.18 

1(21) 	0.52 0.42 

N120 	8.71 8.89 

Total • 

Ca 	20.50 20.80 
rill 	76.50 76.80 
K 3.00 2.40 

No. of ions 

Si 	2.800 2.786 
Al 	1.202 1.212 

M4 	- 
Ca 	0.217) 0.207 
Fe 	0.006 0.007 
K 0.029 0.023 
Nh 	0.748 0.764 

K Analyses were normalised to 100 
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AFFEMIX 2.6 

Chemical composition of chlorite 1* (after biotite) and chlorite in Lnlorite-siderIte assemblage** 
(Sweeney's mine) 

Smile 676360* 67632* 67596* 

Mg0 4.90 5.75 6.41 6.26 	5.04 	6.13 	5.98 	5.19 4.26 5.31 5.03 
Al 203  15.03 16.93 14.66 19.55 	18.74 	16.04 	16.22 	19.71 17.13 21.15 20.75 
6102  23.25 25.73 30.18 23.40 	23.32 	22.83 	24.73 	24.40 24.90 24.39 24.19 
Cl) - - - - 	- 	- 	- - - - 

TiO2  - 0.27 - - 	- 	- 	- - - 0.36 
Mn0 0.32 0.26 0.39 - 	0.20 	- 	- 	0.27 0.26 0.13 0.21 
Fe0 36.65 37.70 34.86 34.27 	36.27 	35.49 	35.28 	37.74 38.39 33.81 33.46 

Total 80.15 86.93 86.51 83.48 	83.58 	80.49 	82.23 	87.51 84.94 84.85 84.10 

MRAig+Fe 19.24 21.38 24.68 24.55 	19.84 	19.99 	23.20 	20.28 16.50 21.90 21.10 

No. of ions 

Mg 1.837 1.961 2.132 2.188 	1.785 	2.268 	2.139 	1.810 1.496 1.841 1.762 
Al 4.457 4.563 3.856 5.406 	5.251 	4.692 	4.588 	5.300 4.761 5.801 5.747 
Si 5.850 5.884 6.736 5.490 	5.544 	5.665 	5.933 	5.570 5.871 5.676 5.679 
Ca0 - - - 	- 	- 	- - - - 

71 - 0.047 - - 	- 	- 	- - - 0.064 
Mn 0.067 0.050 0.074 - 	0.1141 	- 	- 	0.052 0.051 0.024 0.041 
Fe 7.712 7.612 6.505 6.724 	7.210 	7.365 	7.080 	7.200 7.571 6.582 6.577 

5anple 106555* 22467** 

Mg0 6.20 6.89 4.99 0.26 	0.22 	0.26 	0.32 	0.25 
Al203  18.79 19.66 20.10 22.64 	23.47 	22.76 	23.85 	23.33 
9102 24.22 25.01 24.06 21.85 	21.52 	20.97 	21.67 	21.24 
Ca° 0.47 - - - 	- 	- 	- 

T102  - - - - 	0.16 	- 	- 
Mn0 - - - 0.14 	- 	- 	- 
Fe0 34.80 37.54 36.74 40.83 	39.69 	40.32 	40.04 	40.01 

Total 84.47 89.21 85.70 86.00 	84.89 	84.46 	85.89 	84.86 

Ng/1'g+Fe 23.51 24.44 19.25 1.10 	1.00 	1.10 	1.40 	1.10 

No. of Ions 

Vtg 2.089 2.249 1.684 0.079 	0.066 	0.078 	0.097 	0.076 
Al 5.140 5.110 5.421 5.403 	5.619 	5.502 	5.640 	5.608 
SI 5.629 5.541 5.530 4.422 	4.372 	4.301 	4.348 	4.330 
Cl) - - - 	- 	- 	- 	- 

T1 - - - 	0.025 	- 	- 
MI - - - 0.024 	- 	- 	- 	- 
Fe 6.783 6.939 7.062 6.913 	6.744 	6.916 	6.718 	6.825 

Each analysis represenets an average of 2 analyses from Individual chlorite crystal. 
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APFE8DII1 2.7: Chemical cuipositicn of tourmaline (micropmle analysis) 

Sample No. 106613 - blue (core) 

N32° 1.41 1.43 	1.35 1.47 1.42 1.47 1.41 1.64 1.43 1.15 1.26 1.36 1.35 1.85 1.89 1.93 1.85 1.91 1.82 

Al2a3 32.46 32.40 	32.24 32.81 33.07 32.62 32.49 31.51 32.40 32.95 32.16 32.00 32.51 30.74 30.80 31.11 30.97 31.14 31.06 

S102  34.46 34.34 	34.47 35.12 34.94 34.62 35.16 34.48 34.39 34.76 34.23 34.07 34.42 34.17 34.32 34.56 34.30 34.49 34.06 

TiO2  - - - - - - - - - - - - - - - - 

Fe0 15.60 18.21 	16.18 16.50 16.30 16.30 16.27 17.53 18.11 14.68 15.57 15.36 15.56 18.12 17.82 18.01 18.03 18.27 17.91 

IOW]. 83.73 84.39 843.24 85.91 85.72 85.00 85.32 85.14 84.33 84.87 83.22 82.79 83.84 84.88 84.83 85.82 85.15 85.81 84.89 

No. of loos 

NI 0.955 0.965 	0.914 0.975 0.940 0.984 0.937 0.107 0.964 1.000 0.856 0.930 0.909 1.261 1.280 1.300 1.250 1.280 1.220 

Al 13.360 13.280 13.227 13.208 13.323 13.270 13.147 12.917 13.278 13.370 13.310 13.306 13.351 12.715 12.722 12.738 12.757 12.740 12.830 

Si 11.963 11.942 11.997 11.994 11.943 11.949 12.070 11.985 11.958 11.970 12.020 12.020 11.990 12.715 12.055 12.000 11.984 11.970 11.918 

Ti - - 	- - - - - - - - - - - - - - _ 

Pe 4.558 4.714 	4.708 4.713 4.859 4.705 4.671 5.100 4.685 4.510 4.570 4.531 4.539 5.310 5.220 5.230 5.270 5.300 5.260 

Total 30.834 30.900 30.846 30.889 30.865 30.908 30.825 31.109 30.885 30.848 30.755 30.789 30.787 31.282 31.257 31.278 31.265 31.298 31.266 

Saaple 106613 - blue 

(core) (cont.) 

Sample 105567 

Nail 1.50 1.47 ' 1.29 12.07 2.16 2.00 2.18 2.12 2.04 1.98 2.20 2.01 2.12 2.18 2.14 2.27 

NW _ - 1.54 1.41 1.59 1.58 1.50 1.37 1.45 1.52 1.45 1.60 1.44 0.99 1.37 

Al202  32.05 32.43 32.57 37.51 27.62 27.19 27.43 27.06 27.50 27.56 27.43 27.30 27.80 27.98 28.71 28.18 

5102 34.26 34.42 34.63 32.96 33.11 33.12 33.37 33.01 33.13 32.93 33.37 33.02 33.50 32.98 33.46 33.60 

COO 0.37 0.30 0.45 0.39 0.50 0.37 0.39 0.37 0.40 0.43 - 0.22 

T102  - - - 1.13 0.85 1.14 1.12 1.11 1.02 1.07 0.98 0.95 1.19 0.84 0.48 0.93 

1e° 16.62 15.49 15.55 17.16 17.60 17.19 17.25 17.49 17.43 17.21 17.19 17.45 17.09 16.85 17.33 16.85 

IbbIl 84.43 83.81 84.04 82.75 83.08 82.70 83.31 82.79 82.87 82.58 83.06 82.59 83.72 81.97 83.11 83.42 

Pb. of 1ans 

Pb 1.101 0.990 0.868 1.456 1.516 1.408 1.522 1.493 1.435 1.390 1.536 1.415 1.460 1.530 1.491 1.570 

NI - - 0.832 . 0.761 0.859 0.847 0.813 0.741 0.783 0.820 0.788 0.852 0.819 0.529 0.730 

Al 13.171 13.328 13.322 11.741 11.767 11.818 11.628 11.576 11.727 11.784 11.660 11.690 11.709 12.007 12.151 11.880 

Si 11.915 12.000 12.028 11.936 11.986 12.002 12.003 11.983 11.989 11.544 12.032 11.996 11.969 12.005 12.018 12.018 

Ca 0.145 0.231 0.175 0.151 0.194 0.144 0.152 0.142 0.154 0.163 - - 0.08$ 

T1 - - - 0.291 0.256 0.312 0.302 0.304 0.277 0.290 0.266 0.261 0.321 0.231 0.131 0.249 

Fe 4.847 4.516 4.517 5.197 5.321 5.190 5.189 5.308 5.275 5.221 5.184 5.303 5.108 5.130 5.260 5.010 

Total 30.978 30.833 30.742 
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Appendix 2.7 (cont.) 

Sample No. 106613 - green (rim) 

332° 2.14 2.31 2.45 2.73 2.52 2.54 2.28 2.38 2: 55 2.70 2.27 2.19 2.26 2.31 2.28 2.29 2.52 2.66 2.40 

MO - - 0.30 0.36 -0.25 - - - 0.32 - - - - 

Al203  28.67 29.72 30.53 29.29 29.30 22.30 28.51 29.76 28.69 28.88 29.23 29.82 29.66 28.99 30.11 29.09 28.85 28.87 30.44 

Si02  33.36 3412 34.93 35.25 34.29 34.33 33.87 34.39 34.28 34.72 34.06 34.17 33.68 33.77 33.67 34.29 34.89 34.21 34.68 

TiC12  - - - - - - - - - - - - 

Fe0 19.00 19.21 19.22 20.03 19.89 19.58 19.83 19.43 20.44 20.42 18.93 18.54 18.98 19.21 19.14 19.53 20.06 19.98 19.00 

Total 83.16 85.37 87.42 87.30 86.35 86.00 84.48 85.96 85.94 86.72 84.81 84.73 84.57 84.24 86.20 85.20 85.92 85.72 86.55 

No. of ions 

Ne 1.503 1.578 1.628 1.831 1.707 1.726 1.502 1.617 1.747 1.830 1.559 1.500 1.561 1.602 1.540 1.570 1.718 1.820 1.610 

Mk - - 0.154 - 0.188 0.130 - - - 0.172 - - - - - 

Al 12.232 12.341 12.354 11.941 12.088 12.117 12.025 12.280 11.937 11.897 12.205 12.418 12.420 12.212 12.352 12.125 11.972 12.016 12.430 

Si 12.975 12.020 11.992 12.190 12.000 12.043 12.119 12.040 12.093 12.135 12.066 12.070 11.970 12.069 12.065 12.124 12.138 12.082 12.016 

Ti - - - - - - - - - - - - - - - - - - - 

Fe 5.752 5.660 5.517 5.793 5.821 5.745 5.934 5.690 6.035 5.968 5.609 5.477 5.643 5.743 5.572 5.777 5.907 5.931 5.516 

Total 31.561 31.599 31.645 31.755 31.807 31.761 31.659 31.627 31.812 31.832 31.611 31.468 31.591 31.626 31.529 31.599 31.735 31.819 31.576 



302 

APPEKIDC 2.8 

Cheadcal compositions of major elemaits of tourmaline separates 

106609 106610 106606 106599 106614 1066M 106612 106605 106601 106602 106611 106608 106597 106.613 106598 

Pe203 12.7 18.7 22.1 18.7 17.5 18.1 16.6 17.5 17.5 15.3 17.7 18.5 17.8 19.7 20.2 

Mn0 0.07 0.03 0.1 0.1 0.05 0.5 0.06 0.08 0.1 0.1 0.1 0.2 0.1 0.05 0.04 

7102  0.2 0.7 1.0 0.5 0.2 0.4 0.3 0.1 0.3 0.3 0.2 0.1 0.2 0.1 0.1 

Ca0 0.4 0.5 1.3 0.1 0.1 0.7 0.1 0.02 0.1 0.1 0.04 0.1 0.1 n.d n.d 

K20 0.03 0.1 0.05 0.05 n.d 0.07 0.04 0.04 0.02 n.d n.d n.d 0.09 0.06 n.d 

P205 0.06 n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d 

5102 35.9 35.6 35.0 36.0 37.0 33.6 36.0 37.2 35.5 41.2 35.6 35.1 36.8 33.8 36.6 

Al203 31.5 30.4 23.3 31.4 31.9 39.3 33.8 32.8 30.8 29.7 32.5 33.6 33.1 31.2 32.3 

2.5 1.81 2.2 1.4 0.5 1.3 1.1 0.9 0.1 1.1 0.1 0.1 0.4 0.05 n.d 

Nap 1.7 2.4 2.7 2.0 1.7 1.4 1.5 1.8 1.9 1.7 2.7 1.8 1.3 1.6 1.6 

9.7 9.1 10.6 9.8 10.1 10.5 9.8 9.3 10.2 8.4 10.2 9.7 9.9 9.4 9.0 

Loss 2.4 2.2 1.8 2.2 2.0 2.2 2.1 1.9 2.0 1.8 1.9 1.9 1.9 1.6 1.7 

Total 97.0 100.5 100.1 101.8 101.1 98.2 101.4 99.8 98.5 99.8 101.0 101.2 101.7 97.5 101.6 

Trace elements ppa 

18.0 7.0 <5.0 7.0 14.0 11.0 14.0 12.0 <5.0 9.0 14.0 8.0 8.0 <5.0 12.0 

Sn 296.0 276.0 449.0 326.0 82.0 415.0 104.0 171.0 20.0 338.0 1245.0 n.a n.a 198.0 331.0 

Zn 115.0 82.0 258.0 131.0 103.0 177.0 125.0 85.0 184.0 291.0 110.0 n.a n.a n.a n.a 

CU 49.0 6.0 8.0 10.0 8.0 6.0 8.0 6.0 7.0 62.0 8.0 n.a n.a 5.0 12.0 

NI 3.0 6.0 9.0 4.0 4.0 3.0 3.0 5.0 n.d 5.0 n.d n.a n.a n.d <5.0 

Nb 7.0 7.0 8.2 12.0 11.0 7.0 7.0 5.0 42.0 12.0 n.a 13.0 7.0 15.0 

Zr 7.0 391.0 14.0 23.0 <5.0 97.0 60.0 80.0 36.0 31.0 37.0 8.0 84.0 n.d <5.0 

119.0 10.0 3.0 23.0 44.0 19.0 15.0 47.0 <5.0 8.0 75.0 <5.0 <5.0 n.d n.d 

Sr 73.0 85.0 49.0 30.0 17.0 107.0 12.0 16.0 8.0 98.0 <5.0 <5.0 20.0 n.d 5.0 

Rb 3.0 14.0 3.0 4.0 4.0 n.d 4.0 5.0 4.0 8.0 <5.0 n.d <5.0 n.d n.d 

n.d - not detected 

n.a. 	not analysed 
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APPENDIX 2.9 

Chemical composition of magnetite 

Oxides Sample 67607 67590 

FeO 99.10 91.70 94.36 92.03 96.40 97.70 99.18 

TiO2 7.16 2.64 7.57 1.59 1.29 0.43 
MnO 1.00 - 0.39 

Total 99.10 99.86 97.0 100.0 98.00 98.99 99.61 

Structure 

Fe 4.000 3.510 3.790 4.410 3.880 3.830 3.936 

Ti 0.242 0.097 0.250 0.100 0.050 0.020 

Mn 0.038 - 

Total 4.000 3.731 3.887 3.660 3.980 3.880 3.956 
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APPENDIX 2.10 

Chemical composition of ilmenite 

Oxides Sample 67619 67636 67610 

TiO2  51.83 52.09 51.02 50.97 50.81 49.82 51.10 

FeO 42.84 42.70 42.97 3.81 6.19 42.26 42.91 

MnO 5.22 4.90 6.00 5.22 43.00 7.84 5.94 

Total 99.89 99.69 99.99 100.00 100.00 99.92 99.95 

Structure 

Ti 1.472 1.482 1.451 1.465 0.975 0.942 0.974 

Fe 1.363 1.350 1.359 1.372 0.917 0.885 0.912 

Mn 0.163 0.155 0.193 0.168 0.134 0.167 0.126 

Total 2.998 2.987 3.003 3.005 3.025 1.994 2.010 

Oxides Sample 67584 67631 

TiO2 52.07 51.77 52.11 52.49 51.64 

FeO 43.20 43.09 43.97 44.51 44.70 

MnO 4.52 5.14 3.43 2.99 3.33 

Total 99.79 100.00 99.51 100.00 99.67 

Structure 

Ti 1.485 1.481 0.988 0.996 0.983 

Fe 1.370 1.371 0.929 0.940 0.946 

Mn 0.145 0.166 0.074 0.064 0.071 

Total 3.000 3.017 1.991 2.000 2.000 
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APPENDIX 3 

Fluid inclusion studies 

Cahixmeca heating and freezing stage was used for the fluid inclusion 

homogenisation and freezing measurements. It operates in the 

temperature range +600 ° C to -19 ° C. 

The following standards were used for calibration. 

(1) CO2  (in fluid inclusion, 	supplied by the Chaixmeca Co. 

°c 

-56.6 

(2) CC1 4  -23.0 

(3) Merck Schmelzkoerper 9670 70.0 

(4) Merck Schmelzkoerper 9735 135.0 

(5) Merck Schmelzkoerper 9800 200.0 

(6) NaNO3  306.8 

(7) K2Cr207 398.0 

The results are as follows: 

Measured temperature 	-56.2 0.0 100.0 200.0 300.0 400.0 500.0 

Corrected temperature -56.6 0.2 99.0 197.0 295.0 396.0 487.0 
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FLUID INCLUSION DATA 

Code for samples: 

e.g. Q-QT106421 shows the host mineral, host rock and sample number 

respectively. 

Quartz 

Fluorite 

Siderite 

QT 	Quartz+tourmaline 

Greisen dyke 

FS 	Fluorite sulphide rock 

Pegmatite 

A 	Altered granite 

Standard methods (e.g. Roedder, 1962; Roedder et al., 1968) were used 

for homogenisation temperature and freezing measurements. 

REFERENCES 

ROEDDER, E., 1962. 	Studies of fluid inclusions I: low temperature 

application of a dual-purpose freezing and heating stage. Econ. 

Geol., 57, 1045-1061. 

ROEDDER, E., HEYL, A. V., and CREEL, J. P., 1968. Environment of ore 

deposition at the Mex-Tex deposits, Hansonburg District, New 

Mexicod, from studies of fluid inclusions. Econ. Geol., 63 336- 

348. 
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Sample Nb. 

Fluid 
Inclusion 
Type ThL Thy 	TM NaC1 TINcl 	Te Sample No. 

Fluid 
Inclusion 
Type 	7h1 	Th.v  TM Nam  Te 

Q-Iqr 106409 Al 133.3 -7.0 -21.5 CHIQT 106419 Cl 147.0 213.0 
134.1 -6.7 170.0 230.5 
129.6 -9.9 169.4 229.0 
130.2 -8.9 168.8 232.9 
128.5 -9.6 173.0 225.1 
126.7 -9.2 173.9 229.2 
128.5 -9.8 Al 316.0 
135.0 -8.5 -23.4 310.1 
134.5 -5.0 191.2 -3.6 -20.0 

-6.0 193.5 -21.0 
172.3 -3.7 194.1 -3.7 
128.0 -9.1 195.2 -4.5 
130.0 -9.2 193.2 
175.2 -2.8 199.5 -7.0 -12.0 
179.0 -2.6 -26.1 190.9 -21.0 
180.1 -2.7 198.3 -6.2 -20.0 

Cl 135.1 222.4 196.9 -3.5 
Al 132.0 -6.1 199.1 -4.5 

179.2 -5.1 AS 501.0 -6.0 -35.0 
175.6 -6.2 A2 410.0 -5.0 -35.0 
132.9 AS 502.1 -6.0 
139.1 -6.9 AS 506.3 -32.0 

Al 195.0 -3.6 
Q-QT 106451 Al 123.0 71.9 195.0 -3.1 

122.0 
124.0 -0.3 Cl 139.1 224.0 
123.5 138.9 229.3 
124.7 -2.1 143.2 221.9 
122.9 -2.2 146.0 225.2 
126.2 -1.3 165.2 185.0 
122.8 -0.5 -20.1 160.9 182.3 
123.1 169.3 189.0 
121.5 -0.4 163.8 183.3 
128.2 -0.3 185.2 
132.6 AS >580.0 
131.2 -0.1 42 403.0 
130.9 409.0 
150.1 406.0 
161.2 -0.2 -23.4 431.2 
160.7 -2.3 442.0 
159.1 -3.1 43 502.0 
169.1 
171.5 01-Q1 106423 Cl 181.7 470.0? 
165.9 -1.9 Cl 177.0 
161.2 -0.2 Al 319.0 - 
160.7 -2.3 C1 146.0 250.0 
159.1 -3.1 -24.1 141.0 258.1 
169.1 149.0 256.1 
165.0 -1.9 143.0 259.2 

C4 Bubble not observed >500.0 
q!-QT 106423 Al 176.0 

178.2 Q-151T 106404 Cl 271.1 156.0 
178.3 -0.3 225.0 165.0 
170.5 -2.1 Al 108.0 
179.5 -3.0 298.0 
160.5 -2.7 291.3 
173.5 293.2 
172.8 0.0 295.0 
189.7 0.0 229.2 -0.9 
178.2 -0.1 258.0 -3.0 
171.5 -2.6 329.8 -6.0 -12.0 
179.2 -2.6 256.0 -0.9 -18.9 

Q-QT 106451 116.1 -6.3 -19.9 Q,-QT 106423 AS 510.0 
117.2 -8.9 500.2 
119.1 -7.9 C3 Bubble not observed 533.0 
117.9 -6.8 240.0 • 539.0 

Cl 181.7 470.0 
Q-QT 106431 159.0 -2.6 -25.2 201.0 

163.0 -3.1 Cl 177.9 
Cl >560.0 

Q-QT 106423 146.0 220.1 Cl 220.5 
140.0 223.0 Cl lap.o 213.0 
148.1 229.0 132.6 217.9 
145.9 285.2 148.0 256.0 
146.1 222.1 146.3 257.0 
147.9 227.9 
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Sample NO. 

Fluid 
Inclusion 
Type ThL Thy  Tm TMNiaci  T0Kci 	Te Sample No. 

Fluid 
Inclusion 
TYPe 111 	h1v. 	Tb  NaC1 • TmKci 	T" 

Q-QT 106421 Cl 187.0 245.0 (4-Q9 	106407 Al 185.3 
187.3 246.1 (cant) 164.0 
187.9 255.1 165.0 
186.0 260.5 168.8 
189.9 259.0 169.1 
185.1 255.2 183.7 	-3.1 
171.0 244.0 -45.6 196.8 	-3.9 

? 258.3 -45.2 191.6 	-3.7 
198.3 260.5 -38.0 184.5 

? 250.0 -39.0 197.1 	-3.6 
178.3 260.0 -38.9 188.3 	-2.6 

? 249.3 -39.0 176.0 
? 246.5 -38.0 182.9 

169.7 	-4.6 -24.1 
Q-43S 106425 Cl 141.0 231.0 169.7 	-3.9 

142.1 235.9 193.5 
133.0 ? 181.2 
141.8 233.0 180.2 
145.4 237.8 -39.8 
139.1 239.3 Q-QS 	106408 Cl 206.9 233.3 

Al 185.0 335.5 395.1 
189.1 278.0 376.5 
185.2 Al 197.4 
203.1 198.4 
199.8 -3.8 196.6 
198.1 -3.9 198.3 
183.5 -19.3 Al 178.8 
181.0 -4.1 195.9 
188.9 185.9 
187.6 189.1 
220.4 -4.5 180.5 	-0.5 
198.9 -3.5 178.2 	-43.3 

A2 
224.3 178.1 	-0.1 
355.9 -3.9 -23.1 326.0 
381.7 Cl 165.3 235.0 
379.3 188.1 330.0 

Al 197.5 -3.1 Al 242.5 	-3.1 
193.7 -2.9 235.1 	-3.5 
165.1 -2.7 24.4 231.9 	-3.9 
166.7 -2.6 235.9 

Cl 167.3 -1.6 235.1 231.8 
Al 171.9 -2.5 239.8 	-3.5 

172.6 -2.9 -4.1 
170.9 -2.1 -2.1 

252.1 
Q-QS 106242 240.5 253.9 

231.9 -3.3 -28.4 241.0 
232.5 42 346.0 
250.3 -3.1 -26.4 352.0 

42 378.5 
437.0 Q-QS 	106406 386.1 critical point 
426.5 385.9 critical point 
454.0 356.6 critical point 
459.0 356.5 critical point 

Cl 179.1 304.5 361.3 
250.3 305.1 -33.0 Al 181.9 	-3.7 
251.8 304.1 182.1 	-3.2 
259.8 309.8 -32.0 180.3 	-2.9 
400.1 189.1 	-3.8 
188.5 185.4 	-3.6 -25.2 

42 404.5 184.5 
409.0 183.9 
408.0 188.3 

Cl 207.0 251.5 -49.0 188.6 	-3.1 
201.0 245.3 180.0 	-2.9 
180.0 250.0 42 334.2 
175.0 242.8 330.5 
171.3 243.3 Cl 170.0 270.0 
183.9 243.3 160.0 188.1 
185.3 

42 362.0 Q-QS 	106424 42 388.8 
Cl 151.0 397.0 Al 195.1 

358.6 196.4 	-4.6 
195.6 	-2.7 

14-0 106407 Al 185.7 195.4 
189.3 199.7 	-2.5 
164.2 -2.6 198.8 	-3.7 
186.2 197.6 	-2.9 
168.5 -2.5 199.5 
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Sample No. 

Fluid 
Inclusion 

1k 	21v 	ThNaCI Te Sample No. 

Fluid 
Inclusion 
Type 	1111. 	Thy 	TrNaCi TmKc 1 	Te 

Q-Q5 	106424 198.5 ql■-G 106415 Al 317.0 
• 

	
(cat) 195.9 312.8 

194.2 	-2.9 315.6 
196.9 	-3.9 319.5 
197.1 A2 377.1 
198.2 379.5 
191.7 375.4 :38.9 

Cl 201.5 	 245.6 365.9 
203.1 	 249.4 -43.0 Al 317.9 
201.1 	 248.2 A2 369.1 
204.3 	 254.6 -41.0 
207.8 	 251.5 -49.0 Q!-G 106428 Al 155.2 	-5.6 -23.9 
181.0 	 241.0 159.1 	-5.1 
201.0 	 255.0 319.5 	-5.3 
185.0 	 215.0 -42.0 165.1 	-5.2 
186.3 	 247.0 316.4 
190.5 	 235.0 194.1 	-2.7 

A2 362.0 196.9 
409.45 197.3 	-4.7 
406.0 165.5 
425.0 164.9 	-4.9 

390.0 critical point 166.1 	-4.1 
388.9 critical point 169.2 	-5.0 -27.2.  

Cl 186.6 	 209.3 169.5 	-4.1 
186.5 	 216.1 -41.0 Cl 115.9 	 170.0 
135.0 	 379.2 
141.5 	 391.5 -43.0 Q-G 106417 Al 469.0 
304.5 	 236.0 467.1 
302.5 	 179.5 468.3 
258.0 	 296.0 465.0 

A2 405.0 	-5.0 
Al 183.0 	-3.0 Q-G 106426 378.5 

230.0 	-3.0 420.8 
A2 439.0 -42.0 Al 311.8 

433.5 320.0 
397.3 319.5 

423.0 Al 425.0 -41.2 
429.1 430.0 
456.0 (not clear) 450.3 
451.0 343.9 

439.9 420.1 	-5.1 
431.6 438.2 	-5.2 

420.0 370.1 
424.0 C2 428.0 220.0 

430.0 Al 198.0 	-3.9 -20.8 
429.0 200.0 	-3.8 

426.0 199.8 	-3.8 -29.0 
378.5 Cl 210.0 	 240.1 

C2 160.2 	 185.0 71.0 203.5 	 220.0 
1Q-G 	106428 Al 149.9 	-3.9 205.7 	 218.5 

155.6 	-5.0 200.0 	 236.1 
148.9 	-4.1 201.5 	 235.9 
165.1 	-4.9 206.9 	 239.3 
162.1 	-5.3 Al 469.0 
163.9 	-5.1 392.0 critical temperature 
149.8 	-3.8 Cl 165.0 	 279.5 

135.6 	 280.0 
Q-G 	106402 289.1 200.2 

302.6 -20.0 135.4 	 166.5 
300.1 -20.0 134.5 	 250.0 
301.9 -18.0 340.1 	 319.0 
309.1 -21.0 141.6 	 161.5 
300.5 -18.0 200.9 	 211.8 
301.5 139.6 	 249.8 
303.2 140.0 	 231.5 

Al 513.0 248.1 	 165.4 
549.0 248.5 	 165.0 

>578.0 375.6 	 399.0 
>560.0 No babbles 	 380.1 
517.0 376.9 	 398.6 
542.0 246.0 

132.8 
Q-G 	106417 A2 428.0 329.8 

469.0 275.6 
458.0 272.3 
468.0 

Al 309.8 Q-P 106427 Cl 115.0 	 198.0 
140.5 	 164.0 

Q!-G 106402 A2 385.0 critical temperature 112.3 	 190.1 
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Sample No. 

Fluid 
Inclusion 
Type Thi Thy 	12  MINaC1 TrnEcl Te  Sample Isb. 

Fluid 
Inclusice 
The 711L  Thy 	TW 	TN,c1 Mkt 	Te  

Q-P 10E427 Cl 130.0 166.3 F -FS 106416 Al 149.1 -0.1 -21.0 
(cant) 125.1 185.1 149.3 -0.3 

122.0 199.0 147.6 -0.1 
153.0 150.0 -0.2 -20.7 

C2 151.0 222.0 222.0 145.4 
146.6 143.5 -0.1 
149.0 193.0 192.0 149.5 -0.3 

Al 162.9 -4.8 147.8 -0.3 
157.9 -5.4 123.9 -0.3 -20.6 
188.4 143.1 

149.5 
Q-P 	106410 192.1 -22.7 153.1 -2.3 

155.6 -5.0 155.2 -2.5 
183.5 -4.9 154.1 
165.6 -3.9 -27.9 152.9 -2.1 
160.5 -3.9 160.0 -2.9 
163.5 -4.0 -23.1 155.1 
163.9 -4.0 156.2 -9.0 
165.1 -5.0 153.2 -1.8 
184.6 191.2 -2.1 

191.5 
Q-P 	106413 192.9 -4.9 192.6 

183.0 0.0 190.9 -0.5 -21.0 
202.0 199.5 -0.5 
183.9 0.0 197.3 -0.6 -29.9 
208.4 -4.0 194.2 

Cl 191.2 211.8 195.6 -0.9 
Al 225.0 -29.0 193.9 -0.8 

269.1 190.9 -0.9 
200.1 -28.9 190.1 -0.1 
230.0 193.1 -0.9 
269.1 -5.9 191.2 -0.6 

191.5 -0.9 
Q-P 	106425 Al 196.0 -3.3 191.6 

179.3 -2.2 190.4 -3.1 
189.1 -3.7 197.3 -2.9 -22.3 
199.0 -3.1 195.0 -2.6 
112.9 -5.1 194.7 -2.8 
122.6 -0.6 -19.8 170.3 0.0 
119.3 0.9 143.9 -3.5 
125.9 0.0 142.8 -2.6 -21.9 
112.7 -0.6 152.9 
129.1 153.8 -2.6 
141.4 155.2 
152.9 -2.7 
158.8 -2.9 F-FS 106405 Al 135.6 -3.6 

142.1 155.3 -4.1 
156.0 -3.3 

159.3 157.0 -3.0 
148.1 156.0 -2.9 

138.4 -2.1 
F -FS 	106416 td 171.2 -0.3 153.9 -3.6 

168.0 -0.2 -22.1 140.1 -3.5 
180.1 -0.6 146.4 -2.5 
177.3 -0.8 160.2 -2.2 
172.3 -0.5 234.2 -2.3 
173.9 -0.4 255.2 
180.2 -0.4 >280.0? 
171.4 -0.4 174.3 -2.4 
179.4 -0.3 173.9 -2.7 
181.5 -0.2 180.2 -3.2 
175.3 -0.5 -23.1 176.9 -1.9 
161.0 -0.1 176.2 -0.8 
162.5 -0.6 269.7 
160.1 -0.1 159.3 -1.9 -19.1 
169.9 -0.9 160.2 2.1 
169.0 -0.3 -26.2 150.9 2.2 
163.5 -0.1 174.9 -0.5 
165.4 199.6 -0.6 
175.9 -0.8 175.6 -0.3 -18.1 
110.5 -0.6 135.9 -3.9 
181.3 -0.3 270.1 
189.1 -0.4 180.1 -0.4 
185.7 -0.3 -19.8 182.3 
148.1 -0.3 185.9 -0.6 
148.5 -0.4 186.1 -0.5 -18.5 
148.0 -0.3 188.9 -2.9 
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Fluid 
Inclusion 

Sample No. Moe 	1111, Th Tp 	llaNaC1 7Nc1 	Te 

F-FS 	106405 Al 	185.3 
(cora) 143.9 

145.6 -0.6 
141.3 
144.5 
186.3 -0.2 
141.9 
145.6 -0.3 
188.6 
143.9 -0.2 
144.8 
145.1 -0.3 
141.8 
145.2 -0.2 

S-SA 	106408 Al 	151.6 
156.2 -3.4 
161.4 
185.9 
163.9 -3.9 
195.6 
192.8 -4.5 
169.1 
196.3 
186.2 -4.6 

Q-QT 	10E449 C2 	144.1 182.0 200.0 
168.5 282.0 223.0 

Fluid 
Inclusion MIT TM °C Th °C 

Sample NO. Type 	CO2  Ice 	Clathrate I 002  Ice 	Clathrate 	I CO2  CO12,11210 Sample No. 

0,-P 106401 82 	-113 - 	- 	- 	• - 	- 	+16.0 - Q-G 	106402 
-109 - 	- 	-54,9 - 	+5.1 	+21.6 - _ - 	-36.3 	- +5. 	+19.3 305 
-106 - 	-39.4 	-54.8 - 	+5.7 	+16.9 - 
-110 - 	-46.7 	-54.0 - 	+2.6 	+16.0 - 
-87 -57 	-42.5 	-55.1 - 	43.2 	423.1 _ 

- -58.7 -56.9 	- - 	4 6. 7 	+26.9 - 
-115 -48.5 -42.1 	-55.0 - 	43.8 	+14.2 - 
-109 -58 	-45.0 - 	+3.5 	449.7 306 
-108 -58 	-44.6 	- +3.5 	418.8 _ 
-107 -57.6 -44.6 	-55.1 - 	+3.4 	+14.8 312 

B1 - 	-55,3 - 	- 	+13.7 - 
- 	-55.7 - 	- 	+2.2 _ 

- - 	- - 	+10.8 _ 
- - 	- - 	- 	+14.2 - - - 	-55.7 - 	- 	+2.0 
- - 	-55.7 - 	 44.9 - 

82 	-113 -58 	-44.4 	- - 	- 	+18.6 - 
-109 - 	-38.5 	- - 	+1.8 	+14.1 305 
-109 - 	-38.4 	- - 	+3.5 	f7.3 - 
-103.1 - 	-39.2 	-55.8 -15.7? 	- 	.425.9 - 
-110.9 -52.3 -41.2 	-55.9 -13? 	- 	+18.9 - 
-112.8 -47 	-38 	- -16? 	- 	+25.0 - 
-110 -49 	- 	- - 	.1-3 	+23.7 309 

- - 	- 	-55.1 - 	- 	+20.9 _ 
011-QT 106419 82 	- _ 	_ 	- - 	48.5 	+29.0 369 

- - 	- 	-55.0 - 	+8.9 	+28.7 362 
- - - 	48.8 	+29.0 385 

-108 - 	-39 	-55.2 +9.6 	+28.0 - 
-106.6 - 	-40 - 	49 .5 	+29.1 392 

Q-5 	106421 82 	- - 	- 	-55.6 - 	- 	+23.9 - 
- _ 	_ 	- _ 	_ 	+24.3 366 

-110.1 - 	- 	-55.3 - 	- 	+23.9 
- _ 	_ _ 	 +26.5 342 
- - 	- 	425.6 380 

Th ° C 
Tm° NaC1 	0926120 

305.0 	385.0 
309.1 	390.1 
304.6 	382.3 
306.2 	385.4 
300.6 	380.9 
305.1 	395.1 
309.6 	389.1 
300.1 	390.6 
302.9 	- 
320.0 	4200. 
350.0 	216.3 
304.9 	410.0 
304.1 	421.0 
306.0 	429.5 
315.6 	409.6 
305.2 	395.1 
301.0 	389.0 
315.0 	391.0 
310.6 	420.1 

- 	431.0 
- 	425.0 

420.0 	>570.0 

Fluid 

T 

113 
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APPEMIX 4.1 

Monica' canPrIsitions of the red granite 

67583 67587 67585 67590 67581 37665* 37689* 37731* 67593- 67592 67589 67591 67586 

Fe203  (total) 2.82 2.27 4.08 2.52 2.56 2.84 3.26 2.89 1.88 1.89 2.44 1.26 1.38 
Mh0 0.07 0.03 0.08 0.04 0.06 0.04 0.02 0.01 0.02 0.03 0.01 0.02 0.0e 

- 1102  0.32 0.27 0.52 0.3 0.31 0.37 0,5 0.44 0.21 0.2 0.11 0.08 0.13 
610 0.92 0.83 0.98 1.07 0.7 0.71 1.48 1.07 0.45 0.4 0.11 0.24 0.28 
K20 5.02 4.85 4.93 4.9 4.99 4.86 5.02 4.49 4.77 4.88 5.31 4.9 4.77 
P205  0.06 0.1 0.11 0.04 0.06 0.08 0.09 0.1 0.93 0.02 0.0 0.0 0.0 
Si02  74.98 74.35 71.82 73.96 73.45 72.35 71.16 71.52 75.21 75.66 76.36 78.81 77.98 
Al 203  12.72 12.5 12.64 12.63 12.75 13.39 13.22 13.87 12.67 12.64 11.95 12.24 12.22 
M40 0.38 0.32 0.63 0.35 0.44 0.41 0.46 0.36 0.21 0.23 0.1 0.09 0.09 
Na20 2.81 3.26 3.07 2.98 2.88 3.07 3.62 4.02 3.12 3.03 3.00 2.83 2.99 
Loss 0.77 0.58 0.82 0.64 100 1.0 0.52 0.78 0.82 0.94 0.75 0.E9 0.72 

Total 100.87 99.36 99.67 99.39 99.17 99.14 99.39 99.57 99.41 99.92 100.09 99.15 100.57 

Trace elements ppm 

Nb 23.3 24.2 33.4 22.6 23.8 24.3 29.4 29.3 26.5 27.7 22.8 25.1 20.4 
Zr 240.3 187.2 368.3 214.4 218.0 224.3 321.9 285.7 157.5 164.5 176.9 80.2 84.1 

55.8 72.8 73.4 62.4 62.4 69.8 101.0 92.1 89.1 91.9 55.4 27.6 34.7 
Sr 38.1 32.8 36.0 38.3 44.1 56.1 102.3 89.9 23.7_ 24.35 15.9 12.6 12.3 
Hb 304.1 348.8 347.9 302.5 351.4 343.4 7.35.2 223.9 399.8 430.7 382.5 334.7 342.3 
Ha 210.0 176.0 198.0 228.0 238.0 314.0 455.0 423.0 114.0 125.0 57.0 75.0 983.0 
Sn 5.5 7.7 11.5 4.8 4.8 7.0 13.5 8.3 10.2 18.0 11.1 2.3 3.2 
Zn 43.0 21.5 42.5 28.3 139.5 27.2 21.5 18.9 81.9 135.7 24.0 27.2 35.3 
Cu 2.1 3.1 <0.2 4.1 7.0 7.4 7.5 2.0 3.8 <2.0 2.3 2.8 5.0 
Ni 2.7 - 	3.6 3.2 2.6 4.0 3.8 3.9 3.8 2.2 2.3 2.9 2.2 2.7 

10.3 15.0 12.1 13.4 7.6 14.5 8.1 8.9 27.1 23.7 16.0 22.9 16.9 
Rb 310.8 360.6 357.0 329.6 345.8 366.9 245.9 232.6 425.1 446.9 388.1 351.6 358.1 
Th 41.3 37.6 45.1 45.1 36.6 30.3 28.5 37.9 55.5 50.8 46.9 67.5 51.5 
Pb 18.7 15.9 16.9 18.8 16.8 19.9 12.1 10.4 34.1 21.9 16.2 25.3 40.0 
Ga 17.5 17.5 19.6 17.3 17.0 18.3 17.2 19.7 17.4 16.7 16.3 16.7 16.3 
La 72.5 59.9 84.7 57.6 51.5 5.2 68.6 76.0 44.3 38.3 60.0 23.7 22.2 
Ce 140.9 126.8 171.2 122.6 104.9 101.1 156.9 183.1 101.1 82.6 120.1 60.1 54.5 
Nd 55.0 52.0 64.5 47.3 42.6 4.2 74.2 98.1 42.9 38.9 49.3 27.1 27.4 

2800.0 2350.0 840.0 1500.0 720.0 660.0 980.0 
Li 93.0 81.0 25.0 66.0 82.0 31.0 26.0 

(J/Th 0.25 0.4 0.27 0.30 0.21 0.48 0.28 0.23 0.49 0.47 0.34 0.34 0.33 
Ab 42.8 47.6 47.1 43.8 44.2 45.0 46.9 51.4 16.6 45.5 46.1 44.3 47.6 
CW 50.4 46.6 46.1 47.8 50.3 49.7 45.5 41.3 49.7 51.2 48.9 53.5 49.9 
Ni 7.1 5.71 6.9 8.4 5.5 5.4 7.6 7.3 ' 3.7 3.4 5.1 2.3 2.6 
Fe (as Fe2)3 ) 25.6 21.7 32.1 23.5 23.6 25.4 26.4 24.6 18.8 18.8 24.0 13.9 14.9 
1(2C4tIsti3 71.0 75.7 62.9 73.2 72.4 70.8 67.0 72.4 79.1 78.9 73.5 85.1 84.1 
t'tg0 3.4 3.0 4.9 3.3 4.0 3.7 3.7 3.1 2.1 2.2 2.5 1.0 1.0 

* Klominsky's collection. University of Tbsmania. 
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APPINDIX 4.2 

the• 	grithite 

67597 671)88 67591 67597 67599 67616 67501; 671'A 12 6761L5 67601 .  676111 67mi 

Fe203  (total) 3.00 .2.82 2.91 3.14 2.01 2.36 2.1 2.37 2.1 2.1 1.75 1.55 
MO 0.06 0.05 0.07 0.06 0.04 0.05 0.03 0.05 0.08 0.02 0.01 0.04 
TiO2  0.34 0.34 0.32 0.35 0.19 0.33 0.2 0.24 0.16 0.2 0.07 0.06 
Cal° 0.76 1.01 0.79 0.81 0.60 1.02 0.54 0.49 0.59 0.06 0.36 0.26 

1<20  4.7 5.18 5.01 5.07 4.78 5.1 4.6 5.02 4.97 4.92 4.89 5.3 

P205 0.06 0.06 0.05 0.06 0.06 0.11 0.04 0.05 )102 0.06 0.0 0.0 
Si02 73.77 73.11 72.82 73.03 73.90 72.99 75.45 75.06 77.02 75.58 76.75 76.3 
A1..0 

2-3 12.4 12.9 12.81 12.75 12.45 14.19 12.37 12.51 12.36 12.46 12.38 12.39 
MOO• 0.36 0.43 0.43 0.38 0.23 0.49 0.22 0.26 0.17 0.14 0.06 0.09 
Na20 2.7 2.75 3.06 2.78 2.79 2.73 3.1 2.87 2.77 2.7 2.57 2.83 
Loss 0.87 0.8 1.21 0.87 0.7 0.87 0.76 0.07 0.89 0.49 0.97 0.71 

Total 99.01 99.45 99.5 99.29 99.2 100.29 99.4 99.89 101.13 99.22 99.83 99.51 

Trace elemmNits ppm 

Nb 23.3 24.6 26.5 24.9 15.8 18.1 25.7 34.8 22.1 29.0 27.6 27.5 
Zr 223.7 228.2 223.7 244.3 150.1 174.5 161.1 193.2 144.0 158.4 117.0 101.1 

58.4 62.2 64.05 61.3 45.7 46.6 89.0 63.0 70.9 77.7 93.0 67.8 
Sr 42.9 42.6 41.9 46.6 32.4 58.6 22.1 21.9 17.5 19.7 7.5 11.5 
Rb 324.0 326.3 343.3 326.0 310.5 358.0 412.6 352.7 388.4 402.! 408.5 408.8 
Ha 230.0 228.0 224.0 231.0 153.0 330.0 118.0 123.0 107.0 115.0 42.0 37.0 
Sn 9.0 10.0 10.5 9.0 8.0 5.5 4.0 11.0 7.0 3.0 12.0 6.7 
ZJI 64.0 28.0 23.0 57.0 18.0 22.9 16.0 29.0 31.0 21.0 89.0 70.7 

11.6 8.6 5.9 10.7 4.0 <2.0 2.3 4.0 2.6 <2.0 5.1 3.3 
Ni 2.9 2.7 3.2 2.7 1.9 2.3 2.5 2.3 2.5 1.6 2.7 2.5 

12.1 13.4 11.3 11.5 11.8 11.7 16.8 17.9 16.4 15.7 25.1 21.7 
Id) 334.0 338.6 363.9 331.5 317.5 369.3 428.1 368.9 420.6 491.9 431.7 422.9 
lii 39.0 40.3 36.3 33.0 47.5 24.8 51.7 52.4 52.9 49.7 71.3 41.9 
Pb 14.1 16.1 15.5 13.5 14.0 24.8 16.9 18.1 20.0 15.3 23.0 21.9 
Ce 14.5 18.2 17.1 17.5 15.8 17.0 17.5 17.4 17.7 16.1 16.9 18.2 
La 72.8 57.2 55.4 67.7 53.3 37.0 44.1 57.2 70.7 61.9 67.4 47.4 
Ce 144.1 124.8 119.7 139.0 112.8 82.2 99.8 117.3 127.7 127.3 145.5 105.8 

Nd 57:6 50.4 48.2 54.4 39.7 35.6 45.2 47956.0 48.9 56.4 43.7 

1700.0 1800.0 1900.0 1100.0 

• Li 60.0 48.0 37.0 3.2 

U/Th 0.31 0.33 0.32 0.35 - 0.19 0.32 0.34 0.31 0.31 0.35 0.48 

Ab 42.3 39.7 43.8 42.5 44.5 41.3 47.3 43.3 47.13 41.8 41.5 43.8 
Or 51.4 52.5 50.1 51.3 50.1 50.9 48.0 52.9 53.8 53.0 55.11 53.97 

An 6.3 7.8 6.1 6.2 5.4 7.9 4.7 3.8 5.1 5.2 3.4 2.3 

Fe (as Fe2O3 ) 27.9 25.2 25.4 27.7 20.5 22.1 20.9 22.5 20.9 21.3 18.9 15.8 

K204-13a20 68.8 70.7 70.2 68.8 77.2 73.3 76.9 75.1 77.3 77.3 80.5 83.2 

Mg0 3.34 3.84 3.77 3.5 3.3 4.6 2.2 2.4 '1.7 1.4 0.65 0.92 
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APPENDIX 5: Muscovite geothermometry 

Rodgers and Walshe (1984), Hedges and Walshe (1984) developed a 

geothermometer based on muscovite-pyrophyllite (hypothetical) exchange 

in the presence of K-feldspar by the following reactions: 

48102+KA1 3S1 30 10 (OH) 2 t Al 2 Si 4010 (OH) 2 +KA1Si 308 

which is independent of le/H +  ratios. 

Equilibrium constant K = 
aAl o; A inul 
r"Viejlo kVII) 4 

 

aKAl 2 S i 3A10 10 ( OH) 2 

The activities of these components are as follows: 

amusc = a (X
il K)(X0AI) 2 (XT5i)(XTAI )(X°vac) 

apyroph = Xvac il 

where 

a 	normalised coefficient a l  = 27 and a5  = 27/4 

X 	site mole fraction 

ii 	interlayer vacancy 

tetrahedral 

0 	hexagonal 

vac vacancy 



317. 

The calculations are based on availability of three of six octahedral 

and two of four tetrahedral sites. 

Basically logK is evaluated from the activities of the components from 

which T can be derived (i.e. K depends only on T). Calibration of K 

for above exchange reaction against temperature was obtained by using 

the Salton Sea data (McDowell and Elders, 1980) and is presented by 

line a (Figure 1, Appendix 5) as a lower limit of the geothermometer 

(i.e. equilibration of muscovite with K-feldspar). The upper limits 

of geothermometer was constructed by assuming equilibration of 

muscovite with kaolinite, pyrophyllite and andalusite. The upper 

limit for the geothermometry is given by the following reactions: 

KA1S1308+Al2S105+H20 KA1S13010(OH)2+Si02 

KAlSi308+Al 25i 205 (OH) 4  t KA1 3S1 3010 (OH) 2+2S102 +11 2 ) 

KA1Si 308 +Al 2S14010(OH)2 t KA1 3Si 3010 (OH)2+4S102 

The equilibrium constants for these reactions were calculated by 

adding the logK data for K-feldspar/muscovite reactions, taking the 

thermodynamic data from Helgeson et al. (1981) for kaolinite, 

andalusite and pyrophyllite by making use of a version of SUPCRT at 

the Geology Department, Australian National University, (Walshe, pers. 

comm., 1985). The temperatures obtained from the composition of 

muscovite (Appendix 5.1 and 5.2) in the greisen dykes range from 253- 

300°C (Figure 5.) 

Distinctly different composition of sericite (Appendix 5.2) from 

Sweeney's mine yield temperatures ranging from 239°C to 285 ° C (Figure 

1) which indicates sericite from the Sweeney's mine has been formed at 

slightly lower temperature than muscovite in the greisen dykes. 

However, the maximum temperatures obtained by this method are lower by 

150°C than the maximum temperatures indicated by fluid inclusion in 

quartz from quartz+sericite and greisen dykes. This may indicate 

either the re-equilibrium of muscovite or sericite at lower 
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temperatures or the geothermometer may not be sensitive enough and 

perhaps more constraints are needed (e.g. Na, Li, Fe, Fe 3+/Fe2+ ) to 

make it more accurate. In general, re-equilibration of muscovite to 

lower temperatures make it an unreliable mineral for geothermometry. 
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APPENDIX 5.1 

Chemical composition of muscovite and sericite 

Sample SiO2 Al 203 FeO MgO CaO K20 Na20 Total 

106661 47.14 34.06 4.84 0.14 0.13 10.56 - 96.86 
(muscovite 46.30 33.46 4.76 0.98 0.13 10.37 - 96.00 

in 47.08 33.21 4.51 0.28 0.16 10.76 - 96.00 
greisen) 46.43 34.47 4.79 0.13 0.15 10.59 - 96.56 

46.00 33.97 5.17 0.25 0.18 10.27 0.18 96.02 
46.88 33.88 4.12 0.14 0.09 10.55 - 96.85 
46.48 33.94 4.70 0.13 0.15 10.43 0.20 96.00 
45.85 33.75 5.51 0.16 0.18 10.36 0.18 96.00 
45.00 34.54 5.10 0.12 0.16 10.27 0.16 96.00 
45.33 34.35 5.34 0.12 0.10 10.60 0.17 96.00 
45.06 34.22 5.73 0.25 0.11 10.48 0.15 96.00 
52.26 30.07 3.89 0.21 0.13 9.42 - 96.00 

67634 45.04 32.12 7.03 0.34 - 10.31 0.23 95.06 
(muscovite 48.36 32.34 4.48 - - 10.80 - 96.00 
after 45.84 32.06 6.97 - - 10.62 - 95.50 

biotite) 45.84 32.06 6.97 - - 10.62 - 95.50 
48.13 33.30 5.84 - - 10.72 - 96.00 
45.84 33.74 5.51 0.17 0.18 10.35 - 96.00 

21889 57.10 18.75 12.11 - - 12.74 - 95.00 
(sericite) 56.76 18.84 6.94 - - 12.68 - 95.00 

56.40 18.52 11.97 - - 12.56 - 95.00 

108570 48.90 32.25 3.45 0.58 0.13 9.64 - 96.00 
(sericite) 52.47 30.33 2.72 0.70 0.37 9.24 0.17 96.00 

49.58 32.86 3.26 0.69 0.12 9.82 - 96.32 
48.66 33.02 3.17 0.65 0.28 10.21 - 96.00 
55.47 27.41 3.55 0.58 0.37 8.62 - 96.00 
49.32 32.87 3.60 0.62 0.16 9.90 - 96.47 
49.24 32.54 3.65 0.68 0.09 9.79 - 96.00 
49.18 31.83 4.18 0.69 0.13 10.00 - 96.00 
49.07 32.44 3.84 0.62 0.15 9.88 96.00 

No. of ions 

Sample 	Si 	Al 	Fe 	Mg 	Ca 	K 	Na 	Total 

108861 6.281 5.332 0.538 0.025 0.018 1.788 - 13.960 
6.213 5.291 0.533 0.196 0.018 1.775 - 14.028 
6.311 5.247 0.505 0.050 0.023 1.840 - 13.980 
8.194 5.420 0.534 0.025 0.021 1.801 - 13.996 
6.183 5.382 0.581 0.051 0.025 1.760 0.040 14.029 
8.283 5.352 0.462 0.028 0.010 1.803 - 13.940 
6.284 5.350 0.462 0.028 0.012 1.800 0.041 13.941 
8.231 5.364 0.527 0.025 0.022 1.784 0.037 14.004 
8.181 5.362 0.621 0.033 0.026 1.781 0.067 14.052 
8.098 5.513 0.578 0.025 0.023 1.776 0.041 14.054 
6.116 5.462 0.602 0.023 0.014 1.824 0.044 14.087 
6.092 5.452 0.648 0.051 0.016 1.808 0.038 14.105 
6.887 4.658 0.428 0.411 0.018 1.579 - 13.593 

67834 6.191 5.204 0.808 0.070 - 1.807 0.081 14.140 
8.468 5.096 0.502 - - 1.844 - - 
6.265 5.165 0.796 - - 1.853 - 14.079 
6.232 5.032 0.660 - - 1.847 - 14.040 
6.181 5.362 0.621 0.036 0.260 1.781 - 14.052 

21889 7.892 3.054 1.399 - - 2.246 - 13.999 
7.787 3.014 0.795 - - 2.216 0.038 13.814 
7.892 3.055 1.399 - - 2.248 - 13.999 

106570 6.530 5.070 0.386 0.117 0.018 1.641 - 13.759 
8.864 4.676 0.297 0.136 0.519 1.541 - 13.605 
6.515 5.090 0.358 0.136 0.160 1.648 - 13.764 
6.444 5.152 0.351 0.129 0.399 1.725 - 13.842 
7.215 4.202 0.386 0.112 0.052 1.430 - 13.398 
8.491 5.098 0.396 0.121 0.023 1.662 - 13.791 
8.509 5.070 0.404 0.135 0.013 1.650 - 13.780 
6.531 4.982 0.461 0.137 0.019 1.695 - 13.825 
8.499 5.064 0.426 0.122 0.021 1.670 - 13.803 
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APPENDIX 5.2: Calculated range of amus  and apyroph 
muscovite samples. 

(For further information see text) 

for indicated 

Sample amus apyroph log K 

106661 0.430-0.682 0.099-0.12 -0.555 - -0.838 

greisen 

67634 0.376-0.771 0.074-0.11 -0.535 - —1.01 

(after biotite) 

106570 0.187-0.637 0.138-0.285 -0.184 - -0.66 

sericite 



13 15 9 11 

1=----1  Sericite 
Muscovite( after - 
biotite) 

	Muscovite( in 
greisen) 

21 19 
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Figure1: 

(Appendix) 5 

Log K vs 104/T(K), assuming equilibration of 
muscovite-K-feldspar with pyrophylite (a), muscovite-
kaolinite (b), muscovite-pyrophylite (c), and 
muscovite-andalusite (d). 
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APPENDIX 6 

ANALYTICAL TECHNIQUES 

Major and trace elements were analysed by X-ray fluorescence 
technique (after Norrish and Hutton, 1969). 

REE were determined by using an ion exchange - XRF technique 
(Eby, 1972; Fryer, 1977). 

Fluorine was analysed by an ion specific electrode method 
(Boyle, 1981, Hopkins, 1977). 

Lithium was determined by atomic absorption spectroscopy, using a 
standard addition method (Abbey, 1967). 

Boron was analysed by spectrophotometric method (after Reed, 
1977). 

Oxygen isotope analyses of silicates were determined by using a 
technique described by Clayton and Mayeda (1963). 

Note: The above references are listed under REFERENCES in the main 
text. 

0 


