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ABSTRACT
 

The cassiterite-sulphide deposits in Western Tasmania are stratiform 

replacement deposits (Mt. Bischoff; Renison Bell; Cleveland; Mt. Lindsay), 

fissure deposits with marg~nal replacement (Federal Lode, Renison Bell; 

Razorback-Grand Prize), and fissure lodes (Mt. Bischoff), that consist 

essentially of pyrrhotite with subordinate pyrite, arsenopyrite, chalcopyrite, 

sphalerite and cassiterite. They are localized in dolomitic horizons of 

Upper Proterozoic-Lower Cambrian age in faulted, complex anticlinal structures 

These have been the loci for intrusion of cupolas and associated dyke 

swarms of late Devonian granitic rocks, which have been extensively 

topazized, tourmalinized and/or greisenized. The major and trace element ! 

chemistry of these granitic rocks combined with isotopic dating indicates 

that they probably represent the most highly fractionated portions of 

penecontemporaneous, high-level, post-kinematic granitic batholiths 

occurring throughout Western Tasmania. These .granitic batholiths may 

be interconnected at depth. The spatial association of the polyascendant 

tin mineralization with these granitic rockS, and their associated pre

joint tin mineralization, suggests that they are derived from a common 

source. 

Around the cassiterite-sulphide deposits are haloes of dispersed 

Pb-Zn-Ag mineralization, which on the basis of field relationships is 

considered to be related to the same granitic activity. A uniform 

distribution of Co and Ni in Fe-sulphides, Cd in sphalerites, Se in 

sulphides, and Mn in both the cassiterite-sulphide and Pb-Zn-Ag deposits 

provides empirical support for a single metallogenic province covering 

Western Tasmania in the late Devonlan. 
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In the cassiterite~sulphide deposits, cassiterite and wolframite have 
i, 

generally crystallized before the earliest formed sulphides, which are pyrite 

and arsenopyrite, followed by pyrrhotite. Chalcopyrite, sphalerite and 

stannite were formed penecontemporaneously and were followed by tetrahedrite 1 

jameson1te, bismuth and finally galena with associated canfieldite, frackeiite 

boulangerite and pyrargyrite. At Mt. Bischoff pre-sulphide metasomatism 

of dolomite at temperatures in excess of 4000 C resulted in formation of 

tourmaline, quartz, wollastonite, chondrodite and garnet. These minerals 

were subsequently replaced by sulphides and talc, fluorphlogopite, serpentine, 

chlorite, Fe-Mn~g carbonates, fluorite and sellaite. Similar alteration 

has occurred at Renison Bell and Cleveland but the pre-sulphide phase is 

limited to the formation of minor tourmaline, topaz and quartz. 

A mineralogical and isotopic lateral zonation can be demonstrated at 

Mt. Bischoff. The zonal and paragenetic sequences are essentially parallel. 

Fluid inclusion studies demonstrate that the zoned sequence is partly a 

function of declining temperature, with initial deposition of fluorite 

up to 5800 
, decreasing to 2000 C in the marginal zone. It is probable that 

the temperature, salinity and composition of the ore-forming fluids 

were constantly changing during mineralization as an initially hot, 

saline fluid was mixed with cooler, less saline meteoric and connate waters, 

in conjunction with heat loss to the wall rocks. In general, compositional 

changes in SUlphide systems within the zonal sequence are consistent with 

cooling of the ore-forming fluid from temperatures as high as 7000 C to below 

3000 C, with a sympathetic decline in fugacity of SUlphur and oxygen. 

However some anomalies exist between interpretations based on the Fe-S and 

Fe-Zn-S systems, and the Fe-As-S system. The other cassiterite-sulphide 
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deposits lack a well defined zonation with respect to both mineralogy and 

isotopic composition of sulphur, but their initial deposition temperatures 

are comparable or slightly lower than those at Mt. Bischoff. Ore 

deposition was probably initiated by increasing alkalinity of the 

ore-forming fluids caused by reaction with dolomitic host rocks. 
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INTRODUCTION 

This study of the cassiterite-sulphide deposits is part of a research 

project on the geology and mineral resources of Western Tasmania that has 

been supervised by Dr. M. Solomon. The research is partly a continuation , 
and re-examination of an investigation of the Waratah District by the 

author for an honours B.Sc. in 1963. 

The original scope of this thesis involved detailed investigation 

of the cassiterite-sulphide ore-bodies, particularly at Renison Bell and 

Mt. Bischoff. Difficulties arose with this programme based essentially 

on the control of these mines by different companies, that have competing 

exploration activities. As detailed mapping of the ore bodies and enclosing 

rocks at Renison Bell and Cleveland was not allowed, the emphasis of the 

research was centred on Mt. Bischoff, where censorship of information 

was less severe, and a comparison made with the other deposits, several 

aspects of which were stUdied during this investigation. The main result 

of these restrictions has been a more regional study, with particular 

emphasis on the granitic rocks spatially associated With the tin deposits. 

This t1esis contains a brief discussion of the regional geology 

of the area enclosing the cassiterite-sulphide deposits and associated 

granitic rocks. This is essential for an understanding of the regional 

setting of the deposits and for estimation of limiting pressures during 

mineralization. This discussion is primarily based on a regional 

map which has been compiled from mapping carried out by the author at 

intervals between 1962 and 1967, and by various officers of the Geological 

Survey (Department of Mines, Tasmania) and Rio Tinto Mining Company. 
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The geological environment of the cassiterite-sulphide deposits is 

described in detail. The section on Mt. Bischoff is based essentially 

on work by the author, and the Renison Bell section on investigations 

by Blissett (1962), Gilfillan (1965), Rubenach (1967), unpublished research 

by Dr. M. Solomon and Prof.- P.A. Hill (Carlton University,Ottawa, Canada) 

and detailed investigation of some aspects by the author. The section on 

Cleveland is based on Cox and Glasson (1967) and on regional mapping by 

the author.

Detailed descriptions of the sUlphide ores and host-rock alteration 

are presented and the geobarometry and geothermometry studied with 

references to sphalerite and pyrrhotite compositions and fluid inclusion 

studies in non-sulphide components. Geochemical studies of the ores have 

been carried out by Mr.- G.- Loftus-Hills and the author,and the significance 

of Cd and Mn in sphalerites and Ni, Co and Se in sulphides is briefly 

discussed. A discussion of zoning at Mt. Bischoff is presented in terms 

of the mineralogy, alteration, temperature and fugacity of sulphur and 

oxygen,together with sulphur isotope studies by Drs. T.A. Rafter and 

M. Solomon. 

A geochemical study of the granitic rocks associated with the ore 

deposits has been carried out and the relationships between spatially 

separated occurrences is discussed. The distribution of tin in the 

granitic rocks and its bearing on the tin mineralization is also 

discussed. 

The thesis is presented in two sections: (a) descriptions and 

interpretations of the investigations described above, and (b) a series 

of appendices in which details of methods of analysis are given, together 
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to the main theme of the thesis, but on which the interpretation of 
w~/-/ 

geochemical work~is included in these appendices. 

with tables of results. Descriptive work which is not essential 
I 
I 

All specimen numbers referred to are those of the Geology Department, 

University of Tasmania, unless otherwise stated. 
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GEOLOGICAL HISTORY 

INTRODUCTION 

A brief geological history of the area (Figs. 2, 3, 4) is 

presented below. Solomon (1965) has presented a more comprehensive 

geological history of Tasmania, from which this summary is partly 

compiled. 

PROTEROZOIC 

The Proterozoic rocks can be subdivided into two main groups, 

based on their grade of metamorphism. 'Spry (1962a) considered the 

metamorphic rocks (schists, ~uartzites, phyllites and amphibolites) 

to be older than the relatively unalt'ered rocks (~uartzites, shales and 

dolomites) and suggested that they were separated by a period of basic 

igneous activity and regional metamorphism defined as the Frenchman 

Orogeny. 

A belt of metamorphic rocks (Whyte Schist) extends from'the Pieman 

River, along the western flank of the Meredith Granite (Figs. 2, 3) 

and northwards and westwards into the Savage River area (Ur~uhart, 1966) 

where it consists of pelitic and psammitic schist with magnetite-bearing 

amphibolites. Gee (1967b) suggested that this belt of metamorphic 

rocks (Arthur Lineament) was not a remnant basement high of older rock 

(e.g. Spry, 1964) but was prObably gradational into the unmetamorphosed 

froterozoic rocks. The relationship of the unmetamorphosed Proterezoic 

rocks to the metamorphosed rocks in Central and SW Tasmania is still 

uncertain. 



Figure 2. Geological sketch map and locality 

map of Western Tasmania. From Solomon 

(1965). 
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The unmetamorphosed rocks of probable Proterozoic age in the Zeehan 

area (S.W. corner of Fig. 3) have been defined as the Conah Quartzite 

and Slate by Spry (l958) and have been described by Blissett (l962). 

Gee (l967b) showed that the major trend of the unmetamorphosed Proterozoic 

rock units is parallel to the Arthur Lineament, and that the se~uences 

to the east of the lineament are the youngest.· Therefore the Oonah 

Formation is probably at an elevated level· in the Proterozoic succession 

(e.g. Blissett, 1962), and not at the bottom (Spry, 1964). 

Similar ~uartzites and shales to those comprising the Oonah Formation 

occur at Mt. Bischoff and Renison Bell where they are interbedded 

with thick dolomites that are host rocks for cassiterite-sulphide mineral

ization. These se~uences have been considered to be the highest 

str~tigraphic levels of the Oonah Formation by Blissett (l962) at 

Renison Bell and by Groves and Solomon (l964) at Mt. Bischoff. More 

recently, Solomon (l965) has included these se~uences together with 

the Carbine Group at Dundas and the Smithton and Jane Dolomites in the 

Success Creek pnase. This phase was shown as probably post-Penguin 

Orogeny and stratigraphiCally higher than correlates of the Oonah Formation, 

although Solomon (l965) pointed out that the age was uncertain. At 

Mt. Bischoff this se~uence is probably .pre-Penguin Orogeny. 

The Rosebery "Series" (Finucane, 1932) or Group (Taylor, 1954) 

contains at least one unit, the Stitt QuartZite (Campana and King, 1963), 

•	 that is lithologically similar to the se~uences at Renison Bell and 

Mt. Bischoff. Correlation with these and similar se~uences have 

been made by Blissett (l962), Campana and King (l963) and Solomon (l965). 
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The various features of this se~uence have been discussed by Loftus-Hills 

!! al (1967). 

The distribution of the unmetamorphosed Proterozoic ~uccessions 

indicates that during their deposition the metamorphosed Proterozoic 

rocks formed a geanticline (the Tyennan Geanticline) in the Central 

Highlands. The surrounding basin formed part of a large miogeosyncline 

(e.g. Spry, 1962. Solomon 1965). Gee (1967b) suggested that the 

emergence of the Rocky Cape Geanticline (e.g. Solomon, 1965. p. 467) 

began immediately prior to Oonah Formation sedimentation and that the 

major axis of subsidence moved towards the Tyennan Geanticline with 

accumulation of the Oonah F.ormation in the new basin. The youngest 

rocks which inclUde dolomites were probably transgressive over the 

Tyennan Geanticline to the east. Dolomites (e.g. Smithton Dolomite) 

accumulated penecontemporaneously in a basin to the west of the emergent 

Rocky Cape Geanticline and were transgressive over this Geanticline to 

the west (e.g. Longman and Matthews, 1962; Gee,1967b). Deposition 

was terminated by the Penguin Orogeny which caused folding of the sedimentary 

piles which were transported to the S.E. towards the lyennan Geanticline 

(Gee, 1967b). The effect, intensity and exact position of this Orogeny 

in the area investigated is difficult to determine. 

Albite dolerites were int~uded into unmetamorphosed Proterozoic 

rocks at Burnie in the early stages of folding and have been dated as 

700 million years (Spry, 1962). Dolerites also occur in unmetamorphosed 

Proterozoic rocks in the Interview River area (Spry and Ford, 1957; 

Gee 1967b), and the amphibolites in the Whyte Schist are probably 

the metamorphic e~uivalents of these rocks (Gee, 1967b). No dolerites 
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occur in the Upper Proterozoic rocks at Mt. Bischoff Or Renison Bell 

although volcanic rocks occur towards the top of the Oonah Formation 

in the Zeehan District (e.g. Twelvetrees and Ward, 1910; Blissett, 

1962), and some fragmental rocks occur towards the top of the sequence 

at Mt. Bischoff. 

CAMBRIAN 

The Oonah Formation in the Zeehan-Renison Bell area is overlain, 

apparently conformably by a maximum of 10,000 feet of unfossiliferous, 
purple and green mudstone, greywacke and slate of the Crimson Creek 

Formation (Blissett and Gulline, 1961a after Taylor, 1954). This 

passes upwards into the fossiliferous Dundas'- Group, which ranges in 

age from lower Middle Cambrian to Franconian (Banks, 1962a). The 

Dundas Group consists of alternations of greywacke, siltstone, mudstone 

and shale with conglomerate and grit and is a maximum of 8900 feet 

thick (Blissett, 1962, Elliston, 1954). It includes the Ruskisson 

Group of Taylor (1954). 

Correlation with these major subdivisions of the Cambrian succession 

elsewhere in the area is made difficult by the lack of fossil; and 

coherent structural interpretation in critical areas. 

The sequence along the Wilson River extends IfW for seven miles 

from the type section of the Crimson Creek Formation and contains the 

Mt. Linds~ tin deposit. It is lithologically similar to the Crimson 

Creek Formation and is probably an extension along strike as suggested 

by Taylor (1954). The sequence extending northwards from the Pieman 

River just west of Rosebery to the headwaters of the Ruskisson River 
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is probably co-~xt~nsiv~ with th~ mudston~ and gr~ywack~ s~~u~nc~ of th~ 

Coldstr~am Riv~r shown on th~ Mackintosh 1 inch to 1 mil~ map sh~~t 

(D~partm~nt of Min~s, Tasmania). Th~s~ s~~u~nc~s ar~ also lithologically 

similar to th~ Crimson Cr~~k Formation and ar~ unfossilif~rous. Loftus-

Hills ~t al. (1967) r~cord~d possibl~ int~r-b~dding of s~dimentary rocks 

of this s~~u~nc~ with th~ Ros~b~ry "S~ri~s" n~ar Ros~bery. The mudstone 

and sandstone se~uence of the Arthur River (Fig. 3), which contains 

the Cleveland cassiterite-sulphide deposit, may represent the northern 

ext~nsion of the Crimson Cr~ek Formation. It app~ars to be structurally 

~~uival~nt to Crimson Cr~~k Formation corr~lat~s south of th~ M~redith 

Granit~. S~~u~nc~s of gr~ywack~-conglom~rat~, gr~ywack~-sandston~ 

and mudston~ occur to th~ ~ast of th~ pr~dominantly mudston~ s~~u~nc~s 

~ 

and possibly ov~rli~ th~m. They eXhibit similarities to the Dundas 

Group but are apparently unfossiliferous. 

Spilites and associated pyroclastics are common in Cambrian 

se~uences throughout the area. Numerous spilites occur with Cambrian 

sedimentary rocks in the Waratah District (e.g. Scott, 195b Groves0, 

and Solomon, 1964; Solomon, 1964; and Cox and Glasson, 1967). Large 

areas along the northern end of Bett's Track and the Heazlewood area 

(Fig. 3) which were considered to be predominantly ultramafic rocks 

(e.g. Nye, 1923; Reid, 1923) have recently been shown to contain 

a significant proportion of extrusive rocks inclUding alt,ered porphyritic 

and spherulitic basalts and agglomerates (JaCk and Groves, 1964; 

Groves, 1965a). 
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Large ultramafic-mafic igneous complexes occur in the Heazlewood

Bald Hill area north of the Meredith Granite, in the narrow, elongate 

strip from Colebrook Hill via Rileys Knob to the Harman River south 

of the Meredith Granite, and at Serpentine Hill near Renison Bell 

(Fig. 3). These complexes contain layered pyroxenites peridotites and 

hartzburgites with serpentines, gabbros, norites and dolerites in 

association with spilites and agglomerates (e.g. Jack and Groves, 1964; 

Groves 1965a, Rubenach, 1967). Small gabbro and dolerite bodies 

which are commonly approximately concordant with the regional structure 

are abundant in the Arthur River 6e~uence (e.g. Groves and Solomon, 

1964; Cox and Glasson, 1967). Rubenach (1967) recorded that Dundas 

Group conglomerates overlying rocks of the Serpentine Hill Complex 

contain abundant detrital pyroxenes and gabbro pebbles which suggests 

that the ultramafic and mafic group of this complex crystallized prior 

to the ~hddle Cambrian and were exposed to erosion at the beginning 

of Dundas Group sedimentation. Rubenach (1967) suggested that 

it was possible that the rocks were extruded on the sea floor, as 

envisaged by Solomon (1965). 

Another important feature of Cambrian igneous activity was the 

development of a thick volcanic pile, which is now represented by an 

arcuate zone of acid volcanic rocks known as the Mt. Read Volcanics. 

These volcanics are intruded by granitic bodies of similar composition 

(Fig. 2). They have been described in detail by Solomon (1964) 

and appear to be Cambrian and possibly Upper Proterozoic (Loftus-Hills 

et ~., 1967). The stratiform Pb-Zn - pyrite and disseminated Cu ore 

bodies at Rosebery-Hercules and Mt. Lyell respectively occur within 
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this arcuate zone of volcanic rocks and a genetic relationship between 

ore deposition and vulcanism has been suggested (Campana and King, 1963; 

Solomon, 1967). 

The Cambrian sedimentation included abundant vulcanism and involved 

. a deepening of the sedimentary basin (the Dundas Trough) towards the 

Tyennan Geanticline and a change to sedimentation typical of eugeosyncliJ al 

development (see Solomon, 1965, p. 468), with extrusion of ultramafic 

and mafic rocks on the sea floor. Solomon (1965) suggested that the 

development and destruction of local ridges and troughs was a feature 

of Cambrian development and that this resulted in variable, impersistent 

accumulation of sediment. 

Sedimentation was terminated over most of West Tasmania in the Upper 

Cambrian by the Jukesian Orogeny which produced folding of the Cambrian 

and older rocks on trends subparallel to the margin of the Tyennan 

Geanticline. Solomon (1965) suggested that the major feature was 

faulting on a similar trend which uplifted the Tyennan and Rocky Cape 

Geanticlines and produced an intervening basin divided by an axial 

ridge of Cambrian rocks (the Porphyroid Anticlinorium of Carey, 1953). 

The Owen Conglomerate was deposited in these basins, with lateral 

transgression of the younger sandstones and limestones over the initial 

highland areas. 

ORDOVICIAN 

The Mt. Zeehan Conglomerate is the oldest formation of the Junee
 

Group expos-d in this area and was deposited in the western basin
 

at the same time as filling of the Owen Basin to the east. The
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Zeehan Conglomerate correlate is 400 feet thick in the Huskisson 

River area and consists of rounded pebbles of sandstone and chert 

up to 2 cm in diameter in a sUbgreywacke matrix. Its relationship 

to the Dundas Group is obscure at this locality but Blissett (1962) 

recorded thst they were essentially conformable elsewhere in the 

Zeehan Quadrangle. The Mt. Zeehan Conglomerate is apparently thinning 

rapidly to the NE, and is absent north of the Meredith Granite. The 

Gordon Limestone is also thinning to the north and is absent beneath 

Silurian sands tones at Heazlewood on the Cor~~n~, Road. The limestone 

is apparently discontinuous around the base of the Eldon Group (Fig. 3). 

This m~ be an original depositional or erosional feature, although 

similar discontinuity of limestone in the Godkin area, north of the 

Meredith Granite, is probably the result of intersection of minor NNW

trending faults with a major NW- trending fault zone. An Ordovician 

age for this limestone is indicated by the occurrence of Lichenaria 

ramosa (M. Clarke, pers ~ ~.) 

SILURIAN-DEVONIAN 

Minor uplift of the source area at the end of Gordon Limestone 

sedimentation is suggested by the occurrence of coarse sands tones 

(Crotty Quartzite) which conformably overlie the Gordon Limestone. 

The whole Silurian-Devonian sedimentary sequence (the Eldon Group) 

represents a tectonically quiescent period. 



-17

An extensive area between the Wilson and Huskisson Rivers is 

covered by formations of the Eldon Group,which is a maximum of 6500 feet 

thick in this area compared with 5800 feet in the Zeehan area (Blissett, 

1962). The Eldon Group is incomplete in the Heazlewood-Godkin area, 

north of the Meredith Granite, where it consists of thickly bedded, 

white. saccharoidal sandstones lithologically similar to the Crotty 

Quartzite, interbedded with ~uartzite, and conglomerate (Groves, 1965~). 

The sandstones unconformably overlie Cambrian igneous rocks to the 

west and are faulted against similar rocks to the east. 

DEVONIAN 

The Tabberabberan Orogeny followed the close of sedimentation in 

the Middle Devonian (Banks, 1962b). Undeformed late Middle Devonian 

cave deposits in deformed Gordon Limestone at Eugenr.na (Banks and Burns 

in Banks, 1962b, p. 185) indicate an upper limit for the age of the 

major tectonic phase. 

Solomon (1962-1965) suggested that Tabberabberan deformation took 

place in two stages. The earliest deformation was largely controlled 

by the Trennan and Rocky Cape Geanticlines and consisted of differential 

vertical movement which produced long wavelength, arcuate synclinoria 

and anticlinoria (Fig. 5). The following deformation was not influenced 

by the orientation of the geanticlines and resulted in structures of 

smaller wavelength of approximately NI, trend. Marked changes of 

plunge are produced by the resultant interference of these two generations 

of folds. Large structures of the second generation include the 

Huskisson and Zeehan Sync lines with cores of Eldon Group rocks (see 
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Solomon, 1965, p. 471). A pronounced axial surface cleavage is 

common in most rock types except the most competent Owen Conglomerate 

and Proterozoic quartzites (Solomon, 1965). In the area investigated, 

however, cleavage is even rare in the Cambrian mudstone sequences. 

Several large granite stocks were intruded in the late Devonian, 

and were essentially post-folding although they have been faulted in 

places (e.g. Heemskirk and Pieman Heads). Carey (1953) has suggested 

that they were intruded along large scale anticlinal structures 

which were the first phase folds of the Tabberabberan Orogeny. 

Deposits of cassiterite and wolframite with minor molybdenite 
I 

and bismuthinite occur near the granite margins in fissures and stockworkf, 
I

(e.g. Heemskirk). Small lead-zinc deposits at Mt. Stewart (Groves, 
! 

1965) are also adjacent to granite intrusions. Pyrrhotite-cassiterite 

replacements of carbonate rocks occur at Mt. Bischoff and Renison Bell 

where they are spatially associated with altered granitic rocks and 

also at Cleveland and Razorback where no granitic rocks were visible in 

the vicinity. Haloes of lead-zinc mineralization occur around many 

of these tin deposits, and zoning has been postulated around the 

Heemskirk Granite (e.g. Twelvetrees,and Ward, 1910), and around 

Mt. Bischoff (e.g. Groves and Solomon, 1964). The position is 

complicated along the Zeehan - Dundas - Farell line of mineralization 

where tin mineralization occurs in several areas including Renison 

Bell, Razorback and Queen Hill. Solomon (1965) suggested that the 

lead-zinc deposits possibly fermed.complicated, overlapping haloes 

around the tin deposits in this area. 
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POST-LATE DEVONIAN 

The post-late Devonian history of the area is represented by 

periods of igneous activity in the Jurassic and Tertiary and by shallow 

terrestrial deposition in the Tertiary and Quarteruary. Some faulting 

is considered to have occurred in the Tertiary. 

Jurcssic dolerite similar to that blanketing much of Central 

and Eastern Tasmania occurs in the Pieman River some 10 miles west of 

Renison Bell where it forms a large cone sheet in contact with Oonah 

Quartzite and Slate (Spry, 1958). Other sill-like bodies occur at 

Mt. Dundas and Firewood Siding (Blissett, 1962) and north of the 

Magnet Mine (Reid, 1923) and small dykes of probable Jurassic age occur 

at Renison Bell and in Yellowband Creek. 

Sub-basalt sediments of Tertiary age occur in the Waratah area 

(Reid, 1923; Groves, 1963) and contain minor accumulations of 

cassiterite. A maximum thickness of 200 feet is recorded for Tertiary 

sediments in the Zeehan Quadrangle (Blissett, 1962), and similar· sediments 

have been described from the Meredith Granite area by Jack and Groves 

(1964). It is probable that Tertiary sedimentation was more widespread 

particularly in the Meredith Granite area, but that the sediments 

have been subsequently reworked or removed during the Quaternary •. 

An extensive plateau area south and east of Waratah is covered with 

basalt which is some 50 to 200 feet thick, the base being at an 

elevation of 1800 to 2000 feet. Thin dykes of basalt have also 

been recorded from this area by Groves (1963). 
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Pleistocene glacial activity was restricted to an area north of 

Renison Bell where moraine and fluvioglacial deposits occur on both 

sides of the Pieman River. 

Recent deposits of gravel and sand occur in the present streams 

and along higher alluvial terraces. They consist largely of reworked 

Tertiary or Pleistocene deposits and contain some cassiterite (e.g. 

Stanley River, Wombat Flat, Pine Creek), osmiridium (e.g. Wilson River. 

Loughnan Creek) and monazite (e.g. Yellowband Creek). 
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THE CASSITERITE - SULPIUDE DEPOSITS.
 

Cassiterit~-sulphide deposits are at present being mined at 

Renison Bell and Cleveland and active exploration is currently being 

undertaken at Mt. Bischoff and Mt. Lindsay (Fig. 3). Deposits at 

Razorback and Grand Prize in the Dundas district have also been 

assessed in recent years. 

The greatest tin production has come from Mt. Bischoff where the 

grade averaged 1 per cent tin, and a little over 5,:JO,OOO tons of ore 

have yielded 54,100 tons of tin metal. Most of this production was 

between 1875 and 1900. Approximately 3800 tons of tin metal were 

produced at Renison Bell between 1890 and 1965, when the ore reserves 

were estimated at 6,000,000 tons averaging 0.85 per cent tin. Less 

than 280 tons of tin metal were produced at Cleveland until 1968 

when the ore reserves were estimated at approximately 3,000,000 tons 

averaging 1.02 per cent tin and 0.43 per cent copper. The production 

from the Razorback, Grand Prize and Mt. Lindsa¥ mines has been 

extremely small and accurate estimates of ore reserves are not available. 

MT. BISCHOFF TIN MINE 

Mt. Bischoff, situated about 1 mile north of Waratah, is a 

small monadDock rising some 600 feet above an extensive, deeply disected 

plateau area which is largely covered by Tertiary gravel and basalt 

(Fig. 2). The oldest rocks exposed are the quartzite, shale and 

dolomite sequence of Mt. Bischoff (the Mt. Bischoff sequence) which 

was originally a&11ed the Mt. Bischoff Series by Reid (1923) who 

,conll'ider€u themilo "be o'f'Ordovician age-. 'Sllbseqilen'tfitithdi's "(Carey., 
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1953; Knight, 1953; Groves and Solomon, 1964) have suggested they 

are Upper Proterozoic, although Solomon (19b5) suggested that they 

may be lower Cambrian in part, and may be included within the Success 

Creek phase. Overlying this sequence are Cambrian sequences of 

indeterminate thickness, which consist of greywacke, mudstone, 

shale, chert and spilite. There is at least local unconformity 

between the Proterozoic and Cambrian sequences at Mt. Bischoff. 

The structural aspect is dominated by the large east-west trending 

Bischoff Anticlinorium that generally controls the shape of the 

Proterozoic inlier. Numerous quartz-porphyry dykes and sills have 

intruded.the hinge zone of this structure. 

The succession in the vicinity of Waratah is summarised below:

Quaternary: 

River gravel and alluvium. 

Tertiary: 

Gravel, conglomerate, siltstone, lignite and basalt. 

0-200 ft. 

Unconformity. 

Cambrian: 

Waratah River sequence - greywacke and mudstone 

and Arthur River sequence - mudstone, greywacke, 

chert. 

<10,000 ft. 

Proterozoic: 

Mt. Bischoff sequence - quartzite, shale, dolomite. 

>2,000 ft. 
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Mt. Bischoff Sequence 

The Mt. Bischoff sequence crops out in a narrow. east-west trending 

inlier that extends from the.head of Deep Creek to the Magnet I~ne (Figs. 6 

and Bl. It consists of alternating quartzite. sandstone, siltstone and 

shale with a thick bed of dolomite ,and associated dolomitic shale. as 

follows: 

Hangingwall shales and quartzites : +1000 ft.. 

Dolomite. including dolomitic shale : 0-200 ft. 

Footwall shales : 0- 30 ft. 

Footwall quartzites, shales and siltstone : +1000 ft. 

The Hangingwall shales and quartzites are similar to the Foctwall 

quartzites. shales and siltstones but in general contain a higher proportion 

of shales. The sequences are dominantly thinly bedded although massive 

units of quartzites up to 15 feet thick have been observed.. Sedimentary 

structures in the coarser grained members are common in places. with 

deformed flow casts, ripple marks and small-scale current bedding. 

Grading has not been observed. Pre-consolidation brecciation is a 

common feature of the rocks. partiCUlarly those immediately above the 

dolomite horizon and may be confined to a layer a few· inches thick 

between undisturbed sediments or may involve several feet of sediments .• 

Commonly the sand-'grade material has liquefied and has incorporated 

fragments of adjacent mud layers. which retain a shearing strength 

during deformation. although in places discontinuous sand layers occur 

in shale matrix. 
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Figure 9. Cross sections through Bischoff 

Antidlinorium in the Waratah District. 

A.	 Cross section through Mt. 

Bischoff. 

B.	 Generalized cross section 

through Waratah District. 

C.	 Cross section through Magnet 

Mine. 
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The coarse silt to fine sand grade sedimentary rocks are well 

sort:d with a continuous framework and consist of up to 70 per cent clastic 

quartz grains with minor muscovite, grains of siltstone and chert, 

and accessory rutile, zircon and tourmaline. The matrix, constituting 

10 to 15% of the rocks, is composed predominantly of quartz, sericite 

and minor chlorite. Hypogene pyrite is commonly present. The 

average grain size of the rocks varies from 0.05 mm. to 0.2 mm. 

The rocks (Pettijohn,. 1957, p. 291) are lithic sands tones (subgreywackes 

and protoquartiztes). Although the quartz grains show undulose extinction 

in part, they exhibit a dimensional orientation subparallel with clastic 

muscovites which are aligned parallel to bedding, suggesting that the 

orientation is a depositional feature. 

The fine-silt grade horizons consist of fine clastic quartz and 

chert grains with a high proportion of clastic muscovite in a finer 

matrix of quartz and sericite. The grainsize of the rocks is generally 

0.015 mm and grains of this diameter comprise approximately la per cent 

of the clay-grade rocks. Lamination appears due to variations in the 

proportions of clastic muscovite. The extremely siliceous nature 

of the rocks and their high K20/Na 0 ratios are shown by analyses of2

both quartzite and shale (Table 1). 



1 *(shale) 30641 - (quartzite) 
-

Si02 77.18 83.6 

Ti02 0.59 0.62 

Al20
3 

11.96 8.0 

Fe20
3 

1.70 

FeO 0.38 

= FeO 1.30 

MnO tr. 0.06 

MgO 0.99 1.25 

CaO 0.20 0.08 

Na20 0.12 0.03 

K20 3.27 2.6 

P205 N.D. 0.06 

H20 + 2.21 1.63 

H20 - 0.20 0.80 

FeS2 0.13 N.D. 

CO2 0.63 N.D. 

99.56 100·03 

Table 1. Analyses of sedimentary rocks of the 

Mt. Bischoff sequence. 

1* from Table 1, Groves and Solomon (1964) Analyst 

Department·of Mines ASSBlf Laboratories, Tasmania. 

30641 Analyst: D.l.Groves, 1967. 



Plate 1	 Flexural fold in quartzite and shale, 
Mt. Bischoff sequence, Mt. Bischoff. 

Plate 2	 Agglomerate f Bett's Track 3 miles 
south of Corinna Road. 
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The dolomite shows a local transition to dolomitic shales. 

It is a cream to pale grey, fine grained rock consisting almost exclusively 

of crystalline dolomite with minor interstitial quartz grains. 

Irregular patches of coarsely crystalline carbonate' were developed 

during recrystallization related to porphyry intrusion and/or mineralization 

The dolomite also exhibits a fine macroscopic banding which almost certainly 

is bedding lamination. Analyses of the dolomite (Appendix D3, Table 47) 

indicate that it is almost pure dolomite mineral, ,olith only minor 

Si0 FeC0 and i4nC02 , 
3

,
3 

The thin banding (bedding?) and fine grained texture of the 

dolomite and its regional concordant relations to contiguous rocks, 

indicate a sedimentary origin (e.g. Knight, 1953; Groves and 

Solomon, 1964). There is considerable doubt that dolomites may 

form by direct precipitation (e.g. Degens and Epstein, 1964), 

although it is evident that dolomites may form early in diagenesis by 

replacement of calcite adjacent to the surface of deposition, and that 

they are presently forming in this way in shallow water environments 

(e.g. Wells, 1962; Alderman and Von der Borsch, 1963;. Curtis et aI,

1963; Von der Borsch et al. 1964). 
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Waratah and Arthur River Sequences and Associated Igneous Rocks. 

Detailed descriptions of the Cambrian sequences, particularly 

the volcanic activity associated with sedimentation, are given by Groves 

(1963), Groves and Solomon (1964) and Groves (1965a). 

Unfossiliferous sedimentary rocks of probable Cambrian age occupy 

the major portion of the Waratah area (Figs. 3 and 6). They can be 

subdivided into the greywacke-sandstone and mudstone sequence of the 

Waratah River (Waratah River sequence) and the mudstone and sandstone 

sequence of the Arthur River (Arthur River sequence). The sand-grade 

rocks of both sequences are usually greywacke (PettijOhn, 1957, p. 291) 

in contrast to the lithic sandstones of the Mt. Bischoff sequence. 

The Waratah River sequence, which is restricted to an area near 

Waratah (Fig. 6) consists of greywacke-sandstones and siltstones with 

grey to yellow-brown laminated mudstones and rare cherts and breccias. 

Lavas are generally absent. The Arthur River sequence consists of 

interbedded red-brown mudstones, greywackes, massive chert-breccias 

and abundant volcanic rocks. It contains numerous, generally concordant 

bodies of dolerite and gabbro (Figs. 3, 6). Limestone occurs in this 

sequence in the Arthur River to the north of Waratah. It is dark 

grey in colour, fine grained and contains small bands of coarsely 

crystalline calcite. 

The sand-grade rocks of both sequences are similar and are 

both compositionally and texturally immature. They are greywackes, 

show varying degrees Of grading, are poorly sorted with a disrupted 

framework, and consist of large, subangular to sub-rounded' clastic grains 
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in a finer grained matrix that forms up to 50 per cent of the rock. 

The clastic grains are largely quartz with albite, muscovite, hornblende, 

augite, chlorite, magnetite and rare rock fragments including altered 

lava, siltstone, mudstone and quartzite. Some microcline is also present 

(e.g. 30659), the grains showing a fine, spindle-like normal albite twinning 

and some pericline cross-twinning; they are optically negative and 2Va 

o to 80 •measurements range from 79 7 

The Clay-grade rocks are extremely fine-grained and the composition 

cannot be detennined microscopically although some small, angular 

fragments of quartz, plagioclase and chlorite are recognizable. Small 

carbonate veinlets are commonly present. The red colouration of 

mudstones in the Arthur River sequence is due to limonite and possibly 

haematite. 

Individual lava flows occur within the Arthur River sequence and 

are largely spilitic (e.g. 636, 642, 30658a, 30662a and 35G5, 35G9 

of the Mines Department, Tasmania). They are described by Groves 

(1963) and Groves atld Sol=on (1964). Many are porphyritic with 

phenocrysts of albite, augite and chlorite in a felted groundmass of 

albite, chlorite, calcite, epidote, magnetite and ilmenite. Some 

have intersertal texture and consist of interlocking aggregates of 

albite, augite and chlorite with interstitial chlorite, calcite etc. 

The albite. as in the Cambrian spilites elsewhere in Tasmania. is partially 

altered to sericite, displays low temperature optics and varies in 

composition from Ab to Ab An • Augite occurs rarely and is90AnlO 95 5

largely altered to chlorite or fine dusty aggregates of chlorite 

and sericite. Chlorite - quartz spherulite rocks and anwgdaloidal 
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rocks with vesicles filled with chlorite and quartz spherulites are 

common in places (Plates '5, 6). Pillow-structure occurs in spilites 

on the Corinna Road some eight miles from Waratah and confirms the 

submarine nature of the volcanic rocks. 

Keratopbyr1c lavas occur rarely. The quartz phenocrysts in 

these lavas are rounded, eUhedral or shard-like in form, and are 

commonly embayed in identical fashion to crystals in the keratopbyres 

of the Mt. Read Volcanics (e.g. Solomon, 1964). Volcanic rocks with 

fragmental texture are not common. An interesting example (646) 

contains a pale reddish-brown isotropic mineral that is probably 

hydrogrossular, similar to that described by Scott (195~) in spilites 

from King Island. 

Th~ occurrence of microcline in the greywackes, which are largely 

locally derived, is unusual in that K-feldspar is absent in the 

spilites and keratophyres. Groves and Solomon (1964) suggested that 

it is possibly derived from potassic rhyolite or quartz keratophyre 

flows and necks that have been largely disintegrated by explosive 

activity during eruption. 

Massive sequences of Cambrian ultramafic and mafic rocks associated 

generally with spilites and agglomerates and in places with syenitic and 

granophyric rocks occur to the west and south of Waratah. They have been 

described by Nye (1923), Seott (1954), Groves (1963), Groves and 

Solomon (1964), Jack and Groves (1964), Solomon (1964), and Groves (1965a). 

The sequences are very similar to those of submarine ophiolites. 
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An important sequence of these rocks in the Warata.h area is the 

"Magnet Dyke" which has localised ore deposition at Magnet, Fawkners 

Tunnel and Persic (Figs. 6 and 9C). It is an elongate strip of igneous 

rocks which occurs along the northern contact of the Mt. Bischoff 

sequence and the Arthur River sequence and is roughly concordant with 

both sequences (Fig. 9C); It reaches a maximum thickness of 1000 feet 

at the Magnet Mine. It consists predominantly of porphyritic to 

amygdaloidal spilites or albite dolerites which have been deuterically 

altered locally to spherulitic quartz-chlorite rocks. Marginal lenses 

of ultramafic rocks (websterites and orbicular websterites, which 

have been locally serpentinized) appear concordant with the probable 

extrusive rocks, but contains blocks of both Proterozoic and Cambrian 

sedimentary rocks~ The "Dyke" has been described in detail by several 

.. authors (e.g. Scott, 1954; Groves, 1963; Groves and Solomon, 1964; 

Solomon, 1964) and it is generally considered that it represents a 

sequence of extrusive or shallowly intrusive rocks~ 

Proterozoic - Cambrian Contact 

Reid (1923) considered that the contact was a fault, but Groves 

and Solomon (1964) showed that the boundary was regionally conformable. 

Recent sluicing at Don Hill has revealed the contact over a strike length 

of several hundred feet (Fig. 12). It is a few centimetres wide, 

is locally subparallel to the strike of both sequences (i.e. liNE to liE) 

and dips at a variable high angle to the SW~ The contact zone contains 

~1IDerous slickensides. Smell fractures subparal1el to the contact 
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Figure 12. Detailed geological plan of sluiced 

area, Don Hill, Mt. Bischoff shovnng 

contact between Upper Proterozoic 

Lower Cambrian sequences. 
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intersect b?th se'l.uences imparting a shredded appearance, particularly 

in the greywacke-sandstone of the Waratah River se'l.uence. It is 

evident that the contact has been a surface of movement. The exact 

relationship of the bedding in both se'l.uences to the orientation of 

the contact zone is difficult to determine. In general, the siltstone 

and shale layers of the Mt. Bischoff se'l.uence dip steeply away from 

the contact while the greywacke-sandstone beds dip towards the contact 

at variable angles. 

'l'he greywacke-sandstone of the Waratah River se'l.uence locally 

encloses large blocks of laminated mUdstone, which are irregular in 

detail but show an overall subparallelism to bedding. These blocks 

are apparently confined to within 300 feet of the contact. In general 

it is impossible to determine whether these blocks consist of mudstones 

of the Mt. Bischoff sequence. At least one large block, approximately 

40 feet in length, in the NE corner of the mapped area is of grey 

shale identical to those of the Mt. Bischoff sequence. These blocks 

indicate extensive slumping penecontemporaneous with deposition of the 

Waratah River sequence. The irregular to wispy contacts of some 

blocks suggest that they were partly unconsolidated at the time of ~ 

slumping; these blocks possibly represent penecontemporaneously 

deposited mudstones that have been transported from another part of the 

depositional basin. It is probable that the surface of deposition 

was a zone of movement represented by the present contact zone, 

movement on this zone possibly occurring at several times • 
., 
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Structure of Proterozoic and Cambrian Seguences 

Knight (1953) believed the Mt. Bischoff sequence to be folded into 

a large recumbent syncline. However, Groves (1963) and Groves and 

Solomon (1964), using the dolomite as a marker horizon, considered that 

the Mt. Bischoff sequence formed the core of an east-trending, east-

and west-plunging anticlinorium with an approximate wavelength and 

amplitude of tive and two miles respectively, flanked by the younger 

Cambrian rocks. The anticlinal structure is well demonstrated by 

the poles to bedding in the Mt. Bischoff sequence (Fig. 14c). The 

crestal area is not represented due to poor exposure and abundance 

of porphyry intrusions in this area. Superimposed on this structure 

are smaller, sUbparallel, shallowly to steeply plunging, flexural 

folds with wavelengths of 100 to 1000 feet which are typically associated 

with sub-longitudinal faults that obliterate limbs of the folds 

(Figs. 8 and 9). Smaller flexural folds, with a predominant &NE 

NE and subordinate NNW - NW trend of axes, are superimposed on the 

longer wavelength folds and are so strongly developed in places that 

the east-trending folds are obscured. This is particularly evident 

when the axial surfaces of folds in the Mt. Bischoff sequence are 

plotted stereographically (Fig. 14A), and the interference is clearly 

shown by the spread of axes of folds (Fig. 14B). In general 

the axial surfaces of the ENE - trending folds dip steeply towards 

the SSE on the southern limb of the anticlinorium and steeply 

towards the NNW on the northern limb. 



Figure 13. Diagrammatic representation of 

folding, Don Hill, Mt. Bischoff. 

A.� Diagrammatic representation 01 

deformation of layer north of fault 

zone on SE slope of Mt. Bischoff. 

Early folds (f1) disturbed by later 

folds (f2) of box type resulting from 

stress field indicated. 

B.� Field sketches of outcrops with hammer 

included for scale. Broken lines 

indicate traces of axial surfaces of 

early (f1) and later folds (f2) in 

Mt. Bischoff sequence. 

a.� All general fold trends present. 

Note fold "hooks" characteristio 

of superimposed folds. 

b.� NNE trending late folds (f2) 

superimposed on early (f1) fold. 

c.� WNVl trending late folds (f2) 

superimposed on early (f1) fold. 

d.� Contemporaneity of WNW and NNE 

trending axial surfaces of late 

box folds (f2) 

C.� Bedding layers from conjugate folds in 

rocks south of fault zone. Contortions 

of bedding surfaces indicate s~ress Patj~rn 

, " ,,', 

shown; Ncrt'ti ~ ~e;diim in bedding surfaces, 
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A regional comparison of fold geometry in the Mt. Bischoff sequence 

and Cambrian sequences is virtually impossible due to the lack of 

suitable folds for measurement in the Cambrian sequences. A comparison 

of bedding orientation (Figs. 14c and D) indicates a similar spread 

of poles to bedding, the almost exclusive southerly dip in the Cambrian 

sequence being due to selective measurement on the southern limb of the 

anticlinorium. Structures which appear to be exclusive to the Mt. Bischoff 

sequence are discussed by Groves (1963) and Groves and Solomon (1964) 

and include isoclinal, chevron and recumbent folds and small monoclinal 

"warps 11 • These are not diagnostic of an earlier phase of deformation 

associated with a major orogeny as it is difficult to be certain of 

distinguishing between pre- and post- consolidation structures, particularly 

in these rocks which lack cleavage. 

A comparison of structural eleQents across the contact on 

Don Hill is however possible. The deformation of the Mt. Bischoff 

sequence is depicted in Figure 12 and may be analysed in the critical 

exposures sketched in Figure 13. A predominant I~ and NE trend is 

evident, this being sUbparallel to the dominant trend of the smaller 

wavelength folds. Three main trends of folding are demonstrated in 

Figure 13, early (fl) folds being refolded by later (f2) .folds which 

trend obliquely in two directions. Figures 13Ba and C demonstrate 

the superimposition of (f2) folds (with axial surfaces trending 

NNE-NE and WNW-NW)on early (fl) folds. The contemporaneity of the 

NE and NW trending axial surfaces of the late box-type folds (f2) 

is demoDstrated in Figure 13BD, "Hook" structures characteristic of 
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superimposed folds are present in places due to interference of fl 

and f2 folds (e.g. Fig. 13B ). Other features of the deformation
A

include the occurrence of detached blocks of coarse siltstone o·r fine 

siltstone which form distinct trains, sUbparallel to bedding in the 

shale horizons, with elongation of the blocks parallel to the bedding 

direction. In places these boudins appear to have formed by rotation 

of joint blocks, probably during folding. 

The beds of the Waratah River sequence also exhibit a predominant 

NE trend (Fig. 12). In this sequence box-type folds or conjugate 

folds are common. A typical fold is reproduced in Figure 13C and the 

local stress field is indicated. It is noteworthy that the direction 

of maximum stress for the production of box-type folds in the Mt. Bischoff 

and Waratah River sequences are at right angles. There is no evidence 

of fl folds,. ubiquitous in the Mt. Bischoff sequence, and refolded 

axial surfaces and "hook" structures are absent. 

It is evident that there is a marked structural hiatus between 

the two sequences and that the Mt. Bischoff sequence with the more 

complicated fold development is the older, as predicted from regional 

mapping. It is also significant that this early east-trending structure if 

a discordant trend in the regional framework of this section of Tasmania 

where the majority of Tabberabberan structures trend NW or NNE (Carey, 

1953; Solomon, 1962). Groves and Solomon (1964) concluded that the 

east-trend may reflect an earlier deformation which has locally 

affected the dominant trends associated with the Tabberabberan 

Orogeny. The early (fl) folds may represent deformation during the 

Penguin Orogeny while the later (f2) folds almost certainly represent 
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Tabberabberan deformation (see Fig. 4). If the Mt. Bischoff sequence 

is in fact pre-Penguin Orogeny and hence in an equivalent position to 

the Oonah Fornation it does not occupy the position of the Success 

Creek phase as envisaged by Solomon (1965). 

The faulting and jointing has been particularly important in 

1~ali~1ng ore depositiQn. Stereographic plots of joints in Proterozoic 

and Cambrian rocks together with the porphyry dykes (Fig. 15) show common 

maxima which indicate a strong post-folding and intrusion joint set which 

trends approximately NNW and dips steeply to the WSW. A stereographic 

plot of tension fractures and lodes (Fig. l~ indicates a similar 

orientation, which is almost normal to the axis of the anticlinorium. 

The post-intrusion age of the fractures is demonstrated by displacement 

of porphyry dykes, the fractures being filled with quartz and cassiterite 

and forming small lodes. The displacements (e.g. Western pyke: Fig. 10) 

can all be explained in terms of normal movement on these faults. 

Devonian Igneous Rocks 

Anastomosing quartz-porphyry dykes and sills intrude the Mt. Bischoff 

sequence near the crest of the anticlinorium. They have been dated 

at 349 ± 4 million years, a similar age to porphyritic adamellites of 

the Meredith Granite (353± 7 m.y.) which crop out some four miles 

SW of Waratah (Brooks, 1966). 

The unaltered porphyry compr}ses quartz and orthoclase phenocrysts 

in a quartzo-feldspathic groundmass (see Appendix Al). Throughout 

the mine area the porphyry has been extensively replaced by topaz, 

tourmaline, quartz, carbonate, fluorite and sulphides. This alteration 
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is described in detail in a later section. 

The majority of the intrusions are dyke-like bodies, from 15 to 

700 feet in width, which form a general radial pattern with dominant 

orientations east-west and north-south and steep dips to the north 

and west respectively. Large, flat-lying sills occur in places 

(e.g. summit of Mt. Bischoff) and large irregular· masses occur to the 

NE of Mt. Bischoff and at Don Hill, the former being the merging point 

of several extensive dykes. Numerous small discordant bodies occur 

throughout the area, the majority being irregular offshoots from the 

main dyke system. Relatively thin sills of por?h:rry are common 

particularly at the junction of dolomite and Footwall shales (e.g. 

Brown and Slaughteryard Faces). 

At the surface, probable fault breccias consisting of fragments 

of the country rocks occur along the margins of the dykes and up to 

20 feet from the dyke walls. The contact between porphyry and 

breccia is irregular with small lenticular tongues of porphyry 

extending into the breccia for several feet from the contact. The 
-, .. ~ -- ... -

brecc~a~ are oomposed essentially ·of angular to subangular fragments of 

quartzite and siltstone up to 10 cm. in-qiameter with a matrix of 

crushed sedimentary rock and fine grained porphyry. Xenoliths of 

recrystallized country rock are also commoply enclosed within the porphyry 

bodies close to their margins. Displace~nt·along the lines of 

intrusion is small and may be due. to dilation P1 the intrusions rather 

than pre-intrusion movement. The geometry of ~yke distribution is 

suggestive of a radial fault pattern similar to that over diapiric 
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structures (e.g. Hawkins Oilfield in De Sitter, 1956, p. 261). The 

fractures may be a combination of radial near-vertical tension fissures 

and normal cross fractures, that formed with an approximately north

south trend (e.g. De Sitter, 1956, p. 206-208). 

In drill sections another zone and another type of brecciation is 

apparent. The limits of this brecciation parallel the margins of 

the White Face Dyke and extend up to 75 feet from the dyke (Fig. 11). 

The breccias contain fragments which are generally subangular with 

shredded margins and are usually rocks of a uniform grain size in 

a matrix of a significantly different grain size. They exhibit 

superficial similarities to the pre-consolidation breccias that are 

common in the country rocks. They may have resulted from further 

brecciat~on of pre-existing, pre-consolidation breccias adJacent to 

tensional fractures but are mOre likely to have formed by similar 

mecbanisms to those operative during pre-consolidation brecciation. 

The latter mechanism would indicate brecciation associated with high 

water or steam pressures related to porphyry intrusion causing partial 

disaggregation of the host rocks. 

Macroscopic features of the dykes include strongly developed 

sUbparallel banding which is prominent in weathered exposures but does 

not appear to be related to any mineral orientation or concentration. 

Other features are cross bedding structures (Plate 3) and small swirls 

(Plate 4) which probably reflect flow movements in the partly crystalline 

porphyries during intrusion. Irregular fracturing or sheeting, which 

is subparallel to the dyke walls, occurs on the dyke margins and produces 

a 'series of crusts of porphyry containing strong linear grooves in 

Subpai,a:ilelifets·. 



Plate 3� Flow banding in quartz-feldspar 
porphyry, White Face Dyke, Mt. 
Bischoff. 

Plate 4� Small swirl in altered quartz
feldspar porphyry, White Face 
Dyke, Mt. Bischoff. 



Plate 5� Amygdale containing quartz spherulites 
in Cambrian spilite, Arthur Riyer. 
Specimen No~ 30662(b) x 86. 

Plate 6� Identical field of view, crossed 
nicols. 
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Mineralization 

(a) Tin Mineralization 

At Mt. Bischoff the tin mineralization is mainly restricted to 

an approximately circular area of 3000 feet radius from Mt. Bischoff 

peak. 

The main ore bodies have resulted from replacement of the 

dolomite horizon of the Mt. Bischoff sequence by p~rrhotite with 

associated cassiterite~ pyrite~ arsenopyrite~ chalcopyrite, sphalerite 

and stnnnite accompanying talc~ phlogopite, quartz~ fluorite and 

Fe~n-Mg carbonates. Pyrite~ sphalerite, galena and jamesonite 

increase~ and pyrrhotite decreases, towards the southern margin of the 

mine area. The mineragraphy and alteration are described in detail 

in a later section. Folding, faulting and erosion has resulted in 

a series of spatially separated ore bodies which are., from north 

to south, Brown Face, Slaughteryard Face, Greisen Face~ Pig Flat 

and Happy Valley Face (Figs. 7, 8). Sulphide mineralization is irregular 

although it is generally more intensive towards the base of the 

dolomite, particularly in the southern part of the mine (Figs. 10, 11). 

Cassiterite is microscopically associated with non-sulphides and zones 

of tin concentration are commonly slightly oblique to massive sulphide 

zones. 

Replacement of the dolomite becomes sporadic towards the south 

of the open cut and unmineralized dolomite is common in the Happy 

Valley Face and in drilling intersections south of Pig Flat (Fig. 11). 
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The dolomite horizon is presumed to be above the present surface to 

the north of Mt. Bischoff peak (Fig. 9A) but at its re-appearance 

north of the Waratah River (Figs. 6, 8) it is unaltered and unmineralized. 

The replacement of the dolomite horizon is apparently limited to the 

area of most intense development and alteration of prophyry dykes in 

the hinge zone of the anticlinorium. Numerous small veins of sulphides 

occur below the replacement deposit in this area. 

Fissure vein deposits carrying cassiterite occur throughout the 

area within a 3000 feet radius of Mt. Bischoff peak. The lodes occupy 

late fractures which displace porphyry dykes and cut the replacement 

ore body. They have strike and dip lengths up to 2500 feet and 1000 

feet respectively and pinch and swell along Loth dip and strike. The 

lodes commonly branch and converge forming a complex system of subsidiary 

ore bodies. They consist essentially of quartz and/or carbonate with 

fluorite and tourmaline carrying cassiterite, wolframite, pyrite, 

pyrrhotite, arsenopyrite, sphalerite, chalcopyrite, galena, jamesonite. 

bismuthinite and stannite. The relative proportions of these constituents 

vary considerably from one vein to another (e.g. Stillwell, 1943). 

The major deposits include the North Valley Lode. Giblin Lode 

and Thompson's Lode (Fig. 7). The North Valley lode consists essentially 

of quartz and pyrite carrying cassiterite in association with carbonate, 

muscovite, fluorite, sphalerite. chalcopyrite, galena etc. 

~tillwell, 1934). The Giblin Lode also has a predominantly quartz 

gangue with pyrite, arsenopyrite, sphalerite and cassiterite. Zoning 

has been recorded from this lode (Weston-Dunn, 1922), cassiterite and 
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Yolframite being abundant and galena rare near Mt. Bischoff peak while 

sphalerite, galena and jamesonite are predominant and cassiterite and 

wolframite are rare towards its soutn-west extremity. Thompson's 

Lode is unusual in that the gangue consists largely of fluorite 

and Fe-rich carbonates with only minor quartz and contains abundant 

cassiterite with rare sulphides (sphalerite and pyrite). Fooks Lode 

(Fig. 8) occurs outside the general area of tin mineralization but 

contains cassiterite in association with abundant fluorite, sphalerite 

and pyrite, and is somewhat similar in mineralogy to Thompson' s Lode. 

Apart from these major veins, which generally have an average 

width of 2 feet, there are subparallel sets of minor veins. some 1 to 

2 inches in width and a few feet long, which commonly consist solely 

of quartz and cassiterite. Both major and minor veins generally trend 

from NW to NNW and dip steeply west (Fig. 15)1. 

The quartz porphyry intrusives have been extensively mineralized 

by topaz, tourmaline, fluorite, Fe-sulphides and cassiterite. These 

minerals generally form pseudomorphs after K-feldspar. In places 

the proportion of disseminated cassiterite was high enough for the 

porphyry to constitute an orebody. In addition cassiterite occurs with 

quartz and tourmaline on joint faces intersecting the porphyry intrusives. 

Where the joint frequency is high, the porphyries have been mined 

by quarrying. 

(b) Lead-zinc-silver Mineralization. 
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Isolated, small Pb-Zn-Ag veins occur throughout the Waratah 

district (Fig. 6), and very small occurrences are relatively abundant 

around the area of tin mineralization at Mt. Bischoff. They generally 

occur within the Mt. Bischoff sequence or associated with Cambrian volcanic 

rocks (Fig. 6). 

Several veins occur close to the margin of the Magnet Dyke. 

The largest deposit occurs at the Magnet Mine where a vein some 

10 to 15 feet wide occurs on the contact of spilite (and dolerite) 

and websterite (Fig. 9C). The lode is composed essentially of carbonates 

with bunches and veinlets of galena and sphalerite with minor 

arsenopyrite, pyrite, boulangerite, pyrargyrite, tetrahedrite and 

chalcopyrite (Edwards, 1960). Crustification and cockade textures 

are abundant in the ore and there is strong evidence of post-ore deformation 

The ore body has been described by Nye (1923), Cottle (1953) and 

Groves (1965b). A small Pb deposit occurs in a similar structural 

position at the Persic Section (Fig. 6) where irregular uneconomic 

splashes of galena and carbonate are present (Nye, 1923). Small veins 

of quartz and carbonate carrying galena and chalcopyrite occur in a 

similar structural position at Fawkner's Show (Fig. 6). 

Small, uneconomic Pb-Zn-Ag veins occur within the Mt. Bischoff 

sequence around Mt. Bischoff, the largest being at the Silver Cliffs 

Mine where a well banded lode consists of galena, jamesonite. sphalerite. 

pyrite and minor boulangerite in a gangue of carbonates and quartz. 

A similar lode occurs north of the Waratah River (Fig. 8) and is 

subparallel to the North Valley Lode. Small lodes consisting of 
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jamesonite, stibnite, galena and boulangerite occur in Tinstone Creek 

(Fig.• 8) and appear to be related to the Pb-Zn-Ag deposits which commonly 

contain abundant jamesonite. 

(c) Oxidation of the orebodies. 

Gossans probably developed in the Tertiary over several outcropP1ng 

sulphide orebodies. The gossan over the Pb-Zn-Ag orebodies (e.g. Magnet) 

are largely indigenous and consist essentially of limonite with bands of 

secondary minerals such as cerussite, anglesite, pyromorphite and crocoite. 

Gossans derived from the pyrrhotite-rich ores at Mt. Bischoff formed 

extensively and were apparently mixtures of indigenous and exotic types. 

Pyrrhotite is very unstable in temperate conditions and breakdown resulted 

either in development of friable limonitic crust with cassiterite 

concentrated at the base or in complete removal of Fe and S, leaving 

cassiterite-quartz sand on the surface. Where the orebodies cropped 

out on hillsides the·cassiterite-quartz sand travelled down slope to 

form extensive eluvial and alluvial deposits, which are still being 

worked at present. 

Post-mineralization activity 

Dolerites of Jurassic age intrude rocks of the Artr~r River 

sequence in the Magnet area (see Groves and Solomon, 1964). 

Irregularly distributed deposits of Tertiary sediments (probably 

lacustrine), which include conglomerate, gravel, sand and lignite 

occur up to a maximum thickness of 100 feet in the Waratah area 

(Groves and Solomon, 1964). At Don Hill, Tertiary sands have been 



Plate 7� Steeply dipping Tertiary gravels, 
sands and silts, Don Hill, Mt. Bischoff. 

Plate 8� Tourmaline nodules in gabbro, Pine 
Hill. 
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deposited against low bedrock cliffs, and slumping and ~fferential 

compaction has produced folds and steep dips near these cliffs (Plate 

7). Some of the basal conglomerates contain small Quantities of cassiterit 

and gold.- A basalt sheet consisting of vesicular olivine-basalt occurs 

extensively over the Waratah area to a maximum thickness of 200 feet. 

Recent drilling by the Department of Mines near Fook's Lode has shown 

that there are at least two flows of basalt separated by terestrial gravels. 

Recent gravels occur in the present streams and in places contain 

considerable cassiterite. 

CLEVELAND TIN MINE 

The Cleveland Tin Mine, which is situated approximately 10 miles 

WSW of Mt. Bischoff, occurs in a belt of predominantly Pb-Zn-Ag 

mineralization that extends along the northern flank of the Meredith 

Granite (Fig. 3). Detailed mapping of the mine area could n(t be 

carried out by the author because of lack of co-operation by Cleveland 

Tin N.L., the company exploiting the depcsits. The brief summary of 

the mine geology is taken from Cox and Glasson (1967) and the regional 

geology is based on mapping by the author between 1962 and 1968. 

The ore bodies· occur in rocks of the Arthur River sequence which has 

been briefly discussed in the previous section. 

Cambrian Stratigraphy and Igneous Rocks 

Locally the rocks of the Arthur River sequence are predominantly 

greywacke-sandstones, shales, cherts, spilites and pyroclastic rocks. 

The total thickness of the section is unknown. 
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The lowest beds consist essentially of massive greywacke-sandstones 

with thinly interbedded grey shales and laminated grey chert. The 

sand-grade rocks are poorly sorted with a disrupted framework and 

consist of subrounded to subangular~ clastic quartz with minor 

muscovite, albite, K-feldspar and rock fragments in a fine'matrix 

of quartz and sericite. They are texturally and compositionally 

immature and are similar to sand-grade rocks from t~is sequence in the 

Waratah area. 

These rocks are overlain by shales ~ cherts and minor greywacke

sandstones which collectively are typically lenticular and attain a 

thickness of 100 feet in the mine area. This sequence contains 

the host rocks for mineralization. The cherts are fine grained~ well 

laminated rocks which contain minor amounts of sulphides near the 

ore body~ and are overlain by shales and cherts which are strongly 

mineralized. 

The overlying rocks are largely spilites and interbedded 

pyroclastic rocks with minor cherts and shales. The spilites 

are similar to those in the Waratah area and there is some evidence 

of pillow formation. The pyroclastic rocks which are confined to 

the immediate Vicinity of the mine, range from coarse breccias and 

agglomerates to fine grained tuffs. 

Sill-like sheets of albite dolerite and gabbro and serpentinite 

occur within the Arthur River sequence (Fig. 3). They are regionally 

concordant although locally discordant with the enclosing sedimentary 

rocks. Cox and Glasson (1967) recorded dolerites containing olivine, 
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clinopyroxene and albite in a fine groundmass of chlorite, sericite (7) 

and quartz with assessory magnetite. The dolerites and gabbros examined 

by Groves and Solomon (1964) are more altered and contain essentially 

albite or albite-oligocl.ase with fibrous to ragged hornblende [a=1.643, 

y=1.660, 2V=71o (+ve)}and yellowish chlorite. It is evident that the 

alteration is irregular and patchy (i.e. similar to the Magnet Dyke). 

The serpentinites are altered peridotites consisting of relic, subhedral 

to euhedral grains of olivine and interstitial clinopyroxene which 

have been altered to serpentine and chlorite. 

The Cambrian sedimentary sequence (the Arthur River sequence) has 

been correlated with the Dundas Group by most authors (e.g. Nye, 1923; 

Mason, 1965; Cox and Glasson, 1967). However no fossils have been 

found, and the rocks are lithologically more like the Crimson Creek 

Formation, than the Dundas Group. The occurrence of abundant dolerite 

and gabbro bodies may be significant. These bodies occur almost 

exclusively in rocks of the Crimson Creek Formation in the Renison Bell 

area, and the overlying Dundas Group rocks contain abun~ant detrital 

pyroxene and gabbro pebbles derived from the mafic and ultramafic rocks 

(Rubenach, 1967); On this evidence, the Arthur River sequence is 

tentatively correlated with the Crimson Creek Formation. 

Structure 

The Cleveland Mine is situated on the overturned SE limb of a 

SW-plunging anticline; dips within this limb vary considerably from 

NW (overturned) to SE. Locally, axial plane cleavage is developed 

and strikes NE and dips 75°IfW. Major thrust faulting parallels the 



Figure 15A. A typical cross section through the 

Cleveland Mine, from Cox (1968). The 

Arthur River sequence locally has been 

divided into three formations which are 

shown; viz.- Deep Creek Basic Volcanics 

Formation, Halls Formation, and Crescent 

Spur Mica Sandstone Formation. 
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axial plane orientation with the NW wall downthrown to the SE. 

Cox and Glasson (1967) recorded that Hopwood (private Aberfoyle 

report, 1962) had distinguished two phases of deformation. The earlier 

phase (fl) is a regional folding about near horizontal SW-trending axes 

while the second phase (f2) 1s a complex phase producing folds of 

variable orientation on the earlier (fl) folds. The first phase (fl) 

resulted in the major anticlinal structure while the second phase (f2) 

produced generally smaller, superimposed folds with a preferential 

shallow plunge to the SW. This sequence of folding is similar to 

that in the Mt. Bischoff sequence at Waratah. 

The major effect of folding and associated axial plane thrust 

faulting has been to divide the sequence into a number of lenses which 

are arranged en echelon and become deeper towards to the SE. This 

general pattern is complicated by movements on smaller faults and by 

the second phase (f2) folding. 

Devonian Igneous Rocks 

The northern margin of the Meredith Granite occurs only 2\ miles 

to the south of the Cleveland Mine (Fig. 3). Reid (1923) recorded 

several small protrusions of quartz porphyry which had been severely 

altered in the vicinity of the mine, but these have not been -found during 

subsequent investigations (Iil.g. Hllgh,El.ll. 1954; M.!Is OI4 , 1965), lII:ld it 

il probable that the roeks were m1aidentified (P.B. Nye,pers. comm.) 

Cox and Glasson (1967) recorded a thin quartz porphyry dyke, up 

to 9 inches wide, which strikes l050 M and dips steeply north and 

intersects the basal greywacke-sandstones within ~OO feet of the tin 

minerali zation • 

/
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Mineralization 

(a) Tin Mineralization 

The ore bodies at Cleveland, yhich are mineralogically similar to 

the replacement ore bodies at Mt. Bischoff, are generally stratiform. 

The horizon controlling mineralization is considered by Cox and Glasson 

(1967) to represent an extremely finely bedded ~alcareous shale. It 

is now almost completely replaced by ~uartz, carbonate, sulphides 

(pyrrhotite, pyrite, chalcopyrite, marcasite, $rpenopyrite, sphalerite, 

stannite and tetrahedrite), chlorite, sericite, tourmaline, fluorite, 

cassiterite and wolframite. The sulphides occur as fine disseminations 

and irregular massive aggregates Yhose distribution is controlled by 

compositional layering of the host rocks, and also as vein-like masses 

which are obli~ue to bedeing lamination. Small chert beds are common 

in the ore horizon and Ferrand (1963) suggested that there wes little 

doubt that they are sedimentary beds and not products of the mineralization. 

The sulphides and cassiterite show a marked concentration in some 

laminae particularly the ~uartz and carbonate-rich bands but are rare 

in the chlorite-rich, tourmaline-rich and chert bands. 

(b) Lead-Zinc~Silver Mineralization 

As at Mt. Bischoff, the tin ore bodies at Cleveland occur in an area 

of PbwZn-Ag mineralization. The mineralization is confined to relatively 

thin ~uartz-carbonate veins, the majority of which are structurally 

controlled by geologic contacts within the area (Groves, 1965a). 

The Magnet lode, described previously, is one such deposit that is 

approximately e~ui-distant from Cleveland and Mr. Bischoff. The Godkin 

/ 
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lodes (Godkin, Discoverer and Bell's Reward) occur along a faulted contact 

between Ordovician limestone and Silurian sandstone and Cambrian inter-

mediate and matic igneous rocks (Fig. 3). The Heazlewood and Boxing 

Day lodes occur along the faulted contact of serpentinite and spilite and 

the Mt. Wright lode is sUbparallel to this contact. The Washington, 

Washington Hay and Confidence lodes all occur adjacent to small mafic 

igneous bodies within the Cambrian sedimentary rocks. The Mt. Stewart 

lode is controlled by the strong ichistosity of the enclosing pyroxenite. 

The lodes have a simple and consistent mineralogy throughout the area. 

They are generally irregularly banded with argentiferous galena, 

sphalerite and minor pyrite and chalcopyrite in a quartz and carbonate 

gangue. 

(c) Copper Mineralizatio~. 

Limited copper mineralization occurs within the mafic and 

ultramafic rocks in the Heazlewood area. Small lodes occur at the 

Old and New Jasper mines and consist of splashes of chalcopyrite and 

bornite with minor pyrite and sphalerite in bands of jasper or entirely 

within the igneous rocks. Groves (1965a) suggested that the Cu 

sulphides ~ have segregated from the mafic and ultramafic rocks 

and subsequently been remobilised penecontemporaneously with Pb-Zn-Ag 

mineralization. 
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RENISON ,BELL TIN MINE 

Renison Bell is situated some 9 miles NE of Zeehan and some 

25 miles south of Mt. Bischoff (Fig. 3). 

The oldest rocks exposed are the sandstones, quartzites, shales 

and dolomites of the Dalcoath Quartzite and Renison Bell Shale 

which have lately been considered to be Upper Proterozoic to Lower 

Cambrian in age. They are overlain locally by red cherts, sandstones 

and conglomerates and a bed of dolomite which have been grouped as 

the "Red Rock" (e.g. Conder, 1918). These rocks are overlain by 

mudstones and greywackes of the Crimson Creek Formation which is 

intruded by numerous sub-concordant to dyke-like sheets of mafic 

igneous rocks (dolerite and gabbros). The Crimson Creek Formation 

is overlain by conglomerates, mudstones and greywackes of the Dundas 

Group. The Serpentine Hill Complex, composed of mafic and ultramafic 

tocks, is interposed between the Crimson Creek Formation and the 

Dundas Group. These sequences are intruded by greisenized adamellites 

and porphyries of Devonian age (Brooks, 1966). 

The sedimentary succession in the Renison Bell area is summarised 

as follows (after Blissett, 1962; Hall and Solomon, 1962; Gilfillan, 1965): 

Dundas Group Brewery Junction Formation 2000 ft. 

Razorback Conglomerate 250-750 ft. 

Hodge Slate 500-600 ft. 

Crimson Creek Formation "Argillite" 8000 ft. 

"Red Rock" 50-100 ft. 
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Oonah Quartzite and Slate� Renison Bell 150-200 ft. 

Shale 

Dalcoath Quartz

ite. 200+ ft. 

Dalcoath Quartzite and Renison Bell Shale 

These formations ocCUpy a NW-SE trending, elongate protrusion 

surrounded by rocks of the Crimson Creek Formation just west of 

Renison Bell township, and also a wedge-shaped area which is also 

surrounded by rocks of the Crimson Creek Formation near the Battery 

Workings (Fig. 16). The Dalcoath Quartzite consists of medium to 

coarse grained sandstones and saccharoidal quartzites which are 

overlain by shales, siltstones and fine sandstones of the Renison Bell 

Shale. The rocks are lithologically similar to those of the Mt. Bischoff 

sequence at Waratah, the sand-grade rocks being lithic sandstone 

(sub-greywackes and protoquartzites). Intraformational folding 

and brecciation is widespread in the shale members of the Renison Bell 

Shale. A dolomite bed, up to 100 feet thick, occurs at the top of the 

Renison Bell Shale. The dolomite is a pale grey to cream, fine 

grained rock (e.g. 1552) consisting ~lmos~ e~tir~~ of ~r~P.~ar 

dolomite with some clastic quartz and rare fibrous chlorite aggregates~ 

'. 

Irregular patches of coarsely cr~,.stalline carbonate are developed 

in places. Analyses of the dolomite (Appendix D3, Table 41) indicate 

that it contains significantly more FeC0 and slightly more MnC0
3 3 

than the dolomite at Mt. Bischoff and has a slightly higher caco~: 

MgC0 ratio and a higher� Sr content. The high Si02 content of
3 
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specimen 100213 is due to recrystallization of the, carbonate with 

segregation and probable introduction of quartz which has formed large 

aggregates. In its broad features, however, the dolomite is similar 

to that at Mt. Bischoff and is considered to have a sedimentary origin. 

In recent years this sequence has been considered to be Upper 

Proterozoic or Lower Cambrian (e.g. Hall and Solomon, 1962) and to 

represent the upper part of the Oonah Quartzite and Slate (Blissett, 

1962). Solomon (1965) has included the sequence in the Success Creek 

phase. 

'!Red RoCk" 

The "Red Rock" is considered by Blissett (1962) and GUfillan (1965) 

to be the local base of the Crimson Creek Formation, and to conformably 

overlie the Renison Bell Shale. However, Solomon (1965) has pointed 

out that the abrupt change in lithology and the presence of thin 

lenticular conglomerates at its base may indicate at least localized 

elevation of shore areas at the beginning of "Red Rock" sedimentation. 

The "Red Rock" varies in thickness from 80 to 100 feet (Fig. 17). 

It consists of an unusual assemblage of red cherts, coarse haematitic 

sandstones, paraconglomerates, conglomerates and breccias, with a 

dolomite bed at the top of the sequence. The red cherts (e.g. 1545, 

1567-68) are fine grained rocks composed essentially of fine quartz 

and interstitial haematite or limonite. They contain numerous 

irregular patches and veins of quartz, carbonate and haematite. 

In specimen 1567, abundant euhedral magnetite cyrstals, rimmed by 

carbonates and micas, occur in a chert matrix and numerous patches and 
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veins of fibrous green chlorite occur in association with coarsely 

crystalline carbonate and quartz. Septarian nodules up to 15 cm 

in diameter are common in thick cherts. Coarse sandstones occur which 

are composed of oolite - like bodies of chert, generally 1 mm. in diameter, 

in a fine haematitic matrix (e.g. 1547). Breccias are relatively 

common (e.g. 1546, 1550, 1565) and consist of angular to rounded quartz 

grains and fragments of quartzite, siltstone, chert and volcanic rocks 

up to 20 mm. in length in a carbonate-rich matrix. The rock fragments 

are largely replaced by carbonate and in specimen 1550 shadowy fragments 

consisting of discrete quartz grains in a carbonate-rich groundmass 

occur in a matrix of fine carbonate. Other rocks have extremely 

irregular textures and appear to consist essentially of carbonate 

and haematite (e.g. 1548). Pebbles of granite have been found 

in the basal conglomerates (M. Solomon, 1964). 

Solomon (1964) suggested that the haematitic chert sandstones 

were derived from reworking of chert in shallow water and that the 

Si02 and Fe-oxides forming the cherts may have been derived from 

volcanic exhalations associated with spilitic volcanic activity which 

commenced at this level. This would explain the restricted occurrence 

of these rocks at Renison Bell. 

A dolomite bed occurs at the top of the "Red Rock" and is 

generally some 30 to 60 feet thick. It was examined·in drill 

sections (Fig. 17B) and found to be largely recrystallized with 

interstitial quartz and muscovite (e.g. 1542, 1544). In specimen 

1562 large irregular blocks of fine granular dolomite are separated 
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by anastomosing masses of coarsely crystalline carbonate. Chemical 

analyses of the dolomite (Appendix D3, Table 47) indicate a dolomitic 

composition similar to specimen 100215 from the lower. dolomite bed. 

The Si02 content is relatively high, 

Crimson Creek Formation 

The Crimson Creek Formation is apparently about 8000 feet thick 

in the Renison Bell area. The rocks are predominantly red, purple or 

green mudstones (argillites) with subordinate siltstones and sandstones. 

In the Vicinity of Pine Hill they have been converted to hornfelses by 

the acid intrusives which occur at the summit. The presence of 

calcareous mudstones is suggested by the occurrence of calc-silicate 

hornfelses near Gormanston Creek (Fig. 16), These hornfelses are 

described in Appendix A3. The ~and-grade rocks are greywackes which 

are texturally and compositionally immature. In thin section they 

are poorly sorted rocks with a disrupted framework and consist of 

sub-rOllllded to subangular grains of quartz, albite, microcline 

(some graphic intergrowth with quartz), and spilite fragments, 

suggesting that the rocks are locally derived. The sequence is 

litbologically similar to the Arthur River sequence in the Waratab 

area. 

Dundas Group 

The Dundas Group has been described in detail by Elliston (1954)· 

and Blissett (1962) and has been dated on fossil evidence as Lower 

or Middle Middle Cambrian to Middle Upper Cambrian. Locally, SE of 



:Plate 9 - Clastic grains of' microcline and quartz 
in graphic intergrowth in hornf'els, 
Crimson Creek Formation, Pine Hill. 
Specimen No. 1455 5 x 86. 

:Plate 10 - Relic auto clastic texture in clastic 
grain from hornfels, Crimson Creek 
Fonnation, Pine Hill. Specimen No. 
1455, x 86. 
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Pine Hill, the Hodge Slate, Razorback Conglomerate and Brewery Junction 

Formation overlie gabbros and metadolerites of the Serpentine Hill 

Complex. 

The Dundas Group is locally represented by alternate horizons of 

mudstones, siltstones) greywackes and acid volcanic rocks and horizons 

of greywacke - or chert - breccias and conglomerates with minor 

siltstone beds. The greywacke-sandstones are commonly graded and 

scouring is common in siltstone beds below coarse greywacke-sandstones. 

The sand-grade rocks are turbidites. Rubenach (1967) recorded that 

greywacke-conglomerates iurnediately overlying the Serpentine Hill 

Complex in the Ring River contain detrital pyroxenes and pebbles of 

gabbro and spilite, indicating a pre-Dundas Group age for the cooling 

of the Complex. 

Cambriun Igneous Rocks 

/ 

Small gabbro and dolerite bodies are common in the Crimson Creek 

Formation in the Renison Bell area. They are predominantly complex 

dykes although same are concordant sheets. They are mineralogically 

similar to the intrusions in the Arthur River sequence of the Waratah 

area. Solomon (1964) noted that the composition of the gabbros was 

similar to that of the Cambrian spilites, and it is possible that 

they were feeders to submarine extrusion during Crioson Creek Formation 

sedimentation. Rubenach (1967) recorded that they were mineralogically 

and chemic~lly dissimilar to the rocks forming the Serpentine Hill 

Complex, with the possible exception of the metudolerites. 
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Structure 

Blissett (1962), Hall and Solomon (1962) and Gilfillan (1965) 

have shown that the major structure is a NW-trending broad anticline 

which plunges NW near Renison Bell township, and has a core of Upper 

Proterozoic rocks (Fig. 16). 

The NE limb of this structure is well developed with successively 

younger rocks occurring to the NE (Fig. 17). A closure of this 

structure to the SE is suggested by a general swing in strike from 

NW at Renison Bell to NNE-NE at Pine Hill. This swing in strike is 

also shown by the minor folds on the NE limb. Folds in the Battery 

Workings have a general NNE-trend (Fig. 19C) while folds to the north 

of the workings have a trend ranging from NW to NNE (Fig. 19B). The 

\ SW limb of the anticline is poorly defined, largely because of poor 

exposure. However, it must be considerably shorter than the NE 

limb as rocks of the Crimson Creek Formation exposed along the 

Murchison Highway and Emu Bay Railway dip almost exclusively in an 

easterly direction (Fig. 16). 

Solomon (1965) showed the Success Creek phase as probably post

Penguin Orogeny, although he concluded that the age of the phase was 

uncertain. No conclusive evidence has been presented for a pre-

Success Creek phase deformation in this area. The apparent increase in 

deformation in the Oonah Quartzite and Slate may as well be a function 

of the controlling thickness of the layers during flexural folding 

as a function of earlier deformation. A linear relationship between 
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fold wavelength and dominant member thickness has been shown by several 

authors (e.g. Currie et al., 1962). At Renison Bell, there are 

relatively thick continuous sequences of contrasting competency which 

may result in less frequent folds with longer wavelengths than those 

in alterna~ing quartzites and shales of the Oonah Formation in the 

Zeeha~,. area, altliough they may involve a similar amount of shortening. 

'l'be effect of the Penguin Orogeny in this area is apparently 

negligible as there is apparent conformity between all the Upper 

Proterozoic and Cambrian sequences. It is possible that the intensity 

of the orogenic phase is decreasing southwards from North-West Tasmania 

where it is a major deformation phase (Gee, 1967a). Relatively mild 

deformation has occurred at Mt. Bischoff as a probable result of this 

orogeny. On available evidence therefore the folding at Renison Bell 

and Zeehan can be attributed to the Tabberabberan Orogeny. 

Minor, steeply dipping faults are abundant in the mine area and 

generally have normal displacements of some 10 to 30 feet (Gilfillan, 1965). 

The faults have a wide range of orientation (Fig. 19A) but can be resolved 

into a set which is sUbparallel to the major fold trend and a set 

perpendicular to this trend (i.~. NW and NE -trending sets in the mine 

area). The faults trending NW generally have the largest displacements 

(up to 100 feet) and both Hall and Solomon (1962) and Gilfillan (1965) 

recorded that they were largely pre-ore. The NE - trending faults are 

probably post-ore. 

Rubenach (1967) recorded large faults which bounded and offset 

the margins of the Serpentine Hill Complex. Several of these faults 

have been the loci for later Pb-Zn mineralization, the most important 

being Kapi and Melba (Fig. 16). 
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Devonian Igneous Rocks 

A small multiple intrusion, slightly less than ~ mile in diameter, 

intersects rocks of the Crimson Creek Formation and gabbros of the Serpentiri 

Hill Complex at Pine Hill, approximately 2 miles south of Renison Bell. 

The intrusion has been described in detail by Ward (1909) and referred 

to by Blissett (1962), Hall and Solomon (1962),and Rubenach (1967). 

The complex lies just west of the possible extension of the major 

anticlinal structure and is surrounded by a series of quartz-porphyry 

dykes which tend towards a radial orientation with a dominant NW trend. 

The rocks of the complex have been extensively greisenized and 

tourmalinized, commonly with complete destruction of original textures. 

A typical greisen dyke crops out in a small quarry on the Murchison 

Highway about ~ mile SW of Renison Bell, and has been dated as 

Upper Devonian (354 ± 4 m.y.) by Brooks (1966). 

The unaltered rocks of granitic composition are largely porphyritic 

and non-porphyritic sodaclase adamellites. They occur predominantly 

on the western side of the complex, on the northern slopes of the 

saddle between Commonwealth Hill and Pine Hill (Ward, 1909). The 

distribution of unaltered adamellites in creeks draining the area 

indicates that they may also occur in the lower levels of the complex. 

The intrusion is capped by a mass of tourmalite consisting almost 

entirely of granular quartz and tourmaline (schorlite) which is 

intruded in places by partly tourmalinized, greisenized or relatively 

unaltered quartz-feldspar porphyry dykes. The upper part of the 

exposed tourmalite is finer grained than the underlying rock. 
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The contact between the igneous rocks and country rocks is largely 

obscured by talus. 

Ward (1909) considered the complex to be a mass of intersecting 

dykes but Blissett (1962) suggested that it was a complex sill. A 

dyke-like or cupola-like body is the most likely structural form 

for the complex because of: 

(a) The lack of similar rocks on adjacent hills. 

(b) the high angle between the contact and topographic contours on 

the western margin. 

(c) the occurrence of'porphyry dykes apparently continuous with 

the main mass. topographically lower than the mass itself, 

(d) the lack of any known sub-horizontal structure likely to 

provide a zone of weakness for intrusion of a sill. 

(e) the steep dip of all igneous bodies seen in the workings below 

the talus cover (\'ard. 1909). and 

(f) the radial extent of contact metamorphism (Fig. 16). 

Petrographic descriptions of the igneous rocks and the hornfelses 

are given in Appendic's Al and A3 respectively. 

Mineralization 

(a) Tin Mineralization 

Minor cassiterite-quartz-tourmaline viens occur in the Pine Hill 

Complex. They are generally small and irregular although some small 

ore shoots have been mined in the Penzance workings. where they have 

preferential NW and NE trends (Ward. 1909). 
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The major ore deposits at Renison Bell are gently dipping, 

lenticular pyrrhotitc sheets ("sills"). These sheets consist 

essentially of pyrrhotite with pyrite, arsenopyrite, sphalerite, 

·galena B.I'd cassJterj-te in a gangue of quartz, carbonate and fluori te. 

There are three sheets which occupy three distinct stratigraphic 

horizons, the upper two horizons being dclomite beds. As at 

Mt. Bischoff the distribution of sulphides and cassiterite is irregular, 

and can be independant. Fisher (1953) considered these sUlphide sheets 

to be dilational but Hall and Solomon (1962) suggested that they were 

formed by replacement. The replacement origin appears probable because 

of the stratigraphic control of most of the ore deposits in the most 

chemically unstable dolomite horizons. 

The uppermost ore deposit (No. 1 Horizon) occurs in the dolomite 

bed at the highes t level of the "Red Rock". The horizon is generally 

poorly mineralizea and in places poorly bedded recrystallized dolomite 

occupies the ore horizon. Gilfillan (1965) recorded that the horizon 

was a maximum of 50 feet thick. lbe central horizon (No. 2 Horizon) 

occurs in the dolomite bed at the top of the Renison Bell Shale, and 

replacement extends down into the siltstones beneath the dolomite. It 

is the most extensively mineralized horizon and has been mined over 

a wide area. The average thickness of the lode is approximately 26 

feet with an average grade of 1 per cent tin. The lowest ore horizon 

(No. 3 Horizon) occurs about 100 feet below the No. 2 Horizon (Fig. 17), 

and occurs entirely within siltstones and shales. Gilfillan (1965) 

discussed the difficulty of testing this lode but suggested that it 

was of similar thickness and grade to the No. 2 Horizon. 
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Steeply dipping, discordant fissure lodes also occur. The two 

major lodes, the Federal-Dreadnought Lode and Blow Lode (Fig. 16), 

are parallel to and probably occupy NW-trending fault zones. They 

can be traced for over 2000 feet at the surface and have been proven 

down dip for 800 feet. Hall and Solomon (1962) recorded that they 

contained more pyrite and quartz and less pyrrhotite than the concordant 

sheets. The relationship between the discordant and condordant 

sheets is not clear. 

GilfiUan (1965) recorded ubiquitC'us development of gossan over 

the fissure lodes and Hall and Solomon (1962) recorded a maximum depth 

of oxidation of 50 feet. 

Small cassiterite deposits occur in the Exe River Tinfield some 

2 miles east of Renison Bell on the west side of Colebrook Hill. The 

main mines are the X Proprietary, Olympic and Fenton (Fig. 3). The 

cassiterite occurs with quartz, tourmaline, pyrite, arsenopyrite and 

chalcopyrite in thin, impersistent, generally uneconomic vein deposits 

interse~ting rocks of the Crimson Creek Formation (e.g. Blissett, 

1962) • 

(b) Leadwzinc-silver Mineralization. 

As at Mt. Bischoff and Cleveland, the tin mineralization at Renison 

Bell occurs in a district of predominantly Pb-Zn-Ag mineralization. 

The Dundas district occurs approximately 6 miles to the south of 

Renison Bell and contains numerous fissure lodes of argentiferous 

galena or galena-sphalerite in a siderite gangue. A series of small, 

structurally controlled, galena-sphalerite-siderite fissure lodes 
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occur at Melba, Kapi, McKimmie and Lead Blocks within a radius 

of 2 to 3 miles south and SW of Renison Bell. 'two miles NW of 

Renison Bell there are a series of small fissure lodes including the 

Success, ~fen Meredith, Bon Accord and Success Extended (Fig. 3) 

which consist of argentiferous ~ena with minor pyrite, chalcopyrite 

and sphalerite in a quartz-siderite gangue·. 

(c) Copper Mineralization. 

Massive to banded sulphide deposits occur at Colebrook Hill 

about 3~ miles east of Renison Bell (Fig. 3). The sulphides occur 

in metasomatic replacement veins in the Crimson Creek Formation. The 

veins consist of sulphides, axinite, actinolite, calcite and quartz 

with minor datolite and danburite (Blissett, 1962) and are mineralogically 

similar to the veins in calc-silicate hornfelses in the contact aureole 

of the Pine Hill Complex at Gormanston Creek (Appendix A3). The 

sulphide bands, which have a maximum thickness of 15 feet, consist 

essentially of pyrrhotite with pyrite, chalcopyrite, arsenopyrite. galena, 

sph~lerite and tetrahedrite. Blissett (1962) recorded copper values 

generally less than 3 per cent. 

Post-mineralization Igneous Rocks 

Thin, dilational mafic dykes, a few feet in width, intrude all 

sedi~entary sequences and the ore horizons in the mine area. They 

have been regarded as basalts (e.g. Hall and Solomon, 1962). In 

thin section (1428) the rock consists of a fine intergrowth of augite 

and labradorite with phenocrysts of augite, partially altered to 

chlorite, and labradorite. No olivine is present. A chemical analysis 
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of the rock (Table 2) is very similar to that of an average Jurassic 

chilled dolerite from Tasmania and is quite dissimilar to the saturated 

olivine baslats, which are the most common Tertiary extrusive rocks 

in the area. 



--
Si02 

Ti02 

Al20

Fe20

FeO 

equiv. FeO 

MnO 

MgO 

CaD 
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K 02

P205 

H O+
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H2O

Table 2. 

1428 1*� 2* 

54.9 53.3� 48.40 

0.66 0.6� L88 

14.4 15.5� 15.593 

0.8� 5.12
3 

8.3� 6.29 

7.76 

0.17 0.1� 0.14 

6.6 6.8� 6.52 

10.4� ILl 7.95 

L15 L7 2;69 

LO LO L09 

0.09 0.1 0.36 

L60 O.T 2.40 

0.50 - L74 

99.X3 100.0 100.17 

1428:- Dyke-rock, Renison Bell. Analyst 

D.l. Groves! 1967.� 

1* - Average Jurassic chilled dolerite from� 

Spry (1962b p. 283).� 

2* - Basalt, Waratah type (Edwards, 1950)� 

from Spry (1962b p. 284). 

Chemical analysis of post-mineralization dyke-rock 

from Renison Bell and comparison with Jurassic 

chilled dolerite and Tertiary saturated olivine basalt. 



OTHER CASSITERITE - SULPHIDE DEPOSITS 

Razorback-Grand Prize 

The Razorback and Grand Prize blines are situated some 5 miles 

south and 4 miles SSE of Renison Bell respectively. They occur in an 

area of numerous small Pb-Zn-Ag deposits which have been discussed in 

the previous section. The tin deposits have been described in detail 

by Blissett and Gulline (1961b). 

At the Razorback Mine schistose serpentinite is faulted against 

sedimentary rocks of the Dundas Group. Talc and silicified dolomite 

have formed in the NNlv-trending fault zone to a maximum width of 150 

feet by hydrothermal alteration of the host rocks. Mineralization has 

occurred along the fault zone, irregular ore-shoots of sulphides with 

quartz, carbonates and cassiterite occurring within the contact zone 

with disseminations and sporadic rich vughs of cassiterite in the talcose 

.;erpentinite. The sulphides are predominantly pyrrhotite with pyrite, 

arsenopyrite, chalcopyrite and small quantities of galena. Oxidation 

extends to a maximum depth of 120 feet, the sulphides being almost 

completely oxidised to a yellow-brown limonitic gcpsan. 

At the Grand Prize Mine the orebody occupies a 25 feet wide fault 

zone which is parallel to the Razorback fault zone but occurs entirely 

within greywakces, mudstones and breccia-conglomerates of the Dundas 

Group. The fault is apparently a tear fault with the east block moved 

south at least 300 feet. The mineralization is similar to that at the 

Razorback Mine although there has been little replacement of the wall rocks. 

Oxidation has occurred to a depth of some 200 feet. 
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Blissett and Gulline (1961b) have pointed out the mineralogical 

similarity of these lodes with the lodes at Renison Bell. 

Mt. Lindsay 

The Mt. Lindsay workings occur less than lz mile south of the 

Meredith Granite, approximately 9 miles NW of Renison Bell and 20 

miles SW of Waratah. Recent reports on exploration by the Aberfoyle 

Tin Development Partnership are not available, and this summary is 

based on reports by Waterhouse (1914) and Reid (1927). 

The host rocks to mineralization are grey, green, chocolate or 

purple mudstones, greywacke-sandstones, breccias and probable spilitic 

lavas. Both Waterhouse (1914) and Reid (1927) have included the 

sequence at Mt.• Lindsay in the Dundas Group but it is apparently 

continuous with the Crimson Creek Formation in the type locality (Fig. 3). 

Cox and Glasson (1967) suggested that the sequence is similar to that at 

Cleveland. The sedimentary rocks have locally been converted to hornfelses i 

by the adjacent Meredith Granite, from which several porphyritic adamellite 

dykes protrude. The mineral assemblages described by Waterhouse (1914) 

suggest that there is an inner aureole of pyroxene hornfels facies, 

with local development of sillimanite, with a more extensive zone of 

hornblende hornfels facies metamorphism. typified by hornblende, diopside, 

garnet and wollastonite, with some albite-epidote hornfels facies 

metamorphism which is in part retrograde. The orebody is largely 

conformable with bedding in the host rocks and there is abundant evidence 

of replacement. The orebody is a skarn consisting of hornblende, biotite, 

quartz, garnet, vesuvianite, diopside, epidote, axinite, wollastonite, 

I 
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scheelite, calcite, fluorite, tourmaline and abundant magnetite. 

Sulphides and cassiterite are demonstrably later than the magnetite 

and most silicates. The sulphides consist essentially of pyrrhotite 

and pyrite with minor chalcopyrite and galena. Small patches of galena

sphalerite occur but no major Pb-Zn-Ag mineralization has been recorded 

from the area. 

The orebodies appear to be localised in skarns produced by 

metamorphic and metasomatic alteration of calcareous rocks in the 

sedimentary sequence with subsequent introduction of sulphides and 

cassiterite. 

SUMMARY 

The cassiterite-sulphide deposits occur generally as stratiform 

replacement deposits (Mt. Bischoff, Renison Bell, Cleveland, Mt. Lindsay) 

or as replacement fissure deposits (Renison Bell, Razorback-Grand Prize). 

Fissure lodes also occur at Mt. Bischoff. The stratiform replacement 

deposits are generally replacements of dolomites or calcareous 

sedimentary rocks and the replacement fissure deposits and fissure 

lodes occur in fault zones. The sequence of mineralization may be 

complex with several phases .within the main period of mineralization 

(e.g. Mt. Bischoff). The tin deposits generally occupy isolated, 

relatively small areas in larger districts of predominantly Pb-Zn-Ag 

mineralization. 

The replacement deposits at Mt. Bischoff and Renison Bell occur 

in dolomite horizons which occur at a similar stratigraphic level in each 

area. They oocur at the top of an Upper Proterozoic-Lower Cambrian 
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miogeosynclinal sequence of sandstones, shales and mudstones, in wbich 

the sand-grade rocks are subgreywackes and protoquartzites. This 

sequence is followed by an eugeosynclinal sequence consisting of 

greywackes, mudstones. cherts, spilitic lavas and mafic intrusives. 

The intervening sequence of haematitic cherts, sandstones .and conglomerates 

("Red Rock") is unique to the Renison Bell area. It is significant 

that the greater proportion of Pb-Zn-Ag mineralization in the Zeeban-Dundas 

area has occurred at the same stratigraphic level as the tin mineral

ization at Renison Bell and Mt. Bischoff (e.g. Solomon, 1965; King and 

Blissett, 1967). Solomon (1965) has grouped the sequences at this. 

level as the Success Creek phase and has suggested that they were 

probably post-Penguin Orogeny. while the Oonah Quartzite and Slate were 

pre-Penguin Orogeny. There is no conclusive evidence of a structural 

break between this "phase" and the Oonah Quartzite and Slate in the 

Zeeban - Rer.ison Bell area, and available e~idence at Mt. Bischoff 

suggests tbat the "phase" is locally probably pre-Penguin Orogeny •. 

The deposits at Mt. Bischoff, Renison Bell and Cleveland occur 

on the limbs of major anticlinal structures which are complicated by 

extensive normal faulting and flexural folding. The structure at 

Mt. Lindsay is not known. A spatial association of tin mineralization 

with Upper Devonian igneous rOCKS is sbown to varying degrees. It 

appears possible that the anticlinal structures have localised intrusion. 

At Mt. Bischoff. numerous greisenized. topazized and tourmalinized 

quartz-feldspar pcrphyry dykes of Upper Devonian age have intruded a 

faulted anticlinal structure. Tbe tin mineralization is restricted to 

the area of highest dyke frequency. 
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A small cupola of tourmalinized adamellite intrudes close to an 

anticlinal crest at Pine Ilill, less than . l mile from the Battery Workings 

in the Renison Bell area. Associated with this cupola are numerous 

greisenized quartzfeldspar porphyry dykes of Upper Devonian age, which 

are generally restricted to the area of tin mineralization. The 

Razorback-Grand Prize tin mineralization is within 3 miles of the 

Pine Hill Complex, although acid dykes have not been recorded from the 

immediate vicinity. 

A close relationship between the Mt. Lindsay deposit and the 

Meredith Granite of Upper Devonian age is evident, the deposit occurring 

within the contact metamorphic aureole of the "Granite". The 

relationship at Cleveland is less obvious, the deposit occurring some 

2'-:; miles from the northern margin of the Meredith Granite. However, 

Cox and Glasson (1967) have recently discovered a small quartz-

porphyry dyke some 600 feet from the replacement deposit. 
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MINERAGRAPHY OF THE CASSITERITE-SULPHIDE ORES 

INTRODUCTION 

The stratiform replacement and fissure replacement, cassiterite

sulphide deposits at Mt. Bischoff, Renison Bell and Cleveland have a 

generally simple mineralogy with a limited number of metal sulphide and 

oxide components. Macroscopically the ore consists predominantly 

of pyrrhotite with .minor pyrite, arsenopyrite, chalcopyrite and 

sphalerite. Cassiterite is generally too fine-grained and indistinct 

to be visible macroscopically although clusters of cassiterite crystals 

are rarely visible. The sulphides and oxides recognised microscopically 

in this investigation and previous mineragraphic examinations by 

Stillwell (1945) at Mt. Bischoff and Stillwell and Edwards (1943) at 

Renison Bell are listed in Table 3, and their relative abundance in 

the respective ore deposits is shown. 

The Sn content (as cassiterite) is relatively consistent between 

deposits. The ore at Mt. Bischoff has averaged 1 per cent Sn, the 

average for Cleveland is estimated at 1.02 per cent Sn (Cox and Glasson, 

1967) and for Renison Bell is estimated at 0.85 per cent Sn (Gilfillan, 

1965). 



Mt. B;i.schof'! Cleveland Renison Bell 

Rep!. Fiss. Rep!. Rep!. Rep!.
 

dep.
 

Arsenopyrite xx xx xx xxx xxx
 

dep. veins dep. fiss. dep.
 

Bismuth
 x
 

Boulangerite x x x
 

Cassiterite xx xx xx xx xx
 

Galena x x x x x
 

Pyrite xx xxxx xx xx xx
 

Pyrrhotite xxxx xx xxxx xxxx xxxx
 

Canfieldite x
 

Chalcopyrite x x xx x x
 

Franckeite x
 

Gold x
 

Haematite x x x x x
 

Jamesonite x xx x
 

Magnetite x x
 

Marcasite x x x x x
 

Pyrargyrite x
 

Sphalerite x xx x x x
 

Stannite x x x x x
 

Tetrahedrite x x x x x
 

Valleriite (?)
 x 

xxxx Predominant xxx Abundant xx Common x Rare 

Table 3. Sulphide and oxide composition of cassiterite-

sulphide ores. 



There are small differences in mineralogy between deposits 

(e.g. the higher percentage of chalcopyrite in the Cleveland ore) and 

some minerals have only been recorded from one deposit (e.g. canfieldite 

and franckeite at Renison Bell). A major difference between deposits 

is the proportion of sulphides present. Modal analyses (volluoe 

percentages) of the ores examined in polished section are given in 

Appendix D2, Table 45. The analyses of the replacement deposits at 

Mt. Bischoff, Cleveland and No. 2 Horizon, Renison Bell are significant 

as representative specimens were obtained from a relatively wide area 

of mineralization. The specimens from No. 1 Horizon and the Federal 

Lode are limited spatially and modal analyses of these ores are probably 

not significant; For example, Hall and Solomon (1962) suggested that 

the ratio of pyrite to pyrrhotite is higher in the Federal Lode than 

in the replacement deposits whereas the modal analyses show the reverse 

relationship. The analyses in Table 4 demonstrate the disseminated 

nature of the Cleveland deposit with a sulphide: non-sulphide ratio 

of 0.5 relative to the deposits at Mt. Bischoff and No. 2 Horizon, 

Renison Bell with ra~ios of 2.3 and 5.3 respectively. The Federal 

Lode also has a low ratio (1.4). 



Pyrrhotite 

Pyrite 

Araenopyrite 

Chalcopyrite 

Sphalerite 

Tetrahedrite 

Galena 

Stannite 

BislDllth 

Jamesonite 

Supergene Pyrite 

Total 

SUlphide/ 

non sulphide 

Mt. Bischoff 

57.7 

5.5 

l.5 

0.8 

0.3 

<O.l 

<O.l 

0.3 

nil 

0.3 

..b.§. 

lOO.O 

2.3 

Cleveland 

22.7 

6.5 

l.9 

l.B 

0.8 

<O.l 

<O.l 

0.3 

nil 

nil 

...Q.,2 

lOO.O 

0.5 

No. 2 Horizon,
 

Renison Bell.
 

74.4 

2.6 

6.5 

0.5 

O.l 

<O.l 

O.l 

<O.l 

<O.l 

<O.l 

<O.l 

lOO.O 

5.3 

Table 4.	 Weight percentage of components in cassiterite 

sulphide ores, calculated from modal analyses 

(Ap~endix D2, Table 45) assuming specific gravities of 

the non-sulphide phase of 2.9, 2.7 and 2.9 for Mt. 

Bischoff, Cleveland and No. 2 Horizon, Renison Bell 

respectively. Specific gravities are based on visual 

estimates of non-SUlphide components in thin section: 
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The elemental composition of the sulphide phase for each deposit 

is shown in Table 5, and is compared with the composition from bulk 

analyses of "typical ore" from Cleveland. (Mason, 1965). The tin 

in the sulphide phase at Cleveland is calculated from copper : soluble

tin ratios given by H.K. Wellington (pers. comm.). It is evident 

that there is reasonably good aggreement between the Cleveland analyses 

although the Zn ccntent from modal analysis is significantly high 

and the Sn content is low. Iron and S are the major components 

and the Fe : S ratio varies slightly between deposits (Table 5) with 

the Cleveland ore having the lowest ratio (i.e. the most S-rich). 

Minor elements vary qonsiderably from one deposit to another. The 

sulphides from Cleveland appear richer in minor elements (particularly 

Cu,Zn and Sn) than the other deposits ,nlile the No. 2 Horizon at 

Renison Bell is relatively enriched in As. 

However, the textural relationships between minerals, and their 

paragenesis are similar for all the cassiterite-sulphide deposits. The 

criteria of paragenesis are discussed in Appendix Dl. 

It is evident from textural relationships that cassiterite and 

wolframite have crystallized before the sulphides. The earliest formed 

sulphides are arsenopyrite and pyrite which are followed by pyrrhotite 

and further pyrite. Chalcopyrite, sphalerite and stannite were 

formed penecontemporaneously and exhibit extensive solid solution. 

They were followed by tetrahedrite, jamesonite and native bismuth. 

The final group of sulphides to crystallize were galena and 

associated canfieldite, franckeite, boulangerite and pyrargyrite. 

Some supergene ~lteration of pyrrhotite to pyrite and marcasite has occurred. 



Element Mt. Bischoff Cleveland No. 2 Horizon, 

Renison Bell. 

Fe 56.7 52.8 (53.6) 57.2 

As 1.0 2.5 ( 2.4) 3.6 

Cu 0.5 1.8 ( 1.5) 0.2 

Zn 0.25 1.32( 0.56) 0.03 

Pb 0.23 0.03( 0.0) 0.11 

3n 0.12 0.23( 0.35) 0.00 

3b 0.13 O.OO( 0.0) 0.00 

Bi 0.00 0.00( 0.04) 0.02 

3 41.0 41.3 .(41.9) 38.8 

Total 99.93 99.98 100.06 

Fef3 1.38 1.28 1.47 

Table 5.	 Elemental composition (weight per cent) of sulphide 

phase of cassiterite - sulphide ores calculated from 

modal analyses. Figures in brackets represent bulk 

analyses of ore from Cleveland (Mason, 1965). 
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The deposits are described collectively and any differences in 

mineral occurrence, composition or structural state between deposits 

are discussed. Detailed descriptions of the minerals in their 

approximate sequence of formation are given below. 

SYSTEMATIC MINERAL DESCRIPTIONS 

Wolframite 

Wolframite is present as rare bladed crystals, up to 

0.5 mm. in length, associated with quartz in all deposits. Stillwell 

and Edwards (1943) recorded that in rare cases it formed the central 

core of arystals of 'cassiterite in the Renison Bell ores. Its 

rare occurrence is shown by analyses of the Renison Bell tin concentrates 

which indicate 0.5 weight per cent wolframite (Stillwell and &dwards, 

1943) which is approximately eqUivalent to a 0.007 weight per cent 

concentration in the ore. 

Cassiterite 

Cassiterite occurs throughout the ores as granular cracked crystals 

which average between 0.05 and 0.1 mm in diameter. The maximum diameter 

of cassiterite grains in the sections examined is approximately 1 mm 

although crystals up to 4 mm in diameter were recorded by Stillwell and 

Edwards (1943) from the Dalcoath Lode at Renison Bell. The larger 

cassiterite crystals are commonly zoned. The cassiterite grains 

generally occur in clusters in non-sulphide gangue, commonly quartz, 

carbonate or micaceous minerals (Plate 11). They are relatively 

rarely enclosed in sulphides, where they have been corroded and in one 



Plate 11 

l'late 12 

Clusters of cassiterite crystals in 
talc and sellaite matrix. Replacement 
deposit, Mt. Bischoff. Specimen No. 
1517, x 86. 

~~~-
\~,: 

Concentration of granular cassiterite 
in quartz from arsenopyrite-rich ore, 
from No. 2 Horizon, Renison Bell. ' 
Specimen No. 100,095, x 126. 
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section from Cleveland (62-415) cassiterite crystals have been invaded 

along irregular cracks by the enclosing sulphides. Partial rims of 

stannite, similar to those described by Novak ~ ill: (1962) are 

rarely developed at cassiterite - pyrrhotite interfaces. In the 

No. 2 Horizon at Renison Bell extensive clusters of fine grained 

cassiterite crystals occur in quartz in association with abundant 

-areenopyrite (Plate 12). 

Haematite 

Small irregular patches of haematite are associated with quartz 

in the Cleveland ore (e.g. 66-28) and in the Federal Lode (e.g. 100,101). 

It has been partially replaced by sulphides. Haematite also occurs 

at Mt. Bischoff in association with secondary pyrite and marcasite. 

Arsenopyrite 

Arsenopyrite occurs generally as small euhedral crystals forming 

a minor component of the ore. However in places it is abundant and 

rarely the dominant sulphide at Cleveland and Renison Bell, where it 

occurs as euhedral crystals up to 5 mm in length (e.g. 100,095). 
~ 

It is apparently the first sulphide to form. It encloses small quartz 

and cassiterite grains and rarely contains inclusions of pyrrhotite 

whose relationship to the arsenopyrite is obscure. Etching with 1:1 

RN0 reveals well developed growth zoning, particularly in the larger,
3 

discrete crystals (Plate 13). Euhedral crystals of arsenopyrite are 

commonly partially replaced by pyrrhotite with convex embayments 
----._,-------~ 

of pyrrhotite against arsenopyrite producing caries texture (Plate 14). 



, 

Plate 13 

Plate 14 

Zoned arsenopyrite crystals, etched 
with 1:1 HNO~, with dilational veinlets 
of pyrrhotite;from No. 1 Horizon, 
Renison Bell. Specimen No. 100,120, 
x 95. 

Arsenopyrite crystals (white) replaced 
by pyrrhoti te (grey)) from No. 1 
Horizon, Renison Bell. Specimen No. 
100, 120A, x 95. 
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Commonly the arsenopyrite is fractured by veinlets of pyrrhotite, 

cha1copyrite and stannite and more rarely by sphalerite (Plate 13). 

Matched irregularities in vein walls and offsets of zonal textures 

proportional to the width of the dyke and the angle of intersection 

, demonstrate a dilational emulacement. 

A second gen~ion of arsenopyrite is recorded from galena-

rich ore at Renison Bell by Stillwell and Edwards (1943). Minute 

euhedral crystals occur with galena which encloses tetrahedrite around 

partially replaced pyrrhotite grains. 

Determination of the 131 spacing of arsenopyrites from Mt. Bischoff 

(100,039 and 100,040), No. 2 Horizon! Renison Bell (100!095) and Federal 

Lode (100,100) indicate similar values of 1.6295 and 1.6305, 1.6297 

and 1.6295 ± 0.0003 Aa respectively. These spacings are indicative of 

very S- rich arsenopyrites with S contents between 36.5 and 37.5 

atomic per cent S. (Morimoto and Clark, 1961). 

Pyrite 

Pyrite is ubiquitous in the deposits. It typically occurs as 

discrete, coarse grained, euhedral to subhedral grains ranging from 

1 to 2 mm in length. The pyrite contains only rare inclusions of 

\	 arsenopyrite and cassiterite and encloses small grains of chalcopyrite
\ 

\	 in places. It has crystallized prior to the majority of SUlphides which 

replace a vein it in a similar manner to the arsenopyrite (Plate 15). 

Cox and Glasson (1967) recorded relic rim structures of pyrite as the 

penultimate stage of replacement by pyrrhotite. 



,
 

Plate 15 '- EulleJral pyrite (whitish) replaced by 
pyrrhotite (grey)~from No, 1 Horizon, 
Renison Bell. Specimen No~ 100,120, 
le 95. 

Plate 16	 GraruJlar mass of Gccon~ generation 
pyrite (+ marcasite) from hypogene 
alteration of pyrrhotite. From 
replacement deposit, Mt. Bischoff 1 

Specimen No. 100,140, x 95. 
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A second generation of pyrite, probably resulting from the hypogene 

alteration of pyrrhotite, occurs ~typically in the Mt,. Bischoff ores 

and similar pyrite has been recorded at Renison Bell by Stillwell and 

Edwards (1943). At Mt. Bischoff the distribution of this pyrite 

is not controlled by the present land surface and in some sections it 

is apparently replaced by jamesonite (Plate 23). The early stage in 

alteration 'appears to be the formation of aggregates of granular pyrite 

containing minute patches and fine specks of marcasite with fine 

grained carbonate or quartz (Plate 16). These masses appear to have 

recrystallized in places to form areas of bladed or lamellar pyrite, 

containing marcasite, with interstitial carbonate or quartz (Plate 23). 

In places euhedral to subhedral pyrite crystals occur within the lamellar 

~pyrite'-marcasite zones. In many examples (e.g. Plate 17) the pyrite 

crystals are completely surrounded by quartz or carbonate and it appears 

probable that pyrite and quartz/carbonate have recrystallized and segregated 

from the lamellar pyrite-marcasite and quartz/carbonate areas. Fryklund 

(1964) observed similar alteration from the ore deposits of the Coeur 

d'Alene District, Idaho and also considered the alteration to be hypogene 

and in the direction suggested here. Rhoden (1959) has shown that 

simi'lar alteration in the Silver-mines district, County Tipperary, 

Eire is also hypogene. It seems improbable that the pyrite-marcasite 

textures are unrelated or result from alteration in the opposite direction 

(i.e. from cubic pyrite to granular pyrite-marcasite). The experiments 

described by Stanton (1964) in which cubic pyrite was formed from 

solid pyrrhotite by passing H2S over the pyrrhotite at 3000 C are 



:Flate 17 

:Flate 18 

Recrystallization of second generation 
pyrite and segregation of pyrite (white) 
and carbonate (dark grey}, from 
replacement deposit, Mt. Bischoff. 
Specimen No. 1°°1140, x 190. ~ 

lYIicro-botryoidal ~l)_pergene) pyrite and 
marcasite forming around fracture in 
pyrrhotite,from replacement Geposit 1 

Mt. Bischoif. Specimen No. 100,147, x 95. 
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significant as they provide a possible mechanism for the formation of 

the described textures. Kullerud (1966) has shown that pyrite and 

marcasite are stable together up to 432 ± 30C, this temperature being 

independent of confining pressure. 

A further generation of pyrite is present in some specimens which 

occur adjacent to the present surface at Mt. Bischoff and in one specimen 

from Cleveland (62-411). The pyrite is finely granular or framboidal 

and occurs in colloform masses, up to 5 mm in diameter, in pyrrhotite. 

These masses commonly have a rim of uniformly oriented marcasite and 

contain small irregular grains of haematite with rare chalcocite. 

In places botryoidal formshave developed around small veins of ~uartz 

and carbonate in the pyrrhotite (Plate 18). In these examples 

rhythmically banded granular pyrite, commonly containing small specks 

of marcasite, alternates with earthy layers of unknown composition. 

The concentric forms commonly have ccres of non-banded, framboidal 

pyrite or are centred on coarsely crystalline irregular pyrite masses 

(Plate 18). This generation of pyrite (and marcasite) is considered 

to be supergene~ Hill (1966) recorded rare supergene alteration 

of pyrrhotite to'pyrite and marcasite between undisturbed gossan 

and pyrrhotite at Renison Bell. The alteration of pyrrhotite is to 

boxworks of colloform, botryoidal pyrite containing minute patches 

and decussate specks of marcasite. 

Marcasite 

Early reports on the outcropping cassiterite-sulphide ores 

at Renison Bell (e.g. Ward, 1909; Conder, 1918) and Mt. Bischoff 



Plate 19	 Colloform supergene pyrite replacing 
pyrrhotite, from replacement deposit, 
:f3rov'iD lPace 1 Mt. Bischoff. Specimen No. 
100,060, x 95. 

Flate 20	 Elongate lamellae of monoclinic 
pyrrhotite in an hexagonal pyrrhotite 
host, from replacement deposit, Mt. 
Bischoff. Specimen No. 100,073, x 
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(e.g. Reid, 1923) stressed the abundance of supergene marcasite. It 

was apparently comparatively rare at Cleveland (e.g. Reid, 1923). 

At present, with no gossans being stripped, it is extremely rare 

at Renison Bell (e.g. Hill, 1966) and Mt. Bischoff, where it is only 

present in association with hypogene and supergene pyrite as described 

above. It has not been observed in the Cleveland ore by the author, 

although Cox and Glasson (1967) recorded marcasite as occurring typically 

in replacement rims aroung pyrite and pyrrhotite. - It is apparently 

hypogene as they recorded intensive replacement by carbonates and 

chalcopyrite, sphalerite and tetrahedrite. 

Pyrrhotite 

Pyrrhotite is the predominant sulphide in all the cassiterite

sulphide ores except the fissure lodes at Mt.-Bischoff where it is 

subordinate to pyrite. It occurs as anhedral grains which form large 

irregular interlocking masses and small disseminations., The grain 

size varies considerably and is generally greater in larger areas of 

pyrrhotite.- The pyrrhotite replaces and invades fractures in 

cassiterite, arsenopyrite and pyrite and is itself replaced and 

invaded by second generation pyrite and marcasite, chalcopyrite, 

sphalerite and non-sulphide gangue minerals.- Growth twinning and/or 

transformation twinning is rarely present in the pyrrhotite. A minor 

second generation of pyrrhotite occurs as minute exsolution bodies 

in sphalerite. 
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The symmetry and composition of the pyrrhotite have been determined 

by X-ray diffraction (Appendix C2) and are summarised in Figure 20. 

Both hexagonal and monoclinic pyrrhotites occur at Mt. Bischoff and many 

specimens contain mixtures of the two types. The metal (predominantly 

Fe) content of hexagonal pyrrhotites ranges from 46.5 to 47.6 atomic 

per cent. 

The pyrrhotites from the conformable replacement deposits at Renison 

Bell (No. 1 and No.• 2 Horizons) have either hexagonal symmetry or are 

mixtures of hexagonal and monoclinic ~ypes~e/~etal content of the 

">n,""", p""o'i',o ,."" "r:::::' ;:;'41.;;-"{,",, p,' "0' (i.o. 

a similar range to the hexagonal ~t«from Mt. Bischoff). The 

pyrrhotites examined from Cleveland and the Federal Lode at Renison 

Bell have exclusively monoclinic symmetry. Clark (1966) indicated 

that the maximum composition range for monoclinic pyrrhotite was 

from 46.4 to 46.8 atomic per cent metals. Hence the pyrrhotites from 

Cleveland and the Federal Lode have a lower symcetry and are generally 

more S-rich than the majority of pyrrhotites from Mt. Bischoff and the 

No. 1 and No. 2 Horizons, Renison Bell. The significance of these 

variations is discussed in a later section. 

Etching with a saturated solution of chromic acid produces different 

etch reactions in the two structural types of pyrrhotite (e.g. Arnold, 

1966) • Mixtures of hexagonal and monoclinic pyrrhotite (determined 

from X-ray diffraction) from the replacement deposits at Mt. Bischoff 

Nand Renison Bell were etched and found tc consist predominantly of 

hexagonal pyrrhotite. Elongate blebs of monoclinic pyrrhotite, 

recognised by its more intense etching, occur in the host of hexagonal 
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pyrrhotite, The lamellae are apparently crystallographically oriented 

and have the appearance of an exsolved phase; the lamellae generally 

terminate at grain boundaries in the host. The monoclinic pyrrhotites 

from Cleveland and the Federal Lode, Renison Bell contain only minor 

blebs of hexagonal pyrrhotite. 

ChalcopYrite 

Chalcopyrite is present as small disseminated anhedral grains 

in most ores although at Cleveland some large veinlets up to 20 mm in 

length occur. A common occurrence of the chalcopyrite is as small 

veinlets at the boundaries of pyrrhotite with non-sulphide gangue 

minerals er pyrite. The chalcopyrite also commonly occurs as veins 

in pyrrhotite and pyrite and is partially replaced bysphalerite, stannite, 

quartz and carbonate. Stillwell and Edwards (1943) recorded intimate 

intergrowths of chalcopyrite and pyrrhotite in chalcopyrite-rich specimens 

from Renison Bell but such textures have not been seen in this study. 

The chalcopyrite contains ubiquitous exsolution bodies of sphalerite 

which are present as minute, star-shaped skeletal crystals, rarely 

greater than 0.01 mm in length. Larger blebs of sphalerite occur 

adjacent to the grain boundaries of the chalcopyrite and probably 

represent migration of the sphalerite towards the grain boundaries. 

Brett (1964) found that this was a common effect during exsolution 

in experimental studies in the Cu-Fe-S system. In several sections 

(e.g. 62-425, 100-135) small irregular included patches of sphalerite 

occur in chalcopyrite grain boundaries and contain minute exsolution 

lamellae of chalcopyr1te. This appears to be an example of progressive 
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unmixing, with exsclved sphalerite sUbsequently exsolving a further 

generation of chalcopyrite. It may be significant that Edwards (1954) 

recorded a higher temperature for exsolution of sphalerite from chalcopyrite 

than chalcopyrite from sphalerite as this would be in agreement with 

the sequenae 'described. 

Microscopic blebs of pyrrhotite also occur within the chalcopyrite 

and may represent exsolution bodies although they do not exhibit . 

crystallographic orientation within the chalcopyrite. In one section 

from Cleveland (62-492) small aligned lamellae of stannite, which are 

probably exsolution bodies, occur in the, chalcopyrite. 

At Cleveland secondary chalcocite and covellite are locally 

developed from chalcopyrite (Cox and Glasson, 1967) and at Mt. Bischoff 

rare native copper and cuprite have probably been derivQj from oxidation 

of chalcopyrite. 

Sphalerite 

Sphalerite occurs sporadically throughout the ore and appears to 

have formed penecontemporaneously with chalcopyrite. It occurs as 

granular interlocking aggregates which generally form irregular areas 

up to 15 mm in length and 1 to 2 mm in width. Large veins, in which 

sphalerite is the dominant sulphide occur rarely in all ores. The 

sphalerite replaces cassiterite, arsenopyrite, pyrite and pyrrhotite 

and is replaced by galena, jamesonite and carbonates. Etching with 

HI reveals coarsely crystalline aggregates which have well developed 

growth and/or translational twinning. Further minor generations of 

sphalerite are represented by exsolution bodies in chalcopyrite and stannite, 
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The sphalerite has a high FeS content (Appendix Cl). Sphalerites 

from the conformable replacement deposits at Mt. Bischoff, Cleveland 

and Renison Bell contain 13.8 t 1.6 to 25.0 t 3.8 mole %FeS, 14.7 t 

1.6 to 19.7 t 1.6 mole %FeS and 12.5 t 1.6 to 21.5 t 1.8 mole %FeS 

respective1<r. Sphalerites from the fissure lodes containing cassiterite 

contain 9.0 t 1.6 to 17.3 t 1.6 mole %FeS. 

The sphalerite in most section cont.dns minute blebs of chalcopyrite, 

generally less than 0.01 IllLl in diameter, \fhich form "emulsion" or 

"mottled" texture. The chalcopyrite bodies vary widely in size and 

are heterogeneously distributed thrOUghout the sphalerite. Larger bodies 

of chalcopyrite, up to 0.1 mm in diameter, occur preferential1<r along gra~~_ 

- ~----------~_..-.-~ 

boundaries in the sphalerite and are commonly surrounded by haloes of minute I 
___' ~ __• __•• _.h~' ._'__" _ _ •. _••_. .~. . ._ 

~y-'j::t~-"t>l~~...:~ile more distant areas of sphalerite may be free 

of such accumulations. This is probably due to arrested diffusion of 

exsolution chalcopyrite into discrete bodies at sphalerite grain boundaries. 

The more common phenomenon of "drained" a:r:eas adjacent to lloarse chalcopyrit~ 

~.._--- ----- ' 

bodies (e.g. Edwards, 1954) is rare in these ores. 

More rarely small blebs of pyrrhotite and stannite occur within 
~-_.- -_._------~_ .....•,-_._-----.

the sphalerite and a~~ probably exsolution bodies. In some sections 

(e.g. 62-427 from Cleveland) the sphalerite contains spherical exsolution 

bodies of chalcopyrite and pyrrhotite and some compound bodies of both 

sulphides (Fig. 2lA). Lawrence and Chand (1962) recorded similar 

exsolution textures in the Rockvale Mine, N.S.W. and termed the process 

of formation "exsolution pseudomorphism". They considered that the 

spheroids formed by Vseudomorphism of exsolved chalcopyrite by ..;. 



:Plate 21 

Plate 22 

Stannite (l.ight grey) along a sphalerite 
(dark grey) grain boundary with other 
irregular blebs of stannite, from 
replacement deposit, Mt. Bischoff. 
Spe c iIllen l'Jo. 100, 133b , x 95 • 

Sphalerite containing irregular blabs 
of stannite, replaced by fibrous jame
sonite (whitish), from replacement 
deposit, Mt. Bischoff. Specimen No. 
100 , 133b , x 95. 
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penecontemporaneously exsolved pyrrhotite that was drawn out of solid 

solution in the wake of diffusing chalcopyrite. 

Compound exsolution bodies of chalcopyrite and stannite also occur 

in sphalerite (e. g. 66-3A from Cleveland). The exsolution bodies ore 

irregular in shape and some show marked discontinuity at the junction 

of chalcopyrite and stannite indicating accretion while some appear 

to have resulted from replacement of chalcopyrite by stannite (Fig. 2lB). 

Stannite 

Stannite is present in small proportions in most specimens that 

contain sphalerite and/or chalcopyrite. It is more abundant at Cleveland 

and Mt. Bischoff than at Renison Bell. The stannite has been confirmed 

by X-ray diffraction and is generally olive green in colour and isotropic. 

This makes the optical distinction between stannite and tetrahedrite 

difficult and has probably resulted in misidentification of stannite as 

tetrahedrite at Cleveland. Cox and Glasson (1967) recorded that 

tetrahedrite occurred as rim replacement structures around sphalerite and 

also as rims around cassiterite but X-ray diffraction photographs of 

several discrete particles of the olive green mineral which occurred in 

this manner confirmed its identification as stannite by the author. 

Stillwell and Edwards (1943) reccrded anisotropic stannite from Renison 

Bell and minor buff-coloured stannite from Mt. Bischoff (e.g. PS. 8-44) 

is also anisotropic. 

The stannite occurs as small areas which enclose or are enclosed 

by sphalerite and chalcopyrite with the development of "lIIlltual boundaries" 

in places. These minerals appear to have formed penecontemporaneously. 
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The largest veinlets of stannite occur in chalcopyrite-rich ore from 

Cleveland where they have maximum dimensions of 1 mm. x 0.3 mm. (e.g. 

66-2B). The grain size is generally much lower with an average diameter 

of 0.01 mm. Stannite which is associated with sphalerite generally occurs 

as small inclusions within the sphalerite, as elongate masses along 

sphalerite grain boundaries (Plate 21),and as narrow rims between 

sphalerite and non-sulphide gangue minerals. Small areas of stannite 

also rarely occur witr~n pyrrhotite and as partial rims around cassiterite 

crystals enclosed by pyrrhotite, similar to those described by Novak 

et al (1962) from Kutna Hora. Further minor generations of stannite 

are represented by exsolution bodies in chalcopyrite and sphalerite. 

The stannite almost universally contains minute exsolution bodies 

of chalcopyrite which are only observed under high magnification (x 1250). 

In some sections (e.g. 62-425 from Cleveland), star-shaped skeletal 

crystals of sphalerite, similar to those exsolved from chalcopyrite, 

occur in the stannite. In several instances small discrete granular 

bodies of chalcopyrite occur on the margins of the exsolved sphalerite, 

and in a few cases occur between the lobes of the star-shaped bodies 

(Fig. 21C). The textures suggest that sphalerite exsolution bodies 

formed initially, with sUbsequent accretion of chalcopyrite. 

Tetrahedrite 

It is not known whether the mineral belonging to the tetrahedrite 

group in these ores is tetrahedrite, tennantite or an intermediate type, 

as insufficient is present for an X-ray diffraction of micro-chemical 

analysis. It is generally olive to buff-grey in colour suggesting that 

it may be tennantite. 
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In the specimens examined it is found exclusively as small inclusions 

in arsenopyrite and is an almost insignificant component of the ores. 

Stillwell and Edwards (1943) recorded that it was restricted to patches 

of galena-rich ore at Renison Bell, where it occurred as blebs in galena 

crystals or as elongate particles dispersed along cleavage planes or 

grain boundaries in galena. 

Jamesonite 

Jamesonite occurs as a minor constituent of the ores at Mt. Bischoff 

and Renison Bell but has not been identified at Cleveland. Numerous 

specimens from Mt. Bischoff which have been referred to as berthierite and 

boulangerite by Petterd (1910) and Reid (1923) have been shown to be 

jamesonite by X-ray diffraction. The jamesonite is particularly 

abundant in the fissure lodes. 

The jamesonite at Mt. Bischoff occurs as large curved fibrous 

masses replacing sphalerite (Plate 22) or as large acicular crystals, 

up to 10 mm in length, replacing pyrrhotite, arsenopyrite, sphalerite 

and second generation pyrite (Plate 24). At Renison Bell, Stillwell and 

Edwards (1943) recorded its occurrence as fine prisms and plates in galena 

and noted its association with tetrahedrite which it partially replaced. 

Native Bismuth 

Stillwell and Edwards (1943) recorded native bismuth from the 

replacement fissure deposits at Renison Bell. It occurs as fine grains 

with a maximum size of 0.09 mm x 0.06 mm along pyrrhotite grain boundaries 

adjacent to chalcopyrite, on cassiterite - pyrrhotite contacts and in 



Plate 23 

lilate 24· 

Jamesonite (pale grey) replacing 
second generation pyrite (white) and 
carbonate (dark grey),froffi replacement 
deposit, Mt. Bischoff. Specimen No. 
447 (Tasffiill1ian Museum), x 95. 

Large acicular jamesonite crystal 
replacing secund generation pyrite 
and carbonate)froID replacement deposit,
Mt. Bischoff. Specimen No. 100,~40! 

x 95. I 
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quartz. It has been identified from the No. 2 Horizon at Renison Bell 

(e.g. 10901, 100,095) where it typically occurs as small inclusions in 

galena. 

Galena 

Galena is generally a rare constituent of all the cassiterite

sulphide ores. It occurs as .fine threads and anhedral grains replacing 

pyrrhotite and sphalerite (e.g. 62-425, 100, 133a). At Mt. Bischoff 

rare veins of coarsely crystalline galena occur (e.g. 2217 - Tasmanian 

Museum) and contain irregular patches and anastomosing veinlets of 

boulangerite. Stillwell and Edwards (1943) recorded that galena locally 

became the dominant sulphide at Renison Bell where it formed veins up 

to 3 feet wide. It typically occurs with sphalerite which it veins 

and corrodes leaving clusters of residual grains of sphalerite in a 

galena-rich host. 

Boulangerite 

Boulangerite occur at Mt. Bischoff as small, irregular inclusions 

and veinlets in massive galena (e.g. 2217 - Tasmanian Museum). At 

Cleveland it has been tentatively identified as occurring in small 

irregular patches at sphalerite grain boundaries (e.g. 64-2C). 

Pyrargyrite 

Pyrargyrite has only been identified from the replacement fissure 

deposits at Renison Bell where it occurs as irregular patches along 

grain boundaries in massive galena or as small grains in non-sulphide 

gangue which has been partially replaced by galena (Stillwell and Edwards, 

1943) • 



-84

Canfieldite 

Stillwell and Edwards (1943) recorded the sulphostannate canfieldite 

from galena-rich portions of the replacement fissure deposits at Renison 

Bell. It occurs sporadically as spheroidal, discrete or compound 

inclusions in galena, commonly adjacent to areas of stannite. In 

the compound inclusions it is associated with tetrahedrite. It also 

occurs with non-sulphide gangue in thin, impersistent veinlets. Stillwell 

and Edwards (1943) suggested that the canfieldite formed by release of 

Sn from stannite during late Ag-Pb mineralization. 

Fr?llckeite 

Stillwell and Edwards (1943) also recorded the sulphostannate 

franckeite from galena-rich portions of the replacement fissure deposits 

at Renison Bell. The franckeite occurs as discrete inclusions and 

compound inclusions with stannite in galena which contains abundant 

inclusions of stannite. Stillwell and Edwards (1943) suggested that the 

franckeite was formed l:y replacement of stannite during late Ag-Pb 

mineralization. The lack of these rare sulphostannates at Mt. Bischoff 

and Cleveland is probably due to the lack of massive galena in these 

deposits, in which galena and stannite were never seen in contact. 

Valleriite 

A small elongate bleb of a strongly bireflectant mineral with 

extreme anisotropism occurs in pyrrhotite from the NQ. 1 Horizon, at 

Renison Bell (lOO, ll8B). It has been tentatively identified as valleriite 
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Gold 

Stillwell and Edwards (1943) recorded the occurrence of one particle 

of gold, 0.075 mm x 0.042 mm, at the contact of cassiterite and pyrite 

in arsenopyrite-rich ore from Renison Bell. Gold has not been found in 

mill products from Renison Bell, Mt. Bischoff or Cleveland. 

Magnetite 

Stillwell and Edwards (1943) recorded grains of magnetite showing 

incipient alteration to ~aematite along octahedral planes from mill 

products at Renison Bell. 

Other minerals which occur only in the fissure lodes at Mt-. Bischoff 

are native arsenic, molybdenite, bismuthinite and stibnite. 

Solid Solution 

An interesting feature of the ores is the range of solid solution 

shown by sphalerite, chalcopyrite, stannite and pyrrhot1ta. The 

resultant exsolution pairs are s~arised below:

Solvent Solute 

Sphalerite Pyrrhotite 

Pyrrhotite + Chalcopyrite (pseudomorphism)" 
Chalcopyrite" 

"� Chalcopyrite + Stannite (accretion) 

Stannite" 
Chalcopyrite� Sphalerite (sphalerite 2nd generation chalcopyrite) 

Pyrrhotite" 
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Solvent Solute 

Chalcopyrite Stannite 

Stannite Sphalerite 

" Sphalerite + Chalcopyrite (Accretion) 

" Chalcopyrite 

The formation of the compound exsolution bodies has not been 

satisfactorily explained by Lawrence and Chand (1962). Guy (1960), 

Brett (1964) and others have suggested that nucleation of atoms of the 

exsolved phase begins when they collect in sufficient concentrations to 

form nucleii at points throughout the lattice of the solvent, the 

particles growing spontaneously when they have achieved a certain 

critical size. The nucleations are facilitated by i~erfections in 

the lattice of the solvent. A concentration gradient is produced due 

to removal of the exsolved phase in the vicinity of the growing bodies 

with acceJ~ration of diffusion and subsequent growth of the exsolutioil 

bodies., As the exsolution bodies grow they cause an increase in strain 

energy due to volume differences with the host and a series of dislocations 

form around each body. Finally, when the elastic strain energy of the 

exsolution body becomes greater than the surface energy, the lammelae 

will break down with subsequent recrystallization of the matrix. If 

a further phase exsolves from the same solvent it will again nucleate 

at points of high strain energy in the lattice. The previously formed 

exsolution body interfaces probably represent the areas of highest 

strain energy excepting grain boundaries in the matrix and thUS will be 

favourable loci for nucleation of the second exsolved phase. The 
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driving force for the replacement of chalcopyrite by pyrrhotite 

("exsolution pseudomorphism") is probably the disequilibrium of chalcopyritei 

in a host saturated with FeS. 

Most of the exsolution bodies tend towards a spheroidal shape 

which results in a minimum surface area with a reduction of the surface 

free energy of the exsolved body. An exception is the star-like forms of 

sphalerite in chalcopyrite. These forms are generally elongated in the 

(111) plane of the chalcopyrite as there is a mutual S-plane parallel 

to this crystallographic direction (Gruner. 1929). It is interesting 

that the relative shapes involved in the sphalerite-chalcopyrite exsolution 

pair are the reverse of those indicated from measurements of interfacial 

free energy ratios from dihedral angles at two phase triple junctions by 

Stanton (1964). 'Stanton (1964) interpreted the occurrence of sphalerite 

as spheroids in galena and galena as cuspate forms in sphalerite in terms 

of a higher surface free energy of the sphalerite determined by the 

interfacial free energy ratio, galena: galena/sphalerite : sphalerite= 

0.61. The determined free energy ratio chalcopyrite ': chalcopyritel 

sphalerite : sphalerite is 0.75 suggesting that the sphalerite should 

occur as spheroids in chalcopyrite and chalcopyrite as cuspate forms 

in sphalerite, whereas the reverse geometric relationship is observed. 
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NON-SULPHIDE COMPONENTS OF CASSITERITE-SULPHIDE ORES 

Although the sulphide compcnents o~ the cassiterite-sulphide 

replacement deposits are similar, the non-sulphide components vary 

between deposits because of differences in the chemical compositions 

of the host rocks and probable differences in the chemical compositions 

of mineralizing fluids. The replacement fissure deposits also have a 

different, mineralogicall¥ more simple non-sulphide component than the 

replacement deposits. The alteration of the dolomite horizon at 

Mt. Bischo~f has been described in detail because of the availability 

of samples and the interesting mineral assemblages identified. The 

alteration o~ host rocks at Cleveland and Renison Bell is described 

briefl¥. 

MT. BISCHOFF 

Replacement Deposit 

A wide variety of silicates, oxides, fluorides and carbonates have 

replaced the dolomite horizon at Mt. Bischof~. Pre-sulphide minerals 

occur rarel¥ and include cassiterite, tourmaline, quartz, wollastonite 

and chondrodite. Garnet and corundum are also probabl¥ pre-sulphide 

formation. These minerals are extensively replaced by hydrous and 

~luorin<:-bearing minerals including fluorphlogopite, talc, chlorite, 

muscovite, serpentine, fluorite and sellaite and by several generations 

of carbonates and quartz.. Minor amounts o~ .sphene, apatite, topaz 

and zeolite are also present. 



Plate 25 

Plate 26 

Zoned tourmaline crystals in large
fluorite crystal,from contact of quartz
feldspar porphyry and dolomite, Mt. 
Bischoff. Specimen No. 30634d, x 86. 

Zoned tourmaline crystals included in 
sphalerite, carbonate and sellaite> 
from replacement deposit, Mt. Bischoff. 
Specimen No. 1502b~ x 32. 
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A n~croscopic banding is evident in the majority of specimens examined. 

Adjacent bands are rich in sulphides, tourmaline, carbonates, fluorite, 

sellaite or micaceous minerals. The micaceous bands are commonly separated 

into talc- and phlogopite..rich layers. Cassiterite also occurs in 

clusters in distinct, geL€r~lly sUlphide-deficient layers. 

In thin section tourmaline occurs as small, idioblastic, zoned crystals 

which are commonly included in fluoritG. sulphides and carbonate 

(Plates 25-26). The crystals are commonly 0.05 mm in diameter in cross

section and 0.5 mrn along their long axis. The tourmaline has refractive 

indices w = 1.6580, £ = 1.6325, 0 = 0.0255 and chemical analyses 

(Appendix A4) indicate a variable composition between schorlite and 

dravite, in Bfreement with the optical properties. It is essentially 

a magnesian schorlite. 

Quartz occurs as rare idioblastic crystals which are enclosed by 

later sulphides and micaceous minerals. 

Garnet has only been identified in one section from the Greisen 

Face (1532) where it occurs as idioblastic crystals, approximately 1 mm 

in diameter, which have been replaced by talc and quartz (Plate 28). 

Insufficient garnet is present (for identification of its composition. 

Corundum has also been recognized in one section from Greisen Face 

(1535) where it occurs as short, rectangular, prismatic, weakly birefringent 

crystals, generally 0.06 mm x 0.04 mm, which are included in pyrrhotite, 

carbonates and serpentine (Plate 27). The occurrence of corundum 

is unusual as the assemblage is generally Al-deficient, although 

topaz is also present in minor proportions. 



Plate 27� Small idioblastic corundum crystals 
included in serpentine and cnrbonate, 
from replacement deposit, Mt. Bischoff. 
Specimen No. 1533, x 85. 

Plate 28� Idioblastic garnGt crystals replaced 
by talc and quartz,from replacement 
deposit, Mt. Bischoff. Specimen No. 
1532. Crossed nicols, x 32. 
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Chondrodite is abundant in spEcimens from the eastern end of 

Brown Face (e.g. 33453) and occurs rarely in other sections from 

Greisen Face (e.g. 1517). In section 33453 it has been extensively 

replaced by serpentine (Plate 29) and to a lesser extent by pyrrhotite. 

0 0It is colourless and non-pleochroic, has 2V ~ 72 - 82 (+)ve (6 

0 0determinations), a~1.615 and B ~ 1.635 and a : z = 30 - 32 (5 

determinaticns). It has complex twinning (Plate 30): it is twinned 

on (001) and other composition planes which have not been determined. 

The identification has been confirmed by X-ray diffraction. Its 

typical occurrence is with grossular and wollastonite j.n metasomatized 

limestones (Deer et aI, 1964 Vol. 1, p. 48), 

Wollastonite occurs in some sections from the Greisen Face 

(e.g. 1502b, 1535") as columnar aggregates ,fith a maximum diameter 

of 2mm, which have been replaced by sulphides, micaceous minerals 

and carbonates (Plates 31-32). The presence of wollastonite could 

not be confirmed by X-ray diffraction because of its rare occurrence. 

It is colourless and weakly birefringent, 2V '" 500 (-. ye) Vith the 

optic axis almost normal to the length of the crystal. Longitudinal 

sections have a maximum extinction of 120 and the refractive index is 

within the range for wollastonite as it lies between Qc ~~d nw for 

the carbcnate. The presence of wollastonite has thermometric 

significance as Harker and Tuttle (1956) have determined the univariant 

Pc02 - T curve for the reaction CaC0 + Si02~ casi0 + CO 2 , The
3 3 . 

curve indicates that the ITinimum temperature of formation is approximately 

0400 c at atmospheric pressure, The formation temperature should have 



Plate 29� Chondrodite replaced by serpentine, 
from replacement deposit 1 Brown Face, 
Mt. Bischoff. Specimen No. 33453B, 
x 70. 

Plate 30� Complex twinning in chondrodite 
crystals surrounded by serpentine~from 

replacement deposit, Brown Face, Mt. 
Bischoff. Specimen No. 33453. Crossed 
nieols; x 120. 



Plate 31� Columnar wollastonite rimmed by 
carbonate with inclusions of 
tour.maline~from replacement deposit, 
Mt. Bischoff. Specimen No. 1502b. 
Crossed nicols, x 32. 

Plate 32� Columnar wollastonite replaced by 
pyrrhotite and talc, from replacement 
deposit j Mt. Bischoff. Specimen No~ 

1535, x 32. 
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been considerably higher than 4000 c at Mt. Bischoff as the Pco2 

should be high under the confining pressures involved (see section 

on geobarometry). However Buseck (l966) has sho\/I1 that wollastonite 

at Concepcion del Oro, Mexico probably formed at temperatures below 

the temperature predicted from the Pco2 - T curve. Buseck (l966) 

has interpreted this in terms of lower CO2 pressure than predicted 

and has suggested that CO2 was dissolved in streaming fluids, thus 

removing it rapidly as it formed. Therefore only a minimum temperature 

of formation of 4000 c can be definitely established from the occurrence 

of wollastonite at Mt. Bischoff. 

Fluorite, which varies from pink, purple and green in colour 

to colourless, is generally post-sulphide althOUgh some large pods 

which occur in the Slaughteryard and Greisen Faces appear to be 

penecontemporaneous with pyrrhotite. In thin section it contains 

inclusions of quartz and zoned tourmaline (Plate 25) and is partly 

replaced by micaceous minerals. It also occurs as a late stage mineral 

in vughs in carbonate. The cell size of the fluorites (5.4622 to 

O5.4630 ± 0.0005 A ) is independent of their colour and is probably due 

to trace impurities rather than high strontium contents (Steyn, 1954). 

Sellaite occurs abundantly in some sections from Greisen Face. 

It is weakly birefringent, uniaxial + ve and has an extremely low 

refractive index (w = l.378). Its identification has been confirmed 

by X-ray diffraction. It appears to have formed penecontemporaneously 

with fluorite (e.g. l5l4) and is typically replaced by fluophlogopite 

and talc (Plate 33).. Sahama (l945) recorded that sellaite was extremely 



Plate 33� Sellaite replaced by fluorphlogopite, 
from replacement deposit, Mt. Bischoff. 
Specimen No. 1496 1 x 32, 

Plate 34� Rosettes of muscovite, quartz and 
carbonate against coarse sellaite 
with inclusions of zoned tourmaline, 
from replacement deposit, Mt. Bischoff. 
Specimen No. 1502b. Crossed nicols, 
x 32. 
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rare relative to fluorite in natural occurrences but that sellaite 

had been recorded from metasomatized dolomites. It occurs much more 

commonly in evaporite sequences (e.g. Kuhn, 1952; Hermann and Hoffman, 
, 

1961) • At Mt. Bischoff it has probably formed from the reaction of 

excess F with MgC0 when available caC0 has been replaced. The almost3 3 

complete removal of CaC0 is indicated by compositions of carbonates in
3 

the replacement deposit (Fig. 22). Sellaite is not a stable phase 

during eA~erimental f?rmation of fluorite from dolomite by alkaline 

fluoride-bearing solutions in the kinetic system dolomite - NaF, and 

magnesite is_the stable form in the magnesite - NaF system (Ames, 196;1.). 

However the maximum temperature and pressure of the experiments was o~ly 

600 c and l atmosphere respectively. I 

Carbonates occur abundantly and are commonly replaced by fluorphlogopi t: 

and tal•• They vary considerably in composition (Appendix D3) and 

contain varying proportions of MgC0 FeC0 and IImC0 with only minor
3

, 
3 3 

CaC0 {Fig. 22~. They are manganiferous siderites, manganiferous
3 

pistomesites and ferrif~rous-me.nganiferous magnesites. They have 

apparently formed by replacement of dolomite, with initial almost 

complete replacement of CaC0 by FeC0 + MnC0 and replacement of MgC03 3 3 3 

by excess FeC0 + MnC0 as with only one exception their MgC0
3

,
3 3 

content is approximately equal to or less than the MgC0 content of
3 

the dolomite (Fig. 22). It is interesting that Sr shows a sympathetic 

decrease with Ca, although some Sr remains in carbonates deficient 

in Ca (e.g."lOO, 2l0). 
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Talc is extremely abundant in the Greisen Face ore where it replaces" 

tourmaline, ~uartz, sulphides, sellaite and carbonates. Its identification'; 

has been confirmed in numerous sections by X-ray diffraction. It occurs 

as semi-continuous layers, probably shear zones, across Pig Flat and White 

Face (Fig. 10) where it is present as radiating fibres in large concretions 

up to 20 cm in diameter. It is possibly pseudomorphing tremolite. The 

formation of talc from dolomite and ~uartz is temperature dependant but 

is also a function of the concentration of CO relative to H 0 in the fluid
2 2

phase (e.g. Metz and Winkler, 1963). The temperature of the reaction 

ranges from 425
0

C at a mole fraction ~O =0.3 to 480
0
C at X = 0.7, !

C022 
at a constant fluid pressure of 2000 atmospheres. A drop in fluid pressure!1 

to"lOOO atmospheres reduces these temperatures by about 20oC. The 

presence of talc thus indicates a temperature probably slightly in excess 

of 400oc. 

Phlogopite is also abundant and occurs in alternating bands with 

talc in some specimens (e.g. 1532). The phlogopite occurs as sheaves 

of varying size, a maximum of 1 mm in length, which replace carbonates 

and sellaite. It is faintly pleochroic from pale brown to colourless. 

X-ray diffraction of several specimens indicates a consistent pattern 

which is most siLJilar to synthetic fluorphlogopite (~.g. Kohn and Hatch, 

1955) • A semi-~uantitative, X-ray spectrographic analysis confirms the, 

presence of at least 5 per cent F in the phlogopite. It is probable 

that it is a fluorphlogopite ; Deer et al (1964 vol. 3) also recorded 

naturally occurring phlogopites with up to 6.74 per cent F. Deer et al 

(1964 vol. 3) recorded that phlogopite typically occurred in metamorphosed 
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dolomites and that the K may have been derived from reaction of dolomite 

with muscovite and/or K-feldspar. In this instance the K may be derived 

from the ore-bearing fluids which have an abnormally high K/Na ratio 

(see section on geothermometry )., 

Other micaceous minerals include chlorite which occurs rarely as 

rims around pyrrhotite in serpentine-rich specimens (Plate 35); The 

serpentine occurs as fibro-lamellar aggregates replacing chondrodite 

(Plate 29), X-ray diffraction indicates that it is an extremely 

poorly crystallized serpentine with only four distinguishable relections. 

The occurrence of serpentine indicates the presence of an aqueous fluid 

phase containing less than 5 per cent CO as at greater concentrations2 , 

the serpentine will react to form magnesite + quartz or talc + magnetite 

(Winkl~r, 1967, p, 29). Muscovite occurs rarely. as rosettes associated 
i 

with carbonates apd quartz (Plate 34), 

The pre-sulphide minerals have probably formea. during metasomatism 

associated with intrusion of the porphyry dykes, with introduction of 

F, B, Si02 and minor H20 at temperatures in excess'of 400oC. These 

minerals have become unstable during later hydrothermal activity involving 

sulphide deposition and have been generally replaced by hydrous 

..}	 micaceous minerals. Introduction of Fe, Mu, K, Si02 and base metals 

with S, F and H20 and removal of Ca, CO2 and to a lesser extent Mg, has 

been Widespread. The Ca and CO2 may have been redistributed in the 

rocks above the replacement horizons as the greywackes and mudstones 

of the Waratah River sequence in particular contain abundant calcite 

veins. 



Plate 35 

Plate 36 

Chlorite rims around pyrrhotite 
and serpentine (centre of photograph), 
from replacement deposit, Mt. Bischoff. 
Specimen No. 1533, x 32 . 
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Sheaves of dolomite surrounding a 
dolomite-quartz nucleusJfrom 
replacement deposit, Mt. Bischoff. 
Specimen No. 1490. Crossed nicols, 
x 65. 
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Fissure Veins 

The fissure veins commonly consist essentially of quartz (e.g. 

Giblin Lode, North Valley Lode), carbonate (Thompson's Lode and most 

Pb-Zn-Ag" lodes) or fluorite (Fooks Lode). They are commonly banded. 

Minor components include tourmaline, topaz. muscovite, biotite and 

apatite. The quartz occurs at all stages throughout deposition. The 

fluorite and carbonate are penecontemporaneous with, or later than the 

sulphide. Analyses of typical carbonates from Thompson I s Lode and 

Silver Cliffs Lode (Appendix D3) indicate that they are manganiferous 

siderites or manganosiderites containing small amounts of MgC0 and
3 

very minor CaC0 • They contain no detectable Sr in contrast with
3

the carbonates from the replacement deposit. 

Small quartz-cassiterite veins exhibit well developed "tooth

comb" structure with marginal crystals of cassiterite growing towards 

the centre of the veins. Small veins containing beryl as euhedral 

hexagonal crystals up to 5 cm in length, in association with quartz, 

muscovite and minor cassiterite occur to the east of Brown Face. 

RENISON BELL 

At Renison Bell the main non-sulphide components of the ores 

are quartz and carbonates, the quartz being more abundant in the 

replacement fissure lodes. 
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Quartz occurs abundantly as small idioblastic crystals which vary 

considerably in size. These crystals form large anastomosing masses 

with sulphides filling the interstices. Tourmaline aIld topaz almost 

invariably occur with the quartz as fine prismatic idioblastic crystals. 

Carbonates are abundant and are generally later than the quartz, 

tourmaline and topaz. Analyses of the carbonates (Appendix D3) 

indicate that they are predominantly manganiferous pistomesites with 

manganosiderites and ferriferous rhodochrosites. As at Nt. Bischoff they 

contain approximately equal or less MgC0 than the host dolomites and very
3 

small amounts of CaC0 (Fig. 22). Minor amounts of fluori te are associated I

3 

with the carbonates. 

In general the chemical changes in the hydrothermal alteration are 

similar to those at Nt. Bischoff, but the early pre-sulphide phase is 

only represented by quartz, tourmaline and topaz. Wollastonite, 

chondrodite and garnet have not been recorded although minor axinite, 

epidote and phlogopite occur in some specimens from the Federal Lode 

hanging-wall (Appendix A3). 

CLEVELAND 

The most abundant non-sulphide component of the Cleveland ore is 

quartz which occurs in largely unreplaced chert bands, as clastic, 

sub-rounded undulose grains in partially replaced rocks and as large 

idioblastic, non-undulose crystals associated with sulphides. The 

cherts, which are cut by quartzchlorite and carbonate-chlorite veins (Plate 

37), have been considered to be primary sedimentary rocks (Ferrand, 

1963) . 



Plate 37	 Fine grained chert cut by veinlets
 
of quartz and chlorite and patches of
 
pyrrhotite, from Cleveland. Specimen
 
62-42A, x 120.
 

Plate 38	 Quartz-chlorite aggregates with
 
massive sulphides, from Cleveland.
 
Specimen No.- 62-406" x 120,
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Carbonates occur abundantly as small interstitial, cloudy grains 

which m~ be primary, and coarsely crystalline less cloudy crystals 

which occur as small subidioblastic crystals and irregular aggregates and 

veinlets which replace quartz, tourmaline, sulphides and the finer 

grained carbonate. Cox and Glasson (1967) suggested that the carbonate 

is predominantly dolomite. 

Chlorite (possibly penninite) occurs as discrete flakes and 

sheaf-like forms up to 0.5 mm in length which replace carbonate, quartz 

and SUlphides. Cox and Glasson (1967) recorded preferred orientation 

parallel to compositional l~ering in some chlorite-rich laminae. 

Tourmaline is present in most section as a minor component. It 

occurs as small idioblastic crystals up to 1 mm in length which are 

included in quartz, carbonate and fluorite. It is green or brown 

in colour, commonly zoned and strongly pleochroic from pale green (E) 

to green brown (w) or pale brown (e) to dark brown (w). It is probably 

schorlite. 

Small idioblastic topaz and apatite crystals and xenoblastic fluorite 

and sericite occur rarely. The occurrence of wollastonite and cordierite 

recorded by Everard (1963) has not been confirmed in this investigation, 

and Cox and Glasson (1967) have also not recorded their occurrence. 

The disseminated nature of the sulphides and the lack of calc

silicates and fluorine-bearing silicates suggests that the host rocks 

were less reactive than at Mt. Bischoff. Cox and Glasson (1967) suggested 

that the ore horizon was originally a calcareous shale and this is 

SUbstantiated by the occurrence of probable primary carbonat~. 
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GEOCHEMICAL STUDIES OF THE CASSITERITE-SULPHIDE ORES A.im 

COMPARISON WITH OTHER ORES IN WESTERN TAS~WiliIA 

INTRODGC:TION 

The principal objects of this study, which was carried out in 

conjunction with Mr. G. Loftus-Hills, were to determine whether deposits 

which geological evidence suggests are genetically related have similar 

distributions of trace and minor elements in their sUlphide minerals, and 

to attempt an empirical classification of the deposits of doubtful 

affinities. It is evi~ent that a high probability that deposits belong 

to the same phase of mineralization must be demonstrated before phenomena 

such as zoning can be discussed, as previous interpretations have often 

included mineralization of two different generations (e.g. Twelvetrees 

and Ward, 1910 at Zeehan). It is also of importance to determine whether 

spatially separated, mineralogically and structurally similar deposits 

belong to a common metallogenic province. 

The	 deposits examined in this study are;

(a)	 Cassiterite-sulphide deposits (Mt. Bischoff, Renison Bell, Cleveland). 

(b)	 Pb-Zn-Ag fissure veins (Zeehan, Dundas, Waratah) which occur in rocks 

ranging from ~erozoic ~o Devonian in age and are considered to be 

genetically related to Upper Devonian granite activity. (Hall and 

Solomon, 1962; Solomon, 1965). 

(c)	 Banded Pb-Zn deposits (Rosebery, Hercules) and Cu deposits (Mt. Lyell) 

which occur within the Mt. Read Volcanics, and are probably of 

volcanic origin. (Campana and King, 1963; 8clomon, 1965). 



(d)	 Deposits of doubtful affinities (e.g. Magnet, Tullah) which occur 

within or adjacent to Caubrian volcanic rocks. Hall and Solomon 

(1962) suggested that the Tullah ores were emplaced in their present 

position during the Devonian, but it is possible that they are 

remobilized ores originally associated with Cambrian vulcanism 

(M. Solomon, pers. comm.). The Magnet deposits have generally 

been considered to be Upper Devonian in age (e.g. Groves and 

Solomon, 1964). 

(e)'	 Miscellaneous deposits including intramagmatic ores (e.g. 

chalcopyrite and pentlandite in serpentinite at Cuni) D~d iron ores 

associated with probable Proterozoic amphibolites (e.g. Savage River). 

The SUlphides of these deposits have been compared with sulphides 

(generally pyrites) from non-mineralized areas of Upper Devonian granites 

and the Mt. Read Volcanics and with sedimentary pyrites in rocks of 

various ages. 

A summary of investigations of Co and Ni in Fe-sulphides by 

G. Loftus':'Jlills is presented and more detailed summaries are presented 

of the distribution of Cd, Mn and Fe in sphalerites and of Se in 

sulphides. 

COBALT AND NICKEL IN IRON SULPHIDES 

Loftus-Hills and Solomon (1967) studied the distribution of Co and 

Ni in Fe sulphides from Western Tasmania and have also given data for 

sedimentary pyrites. The results, as extended by continuing work 
~ 

(e.g.	 Loftus-Hills, 1967), are summarized in Figure 23. 
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Contrary to the suggestion of Davidson (1962), the Co,Ni ratiu 

ulone is not diagnostic of the depositional environment of a mineral 

concentration. Tasmanian sedimentary pyrites (Fig. 23, field 1) are 

characterized by high Ni content and low Co:Ni ratios, and occupy 

a field distinct from most of the Fe-sulphides from the ore deposits 

investigated. Pyrites from the Mt. Read Volcanics and associated 

intrusive rocks (field 2) show an opposite trend with high Co content 

and high Co:Ni ratios. Most of the pyrites and pyrrhotites from 

Devonian granites and the cassiterite-sulphide deposits (Mt. Bischoff 

and Renison Bell) and Pb-Zn-Ag deposits (Zeehan, Dundas and Waratrul) 

which occupy field 3 have Co and Ni contents of less than 100 ppm. 

The ores at Magnet have not been studied but the Co and Ni contents 

of pyrite from Tullah support its classification with the Devonian 

deposits. (G. Loftus-Hills; pers. comm.). 

The Mt. Lyell (field 4) and Rosebery (field 5) pyrites both 

trend towards high Co values similarly to pyrites from the Mt., Read 

Volcanics but occupy dissimilar fields. The empirical inference is 

that both the Mt. Lyell and Rosebery ores are related to Cambrian 

vulcanism, and that factors controlling the distribution of Pb and 

Zn relative to Cu may also control the distribution of Co and Ni. 

The consistent.. low values of Co and Ni in Fe-sulphides from 

Devonian deposits suggests a uniform availability of these elements 

during that period. This supports the concept of a single metallogenic 

province covering Tasmania during late Devonian igneous activity, 

in accordance with established petrologic and radiometric relationships 

(Spry, 1962b; McDougall and Leggo, 1965). 
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MINOR ELEMENTS IN SPHALERITE 

Tne methods of ana~sis and detailed results of Cd and Mo and Fe 

in sphalerites from Western Tasmania are given in Appendices Bl and Cl 

respective~. The average values of Cd, Mo and Fe in these sphalerites 

are given in Table 6. 

Cadmium in Sphalerite 

(a)� Previous Investigations.� 

The crustal abundance of Cd has been estimated at 0.15 ppm� 

(Green,� 1959) and 0.08 ppm (Brooks and Ahrens, 1961). Studies by 

o
Vincent and Bilefield (1960) and Lundergardh (1948) indicate that the 

Zn/Cd ratio in an hydrothermal solution should be approximate~ equival<.lil.t 

to that in the parent magma. 

Numerous authors have attempted to relate empirical~ the Cd 

content of sphalerites and the Fe content and/or temperature of formation 

of the sphalerites with conflicting results (e.g. Stoiber, 1940; Oftedal, 

1941; Gabrielson. 1945; Edwards. 1955: Bradbury, 1961). Later 

authors (e.g. Fryklund and Fletcher, 1956) have found no correlation. 

Most authors have correlated the Fe content directly with temperature of 

formation of the sphalerite. Kullerud's (1953) experimental quantification 

of this correlation has since proved to be inaccurate (e.g. Boorman. 

1967; Scott and Barnes, 1967), and the correlation of Fe content of 

sphalerite with temperature is at present uncertain. More fundaJlleI1tal~, 

however, Kullerud (1953), Edwards (1955) and others have indicated that 

the Cd content of sphalerite should theoretically be independent of 

temperature, as the sphalerite is never saturated with respect to 
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CdS and hence isomorphous substitution of CdS for ZnS will not depend 

on 'the degree of ordering of the sphalerite lattice. 

Mookherjee (1962) found that the enrichment factor for Cd in 

sphalerite calculated from pUblished data was lower by about two orders 

of magnitude than the theoretical factor, but that the presence of 

Cl- ions in the experimental system depressed the value to the range 

actually found in ore deposits. Mookherjee argued that as NaCl is 

an ubi~uituous constituent of fluid inclusions and Cl- ions are thus 

always pr7sent in the ore fluids, .the formation of cadmium chloride 

complexes with higher stability constants than zinc chloride complexes 

causes a relative lowering of the concentration of free Cd2+ ions, 

~ith depression'of the value of the partitioning coefficient and 

,subse~uent non-appearance of CdS as a separate phase. These results 

may be combin~d with those of Roedder (1960) who analysed fluid inclusions 
'...:: 

from zoned single crystals of sphalerite and showed that a general 

decrease in filling temperature is accompanied by a decrease in salinity. 

A similar sympathetic decrease has been shown in a stUdy of fluid 

inclusion~ at Mt. 3ischoff. There may thus be an increase in the 

Cd content of sphalerite with decreasing salinity accompanying a falling 

temperature of deposition. 

It is evident from previous studies of Cd in sphalerite. however, 

that changes in salinity and/or temperature of the ore fluids produce 

small variations in a more general distribution which is largely a 

function of availability. This is supported by the regional variations 

in Cd content found by several authors (Fryklund and Fletcher, 1956; 
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Burnham, 1959; Ivanov, 1964; Rose, 1967) and is the basis for suggestions 

that Cd in spha1erites may be used to delineate metallogenic provinces. 

(b) This Investigation 

The distribution of Cd in spha1erites from the cassiterite-su1phide 

deposits is similar to that in the Pb-Zn-Ag fissure veins (Fig. 24) with 

the exception of a few higher values in the latter. The sphalerites from 

cassiterite-sulphide deposits exhibit a narrow range from 0.20 to 0.34 

per cent Cd, with an average of 0.29 per cent Cd which is approximately 

the average Cd content of all sphalerites (Ivanov, 1964). The sphalerites 

from the Pb-Zn-Ag fissure veins have a much larger range of Cd values 

(0.01 to 0.6% Cd) but a similar average content (0.31% Cd). Of the 

39 analyses, 33 fall in the range 0.21 to 0.37 per cent Cd (a similar range 

to spha1erites from the cassiterite-sulphide deposits) and only one 

analysis falls below 0.21 per cent Cd. These results indicate a generally 

uniform availability of Cd during Devonian mineralization over the 

sampled area, in agreement with the uniformity established for Co and Ni. 

There is a marked difference between Cd contents of sphalerite 

from the banded Pb-Zn deposits and from the Devonian cassiterite-sulphide 

and Pb-Zn-Ag fissure deposits (Fig. 24) implying distinctly different 

Zn/Cd ratios during deposition. The distinction between these two 

groups of deposits is even more clearly shown by Cd in sphalerite than 

by Co and Ni in Fe-sulphides. The Cd values in sphalerites from the 

banded Pb-Zn deposits have a small variation from 0.09 to 0.20 per cent 

Cd with an average value of 0.15 per cent Cd, approximately one half 

the average value for the cnssiterite-sulphide and Pb-Zn-Ag fissure 

deposits • Cadmium analyses compiled by Ivanov (1964) indicate that 



Type of Deposit Locality 

Cassiterite- Mt. Bischoff 

Sulphide Deposits Cleveland 

Renison Bell 

Lead-Zinc 

Fissure Veins Waratah 

Tullah 

N.E. DWldas 

Zeehan 

Banded Lead-Zinc Hercules 

Deposits Rosebery 

Copper Deposits Mt. Lyell 

No. of 
samples. 

Wt. % 
Cd. 

Wt.% 
Mn 

Wt.% 
Fe 

lO 

5 

4 

19 Av. 

0.32 

0.27 

0.2l 

0.29 

O.ll 

0.22 

0.22 

Av.0.l6 

8.4 

lo.6 

ll.3 

9 

6" 

5 

19 

39 

8 

8 

l6 

6 

Av, 

Av. 

0.34 

0.34 

0.28 

Qd2. 

0.3l 

0.l4 

0.l6 

0.l5 

0.26 

0.l6 

O.ll 

O.lO 

O.lO 

Av.O.l2 

0.44 

0.07 

Av.0.25 

0.20 

7.2 

7.0 

3.6 

4.0 

5.6 

4.0 

2.4 

Table 6. Average Cd, Mn and Fe values in Sphalerites 

from Western Tasmania. 
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sphalerite from Cu-Zn-pyrite and Pb-Zn-pyrite ores in extrusive rocks 

commonly have lower than average Cd contents, average values for these 

deposi~s varying from 0.12 to 0.30 per cent Cd over several areas. 

The low Tasmanian Cd values may therefore indicate a genetic association 

between ore deposition and vulcanism. The Cd content of sphalerite from 

Tullah and Magnet is similar to that for the Devonian deposits, 

supporting its classification with these deposits (Hall and Solomon, 

1962; Solomon, 1965b; Groves and Solomon, 1964). 

Few samples of sphalerites are available from Mt. Lyell due to 

its rare occurrence in the ores. The six available analyses show 

a variation from 0.18 to 0.30 per cent Cd with an average value of 0.26 

per cent Cd. The Cd content of sphalerites from the Cu deposits shows 

a distribution different from both the banded Pb-Zn deposits and the 

Devonian cassiterite-sulphide and Pb-Zn-Ag deposits. The average Cd 

content is slightly lower than that of the Devonian deposits, to which 

it shows the greater similarity. Further m1alyses are required to 

delimit precisely its position relative to the other two groups. 

Because of the controversy over the relationship between Cd content 

of sphalerite and its Fe content and terrper1ture of formation, the data 

have been tested for the significance of such correlations. A plot 

of average Fe content against average Cd content, and the ranges of 

contents, of sphalerites from the different areas is shown in Figure 25. 

There is no simple relationship between Fe and Cd if all the deposits 

are considered together, and the cassiterite-sulphide deposits and 

the Pb-Zn-Ag fissure veins show opposite correlations if grouped 
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independently. If, however, the spatial distribution is considered, 

Le. Waratah, Mt. Bischoff and Cleveland are grouped in one district 

(Set 1), and Zeehan, North-east Dundas and Renison Bell in another 

(Set 2), there is an obvious negative correlation between the average 

Cd and Fe values for each district. Tullah appears to group with 

Waratah, Mt. Bischoff and Cleveland. The negative correlation becomes 

even clearer when the Zeehan values are divided between the pyritic and 

sideritic (higher and lower temperature) zones, and averaged. Further 

a good negative correlation (r~-0.92) has been found between average 

Cd and FeS in sphalerites (25 analyses from 14 localities) by 

K.L. Williams (A.N.U., personal communication) from the Zeehan deposits. 

The good negative correlations of the averages within the two 

district sets is not, however, shown by the individual analyses, as 

correlation coefficients calculated for the latter are not significant. 

Thus in Western Tasmania Cd and Fe are dependent variables on a regional 

scale, on a deposit scale (Zeehan), but not on a specimen scale. This 

descrepancy could be partly due to insufficiently large sample populations, 

but the large ranges of concentrations shown in Figure 4 suggest that 

additional local specimen - scale variations are masking the regional 

correlation. The regional trends probably derive from a varying 

availability of Cd in the ore-forming fluid, perhaps related to distance 

from the source of the fluid. 

The averages in Figure 4 suggest a varying availability of Cd 

between district sets 1 and 2. This variation was tested by 

covariance analysis of Cd on Fe for the individual analyses 
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(Snedecor, 1946; p; 318). It established at the 97% confidence level 

that the Fe content of the sphalerites did not explain the difference 

in Cd content between the two districts: after Cd was adjusted to a 

common Fe basis, the Cd contents were still different. This small 

initial difference in availability of Cd between the Zeehan-Renison Bell 

and the Mt. Bischoff-Warato.h districts is not shown by Co and Ni. 

I~n£anese in Sphalerite 

(a) Previous Investigations 

The abundance of Mn in igneous rocks has been estimated as 

approximately 0.1 per cent (Green, 1959), and the Mn content of 

sphalerite is generally less than 1 per cent (e.g. Fleischer, 1955). 

Several authors (e.g. Stoiber, 1940; Fryklund and Fletcher, 1955; 

Bradbury, 1961) have demonstrated a sympathetic variation of Mn with 

Fe and/or temperature of formation of sphalerites within districts and 

others have shown an independant variation (e.g. Edwards, 1956). The 

average compositions of sphalerites from many districts demonstrate a 

general positive correlation between Mll and Fe contents, irrespective 

of correlation within these districts. However, in most instances the 

spho.lerite is not saturated with respect to MnS and the Mn content of 

the sphalerite should be independent of temperature of formation. The 

relationship between Mn and Fe may be essentially e function of their 

similar chemical behaviour. 
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The extreme variation of Mn in sphalerite within deposits and the 

possible correlation of Mn with Fe contents, precludes the use of the 

l~ content of sphalerite as a factor in the delineation of metallogenic 

provinces. 

(b) This Investigation 

The sphalerites from the cassiterite-sulphide and Pb-Zn-Ag 

deposits generally have low ~m contents (Fig. 24). The sphalerites 

from Renison Bell and Cleveland have the highest average Fe and Mn 

contents but this correlation could be fortuitous because the sphalerites 

are intimately associated with carbonates in the specimens examined, and the 

higher Mn values could be a result of contamination. On a local scale 

atWaratah, the sphalerites from the Pb-Zn-Ag fissure deposits have 

a lower average Fe content but higher Mn content than those from the 

cassiterite-sulphide deposits. It appears that there is no direct 

correlation between Fe and Mn and Mn and Cd from the results obtained. 

Williams (1967) recorded that sphalerites with low Mn contents and 

lack of correlation between Fe and rIm contents were typical of carbonate

rich deposits in the Zeehan area, while sphalerites with high ~ln contents 

and strong Fe/Mn correlations were typical of the pyritic ores. He 

concluded that in the presence of carbonate the lithophile character of 

Mn predominates and it enters the carbonate lattice, while in pyritic 

ores it enters the sphalerite structure due to ready Mn2+ _ Zn2+ diadochy. 

The presence of abundant,Mn-rich carbonates associated with sphalerite in 

the cassiterite-sulphide deposits and the Pb-Zn-Ag fissure veins at 

Waratah, Dundas and Tullah probably explains the low Mn contents and 
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poor Fe/MD correlation of the sphalerites. Williams (pers. comm.)� 

suggested that the distribution of MD among all the minerals forming� 

the ore deposits ~ be significant in delineating metallogenic provinces,� 

and that the high total MD contents of the Pb-Zn-Ag fissure veins may� 

be significant in this respect.� 

SELENIUM IN SULPHIDES� 

Previous Investigations� 

Selenium, with an ionic radius similar to S, follows the latter in 

the magmatic cycle, and is dispersed with it. The silicate phases are 

impoverished in Se, and all classes of igneous rocks contain at most a 

few ppm Se (e.g. Turekian and Wedepohl, 1961; Sindeeva, 1964). 

The availability of Se for entry into sulphide-rich systems during 

their formation seems to be far from uniform. It is recognized that 

certain areas are Se-enriched in both their igneous and sedimentary rocks 

(e.g. Rosenfeld and Beath, 1964), and thus Se can be an excellent indicator� 

of metallogenic province. Superimposed on a regional availability,� 

however, is the variability of process, or genesis. Sindeeva (1964)� 

has exhaustively summarized the types of occurrence of Se. Selenium� 

can form independent minerals only if the concentration of S is low;� 

otherwise the Se occurs in trace quantities in sulphide minerals.� 

Its order of abundance in various types of deposits is approximately as� 

follows.� 
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(a)� Chalcopyrite-pentlandite-pyrrhotite deposits related to mafic 

and ultramafic rocks; 

(b)� Pyrite deposits, which are generally spatially related to� 

volcanic rocks;� 

(c)� Copper-Mo deposits; 

(d)� Polymetallic Pb-Zn deposits; 

(e)� Gold deposits; 

(f)� Quartz-W-Bi and cassiterite-quartz-sulphide deposits; 

(g) Uranium deposits. 

Further, Se may be concentrated in lavas and tuffs, and in volcanic S, 

and in general Se shows an association with volcanic activity, as 

emphasised by LOftus-Hills and Solomon (1967). 

In the weathering-sedimentation cycle, Se separates from S, 

the latter being largely bound in sulphate ion. Selenium is readily 

transported to the oceans, but the latter contain only a few ~g 
per litre or less, because Se is efficiently removed from the aqueous 

phase, especially during sedimentary iron ore and carbonaceous shale 

deposition, in which S:Se ratios as low as 250 may result. At the 

diagenetic stage, however, the Se may recombine with S in iron (and other) 

sulphides, although in a low- normal- Se province the Se content of 

syngenetic pyrite is supposed to be restricted to <30 ppm (e.g. Rankama 

and Sahama, 1950; Edwards and Carlos, 1954; Sindeeva, 1964). 

The distribution of Se between minerals in ore deposits has been 

investigated by many workers, and Bergenfelt (1953), Edwards and Carlos 

(1954) and Sindeeva (1964) attempted to define an order of concentration 
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in the common ·sulphides. Their results were inconsistent, except 

that Cu sulphides tended to be generally enriched. 

Hawley and Nichol (1959) pointed out that Se availability can 

vary markedly during deposition and later replacement. Because of this 

varying availability, most attempts to correlate the con\~ntration of 

Se with temperature of formation are probably invalid. Goldschmidt 

and Strock (1935) and Rankama and Sahama (1950) suggested that there 

may in some cases be a direct proportionality between Se and temperature, 

while Bergenfelt (1953) and Hawley and Nichol (1959),claimed to have 

found evidence for an·inverse relationship. Certainly there appears 

to be a direct proportionality in volcanic S (Sindeeva, 1964). 

The gen,tic implications of Se concentration have been variously 

argued on the basis of a continually enlarging mass of empirical evidence. 

Goldschmidt and Hefter (1933), Goldschmidt and Strock (19~5), and 

Carstens (1941) suggested that pyrite of sedimentary origiri had a Si:Se 

ratio of about 200,000 or more, whereas pyrite of hydrothermal origin 

had a ratio of 10,000 to 20,000. The qualification that such conclusions 

apply only to the areas and ore types sampled, until the weight of 

empirical evidence from many other areas and ore types proves otherwise, 

was not sufficiently stressed. Edwards and Carlos (1954) similarly 

refused to consider a sedimentary origin for any ore which contained 

pyrite with greater than about 10 ppm Se. They concluded, with 

Williams and Byers (1934), that high Se indicates hydrothermal or 

magmatic processes, but that low Se does not rule out a hydrothermal 

origin. Since the latter work, the relationship of Se and volcanic 



activity has become much clearer (e.g. Davidson and Powers, 1959; 

Rosenfeld and Beath, 1964), and the investigation of Coleman and 

Delevaux (1957) proved that high Se concentrations do not rule out a 

sedimentary origin, particularly where volcanic material is present 

and/or where the province is Se-rich. 

This Investigation 

The results of the present investigation are summarized in 

Figure 26 and Appendix B2, Table 34. The sedimentary pyrites have 

Se contents which are very high for a province which in general 

shows no gross Se enrichment, and in this respect are different to 

the pyrites from Victoria analyzed by Edwards and Carlos (1954). 

A possible explanation is that most of the pyrites occur in shales, 

some of them carbonaceous, and that many of the pyrites were highly 

recrystallized, notably those with the higher Se contents. 

The mixed pyrrhotite-pentlandite-chalcopyrite ores from Cuni 

consistently have high Se contents and Se:S ratios, althOUgh these 

are four times greater than those found by Edwards and Carlos (1954), 

in a si~lar specimen from the same deposit. Pyrites from the 

Savage River magnetite-bearing amphibolites are slightly enriched 

in Se, but all the other classes of deposit show about the same ranges 

of concentration, except for the Mt. Lyell deposits, which are notably 

enriched in Se. Mineralogically there has been an enrichment of Se 

relative to S in chalcopyrite in several of the mines sampled, with 

the exception of Mt. Lyell, where pyrite is possibly even more enriChed. 
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The variation in Se between sulphides vitiates statistical 

analysis of all the results. Pyrite has been chosen as en indicator 

sulphide because of ·its ubiquitous occurrence and its relatively 

consistent Se content within a single group of samples from any 

locality (e.g. Edwards and Carlos, 1954). Pyrites from the Devonian 

Pb-Zn-Ag deposits (excluding Tullah) and cassiterite-sulphide deposits 

are not significantly different at the 95 per cent confidence level, 

but syngenetic pyrites from the Cambrian volcanic rocks are significantly 

different from the banded Pb-ZU group (Rosebery-Hercules) at this level. 

Pyrites from all Devonian deposits are significantly different from 

pyrites from the banded Pb-Zn deposits at the 99 per cent confidence 

level but are not significantly different from the Cambrian syngenetic 

pyrites. Pyrites from the Tullah area are apparently anomalous with 

respect to all the groups, except possibly Mt. Lyell, but insufficient 

samples are available for statistical analysis. No pyrites were 

available from the Magnet Mine but sphalerites are identical with 

respect to Se to sphalerites from other Pb-Zn-Ag deposits in the Waratah 

area. Pyrites from Mt. Lyell are significantly different from pyrites 

from all other groups at the 99.9 per cent confidence level. 

From these considerations it appears that there was a uniform 

availability of Se in mineralizing fluids during Devonia~ mineralization 

and a similar availability during Cambrian mineralization with local 

variation between different ore deposits and the source. The high 

concentration of Se in sulphides at Mt. Lyell, in an otherwise low-

to normal- Se province, could be a result of the pyritic-Cu type of deposit 
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and/or because they occur in volcanic rocks, both factors commonly 

resulting in enrichment in Se (e.g. Sindeeva, 1964). However, the 

sulphides from the banded Pb-Zn deposits and pyrites from the Cambrian 

volcanic rocks and sub-volcanic granites are both low in Se, and it is 

impossible to substantiate a direct genetic or temporal correlation of 

the deposits with Cambrian vulcanism on the basis of Se content of sulphides. 

It would appear that whatever process resulted in Cu-rich ore fluids 

at Mt. Lyell also resulted in a concentration of Se. 

It must be concluded that in a generally low- Se Tasmanian 

provi~ce the Se content of sulphides has so far proved a poor discriminant 

of their genesis, particularly in view of the wide range of Se contents 

in sedimentary pyrites. 

SUMMARY 

The uniform distribution of low Co and Ni in Fe-SUlphides, normal 

Cd in sphalerites, nOI".llal Be in se.J.phides, and high total Mo in Devonian 

Pb-Zn-Ag and cassiterite-sulphide deposits in Western Tasmania supports 

the concept of a single metallogenic province in that area in the late 

Devonian. The Zeehan and Waratah areas m~ represent SUb-provinces 

with respect to Cd. 

The trend towards high Co contents in pyrites from pyritic-Cu 

and banded Pb-Zn deposits in Cambrian volcanic rocks and pyrites from 

unmineralized portions of these volcanic rocks, and the low Cd contents 

of sphalerites from the banded Pb-Zn deposits suggest a genetic association 

between ore deposition and vulcanism. It is probable, however, that 
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factors controlling the distribution of Pb and Zn relative to Cu in 

these deposits may also control the distribution of Co, Ni, Se and 

possibly Cd. 

The Magnet deposit groups empirically with the Devonian deposits 

in the Waratah area on the basis of Cd and Se in sphalerite, and 

the Tullah deposits are similar to the Devonian deposits with respect 

to Cd in sphalerite and Co and Ni in pyrite but are dissimilar to 

both the Devonian and Cambrian ceposits with respect to Se in sulphides. 

Tasmanian sedimentary pyrites are characterized by high Ni content 

and low Co:Ni ratios and are distinct from Fe-sulphides from both 

Devonian and Cambrian ore deposits in this respect. However, they 

have a wide range of Se contents which cover the ranges shown by all 

deposits except Mt. Lyel!. 



GEOBAROMETRY, GEOTHERMOMETRY AND THE PROBLEM OF ZONING� 

IN THE CASSITERITE-SULPHIDE DEPOSITS. 

GEOBAROMETRY 

Geological Considerations 

The estimation of pressure from geological considerations can 

only be approximate due (a) to difficulties in applying accurate 

geological reconstructions and (b) to uncertainties as to whether 

the loads are lithostatic or hydrostatic. The maximum thicknesses 

of overburden above the deposits at the time of mineralization are 

calculated below from considerations discussed previously. 

(a) Mt. Bischoff 

The maximum thickness of rocks which could have been deposited 

above the dolomite horizon are:
,.

Siluro-Devonian 6000 feet� 

Ordovician 100 feet� 

Cambrian 18000 feet� 

Proterozoic - lower 1000 feet� 
Cambrian 

Tc.tal 25100 feet 

The thickness of approximately 25,000 feet may be far too high. 

The Cambrian sequence may be considerably reduced as Mt. Bischoff 

was probably a structural high during the Cambrian, and fossiliferous 

l'ocks similar to those of the Dundas Group (maximum thickness of 
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8900 feet in the Dundas area) have not been found in this area. It 

is also probable that mid-Devonian folding and uplift (Tabberabberan 

Orogeny) which preceded late Devonian granite intrusion was accompanied 

by severe erosion which reduced the thickness of the overburden present 

in Siluro-Devonian times (e.g. Solomon, 1962). 

The maxiinum overburden of 25,000 feet is approximately equivalent 

to a lithostatic load of 1950 atmospheres and a hydrostatic load of 

775 atmospheres. 

(b) Cleveland 

The maximum thickness of rock which could have been deposited 

above the ore horizon is less than at Mt. Bischoff. The Proterozoic

lower Cambrian rocks are below the ore horizon as are at least 5000 feet 

of Cambrian rocks if the ultramafic-mafic complex at Heazlewood 

is at the same stratigraphic level as the Serpentine Hill Complex 

in the Renison Bell area. The maximum overburden would therefore 

be 19,000 feet although a similar argument for a probable reduction 

of this thickness because of non-deposition of Dundas Group rocks 

and post-mid Devonian erosion applies as at Mt. Bischoff. 

The maximum overburden of 19,000 feet is approximately equivalent 

to a lithostatic load of 1450 atmospheres and a hydrostatic load of 

590 atmospheres. 

(c) Renison Bell 

The maximum thickness of rocks that could have been deposited 

above the ore horizons at Renison Bell is: 
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Siluro-Devonian 6000 f"eet 

Ordovician 1500 feet 

Dundas Group gooo feet 

Cambrian Crimson CreGk 
Formation 8000 feet 

Total 24500 feet 

The maximum thickness is probably much closer to the actual 

·overburden during mineralization than at Mt. Bischoff and Cleveland 

because the Cambrian sequences in particular have been more accurately 

delineated in this area although post - mid Devonian erosion very 

probably reduced the overburden. The maximum lithostatic and hydrostatic 

loads are similar to those at Mt. Bischoff. 

The occurrence of tensional fractures prior to mineralization and 

of open spaces during ore deposition at Mt. Bischoff and probably at 

Renison Bell is not inconsistent with the estimated overburden. The 

lower limit of tensile failure for quartzite is approximately 10,000 feet 

(Secor, 1965) although quoted values of tensile strength vary considerably 

and do not allow an exact calculation. However Secor (lg65) has shown 

that this limiting depth of tensile failure is a minimum which increases 

with increasing fluid pressure, and that this increase is significant 

for fluid pressure-overburden weight ratios such as those observed 

in deep oil wells. Secor (lg65) has shown that open fractures can 

occur at depths of over 20;000 feet and may in f"act represent earlier 

fractures which have been opened up by high fluid pressure at depth. 

This may have been an important process operating during intrusion of 

the acid rocks at Mt. Bischoff and Renison Bell. 
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Fluid Inclusion Data 

This section represents a joint J~oject with Dr. Solomon. 

If contemporaneous primary CO and aqueous inclusions can be2 

identified in a mineral then it is possible to estimate the effective 

pressure using the density of CO2 (Holden, 1925; Roedder 1965; 

Koltun in Yesmakov, 1965). 

Irregular, circular or tabular, two-phase CO inclusions occur2 

in planar zones unrelated to fractures in fluorite from the Happy 

Valley Face at Mt. Bischoff (Plate 39). The CO2 was identified 

from the homogenization temperature of 24°c and its high tlermal 

expansion coefficient. Duplicate analyses carried out by the 

Australian Microanalytical Service (C.S.I.R.O., Melbourne) on the 

fluorite from Happy Valley indicated the presence of a detectable 

amount of carbon (0.02%) ten times greater than that in a sample of 

fluorite (of equivalent weight) from the Slaughteryard Face, which 

had a carbon content close to the detection limit (0.002%). 

In the larger CO2 inclusions a very small amount of aqueous solution 

(?) clings to pockets in the cavity walls. Aqueous inclusions from 

the same specimens, but occupying different zones, do not appear 

to contain CO but their small size makes identification of CO difficult.2 2 

Homogenisation temperatures for the Happy Valley primary aqueous 

inclusions (Fig. 29) range from 1560 to 1700 C, with five results 

averaging 157°C and one at 1700 C. Salinity measurements (Fig. 28) 

on primary inclusions showed a range from 4 to 6 equivalent wt. per 

cent NaCl, with seven at 4% and two at 6%. Figure 27 shows the 
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.,. I� 
Plate 39� Inclusions containing mainly liquid CO2with a bubble of CO2 vapour and a 

small quantity of aqueous solution (?) 
in pockets along the walls of the inclusion, 
Happy Valley, Mt. Bischoff. Specimen No. 
100839. 

Plate 40� Inclusion containing solid daughter 
minerals, probably halite and sylvite, 
Brown Face, Mt. Bischoff. Specimen No. 13511. 
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correction for pressure to be applied to these results, using lines of 

equal density derived from Klevstov and Lemmlein (1959), for pure 

water and solutions containing 10% NaCl and 20% NaCl by weight. 

The density of the CO2 was determined by photographing the inclusions 

at 100C and measuring the areal ratios of gas and liquid. Thirteen 

measurements were made on fairly regular inclusions and the densities 

obtained ranged from 0.67 to 0.73 glee with an average of 0.71 glee. 

The line corresponding to a constant density of 0.71 in Figure 27 

is constructed from the P-V-T values of Kennedy (1954). If the aqueous 

and CO2 inclusions formed together, then the inclusions conteining 6% 

NaCl apparently formed at about 770 ± 100 atmospheres (allowing for 

the measured range in density) and the 4% NaCl inclusions at about 

760 ± 100 atmospheres. 

These pressures are only approximate because the composition of 

the aqueous fluid is unknown and there could be minor in.purities in the 

CO2 , 

The question of whether the CO and aqueous inclusions formed at one2 

time is clearly important. If the solution from which the fluorite 

was forming consisted mainly of NaCl, H 0 and CO2 at equilibrium, and2

was at 2100 C and approximately 750 atmospheres, it should have consisted 

of two phases: NaCl-H20 with about 10% CO by weight in solution2 

(Takenouchi and Kennedy, 1965) and CO with several per cent of NaCl2 

H20 in solution (Takenouchi and Kennedy, 1964), On cooling, two types 

of three-phase inclusions would have formed. Water was noted in the 

larger CO inClusions, and although the amount observed seems less ttan2 



300 

250 
20 % Na Cl 

U I 10 % NoCl 
0 

QJ 200 
L.� 
:J� 
~ 

0 
L. 

Q.l 1 SO 
0

f 
QJ..

100 
I ./ I 

C02: 0·71� 

50 
I /� 

o I I i I i i i I I i f i 

100 200 300 400 500 600 700 800 900 1000 

Pressure Atmospheres 

Lines of equal density for aqueousFigure 27.� 

solution and CO2 in terms of pressure� 

and temperature, from data given by� 

Klevstovand Lemmlein (1959) and� 

Kennedy (1954).� 



-120

10% by weight, there may be a very thin invisible filn around the 

walls of the inclusions. The difficulties in observing CO in the2 

a~ueous inclusions are even greater. Hence it· is difficult to test 

the observations against the experimental data. It is also possible 

that the experimental data ~y not strictly apply to the solutions present 

in the inclusions. 

It is not clear whether the Happy Valley results can be applied 

throughout the area; presumably the pressure could vary for substantial 

periods between different fractures and ore zones. 

One specimen (100,837) from Greisen Fuce contains coexisting li~uid 

and g~seous inclusions that have a range of homogenization temperature 

from 3140 to 3710 C and from 3370 to 4300 C respectively (Fig. 29). The 

salinity of the inclusions is approximately e~uivalent to 10 wt. per 

cent NaCl. These in~lusions do not appecr to have developed ~y necking 

and it seems likely that the solutiqns were boiling, indicating a low 

confining pressure of approximately 100 atmospheres. The low pressure 

zone must have been extremely local as no other coexisting li~uid and 

gaseous inclusions have been identified. 

If the figure of 750 atmospheres is accepted as the prevailiug pressure 

it could be greater than, e~u.al to, or less than the overburden pressure. 

At Mt. Bischoff the figure calculated for the CO density is approximately2 

e~ual to the QBXimum hydrostatic load (775 atmospheres). The overburden 

would have to be reduced to 10tOOO feet by the late Devonian for the 

calculated pressure to approach a lithostatic load. It is probable 

that the pressure was largely intermediate between the hydrostatic and 

lithostatic extremes. 
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GEOTHERMOMETRY AND ZONING 

Introduction 

Several authors (e.g. Park, 1955) have drawn attention to the 

far allelism which ~ght be expected between zonal sequence and paragentic 

sequence in an icealized hydrothermal vein system~ and Both and Williarus 

(1968) have recently summarised ~ny of the features of hydrothermal zoning. 

A high probability that the cassiterite-sulphide deposits and 

surrounding Pb-Zn-Ag fissure deposits belong essentially to the same 

phase of mineralization in a common metallogenic province has been 

demonstrated. The cassiterite-sulphide deposits are considered to 

have been deposited at an initially higher temperature because the 

earliest formed minerals (e.g. cassiterite, wolfraQite 9 arsenopyrite, 

tourmaline, tOfaz) are virtually restricted to these deposits (Groves 

and Solomon, 1964). The Pb-Zn-·Ag deposits contain minerals of 

intermediate or late position in paragenesis (e.g. sphalerite, galena, 

jamesonite). A major exception to this general trend is that pyrite 

which has been deposited before pyrrhotit~ is more abundant in the 

Pb-Zn-Ag deposits while pyrrhotite is the predominant sulphide of the 

cassiterite-sulphide deposits. 

At Mt. Bischoff lateral mineralogical zoning can be demonstrated 

on a local scale. The replacement deposit in the central area of the 

mine (e.g. Brown Face, Slaughteryard Face) consists of massive pyrrhotite 

with cassiterite, arsenopyrite, pyrite and wolframite with extremely 

rare sphalerite and no galena or jamesonite. Further south (e.g. Greisen 
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Face, Pig Flat) pyrite, sphalerite, galena and jamesonite become more 

abundant although pyrrhotite is still predominant, and in the south 

end of the open cut and Happy Valley Face pyrite is predominant with 

sphalerite and some galena in largely unmineralized dolomite. The 

surrounding fissure veins (e.g. Giblin and North Valley Lodes) contain 

cassiterite with predominantly pyrite and common sphalerite, galena and 

jamesonite for a radius of 3,000 feet from Mt. Bischoff Peak, and outside 

this area they contain predominantly galena and sphalerite with 

jamesonite (e.g. Silver Cliffs, Magnet). Fook's Lode which is 

approximately 5,000 feet SE of ~~. Bischoff Peak (Fig. 8) is unusual 

in that it is similar to the vein deposits within the inner circular 

area. Mineralogical zoning has also been recorded within the fissure 

veins, Weston-Dunn (1922) recording abundant cassiterite and wolframite 

and rare galena in the Giblin Lode llear the summit of Mt. Bischoff 

and abundant sphalerite, galena and jamesonite towards its SW extremity. 

The mineralogical zoning at Mt. Bischoff has been attributed, at 

least in part, to the existence of a temperature gradient from the 

centre of Mt. Bischoff outwards (Groves and Solomon, 1964), and it is 

evident that similar gradients ~ exist at Renison Bell and Cleveland. 

In this section an attempt has been made to quantify the temperature 

and other parameter variations at Mt. Bischoff using fluid inclusion 

data and sulphide systems, and to correlate these with data from the 

Renison Bell and Cleveland ores. Unfortunately no suitable material 

was available for fluid inclusion studies at Renison Bell and Cleveland 

and even the scope of the investigation at Mt. Bischoff has been partly 
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restricted by the comparatively rare occurrence of suitable minerals,� 

and by their occurrence commonly late in paragenesis.� 

Fluid Inclusion Studies at t~. Bischoff� 

(a) Nature of the Inclusions 

Fluorite and quartz from the Mt. Bischoff mine contain numero us, 

generally two-phase aqueous inclusions; the maximum size being 0.2 mm 

x 0.04 mm. The inclusions vary considerably in shape, common forms 

being ovoid, wedge, tubular, reticulate and club-shaped. Necked and 

partially necked inclusions can be recognized in some specimens 

(Plate 42). Some inclusions are small, irregular and poorly-defined 

and occur in planar surfaces related to fractures. These have been 

grouped as secondary inclusions. More regular (commonly spherical), 

well defined inclusions of variable size that occur in surfaces unrelated 

to fractures (Plates 43 and 44) and well defined, large inclusions of 

variable shape that occur singly (Plate 41) or in non-planar groups have 

been interpreted as primary inclusions. The distinction between primary 

and secondary inclusions is commonly difficult, particularly when they 

are small. The identification of pseudo-secondary inclusions (e.g. 

Yermakov, 1965) prov~d impracticable because of the poor development 

of cTYstal faces. 

Inclusions containing a solid phase are rare. Negative 

crystals in fluorite from Fook's Lode contain clear liquid and a 

bubble with single or grouped acicular crystals of a dark green, 

aaisotropic mineral with straight extinction, which may be tourmaline. 



Plate 41� Negative crystal in fluorite filled 
with aqueous� solution and vapour bUbble, 
Pig Flat, lvlt. Bischoff. Specimen No. 100838. 

Plate 42� Partially necked inclusion in fluorite, 
Pig Flat, Mt. Bischoff. Specimen 
No. 100838. 
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Plate 43� Inclusions occupying a planar surface in 
fluorite, Slaughteryard Face, Mt. Bischoff, 
Specimen No. 100~ 025. 

Plate 44� Aqueous inclusions with high v~pour 

bUbble/liquid ratios in fluorit~, Fook's Lode, 
Waratah. Specimen No. 100,206. 
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Larger needles of' tourmaline are common in the f'luorite and in one 

example the needle passes through f'our inclusions. Multi-phase 

inclusions up to 0.8 mm in length occur in f'luorite f'rom the Brown 

Face. They consist of up to 30 per cent by volume of' solid daughter 

minerals which are largel;{ cubic, with other minor phases including 

possible sulphides (Plate 40). The smaller cubic crystals generally 

dissolve at about 750 C, and the larger, well-f'ormed cubic crystals 

dissolve at temperatures of' up to 3400 c. These may be sylv~te and 

halite respectively. Little (1960) has also recorded "salt" crystals 

in inclusions in cassiterite from Mt. Bischof'f'. 

Inclusions containing CO from Happy Valley Face have been described2 

above. A few three-phase H 0-C0 inclusions (aqueous solution, liquid2 2 

CO and gaseous CO ) have been f'ound in fluorite f'rom Slaughteryard2 2

Face and some very irregular, small, two-phase CO2 inclusions in fluorite 

from Fook's Lode. 

(b) Salinity Data 

For determinations of' salinity by the melting point method, the 

sections were pre-f'rozen in dry ice to avoid the effects of' super-cooling 

(Roedder,1962).· They were transf'erred to a stage immersed in acetone 

and dry ice, at a temperature of about _250 C. The temperature of 

the system was allowed to gradually increase and the temperatures at 

which the last ice crystal in an inclusion melted were recorded. These 

melting points have been interpreted in terms of the system NaCI-H 0
2

(Fig. 28). 



Figure 28. Frequency distribution of melting 

point determinations on inclusions 

carrying aqueous solutions, combined 

with salinity estimates expressed as 

weight per cent NaCl, based on data 

given by Stephen and Stephen (1963). 

Inclusions in fluorite and quartz from 

Mt. Bischoff area. S = secondary 

inclusions. 
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The salinities are accurate to ± 1 equivalent wt. per cent Nacl. 

The salinity of inclusions from the Brown Face (13511) cannot be 

directly measured but is probably greater than 50 equivalent wt. 

per cent NaCl as the inclusions contain up to 30 per cent by volume 

of NaCl and KCl crystals. 

The marked variation of salinity within inclusions from a single 

locality is apparent~ a common feature of ore deposits (e.g. Sawkins, 

1966b) • The variation may be accentuated by inaccuracies involved in 

the expression of salinity as equivalent wt. per cent NaCl, instead 

of a more realistic ratio of NaCl and KCl, but cannot be ful~ 

explained by it. Consistency of KINa ratios in bulk samples (Table 8) 

need not necessarily indicate consistency of composition between individual 

inclusions. Rapid changes in salinity in one area may result from rapid 

changes in salinity of the hydrothermal solutions (e.g. Sawkins, 1966b)·, 

localised boiling or pulsating incursion of hydrothermal waters into 

rocks containing meteoric and connate waters. It is possible that 

highly saline inclusions such·as those in the Brown Face fluorite are 

the result of local boiling and are not representative of the original 

hydrothermal solution. 

(c) Temperature Data 

The filling temperatures of inclusions (Table 7, Fig. 29) were 

measured on a heating stage similar to that used by Sawkins (1964). 

The heating rate was maintained at approximately 20 C per minute and 

the filling temperature measurements were accurate to within ± 2oC. 



Figure 29. Frequency distribution of filling 

temperatures of inclusions in fluorite 

and quartz from Mt. Bischoff area. 
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It is apparent that there are wide ranges of filling temperatures 

for each locality; these ranges are far wider than for individual 

specimens for which the range is generally less than 200 C to 300 C, in 

agreement with other studies (e.g. Sawkins, 1966b). The one notable 

exception is from a fluorite vein beneath the dolomite near Pig Flat, 

where the filling temperatures for primary and se~ondary inclusions in 

one fragment ranged from 1120 to 1500 C but 25 inclusions in a single 

o 80plane gave temperatures between 295 and 29 C. It was general1¥ 

found that the primary inclusions occurring in surfaces unrelated to 

fractures have slightly higher filling temperatures than single 

primary inclusions in the same specimens. The filling temperatures 

for inclusions from the Slaughtel~ard Face and Fook's Lode show 

a bimodal distribution (Fig. 29), the lower temperature groups consisting 

of the visually defined secondary inclusions and the higher temperature 

groups the primary inclusions. The secondary inclusions from fluorite 

and quartz throughout the mine area have a range of filling temperatures 

from about 900 C to 2600 C, the majority occurring between 1200 C and 1500 C. 

The ranges of filling temperatures of poorly defined primary and secondary 

inclusions overlap in fluorite patches from Pig Flat, fluorite veins 

from the south end of the open cut and Greisen Face and quartz veins 

from Giblin Lode, and have been grouped together in Table 7. The 

overlapping ranges have resulted in a negative1¥ skewd, unimodal 

distribution for filling temperatures of i~clusions from fluorite veins 

at the south end of the open cut (Fig. 29). 
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In a general study of inclusions from tin deposits, Little (1960) 

obtained the following results for Mt. Bischoff samples (locality 

unknown): in cassiterite and tourmaline primary inclusions filled 

at 300oC, and in ~uartz the primary inclusions filled at 394-416°C 

(four measurements) and the secondary (7) inclusions filled at 

248-268oC (five measurements). 

The filling temperatures of the primary inclusions can be used 

in the determination of the formation temperatures of the host minerals 

provided several basic assumptions Can be satisfied. The validity 

of these assumptions has been argued at length (e.g. Ingerson, 1947; 

Kennedy, 1950; Bailey and Cameron, 1951; Skinner, 1953; Roedder, 

1960a), but recent geologically controlled, detailed studies (e.g. Roedder, 

1960b; Schmidt, 1962; Hall and Friedman, 1962; Sawkins, 1962; 1966a) 

have given consistent results which appear to support the validity of the 

assumptions. 

Salinity and pressure corrections have been applied to the filling 

temperatures (Table 7) using the experimentally derived curves of 

Klevstov and Lemmlein (1959). The maximum ranges of temperature were 

determined from the extreme values of salinity and pressure, as in 

some cases it was impossible to measure the salinity of every inclusion 

for which a corresponding filling temperature was determined. Average 

temperatures of formation were obtained from the average filling temperature 

using the average salinity of inclusions from e~uivalent samples and 

a pressure of 750 atn~spheres. The uncertainty in distinction between 

secondary and primary inclusions in specimens from the south end of 
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10 - 513 - 529 
(519) 

570 - 590 (?) 580 (?) 

association 
unknown 

100204 
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in pyrrhot i te 
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(352) 

in :p~'rrhotite  

100826 (1) Greieen Face Colourless to 
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14 125( - ')62 
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185 - 220 (?) 195 (7) 

vein in dolomite 

100206 (12) Fook's Lode Colourlees to 
green fluoi:ite 
interlayered with 

62 90 - 140 151 - 303 

(221) 

210 -'380 290 

sphalcrite and 
cassiterite 

100838 (4) I'ig Flat Colourless to 
pink fluorite:
patches in 

37 125 - 168 
(147) 

185 - 230 (?) 210 (7) 

pyrrhotite 

100771 (1) South of 1'ig 
:Flat in drill 

Colourless to 
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37 112 - 150 125 - ~98 
(280) 

180 - 370 350 

hole. vein in ehales 
below dolomite 

13526 Colourlees to 55 105 - 171 165 _ 230 (?) 220 (?) 
13527 (14) South end of pink fluorite: (157) 

open cut veins in 
dolomite 

100839 Happy Valley 1'ale pink
fluorite:
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(159 

215 - 230 220 

veins in 
dolomite 

100222 (4) North Valley 
Lode 

Colourleea to 
smokey Quartz 
aseo~iated  with 

12 132 - 152 180 - 186 
(183) 

240 - 250 245 

caeeiterite 

100223 (2) Giblin Lode Colourless to 
emokey Quartz 

18 115 - 165 
( 141 ) 

170 - 220 (?) 200 (7) 

aeeociated Rith 
cassitcrite 

Table 1. Filling temperatures and corrected temperatures from fluid inclueione in fluorite 
and quartz, Mt. Biechoff. 
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the open cut, the vein in Greisen Face, and the Giblin Lode may mean 

that the corrected filling temperatures given in Table 7 are lower 

than the true values for the primary inclusions alone. No correction 

has. to be applied to inclusions in fluorite pods from Greisen Face 

because the coexistence of liquid and gaseous inclusions indicates 

a two-phase condition. 

The corrected filling temperatures, equivalent to the formation 

temperatures of the host minerals, can only be interpreted if both 

the factors of spatial distribution and time of deposition are considered. 

The fluorites from the Slaughteryard Face, Greisen Face, Pig Flat 

and Fook's Lode occur in pods that appear to be more or less contemporaneous 

with the pyrrhotite and have been veined by chalcopyrite. The fluorites 

from the Greisen Face (vein), south end of the open cut and Happy Valley 

occur in veins which cut altered dolomite and may be representative 

of a later stage of deposition. The Giblin and North Valley Lodes 

are demonstrably a later phase of mineralization than the replacement 

ore body. The mode of occurrence of the fluorite from Brown Face 

is unknown but it is likely to be similar to that in Slaughteryard Face. 

The "early" fluorite shows a general decrease in average temperature 

of formation from Brown Face (580oc), Slaughteryard Face (370°C), 

Greisen Face (355°C) to Pig Flat (210oC). It is possible that the 

high temperatures obtained from inclusions in Brown Face fluorite 

may be fortuitous due to mechanical trapping of a gaseous phase 

during boiling, but the consistency of the filling temperatures 

suggests that they are probably real temperatures. The fluori te 



-129

from Fook' s Lode has an anomalously high average temperature of formation 

(290oC). The average temperature of formation of possible late-stage 

fluorite from the south end of the open cut and Happy Valley (210

220oC) is equivalent to that of "early" fluorite from the same area, 

and is similar to temperatures of formation of quartz associated with 

cassiterite in fissure veins. An exception is provided by an isolated 

fluorite vein in shales 200 feet beneath the dolomite horizon just south 

of Pig Flat, from which one group of inclusions gave a significantly 

higher temperature than other inclusions in the same specimen and from 

the same area (Fig •. 29). This may be related to the greater depth of 

occurrence. In general it appears that there was a high temperature 

zone in the central area of Mt. Bischoff with a generalized decline 

in temperature outwards during replacement of the dolomite horizon, 

and that subsequent deposition of fluorite and quartz in predominantly 

marginal fissure veins occurred within the same temperature range as 

deposition of fluorite in the marginal zone of the replacement deposit. 

Fook's Lode may represent a local high temperature area, possibly 

associated with adjacent quartz-porphyry dykes in Falls Creek (Figs. 6 

and 8). 

Roedder (1960b) has shown a sympathetic decrease in filling temperature 

and salinity in zoned sphalerite crystals. A correlation between temperat~e 

and salinity in other more general studies has been impeded by the erratic 

local distribution of salinity in inclusions.· In this study a plot 

of average temperature of formation against average salinity of fluid 

for each set of spatially controlled specimens (Fig. 30) indicates a 
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generalized positive correlation between temperature and salinity 

(correlation coefficient, r=+0.76). This correlation is confirmed 

by a plot of individual primary inclusions for which both temperature 

and salinity were measured (r=+0.81). 

A possible ~echanism causing a decrease in both temperature and 

salinity of the ore solutions together with considerable local variation 

is localized, irregular mixing of a hot, saline, hydrothermal solution 

with cooler, less saline meteoric and connate waters. If the meteoric 

and connate water contained about 2% NaCl (~~ite, Hem &ld Waring, 1963), 

dilutions of the hydrothermal solutions by up to 6 times the volume 

of meteoric and con~ate water would be required to lower the salinity 

from· 14 to 4 equiv. wt. %NaCl. A further cause of declining temperature 

is loss of heat from the hydrothermal solutions to the wall rocks. 

(d) Alkali Ratio Data 

Previous workers (e.g. Yermakov, 1965; Roedder et al 1963) have 

shown that the majority of aqueous solutions in fluid inclusions contain 

predominantly dissolved alkali salts and minor Ca and ~~ salts 

(chlorides and sulphates). The occurrence of multi-phase inclusions 

containing probable halite and sylvite from Mt. Bischoff suggests that 

the solutions in inclusions from this deposit are similar to those 

described elsewhere. 

Absolute ionic concentrations could not be measured from the small 

inclusions present at Mt. Bischoff, but it was possible to dete~ine 

the ratios of Na, K and Li, using methods outlined by Sawkins (1966a). 

Care was taken to reduce contamination by selecting clean fragments, 
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and about 25 grams of each sample was crushed in a vibratory swing
 

mill for 3 seconds. The powdered sample was weighed into a polythene,
 

screwtop jar and leached with half its weight of deionized water.
 

The liquid was then filtered and analysed for Na, K and Li by flame
 

photometry. Specimens of quartz and fluorite from the Rookhope borehole
 

(Table 8) gave weight ratios comparable to those quoted by Sawkins (1966a).
 

These studies were limited by the lack of suitable quantities of 

clean material from several areas and have the disadvantage that 

secondary. and primary inclusions cannot be analysed separately. From 

the few ratios available it appears that the marginal lode deposits 

have higher Na/K weight ratios than the high-temperature pyrrhotite ores. 

Fook's Lode fluori te, despite its high filling temperatures and 

salinities, has a similar ratio to the lode deposits.·· 

In general, the Na/K and Na/Li ratios are similar to those 

for fluids from volcanic areas such as the "acid sulphate-chloride 

waters" (,lhite, Hem and Waring, 1963). 

Roedder (1958) recorded similar Na/K ratios in gold-quartz veins from 

California and Sawkins (1966b) obtained Na/K ratios as low as 2.8 for 

inclusions in Cornish tin deposits. The Salton Sea brines have 

similar ratios and although originally considered to be magmatic 

(White, Anderson and Grubbs, 1963) they are now considered to bw 

meteoric on the basis of isot~pic composition (Craig, 1966). 

The Na/K ratio in these fluids is probably derived by leaching 

from sediments. White (1965) showed that there is a general 

decrease in the Na/K ratio with increasing temperature for hot 

spring waters in equilibrium with alkali feldspars and K-mica, 



Mineral Number Locality Na/K K/Na Li/Na 

Fluorite 13511 Brown 1.12 0.89 0.0210 
Face 

" 100204 Slaughter 1.44 0.70 0.0077 
(a) yard Face 

" 100204 11 1.41 0.71 0.0129 
(b) 

" 100205 " 1.37 0.73 
(a) 

" 100205 11 1.12 0.90 0.0313 

11 100206 Fook's 3.36 0.30 0.0117 
Lode 

Quartz 100223 Giblin 2.62 0.38 0.0105 
Lode 

11 100222 North 4.03 0.25 0.0120 
Valley 
Lode 

Green Rookhope, 5.60 0.18 0.0035 
Fluorite U.K. 

Purple Illinois, 6.51 0.15 0.0004 
Fluorite U.S.A. 

Quartz Rookhope 5.86 0.17 0.0027 
U.K. 

Ocean 27.5 0.036 0.00001 
j{ater (1) 

Salton California, 2.0 0.50 0.0059 
Sea (2) U.S.A. 

Table 8. Alkali weight ratios of fluid inclusions from 

Mt. Bischoff and other occurrences. 

Figures for (1) and (2) are from White (1965) 

(Table 1). 
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and that this is consistent with experimentally determined compositions 

of fluids in equilibrium with these minerals. The WalK ratios and 

filling temperatures of inclusions from Mt. Bischoff consistently fall 

above the curves given by White (1965. p. 259), in agreement with 

parameters for waters that are not in equilibrium with alkali feldspars 

and K-micas. 

Obvious sources of K and Li at Mt. Bischoff are the unaltered 

porphyry dykes which contain (Appendix A4, Table 26) . from 

2.25 and 5.0%K (average 4.05%) 0.08 to 0.45% Na (average 0.19%) and 

45 to 190 ppm Li (average 103 ppm). Following alteration they contain 

from 0.08 to 0.33%K (average 0.12%), 0.01 to 0.04% Na (average 0.02%) 

and 5 to 27 ppm Li (average 9 ppm). The low Na/K and Na/Li ratios 

are therefore probably a function of relative availability of the alkalies 

with excess K and Li derived from the altered porphyry dykes by a 

hydrothermal fluid which was not in equilibrium with the dyke rocks, 

The increase in Na/K ratios with falling temperature and salinity 

may be explained by mixing with meteoric and connate waters. The 

dilution required to explain the variation in salinity, would change 

an initial NalK ratio of 1.3 to a final ratio of 3, which is approximately 

the change observed. The tendency of K to become fixed the micaceous 

minerals may also lead to relative concentration of Na. Addition of 

K to the dolomite host rocks is indicated by the presence of phlogopite 

in the gangue. 
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The anomalous high Na/K ratios of inclusions from Fook's Lode 

may be explained in terms of initial availability of the alkalies if 

a local source is envisaged. 

(e) Summary and Conclusions. 

Formation temperatures of fluorite and quartz support the concept 

of a generalized temperature decline outwards from the centre of Mt. Bischoff, 

as previously indicated by variation in the mineralogy of the sulphides. 

Initial temperatures of deposition of fluorite in the Brown Face were as 

high as 5800 C and decreased to approximately 2000 C in the marginal ZOne 

some 2000 feet away. Temperatures of formation of fluorite and quartz 

in later marginal fissure veins range from 1700 to 3800 C, with the 

majority between 2000 C and 2500 C. 

A positive correlation exists between salinity and temperature 

of formation for minerals from different localities. A possible 

mechanism to explain (a) this correlation (b) the great variation of 

salinity within one area (c) the temperature decline and (d) the high 

salinities of inclusions from the Brown Face is for initially hot, 

highly saline hydrothermal solutions to be mixed with cooler, less 

saline meteoric and connate waters, in conjunction with heat loss 

from the solutions to the wall rocks. The occurrence of meteoric and 

connate waters at depths of over 10,000 feet is possible (e.g. White, 

1968), particularly in an environment with open fractures and carbonate 

beds. 
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Low Na/K and Na/Li ratios of fluid inclusions from Brown Face 

and Slaughteryard Face probably result from addition of excess K and 

Li over Na from hydrothermal alteration of the porphyry dykes which 

may have been feeders to the mineralization. The Na/K ratio of the 

ore solutions increased with declining temperature and salinity possibly 

due to admixing with relatively Na-rich meteoric and connate waters; 

this increase may have been accentuated by fixation of K in micaceous 

minerals (e.g. phlogopite). A possible local source of solutions 

is indi~ated for deposition of fluorite at Fook's Lode which has 

a relatively high temperature of formation and salinity but similar 

Na/K ratios to the other marginal deposits., 



Temperature Indications from Sulphide Systems 

(a) The Fe-S,System 

The determination of P1rrhotite compositions is described in 

Appendix C2 and results are tabulated in APpendix C2, Tables 39 and 

40. The composition of monoclinic pyrrhotites was not determined directly 

for reasons discussed in Appendix C2 but several authors have shown a 

restricted range of composition from 46.4 to 46.8 atomic percent Fe 

(e.g. Clark, 1966). 

Arnold (1957) showed that the composition of pyrrhotite formed in 

equilibrium with pyrite was a function of temperature between 3250 and 

600 0 c. More recently Toulmin and Barton (1964) have shown that the 

composition of pyrrhotite is a function of both temperature and fugacity 

of sulphur (fS2) and that the composition of pyrrhotite at a given temperatur 

uniquely fixes the fS 2 and the activity of FeS (~es)' They have shown 

that the temperature and fS conditions of formation of pyrrhotite of2 

a certain composition are a minimum when that pyrrhoti te is formed in 

equilibrium with pyrite (Fig. 31). Von Gehlen and Kulleru;i (1962) have 

shown that the presence of chalcopyrite may lead to an even lower estimate 

of temperature but that the presence of sphalerite or galena has negligible 

effect. 

The mode of formation of the monoclinic pyrrhotite must be known 

before any thermometric significance can be attached to its composition, 

because it has been shown by numerous authors that monoclinic pyrrhotite 

is a stable form only below the 6 transformation at about 3000 C (e.g. 

Gr~nvold and Haraldsen, 1952; Desborough and Carpenter, 1965; Clark, 1966). 
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Desborough and Carpenter (1965) have suggested the following possible 

origins for monoclinic pyrrhotite. 

(a)	 Extremely rapid isochemical cooling of hexagonal (2A, 7C) pyrrhotite 

with the composition of the resultant monoclinic pyrrhotite, which 

could revert to the monoclinic fonn without exsolution of pyrite. 

The original hexagonal pyrrhotite would be in equilibrium with pyrite 

between about 4500 and 5250 C (Fig. 31). 

(b)	 Extremely slow cooling of similar hexagonal (2A, 7C) pyrrhotite 

down the pyrite-pyrrhotite solvus with exsolution of pyrite and 

sympathetic increase in Fe content of the pyrrhotite down to the 

transformation temperature where the pyrrhotite would invert 

to the monoclinic fonn. 

(c)	 Oxidation of pyrrhotite with magnetite fonned at the expense of 

pyrrhotite. 

(d)	 Hydrothermal modification of pyrrhotite by later SUlphide-rich 

solutions (e. g. associated with the formation of secondary pyrite).· 

(e)	 Direct formation of monoclinic pyrrhotite •. 

The lack of exsolved pyrite in the monoclinic pyrrhotite suggests 

that very. rapid or slow cooling of S-rich hexagonal pyrrhotite are 

possible mechanisms for the formation of monoclinic pyrrhotite. An 

extremely slow cooling history appears the more reasonable geologically. 

An oxidation origin for the monoclinic pyrrhotite is unlikely 

because of the general lack of magnetite. Hydrothe~al modification 

by sulphide-rich phases is possible at Mt. Bischoff because of the 

presence of second generation, hypogene pyrite replacing pyrrhotite.· 
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However, many specimens of monoclinic pyrrhotite contain no second 

generation pyrite and it is absent or rare at Cleveland and the Federal 

Lode (Renison Bell) where the pyrrhotite is exclusively monoclinic. 

Monoclinic pyrrhotite from the Brown Face, ~~. Bischoff occurs only in 

specimens containing concretionary forms of supergene pyri te, and may 

be the result of supergene modification. Direct formation of monoclinic 

pyrrhotite at low temperatures appears geologically reasonable in some 

deposits (e.g. Sawkins et al 1964), but the high formation temperatures for 

fluorite from fluid inclusion studies indicate that this is oot necessary 

to explain the presence of monoclinic pyrrhotite in the Mt. Bischoff deposit. 

Both hexagonal and monoclinic pyrrhotites and mixtures of the two 

types occur at Mt. Bischoff and the replacement deposits at Renison Bell. 

It is probable that the hexagonal pyrrhotite is the 2A, 5C structural 

type (the stable hexagonal form below the a transformation) if a slow 

cooling history is accepted, because experimental studies show that 

pyrrhotites reequilibrate rapidly (e.g. Clark, 1966). The range of 

composition of the hexagonal pyrrhotites is similar to that shown for the 

2A, 5C type by Clark (1966), although several pyrrhotites are slightly 

S-enriched. It is probable that these pyrrhotites inverted from 

hexagonal (2A, 7C) pyrrhotites of equivalent composition at the a 

transformation temperature similarly to the formation of monoclinic 

pyrrhotite. 

However accurate estimates of formation temperatures of the 

pyrrhotites are restricted by these uncertainties in their formation 

histories. The following discussion is only valid if it is assumed 
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that both the monoclinic and hexagonal (2A, 5C?) pyrrhotite have inverted 

from hexagonal (U, 7C) pyrrhotite of equivalent composition during 

slow cooling. 

At Mt. Bischoff the pyrrhotites from the~central area (Brown 

Face - Slaughteryard Face) have predominantly hexagonal symmetry and some 

are very S-deficient (Fig. 34). Pyrrhotites from Greisen Face, Pig Flat 

and the south end of the open cut have predominantly monoclinic symmetry 

and the hexagonal pyrrhotites present are generally more S-ri~h than 

those from the Slaughteryard Face. 

The minimum temperatures of formation and fS of pyrrhotites from
2 

the Slaughteryard and Brown Faces have a continuous range from approximately 

o 0 -12 -3 .300 to 525 C and 10 to 10 atmospheres respect1vely. The minimum 

temperature of formation and fS of pyrrhotites from Greisen Face, Pig Flat2 
0 0 -5and S of Pig Flat generally range from 400 to 525 C and 10 to
 

10-3 atmospheres respectively (Fig. 33) with one exception (100,078a).
 

However textural evidellce suggests that the pyrrhotite is not in
 

equilibrium with pyrite and the fluid inclusion studies indicate a
 

temperature gradient from Brown Face-Slaughteryard Face to Greisen-Pig
 

Flat - south of Pig Flat, at least during deposition of the fluorite.
 

If a minimum temperature of 5250 C is accepted for some deposition of
 

pyrrhotite in the Greisen Face - Pig Flat area and some deposition at
 

Brown Face - Slaughteryard Face is considered to have occurred
 

at a higher temperature, then if the fS2 were constant at 10-3 atmospheres,
 

a maximum temperature of approximately 7000 C is indicated (Fig. 31).
 

The stability fields of pyrite and pyrrhotite at these temperatures __7
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-24 -17()indicate a fugacity of oxygen f0 between 10 and 10 atmospheres,2 

which decreases with decreasing temperature (Holland, 1965). If the 

fS 2 does not fall rapidly with initial decreasing temperature, conditions 

would apprcaeh and may cross the pyrite-pyrrhotite solvus. This may 

be the explana1lion for the increase in abundance of pyrite in the marginal 

zone at Mt. Bischoff. If the textural evidence that pyrite generally 

cyrstallized before pyrrhotite in the replacement deposit is accepted, 

and sequence of deposition is accepted as being at least partly a 

function of decline in temperature, it must indicate a higher fS during2 

initial pyrite crystallization, and a maximum initial temperature of 

7430C, in the presence of S vapour. The pyrite in the outer zone could be 

penecootemporaneous with or later than the pyrrhotite and may be equivalent 

to the second generation pyrite in the replacement deposit. This cannot 

be confirmed because of the lack of coexisting pyrite and pyrrhotite 

in specimens from the marginal zone. 

Similar minimum temperatures of formation and fS 2 up to 5250C and 

-3 -1710 atmospheres and f02 up to 10 atmospheres can be demonstrated for 

the pyrrhotites at Renison Bell and Cleveland. However as no zonal 

pattern has been determined and no direct temperature measurements made 

using fluid inclusions, the only indication that the temperature and 

fS m~ have been higher is the non-equilibrium textures shown by pyrite
2 

and pyrrhotite. The association of monoclinic pyrrhotite and abundant 

pyrite at Cleveland and Federal Lode, Renison Bell may indicate conditions 

close to the estimated minimum temperature and fS 2 conditions of 4500 to 

o -6 -3 .
525 C and 10 to 10 atmospheres. 
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(b) The Fe~Zn-S 2ystem 

The pioneer work by Kullerud (1953) on the FeS-ZnS join was 

carried out using techniques in which the fugacity of sulphur was not 

controlled. Barton and Toulmin (1966) have used the coexistence 

of pyrite and pyrrhotite as a natural buffer which controls the fS
2 

at any given temperature to determine the relationship between the composition 

of sphalerite, crystallizing in equilibrium with pyrite and pyrrhotite, 

and the· temperature of crystallization (Fig. 31). A major problem 

encountered by Barton and Toulmin (1966) was that the conditions of 

formation of sphalerite below 5800 c could not be measured directly 

because of the slow reaction rate of solid state reactions in the system 

at low temperatures. The slope of their curve relating FeS content 

of sphalerite in equilibrium with pyrite and pyrrhotite to temperature 

of crystallization (curve B, Fig. 32) below 5800 C indicates that the FeS 

content of sphalerite in such assemblages is temperature depend~t; 

this was based partly on the observation of systematic variations in 

sphalerite composition in zoned hydrothermal deposits, and partly 

as extrapolation of the high temperature data which showed that 

the FeS content of the sphalerite was a function of the activity of 

FeS. 

Recent studies using salt fluxes to increase the reaction rate (Boorman, 

1967) have shown that the sphalerite solvus (curve B, Figs. 33) 

does not reverse its slope but drops vertically at a constant 

composition of 20,8 ± 0.5 mole %FeS, i.e. the 20.8 mole %FeS isopleth is 

coincident with the pyr1te-pyrrhotite solvus below 5500 C (Fig. 32) •. 

The independence of sphalerite composition and temperature of crystallization 
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below 5500 C has also been demonstrated by Scott and Barnes (1967), but 

Chernyshev and Anfilogov (1967) found a progressive increase in FeS 

content with decreasing temperature using a similar experimental procedure. 

Wil1iams (196,) suggested that the FeS content of sphalerite in natural 

assemblages did not support these experimental studies, and that there was 

abundant evidence including his own studies at Zeehan and the study of the 

Salton Sea sUlphides (Skinner et al,1967) to support the extrapolation suggeste 

by Barton and Toulmin (1966), However, there is still considerable 

uncertainty involved in the interpretation of sphalerite compositions. 

The results obtained in this study are shown in Appendix Cl and 

summarized in Fig. 33B. The sphalerites from the replacement deposit 

at Mt. Bischoff contain between 13.8 ± 1.6 and 25.0 ± 3.8 mole %FeS 

and exhibit a generalized decrease in FeS content from Brown Face outwards, 

although only a few analyses are available. The sphalerites from 

Brown Face and Slaughteryard Face, which contain more than 20 mole % 

FeS, are associated with abundant pyrrhotite which from textural relation

ships was deposited penecontemporaneous ~rith, or slightly before the 

sphalerite. The sphalerites from Pig Flat and south of Pig Flat have 

a lower FeS content (13.8 to 16.0 t 3.6 mole %FeS) but occur predominantly 

in association with pyrite although some pyrrhotite is present. The 

sphalerites from the fissure veins, which contain abundant pyrite but 

only minor pyrrhotite, have a range of composition from 9.0 z 1.8 to 

17.3 t 1.6 mole %FeS, and there appears to be no relationship between 

spatial position and composition. 
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The sphalerite co~ositions have little thermometric significance 

when considered alone. It is also evident that estimation of formation 

conditions is difficult because the sphalerite isopleths are either 

subparallel or parallel to the pyrite-pyrrhotite solvus and the pyrrhotite 

isopleths (Fig. 31),and the interpretation of pyrrhotite structure and 

composition is also uncertain. The compositions of sphalerite from Brown 

Face-Slaughteryard Face fall entirely within the pyrrhotite field of the 

FeS-FeS2 system (Fig. 31) in agreement with observed associations. The 

overlapping field obtained from the maximum range of compositions of these 

sphalerites and pyrrhotites (with the assumptions discussed above) indicates 

temperature and fS2 conditions between 4500C and 10-6 atmospheres and 

0 650 C and 10-2-310 atmospheres. The f02 at these temperatures would 

range from 10-31 to 10-17 atmospheres. The higher limit of temperature 

fS 2 conditions approximate to the conditions indicated by the variations in 

pyrrhotite compositions alone if a temperature gradient is accepted. 

The sphalerite compositions from Pig Flat 0 south end of the open cut and 

from the fissure veins fall entirely within the pyrite field of the 

FeS-FeS2 system if Boorman's experimental work is accepted. If Barton 

end Toulmin's extrapolated curve is considered, only the sphalerites with 

the highest FeS contents could be in equilibrium with the most Fe-rich 

pyrrhotites (and possibly pyrite) from Pig Flat. The temperature - fS 2 

conditions would be 4000c and 10-7 atmospheres, significantly lower 

than the minimum temperature of formation of some pyrrhotites from 

this area, and lower than the conditions suggested by the distribution 

of pyrrhotite composition alone. The lower limit of 9 mole %FeS 
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recorded for sphalerites in the Waratah district may be significant if 

the sphalerite isopleths are in fact sUbparallel or parallel to the 

pyrite-pyrrhotite solvus in the pyrite field (Fig. 31). It indicates 

that if the fS 2 was approximately constant, the sphalerites (and pyrites) 

in the marginal zone of the replacement deposit and fissure veins were 

deposited over a very small temp&rature range which was lower than the 

range of deposition temperatures in the central zone of the replacement 

deposit, or that if they were deposited at successively lower temperatures, 

the fS 2 was decreasing sympathetically. Under the latter conditions 

the f0 would also decrease sympathetically. The fS would have had to2 2 

increase markedly for the temperature of deposition of the sphalerites 

to have been greater than that for the central zone. 

Sphalerites from Cleveland which occur with monoclinic pyrrhotite 

and replace pyrite, contain between 14.7 ± 1.6 and 19.7 ± 1.6 mole %FeS. 

The most FeS-rich sphalerite could be in e~uilibrium with pyrite and 

0 0 -7 -3 ( )pyrrhoti te between 450 C and 510 C and 10 to 10 atmospheres fS 2 

and 10-31 to 10-17 atmospheres (f0
2

) if the monoclinic pyrrhotite formed 

from a S-rich hexagonal pyrrhotite by rapid cooling, but the more 

FeS-deficient sphalerites could not have been in e~uilibrium with pyrrhotite. 

If slow cooling is envisaged, with continuous change in the composition of 

the pyrrhotite until it inverts below the S transformation temperature, 

then the most FeS-rich sphalerite could have been in e~uilibrium with 

0pyrite and pyrrhotite from 510 C down to the transformation temperature 

(~ 300oC), and the more FeS-deficient sphalerites could have been in 

e~uilibrium with pyrite and pyrrhotite below about 3500C and 10-10 
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atmospheres (fs2 ) if Barton and Toulmin's curve is accepted. This 

would mean that the sphalerite would have been deposited at a significantly 

lower temperature than the initial temperature of deposition of pyrrhotite. 

Sphalerites from the No. 2 Horizon at Renison Bell (4 analyses) 

contain between 12.5 ± 1.6 and 21.5 ± 1.8 mole %FeS although three 

of the sphalerites contain above 17.8 ± 1.6 mole %FeS. The maximum 

temperature - fS2 conditions for sphalerite of this composition in 

equilibrium with pyrrhotite of the compositional range at Renison Bell 

is- approximately 5000 C and 10-5 atmospheres. The minimum conditions 

11 are below 3000 C and 10- atmospheres (fS2 ) if Barton and Toulmin's 

curve is accepted. The overlapping areas formed by the sphalerite 

and pyrrhotite for Renison Bell fall close to the pyrite - pyrrhotite 

solvus. 

The distribution of FeS contents of sphalerite at Mt. Bischoff 

can generally be equally well explained using either the experimental 

curve of Boorman (1967) or the extrapolated curve of Barton and Toulmin 

(1966) • The low FeS contents of sphalerites associated with pyrrhotite 

at Cleveland may be significant as they are best explained by slow cooling 

of S-rich hexagonal (2A, 7C) pyrrhotite towards the transformation 

temperature with deposition of sphalerite in eqUilibrium with the 

pyrrhotite below 3500 C if Barton and Toulmin's curve is accepted. 

Sphalerites intimately associated with pyrrhotite at Renison Bell also 

have FeS contents below 20 mole %FeS. 

The effect of confining pressure may have been partly responsible 

for the low FeS contents of sphalerites associated with pyrrhotite 
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obtained in this study. Barton and Toulmin (1966) have shown that 

the effect of increasing pressure is to move the pyrite-pyrrhotite

sphalerite line (curve B) to the right in Figure 32 (i.e. towards lower FeS 

contents) and for an increasing effect at lower temperatures (i.e. 

flattening of curve B, Figure 32). They recorded that the shift was 

equivalent to -1 mole %FeS per 1000 atmospheres at 7420 C increasing 

to approximately -3 mole %FeS per 1000 atmospheres at 3250 C. At 

Mt. Bischoff, Cleveland and Renison Bell where effective confining pressures 

probably approached 1000 atmospheres these differences may be significant. 

It would be possible for 3 of the 4 analysed sphalerites from Renison 

Bell to have been in equilibrium with hexagonal (2A, 7C) pyrrhotite, and for 

the analysed sphalerites from Cleveland to more closely approach 

equilibrium with heragonal (2A, 7C) pyrrhotite at temperatures in excess 

of 350
o

C. 

(c) The Fe-As-S System 

Clark (1960) has shown that although pyrite is stable up to 743°C 

and arsenopyrite up to 702°C, the two minerals are not stable as a pair 

above approximately 491°C, and that if pyrite coexists with arsenopyrite 

in the presence of vapour at least one member of the mineral pair was 

deposited below 491 ± 12°C.· This temperature is not affected greatly 

by the confining pressure or the presence of pyrrhotite coexisting with 

the arsenopyrite and pyrite. 

In the cassiterite-sulphide ores arsenopyrite and pyrite occur 

as euhedral crystals which are rarely in contact and are commonly 

apparently replaced by pyrrhotite (Plates 13, 14, 15). Some of the 



Figure 33. Variation of parameters of possible 

thermometric significance with spatial 

position at Mt. Bischoff and a comparison 

with the same parameters at Renison Bell 

and Cleveland. 

A.	 Formation temperatures of fluorite and 

quartz from fluid inclusion studies. 

B.	 FeS content of sphalerite, expressed as 

mole %. 

C.	 Composition of pyrrhotite, expressed as 

atomic % Fe. 

D.	 Isotopic composition of sulphur, expressed 

as 6'34 S . 



__

!E aJ:n~1.B: 

ITl3Il NOSIN,," I .1,/Q1-OS1'i3 JN~ .:l0 7tfl.N3:> I'tOl::L:I J:lNVJ.SIO	 ':lN5V3'd:lN1 

I O~	 0 ~ •	 I~ ~
!!	 ~

¥5 ~ 59 ~ ! § f ~~ I ~~ •	 
~~i~ ~ 

~~~ i ~ ~ ~~; ~~~ §g ~	 a ~ a ~ 
! 

! 

I - !	 ,. ~ 
J 

I	 ..' 
! :lJ__ D ,. ~ ~_.

J	 =_. a I
!

1	 

.~ 

T II ~

"' 
1 I	I .. ~ 

O"L" •;p 

,
jj "'I ." .o~~":S:T 

:lIU--,IO~QalI bP.-"" _I'..... JO-.-~	 • 
:) 

~
I ! 1!	 •• ! I 

~ 

. 
'" •' 

! v	
• ,; -_.
 '8 

~ II

I
I	 ~ 

~ 
l"

_. II f-~ 
~ -I	 ~ 

i 
v 



-146

pyrrhotite has a probable minimum temperature of 5250 C and actual 

temperatures of deposition m~ have approached 7000 C at Brown Face and 

Slaughteryard Face where temperatures of deposition of fluorite (which 

on textural evidence is generally deposited after pyrite and arsenopyrite) 

were as high as 5900 C and 4700 respectively. 

This evidence suggests that the pyrite and arsenopyrite probably 

formed above 4910 C. Possible explanations to explain this apparent 

anomaly are: (a) that the pyrite and arsenopyrite did not coexist with 

vapour; this is also suggested by their general separation in the ores, 

(b) the effect of other components on the pyrite-arsenopyrite stability, 

although Clark (1960) recorded that the presence of water had little 

effect, (c) the textural relationships are not the result of successive 

deposition (e.g. Stanton, 1964), although it is difficult to explain 

some configurations (e.g. Plate 14) as growth textures. 

The problem is also complicated by the compositions of the 

arsenopyrites as indicated by measurements of their 131 spacing (Clark, 

1960) • Arsenopyrites from the Slaughteryard Face, Mt. Bischoff and 

Federal Lode and No. 2 Horizon, Renison Bell have a narrow compositional 

range between 36.5 and 37.5 atomic percent S (Mori~oto and Clark, 1961). 

Clark (1960) has sho,no that the composition of arsenopyrite is temperature 

dependent, and by extrapolation of his results arsenopyrites of this 

compositional range would have been formed at approximately 3000 C under 

low pressure conditions. Increasing pressure results in increased 

sulphur content in the arsenopyrites. However using the maximum range of 

calCUlated pressures and the pressure dependent compositional variations 
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quoted by Clark (1960) the arsenopyrites should still have formed below 

500oC, and probably as low as 3750 C if estimates are correct. Hence 

estimates of temperature within the Fe-As-S system are consistent but 

are generally lower than estimates based on other systems, if the 

textural evidence for successive deposition is accepted. Similar studies 

by Arnold, Coleman and FrYklund (1962) on ores from the Coeur d r Alene 

District, Idaho have indicated minimum temperatures of formation of 

pyrrhotite up to approximately 4900 C in sections containing pyrite and 

arsenopyrite; both minerals were generally deposited before pyrrhotite. 

(d) Pyrite Geothermometer 

Hill and Green (1962) have related the thermoelectric potential 

of pyrites from Mt. Bischoff and Renison Bell to temperatures of formation 

as suggested by Smith (1947). Low resistivities (positive thermoelectric 

potentials) were obtained for both groups of pyrites and were related to 

high temperatures of formation. Slightly lower resistivities were 

obtained for pyrite at Mt. Bischoff than at Renison Bell, and a higher 

temperature of deposition was suggested. Some local correlation between 

resistivity and Cu and/or Mo content was suggested on the basis of 5 

analyses of pyrite, but the analyses do not justify this correlation. 

It is now evident that the trace or minor element content of the 

pyrite is the principal factor governing the thermoelectric potential 

(e.g. Suzuki, 1963), and that this is probably a function of the nature 

of the ore-forming fluid. The similar positive thermoelectric potential 

of pyrites from Mt. Bischoff and Renison Bell may be a function of their 

similar trace element content. This is partly substantiated by the 
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similar, low Co and Ni contents of pyrites from these deposits (Loftus-

Hills, 1967). 

(e) Melting Points and Solid Solutions 

Melting points of minerals place an upper limit to the temperature 

range in which the mineral formed. The occurrence of native bismuth 

associated with galena at Renison Bell is usefUl as it limits the temperature 

of this phase of mineralization to below 2710C (e.g. Edwards, 1954, p. 150). 

At 2500C the f02 and fS2 conditions during deposition of this mineral 

pair are limited by the stability of native bismuth. The fS 2 and f02 
-14 -32IIIllst have been below 10 and 10 atmospheres respectively (Holland, 

1965) • 

Temperatures of homogenization of sulphide exsolution intergrowths 

(e.g. Edwards, 1954, p. 92) may be used as indicators of minimUIil 

temperatures of formation. However they must be treated with caution 

because of the difficulty of accurately delimiting the exsolution 

textures (e.g. Brett, 1964) and the relatively short times employed in 

homogenization. Homogenization temperatures for the exsolution pairs 

identified in the cassiterite-sUlphide ores (Table 9) are not inconsistent 

with temperatures determined from compositions of pyrrhotite and sphalerite 

and observed sequence of deposition, and are at least indicative of high 

temperatures prevailing during deposition of pyrrhotite, chalcopyrite, 

sphalerite and stannite. 
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Solvent Solute Homogenization 
Te!!!l?erature 

Spha1erite Ohalcopyrite 350 - 400°0 

Oha1copyrite Sphalerite 550°0 

Oha1copyrite Pyrrhotite 600°0 

Stannite Ohalcopyrite 500°0 

Table 9. Homogenization temperatures for exso1ution pairs 

(Edwards, 1954). 

Sulphur Isotopes 

A number of isotope analyses of sulphides from Mt. Bischoff and 

Renison Bell have been recorded by Rafter and Solomon (1967). The 

results are tabulated in Appendix 02 and summarized in Figure 33D. 

34At Mt. Bischoff the 6 s values for sulphides from the dykes 

and the central area of the replacement deposit are close to zero 

(-0.7 to +1.7) but those from the marginal zone of the replacement 

34deposit are slightly enriched in 6 s (+1.4 to 3.8). A local reversal 

34is shown by sulphides from the Greisen Face which have 6 s values 

of -1.1 and -1.9. The sulphides from the marginal fissure veins 

34Sare also enriched in 34S (6 = + 3.4 to + 5.2) relative to sulphides 

from the central zone. Rafter and Solomon (1967) have suggested two 

mechanisms to explain this variation. They suggested that at the high 

temperatures prevailing in the central zone sulphur isotope fractionation 

would be small but could result in the early sulphides (derived from 

relatively abundant H S) being very slightly enriched in 32S2

(e.g. Smitheringale and Jensen, 1963). Later sulphides deposited at 
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probably lower temperatures would then derive sulphur from a reservoir 

2
slightly depleted in 3 S• Alternatively they suggested the more 

attractive ~othesis that the mass isotope effect would trend towards 

initial preferential. deposition of 32S which could again result in a 

residual reservoir depleted in 32S• Rafter and Solomon (l967) pointed 

out that these processes would explain the 034s trends if a supply of a 

uniform ore fluid was operative, but that part of the observed variation 

could be the result of compositional. changes in sulphur of the ore fluid 

wi th time.. This may explain the anomalous similarity of 034s values of 

sulphides from Fook's Lode to values of sulphides from other marginal. 

lodes when a local. source of ore fluids is indicated by a combination of 

high formation temperature, high sa1.inity and high Na/K ratios of fluid 

inclusions in fluorite from Fook's Lode. 

It is interesting that the variation in 034s is the opposite to 

that shown at Zeehan, where 034s shows a decline with increasing distance 

from the probable source region (Both, Rafter and Solomon, 1967). 

Sulphur isotope anal.yses from Renison Bell involved sulphides from 

many environments including the conformable replacement deposits, the 

Federal Lode, and from disseminated sulphides in the Renison Bell 

Shales. The 034S val.ues for Fe- sulphides range from+4.0 to +8.l 

(average +6.5)· and a single galena sample gave +2.2. There is apparently 

no significant variation within or between deposits. The sulphur is 

even heavier than that from sulphides in the outer fissure veins at 

Mt. Bischoff. Rafter and Solomon (l967) pointed out that the 

Renison Bell deposits were considerably further from the apparent 
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granitic source rocks than at Mt. Bischoff where increasing distance 

from the centre of mineralization appears to correlate with heavier 

sulphur. However a similar distance from the source is indicated by 

e'luivalent temperatures of deposition to at least the marginal 

replacement deposit at Mt. Bischoff and the difference m~ represent 

an initial difference in sulphur for the local granitic source. 

For example the 034s values of sulphides in the Heemskirk Granite 

range from +2.2 to +15.1 (Both, Rafter and Solomon, 1967) and in the 

Mt. Bischoff porphyries they are significantly lower and range from 

-0.2 to +1. 7. 

Trace Elements 

Analyses of Co and Ni in Fe sulphides at Mt. Bischoff and Renison 

Bell have been carried out by G. Loftus-Hills and the author, using 

the,analytical techni'lue described by Loftus-Hills and Solomon (1967). 

The study was designed to determine whether the variation in other parameters 

at Mt. Bischoff was reflected in the Co and Ni content of the Fe sulphides. 

Although it is evident that the concentrations of the elements should 

not be purely temperature-depend<mt due to their undersaturation in the 

sulphides, some examples of trace element zoning have been recorded 

(e.g. Rose, 1967). 

Examination of pyrrhotite, pyrite and arsenopyrite from within 

an area.of 10 S'l. ins. of the Slaughteryard Face (Table 10, Fig. 35) 

indicates that the pyrite contains significantly more Co and Ni than the 

pyrrhotite and that the arsenopyrite shows considerable enrichment in Co 



Jlo,. of R"nge (ppm) Mean (ppm) 

Localit;y: Mineral Analyses Co Ni Co Ni Co/Ni 

MT. BISCHOFF 

White Face Dyke po. 2 0-11 11.-'r4 6 44 0.14 

White Face c!Y 12 1-6 8-28 3.5 13 0.26_ 

North-eastern 
Dyke 

(~. 10 1-5 5-25 3.5 12 0.28 

Brown Face Dyke po. 2 10-13 11-13 12 12 1.00 

Vein in Brown 
Face Dyke 

(5) 2 10-11 46-51 10 49 0.20 
-~ 

Vein in White 
Face Dyke 

pi)
',,/ 

1 - - 13 8 1.65 

Brown Face po. 6 1_20 5-11 8 8 1.00 

S1aughteryard po. 6 1-21 2-15 6 8 0.75 
Face 

(fj. 2 7-8 4-47 8 26 0.31 

apy. 2 107-114 7-13 111 10 11.1 

@sec) 3 6-16 17-42 9.5 30 0.31 

Greisen Face po. 5 9-29 5-28 19 13 1.46 

Pig Flat po. 6 1-11 5-26 4.5 12 0.38 

S. end of open 
cut & 4 1-16 5-13 9 9 1.00--

Happy Valley po. 3 1-2 11-25 2 16 0.13 

1'iJ 4 2-13, 
210 

16-44 61 31 1.97 

Veins below po. 3 2-22 56-82 9 71 0.13 
Brown Face apy. 2 207-209 134-137 208 136 1.53 

/.' 

(~ 2 14-18 26-28 16 27 0.58 

Vein beneath po. 4 5-9 71-109 7 90 0.08 
Greisen Face 



--
----

---

No. of' ,l1ange·. (ppm) Mean (ppm) 

Localit;[ Mineral Analys~:s Co Ni Co Ni Co/Ni 

Giblin Lode -d?Y. 2 73-82 142-168 78 155 0.50 
.~. ~ 

Vein near Don Hill 2 4-5 15 5 15 0.33_(3]' -
North Valley Lode ", 4 7-100 34-82 47 64 0.73lW· 

Antimonial Lode py. 3 2-3 4-9 3 7 0.36 
'---'/ .------

'-;jLode N. of py. 1 - - 2 16 0.12 
Waratah River C/ 

Fooks Lode ,£j) 4 2-70 13-103 28 45 0.62 
~ 

RENISON BELL 
~ 

Veins, Battery py) 10 1-16 12-91 8 34 0.24 
\~----//Open Cut 

Replacement of 8 0:'10 2-33 4 18 0.220Jsiltstone 
~--

Battery Open Cut 

No. 1 Horizon po. 8 0-10 11-18 4 14 0.29 

Gp 4 23-53 25-52 35 39 ~_<L. 

No. 2 Horizon ./ po. 9 3-53 3-19 16 ID 1.60 

4 65··139 28-46 119 38 3.13~. --' 
apy. 1 - - 103 5 20.60 

Federal Lode po. 9 7-62 57-111 22 92 0.24 

Table 10. Cobalt and nickel contents of iron SUlphides from 

~~. Bischoff and Renison Bell. Analysed by G. Loftus-Hills,
 

1966-68 and D. Groves and W. Baker, 1968.
 

po - pyrrhotite; py - pyrite; apy - arsenopyrite;
 

sec. - secondary.
 



(see also Gavelin and Gabrielson, 1947; Fleischer, 1955). On a 

broader scale, pyrites from Happy Valley Face also exhibit Co and Ni 

enrichment with respect to pyrrhotite from the same area. It has generally 

been found that Co is enriched preferentially in pyrite and that Ni is 

enriched in pyrrhotite (e.g. Neumann, 1950; Hawley and Nichol, 1961). 

The unusual enrichment of Ni in pyrite relative to pyrrhotite at Mt •. 

Bischoff is probably a result of disequilibrium between the two minerals, 

which is also indicated by textural relationships. 

The Co and Ni analyses do not indicate a simple spatial relationship 

related to zoning either in the replacement deposit or vein deposits 

(Fig. 34). A possible trend is indicated by higher mean Ni and lower mean 

Co in pyrrhotites from the outer Zone of the replacement deposit (Pig 

Flat, Happy Valley) than in pyrrhotites from the central zone (Brown Face, 

Slaughteryard Face), but the pyrrhotites from the intermediate area 

(Greisen Face) have higher mean Co than Ni and therefore disrupt this trend. 

There are however major differences in Co and Ni contents of pyrrhotite 

pyrite and arsenopyrite between the replacement deposits and the veins 

(Fig. 35). Pyrrhotites from the vein deposits have a similar range 

of Co contents to pyrrhotites from the replacement deposits but are 

markedly enriched with respect to Ni. Although the Co and Ni contents 

of pyrites from the vein deposits and replacement deposits partly 

overlap, their distribution can be shown to be significantly 

different at the 92% level of confidence (unbiased two-variable multivariant 

analysis), and it is evident that the pyrites from the vein deposits are 

enriched in both Co and Ni. Pyrites from the porphyry dykes show an 
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even more restricted range of Co and Ni contents than pyrites from the 

replacement deposits. Two analyses of arsenopyrite from the vein 

deposits indicate that it is enriched in both Co and Ni relative to 

arsenopyrite from a replacement deposit in porphyry; there is almost 

a fourteen-fold enrichment in Ni. Hence there is a greater variation 

in Co and Ni contents with an overall enrichment in pyrrhotite, pyrite 

and arsenopyrite from the vein deposits relative to the replacement ·deposits, 

with a preferential enrichment in Ni. 

This difference may result from changes in the ore-forming fluid 

prior to vein formation or from differences in the conditions of 

deposition in the two environments. The relatively small variation in 

Co and Ni in the replacement deposits may reflect stabilization of the 

physico~chemical conditions of the ore-forming fluids due to the large 

effect of the dolomitic host rocks.Rose (1967) also recorded a greater 

variation in trace elements in vein deposits than in replacement deposits 

in part of southern U. S .A. 

At Renison Bell the distribution of Co and Ni between pyrrhotite 

and pyrite in the replacement deposits is similar to that at Mt. Bischoff. 

The pyrites exhibit strong enrichment in Co and Ni, but there are 

proportional variations in Co and Ni for pyrite-pyrrhotite pairs (Fig. 35). 

The Co and Ni contents of penecontemporaneous pyrite veins and 

pyrite replacement of siltstones in the Battery open cut overlap 

(Fig. 35) but are significantly different at the 94% confidence level. 

There is both Co and Ni enrichment in the vein pyrites, with preferential 

enrichment in Ni, and in this respect the differences between the veins 
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and replacement is similar to that at Mt. Bischoff. The apparent 

difference between Co and Ni contents of pyrites from No. 2 Horizon and 

No.·l Horizon, cannot be substantiated as they only represent one and 

two specimens respectively.. The Co and Ni contents of pyrrhotites 

from No. 1 and No. 2 Horizons overlap but are significantly different 

at the 92% confidence level, with the pyrrhotite from No. 2 Horizon 

showing a tendency to be enriched in Co. However, both groups of 

pyrrhoti tes have low Ni contents «20 pp,,) • Pyrrhoti tes from the 

Federal Lode have a similar range of Co contents to pyrrhotites from 

the No. 2 Horizon, although their mean Co content is slightly higher. 

However, the pyrrhotites from the Federal Lode are strongly Ni-enriched 

relative to pyrrhotite from both No. 1 and No. 2 Horizons, and in this 

respect are similar to pyrrhotites from vein deposits at Mt. Bischoff. 

This preferential enrichment in Ni provides empirical support for the 

Federal Lode being at least in part a vein deposit. 

The constant preferential Ni enrichment in Fe-sulphides from vein 

deposits relative to replacement deposits at Mt. Bischoff and Renison 

Bell suggests that the difference between deposits results from the 

existence of different conditions of deposition between the two 

environments rather than from a temporal variation. It is possible 

that in the replacement deposits, Ni, and to a lesser extent Co, have 

preferentially entered suitable silicate and/or carbonate structures 

that were not present during vein deposition. 
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THE GRANITIC ROCKS ASSOCIATED WITH CASSlTERITE-SULPHIDE 

MINERALIZATION 

INTRODUCTION 

In Western Tasmania, a number of granite batholiths have intruded 

all sedimentary units from the Precambrian (Whyte Schist) to the Devonian 

(Bell Shale). The batholiths post-date folding but have been faulted in 

places (e.g. Heernskirk, Pieman Heads). Carey (1953) and Solomon (1965) 

have suggested that they are intruded along large anticlinal structures 

and Solomon (1965) showed a possible anticlinal zone along which the 

Heemskirk, Meredith and Housetop Granites are aligned (Fig. 5). The 

granite masses are generally elliptical in outline with arcuate boundarie~ 

against the country rocks, the largest being the Meredith Granite with 

a surface area of approximately 120 s~. miles. The granites are typical 

post-kinematic high-level plutons. 

The present study is concerned with the Meredith Granite, the Pine 

Hill complex and the Mt. Bischoff complex and a comparison with the 

previously described Heemskirk Granite [e.g. Brooks and Compston, 1965; 

Brooks, 1966, Heier and Brooks, 1966; Green, 1966 (a), (b)]. Both 

the Meredith and Heemskirk Granites exhibit discordant, intrusive contact~ 

in detail although the Reemskirk Granite is roughly concordant with the 

re~ional structure. Reorientation of the country rocks is shown by a 

large swing in strike of rocks to subparallel and dip steeply away from 

the contacts on the northern flank of the Meredith Granite and apparent domino 

of the Eldon Group on the southern flank. Discussions of the mechanism 



Granite Mass Rock ~ Age m.y. 
(initial 

Sr87/Sr86 ) 

Heemskirk Granite? 338 

lleemskirk Red and 340±5 
White 
Adamellites 

lleemskirk White Granite 353±3 
A Series (0.734± 

0.002) 

Heemskirk White Granite 357±7 
B Series 

Heemskirk Red Granite 354± 
(0.705± 
0.720) 

Pieman Granite? 356±9 
(0.7354± 
0.0018) 

Meredith Micro 350 
adame11ite 

Meredith Porphyritic 353±7 
(0.7155± 
0.0015 ) 

Renison Bell Greisenized 354±4 
(~0.700) 

Mt. Bischoff Quartz 349±4 
Orthoc1ase (~0.700) 

Porphyry 

Granite Tor Granite 355±6 

Housetop Adamellite 362 

Housetop Adamellite 375±lO 
(0.710± 
0.002) 

Method 

K-Ar
 

K-Ar
 

Rb-Sr
 

Rb-Sr
 

Rb-Sr
 

Rb-Sr
 

K-Ar
 

Rb-Sr
 

Rb-Br
 

Rb-Sr
 

K-Ar 

K-Ar 

Rb-Sr 

Reference 

Evernden and 
Richards (1962) 

McDougall and 
Leggo (1965) 

Brooks and 
Cornpston (1965) 

Brooks anc. 
Compston (1965) 

Brooks and 
Cornpston (1965) 

Brooks (1966) 

McDougall and 
Leggo (1965) 

Brooks (1966) 

Brooks (1966) 

Brooks (1966) 

McDougall and 
-Leggo (1965) 

McDougal1 and 
Leggo (1965) 

McDougall and 
Legeo (1965) 

Table 11. Summary of isotopic dating of granites, Western Tasmania. 
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of emplacement of the batholiths can only be speculative, although it 

may be significant that they have intruded in a potential tensional 

environment between stable Precambrian blocks (Fig. 5). 

The Pine Hill complex occurs about 2 miles south of Renison Bell 

and comprises a complex intrusion of adamellites, which are largely altered 

to quartz-tourmaline (~chorl) rocks. Associated quartz-feldspar porphyr;y 

dykes are greisenized. The intrusion is probably dyke-like or 

cupola-like in form. 

At Mt. Bischoff, quartz porphyries occur as a series of anastomosing 

dykes and sills which was probably emplaced in tensional fractures in 

the hinge zone of the Bischoff AnticlinoriUQ. There is no direct 

evidence that the porphyries are related to the Meredith Granite althc~h. . 
this has been suggested by Groves and Solomon (1964). 

The granite masses appear to be penecontemporaneous (Table 11). 

The Heemskirk, Meredith and Pieman Granites have Rb-Sr ages between 

353 and 357 t 8 million years which would correspond to an Upper Devonian 

Ilge using the Phanerozoic Time Scale of Harland et g (1964). The Rb-Sr 

ages of porphyries from Renison Bell and Mt. Bischoff (355 t 4 and 

349 t 4 million years) are not significantly different from the ages 

of the granites and suggest a close relationship between the intrusions. 

Potassium-Ar dating of the Granite "i'or mass gives a compatible figure, 

1l1though K-Ar and Rb-Sr datings for the Hampshire Hills Granite (362 

and 375 ± 10 million years) yield a greater age. 
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The major part of the Tabberabberan folding appears to be pre-late 

Middle Devonian (Banks and Burns in Banks, 1962, p. 185), supporting 

earlier suggestions that the granites are post-kin~rnatic (e.g. Solomon, 

1962, p. 334). McDougall and Leggo (1965) have suggested that generation 

of granitic magma may be initiated during the main folding phase but that· 

the time-scale of movement of the granitic magma from its source to the loci 

of int~_sion may be longer than the duration of the folding phase. 

Tin deposits are associated with all the granitic masses investigated 

in this study. Tin deposits are particularly abunuant in the Heemskirk 

Granite in quartz-tourmaline veins, in greisenized granite and associated 

alluvial gravels. Tin deposits are much less abundant in the Meredith 

Granite; the only economic lode deposit is the South Bischoff I~ne in 

greisenized granite, although alluvial deposits are widespread (e.g. Stanley 

River, Wombat Flat, Pine Creek etc.). The Mt. Lindsay Mine occurs '-ithi? 

the contact aureole on the southern flank. Tin deposits are associated 

with Pine Hill complex (e.g. Penzance Workings) and the Renison Bell 

pyrrhotite-cassiterite ore bodies occur within the limit of occurrence 

of the greisenized dykes. Tue spatial association of pyrrhotite-

cassiterite ores and ~anitic rocks is best demonstrated at Mt. Bischoff, 

where they are intimately associated, the widespread association of pyrrhotite 

and cassiterite in the topazised dykes indicating a genetic relationship. 
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SUMMARY OF STRUCTURE, PETROGRAPHY. AND METAMORPHISM 

Meredith Granite 

The Meredith Granite has extremely irregular contacts against the 

country rocks locally (e.g. Groves, 1965a) and is discordant to the 

regional structure (Fig. 3). The stratigraphic position and structure 

of the country rocks to the north and south of the intrusion are similar and 

suggest possible continuity prior to ir~rusion. Regional jointing 

consists of approximately N-S and E-W sets of near-vertical joints, the 

N-trending set swinging in strike from NNE in the northern part of the 

granite to Nrrw in the southern area (Fig. 3). Major dykes within the 

granite mass subparallel this trend and Waterhouse (1914) recorded that 

t~urmaline-quartz veins commonly filled rIW-trending fissures in the 

Stanley River area. 

The Meredith Granite is composed lredominantly of equigranular 

adamellite and porphyritic adamellite. They are mineralogically similar 

(Appendix Al) and consist of quartz, acid andesine (An Ab - An38 Ab62 )33 67 

and orthoclase-microperthite with subordinate biotite and minor muscovite; 

hornblende, apatite, zircon and sphene. Oth~oclase phenocrysts up to 

6 cm in length are common in the porphyritic adamellite. The relationship 

between the texturally different adamellites is not clear (e.g. Waterhous~, 

1914; Reid, 1923), the only exposed contact examined containing "rafts" 

of hornfelsed sedimentary rocks. The adamellites are intruded by aplitep 

and sodaclase microgranites which consist of granular intergrowths of 

quartz, orthoclase and albite (An Ab - An Ab ) and in places contain6 94 9 91
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abundant tourmaline nodules. The range of optic axial angles, 

compositions and obliquities of potash feldspars in rocks of the Meredith 

Granite are given in Appendix A2 and summarised in Figure 36, and it is 

evident that they plot below the low albite-orthoclase join but well 

above the low albite- llaximum microcline join. A plot of optic axial 

angle against comfosition for the plagioclases (Fig. 37) indicates that those 

from the ad~ellites generally lie between the determined curves for 

plutonic (low temperature) and heated plutonic (high temperature) 

plagioclases, but it is difficult to draw conclusions from the results 

as the two curves approach closely at these compositions. The 

plagioclases from the sodaclase microgranites cluster around and 

generally slightly above the low temperature curve. The coefficient 

of distribution of albite between potash feldspar and plagioclase (~) 
is approximately 0.41 for the adamellites, which is equivalent to a 

temperature of formation of 6500 C to 7000 C (Barth, 1962), although the 

unknown effects of pressure·and variation in initial concentration of 

Na allow only a tentative estimate. 

The contact aureole of the Meredith Granite is up to 8000 feet 

wide in plan and the hornfelses are predominately of the elbite-epidote

hornfels and hornblende-hornfels facies and locally of the pyroxene-

hornfels facies. Estimates of lithostatic load at the time of granite 

emplacement vary from 1000 to 2500 atmospheres. The occurrence of 

sillimanite in the immediate contact zone in the Stanley River area 

(Waterhouse, 1914) indicates a minimum temperature of approximately 

650
0 

C at 2500 atmospheres, this temperature increasing with decreasing 



•• 
LEGEND 

MEBED1IH GRANITE 

.~ + ADAMELLllE 
+ MICROGRANITE 

"" PINE HILL COMPLEX 

o MICROADAMEll..ITE 
. Op POAPHYRITlC ADAMELLlTE

~ o QUARTZ-FELOSPAR PORPHYRY 

00 

1\'\I TEMPERATURE 

:Vc><< 

\�
10 

LOW TD.C~~TURE 

/ , 
'- + +"/ " "- ~ +-+'" 0+ '- \/"+ 1'-,+0 / ,

@o / ,0, +
+0 0,'/
PO&O~+ " ~ , / +lOO +// 0 '"" </ 0 + 

0
0 0

0 

•1'''0 ~ ~ ~ ~ ~ 00 

MOLE'%, AN/AN+AB+OR 
DATA FOR PWTONIC PLAGIOCLA5E (DA5HED LINE) fROM 5MrrH0956)'� 

FOR HEATED PWTONIC PLAGIOCLA5E fROM SMITH (1957)� 

PLAGIOCLASE FROM MEREDITH GRANITE� 

AND PINE HILL� 
Figure 37 

..._--



-160

pressure (e.g. Heitanen, 1967). Using the tempereture of 6500C as 

a miniuum initial contact temperature, a minimum initial temperature of 

the magma of 8500 C is indicated if appropriate values of the geothermal 

gradient (e.g. Jaeger and Sass, 1963) and diffusivities and thermal 

conductivities of the rocks i~volved (e.g. Lovering, 1936) are substituted 

in the equations of Jaeger (1959). Xenoliths within the adarnellites 

along the northern contact consist of a granoblastic mosaic of quartz, 

biotite, acid andesine and potash feldspar. The metamorphic facies 

of these rocks is not demonstrable and it is probable that the high 

proportion of potash present has prevented the appearance of andalusite, 

cordierite etc. 

Heeruskirk Granite 

The structure and petrography of the Heemskirk Granite have been 

described by Green (1966a). The granite (Fig. 5) is a large stock 

or small batholith sonie 40 square miles in area which is roughly 

concordant on a regional scale but markedly discordant locally. The 

contact is almost vertical. It is a multiple intrusion consisting 

essentially of two !:lain types which have been grouped as "red granite" 

and "white granite" although they are generally adamellites (Brooks and 

Compston, 1965). 

The "reel granite" is generally coarse-grained and consists 

chiefly of quartz and perthitic pink orthoclase (16 to 20% albite lamellar) 

with acid andesine, biotite and rare tourmaline. It is mineralogically 

similar to the aelamellites of the Meredith Granite. The"white granite" 
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is mineralogically similar to the"red granite" but contains white 

erthoclase and essential accessory tourmaline (schorlite), and is 

the host rock for most of the abundant tourmaline - and tin-bearing 

bodies in the granite complex. The "white granite" has been separated 

into series A (e~uigranular adamellites) and series B (porphyritic 

adamellites) by Brooks and Compston (1965). Minor areas of micro-

granite containing ~uartz. orthoclase and albite also occur and are 

mineralogically and texturally similar to the sodaclase microgranites 

of the Meredith Granite. The red and white grani tes are intruded 

by aplite and pegmatite dykes and various ~uartz-tourmaline bodies. 

Brooks and Compston (1965) recorded a higher initial Sr87/sr86 for 

the white granite than for the red granite (Table 11) which they 

interpreted in terms of contamination of the white granite by 

radiogenic Sr during emplacement. The Rb-Sr age for the red granite 

and white A granite are indistinguishable but the white B granite could 

be several million years older (Tt.ble 11). Green (1966a) suggested 

that the white granite was the later and was typified by a high 

content of volatiles which tended to accumulate near the roof of the 

intrusion. Heier and Brooks (1966) suggested that the white granites 

were the result of vapour phase acting on the top portion of the 

granite intrusion and that the parent magma subse~uently intruded to 

form the red granite. 

Green (1966b) suggested that the possible lithostatic load in the 

country rocks at the time of granite intrusion could range from 1000 to 

3000 atmospheres •. The rocks within 50 feet of the contact attained the 
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pyrDxene-hDrnfels facies. Between 50 feet and 2000 feet frDm the granite 

the fucies was hDrnblende-hDrnfels and beyDnd 2000 feet albite-epidDte

hDrnfels facies. This general zDning is cDmplicated by the apparent 

greater susceptibility Df calcareDus rDcks,tD metamDrphism and by 

local retrDgrade metamDrphism due tD decline in temperature und/Dr 

increase in water pressure. 

Pine Hill 

The structure Df the Pine Hill complex has been described previDusly. 

It is prDbably a small cupDla with assDciated radial dykes. 

The unaltered rDcks are predDminantly sDdaclase adamellites, partly' 

pDrphyritic, cDnsisting Df quartz, perthitic pDtash feldspar and albite 

(An Ab - An Ab91 ) with minDr biDtite, muscDvite and tourmaline 
6 94 9 

(A.ppendix AI). They are similar tD the microgranites of the Meredith 

Granite. QuartZ-feldspar pDrphyry dykes intrude these adanellites 

and cDnsist of large euhedral pDtash feldspar phenocrysts with 

subDrdinate albite, quartz and biotite phenDcrysts in a fine-grained 

groundmass Df quartz and feldspar. The prDperties Df the pDtash

feldspars (Appendix A2) are summarised in Figure 36 and it is evident 

that they have higher Dbliquities and Dptic axial angles (2V") than pDtaSh 

feldspars from the Meredith Granite and Mt. BischDff and Heeuskirk 

Granite (BrDDks and CDmpston, 1965) •. The plots fall partly in the 

field of adularia and partly outside the diagram of Barth (1965). 

The inadequacy Df this diagram in this regiDn is also emphasised by 

studies by D. Duncan (pers. CDTillU.) Dn potash feldspars frDm Tennant 

Creek. At Pine Hill the formatiDn of potash feldspar with higher 

obliquity may have been facilitated by the presence of abundant 
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volatiles during the extreme tourmalinization and greisenization that 

the rocks have undergone, as Smithson (1952) suggested that H20 and/or 

other volatiles may facilitate metasomatic transport, crystal growth 

and ordering processes. The effect of marked variation in H20 content 

on potash feldspar obliquity has been stressed by several authors 

(e.g. Emeleus and Smith, 1959; Guitard et ~,1960). The plot of optic 

axial angles against composition of the plagioclases (Fig. 37) indicates 

a cluster around the low temperature (plutonic) plagioclase curve, with 

some plagioclases from the adamellites well below the curve. 

• 

The host rocks have been metamorphosed over a radius of at least 

4000 feet from Pine Hill (Fig. 16). The hornfelses are described 

in Appendix A3 and have mineralogical assemblages consistent with 

hornblende-hornfels facies or the albite-epidote hornfels facies of 

metamorphism. The most common axinite-bearing assemblage is axinite

calcite-grossularite-diopside which is probably the typical axinite 

association in the hornblende-hornfels facies (e.g. Vallance, 1966). No 

assemblages typical of the pyroxene-hornfels facies have been identified. 

TtG calc-silicate hornfels lenses, which have mineralogical banding 

parallel to bedding lamination in adjacent hornfelsed greywackes, are 

probably metasomatized calcareous shales. 

Axinite-actionolite-calcite veins which contain sulphides and rare 

datolite and danburite also occur at Colebrook Hill some 4 miles NE 

of the Pine Hill Complex (e.g. Blissett, 1962), although there is no 

visible granite intrusion at this locality. 
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Mt. Bischoff 

Quartz-feldspar porphyry dykes and minor sills intrude the crest 

of the domal structure at Mt. Bischoff. The dykes occupy a number 

of tensional fractures. 

Unaltered quartz-feldspar porphyries are limited to small areas 

at the limit of mineralization. These rocks (Appendix AI) consist 

of euhedral quartz and orthoclase (less than 2% albite) phenocrysts in 

a fine felsitic groundmass. They r~ve marginal flow structures (Plates 

3 and 4). 

The occurrence of wollastonite in the matasomatized dolomite horizon 

indicates attainment of at least the hornblende-hornfels facies of 

metamorphi SL'1. The muscovite and quartz in the quartzite and shale 

have been recrystallized with introduction of topaz, carbonate and 

fluorite. 

RelaticlldiJ.-il) betwel::l~ tIle Granitic Rocks. . 

The presently exposed area of the Heeoskirk Granite may be in closer 

proximity to the roof area than the exposed area of the Meredith Gra.nite. 

This is suggested by the unusually high proportion of mineralization 

accompanying tourmalinization and greisenization within the Heemskirk 

Granite and the cupola.-type en~1ronment suggested by Brooks and Compston 

(1965) to explain the high initial sr87/sr86 ratios of the granites. 

The complex at Pine Hill contains rocks similar to late intrusions in the 

Meredith Granite and appears to be the roof of a small cupola, possible 

similar to the protuberance at Aberfoyle in Eastern Tasmania (e.g. 
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Kings bury , 1965), and may be a relatively small upward projection of 

a larger granite stock. The dyke system ~t Mt. Bischoff probably 

represents filling of tensional fractures above a hidden cupOla-like 

body such as that at Pine Hill. High concentrations of boron, 

fluorine, sulphur and H20 were common in the roof zones of the intrusions 

and resulted in the ubiquitous occurrence of tourmaline, topaz,axinite 

and sulphides above the granites and in their contact aureoles. 

The similar radiometric ages and similar trace element concentratioqs 

of sulphides in the granitic rocks and associated ore deposits suggests 

that the granitic rocks are inter-related. It is envisaged that each 

granite, as exposed, corresponds to a different level within a 

predominantly covered batholith similar to that beneath the area of 

mineralization in Southwest England (e.g. Bott, Day and Masson-Smith, 

1959) or more than one penecontemporaneous. compositionally similar 

batholith. A reconnaisance gravity survey over the Heemskirk Granite 

(Johnson, 1967) indicates that the granite dips gently for about 

4000-5000 feet from the exposed contact before dipping steeply to a 

depth of 30,000-45,000 feet. If this is correct it indicates a 

possible deep connection f.or the granitic masses and not a relatively 

shallow, gently sloping irregular upper margin as in Williams (1967). 
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GEOCHEMISTRY OF GRANITIC ROCKS 

Study of the granites is made difficult by the inaccessibility of 

much of the Meredith Granite which makes virtually impossible the collection 

of systematic samples. The extreme alteration of the rocks at Pine 

Hill and Mt. Bischoff alsv makes sampling difficult. The sample 

localities and analytical methods employed are described in Appendix 

A4. 

Ma,Jor Elements 

Major element analyses are given in Appendix A4 and the average 

composition of the granites in Table 12. 

From these analyses it is evident that the equigranular adamellite 

and the porphyritic adamellite of the Meredith Granite are chemically 

similar, thus substantiating the earlier work by Groves (1963) and 

Groves and Solomon (1964) who suggested on the basis of modal analyses 

that they were mineralogically similar. All the granitic rocks 

have high average Si02 contents indicating that they are highly 

fractionated rocks if Si02 is' considered to be an index of degree 

of fractionation. High Si02 content is a consistent feature of granites 

associated with tin mineralization (e.g. Hosking, 1965). The sodaclase 

microgranites are more Si02 rich than the adamellites of Pine Hill, 

and the adamellites of the Heemskirk Granite contain more Si0 than2 

the adamellites of the Meredith Granite. The Si02 contents of the 

Heemskirk Granite are similar to those of granites from Rossarden and 

Royal George (Ben Lomond) Granite in Eastern Tasmania which are also 
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Meredith Granite Heemsk1rk Pine Hill Mt. Bischott 
Granite Complex 

Porphy- $oda- Soda
riUc claae Red White claae 

Ad"mel- Ada.el- Micro Granite Granite Adame1- Porphyry Porphyry
lihD) lihl5) granite(2) (7) (7) lih(3) ( 2) (5) 

5102 72.2 73.3 74.35 75.52 74.44 73.9 72.7 75.3 

0.36 0.27 0.13 0.19 0.21 0.06 0.01 0.02 

A1203 14.10 13.40 13.50 12.73 13.44 14.75 14.95 14.25 

T102 

0.61 0.20� 

FoO 1.13 1.66� 

equiT.� rea 2.00 2.07 2.03 1.61 3.67 1.95 

KoO 0.02 0.05 0.02 0.04 0.05 0.02 0.09 0.06 

MgO 0.85 0.65 0.8 0.25 0.18 0.6 0.65 0.6 

CoO 0.81 0,76 0.17 0.60 0.83 0.13 1.09 0.20 

H020 3.1 3.2 3.6 ,.93 2.77 3.2 0.55 0.14 

K20 4.7 4.8 4.15 5.23 5.00 4.6 4.0 4.9 

re2:)3 

0.04 0.04 0.01 0.05 0.11 0.02 0.04 0.09P205 
0.79 0.58 0.70 0.54 0.55 1.00 1.32 1.62"20+ 

0.38 0.18 0.28 0.25 0.14 0.21 0.12 0.23"20
.(0.2�r u....L S&..L ~ 0.8 "- 0.2 

Total 99.36 99.30 99.74 100.07 99.58 100.10 99.79 99.36 

Ba 552 396 83 - - 88 190 149 

CU 9 6 4 - - 7 5 4 

L1 42 4$ 48 - - 120 54 93 
11 37 5 4 - - - 10 5 

Ph 33 27 25 - - - 27 32 

Rb 218 243 3~7 358 399 754 784 906 

So 3 5 4 - - 27 59 72 

Sr 80 47 14 35 38 8 6 3 

Tb 21 19 18 49.2 24.1 32 43 11 

U 9 9 19 12.4 18.0 23 32 13 

Zo 54 28 22 - - 25 92 122 

K/Rb l88 166 119 142 106 52 49 56 

Tb/U 2.3 2.9 1.0 4.0 1.3 1.7 1.4 0.8 

Table 12.� ~v.rag. comp08itions ot granitic rocks trom Meredith 

Granite, Heemskirk Granite, Pine Hill &Dd Mt. B1schott. 
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high level bodies (Blissett, 1959; Beattie, 1967) and may also have� 

anomalously high Sr67/Sr86 ratios (McDougall and Leggo, 1965). The� 

unaltered quartz-feldspar poprhyry from Pine Hill (1419) has a similar� 

, Si0 content to the Mt. Bischoff porphyries but, as predicted from the
2� 

petrography, contains significantly more Na20 and CaD than the ¥ffi.� 

Bischoff rocks. <;, 

It is evident from Figure 38 that there is a sympathetic variation 

of FeD and V~O for all the granite types, MgO increasing with increasing 

FeD. The adamellites of the Meredith Granite have higher FeD and 

correspondingly higher MgO than the adamellites of the Heenmkirk Granite 

and appear to be relatively enriched in MgO. The rocks from Mt. Bischoff 

and Pine Hill also appear to be slightly enriched in MgO relative to 

the Heemskirk Granite. 

The relationship between the major alkalies is 'indicated in� 

the plot of molecular quotients (xIOO) of K 0 and Na 0 (Fig. 38).�2 2�

The adamellites from the Meredith Granite, Heemskirk Granite and Pine� 

Hill complex plot close to the line of equimolar proportions of K 0�2�

and Na 0, with a tendency to plot on the K 0-rich side of this line.�2 2�

The alkali oxides also show an inverse relationship and appear to� 

plot about a line with the form K 0 + Na 0 = constant (approx. 10).2 2�

Superimposed on this major trend thc1'o is a tendency for total alkali� 

oxides to increase slightly with increasing Na2,Oif(20, this being a� 

common phenomenon in granitic rocks. The inverse relationship of Na 0�2�

and K20 has been used as evidence for internal metasomatism (Battey,� 

1955; Stone, 1961). However, as EXley and Stone (1964) indicate, such 
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conclusions based on alkali data are open to criticism. The total 

alkali content is generally governed by the feldspar content which is 

approximately a constant, one feldspar diminishing as the other increase9' 

Thus there is a tendency for K20 to vary inversely with Na20 irrespectiv~ 

of the process causing variation. 

The field occupied by the porphyries from Mt. Bischoff and 

Pine Hill on the alkali diagram is unusual and is entirely separate field 

to the adamellites. The porphyries have a similar range in K20 to the 

adamellites but have extremely low Na 0 values and there appears to be nq2

correlation between K20 and Na 0 in the limited range of values obtained.2

Similar depletion of Na20 has been recorded in some late stage intrusion~ 

of fine granite and elvans from the Carnmenellis Granite from South-West 

England (Ghosh, 1934), and is evident in some analyses of elvans given 

by Exley and Stone (1964). The relationship between the alitalies explains 

the anomalous behaviour of K found by Brooks and Compston (1965), the 

K in the white granites decreasing with increasing 8i0 the reverse of2 

trends shown by the red granites and general trends in granites 

described by Nockolds and Allen (1953). It can be seen that Na has 

the reverse relationship in each of the granite types, thus maintaining 

the inverse relationship indicated in Figure 38. 

The sympathetic variation of FeO - MgO and the inverse relationship 

of K 0 and Na20 indicates that the most valid graphical representation2

of chemical variation in the granitic rocks would be obtained by 

plotting Niggli values, calculated for groups of chemically similar oxides, 

rather than single oxides. Values of al, alk, fm and c have been plotted 
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against si for all the granitic rocks ~d smoothed variation curves 

·are given in Figure 40. 

The adamellites and microgranites of the Meredith Granite plot in 

the Ei.range of 329 to 452 and tbe Niggli values form smootb curves with 

al and alk increasing and fm and c decreasing with increasing si. These 

trends are similar to trends shown by other granitic rocks with a similar 

range in si, (e. g. van Moort, 1966, p. 190). The .adamellites of the 

Heemskirk Granite are more fractionated with respect to si, values rangiIlg 
i 

from 408 to 522. The wbiteand red granites plot on significantly different 
.,. 

trends, the white granites generally having higher al and c values, 
~ , 

and lower alk and fm values than the red granites. However, both granite 

trends have similar slopes which are also similar to the slopes of the 

Meredith Granite trends. The adamellites and porphyries of the Pine 

Hill complex have a similar range of si values to the adamellites of the 

Heemskirk Granite. However the slopes of the alk, fm and Care reverseq, 

alk decreasing sharply and fm and c increasing slightly with increasing 

si. The al values are consistently higher and the slope of the al trend 

is less than that of the Heemskirk and Mereditb trends. The Mt. Bischoff 

porphyries, which show the greatest fractionation with respect to si, 

reflect similar trends to the Pine Hill rocks with overall higher aI, 

and decreasing alk and increasing fm with increasing si. 

The variation diagrams of major elements are inconclusive in 

interpreting the relationship between the occurrences of granitic rocks. 

The fractionation with respect to si is consistent with successive 

fractionation from Meredith Granite - Heemskirk Granite - Pine Hill 
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complex - Mt. Bischoff complex which is the postulated order of increasing 
,~. 

relative level of intrusion, and is also consistent with respect to the 

inter-relation of microgranites to adamellites in the Meredith Granite, 

and porpbyries to microadamellites in the Pine Hill complex. However, 

the results generally show that the granites do not belong to a simple 

differentiation series with continuous solid solution in the minerals if 

smooth variation is indicative of this process, Bnd that the Meredith 

Granite and Hecmskirk Granite may lie on a different trend to the Pine 

Hill and Mt. Bischoff rocks. The deficiency in alkalies and the excess 

of alumina in the Pine Hill and Mt. Bischoff rocks appears to be the 

plominent feature of their chemical separation from the lIeemskirk Granitcq, 

This may in part be due to partial alteration of the potash feldspars 

(at least in the Mt. Bischoff porphyries) to kaolin with the subsequent 

relative increase in alumina and decrease in alkalies. However it is 

unlikely that this contributes sufficient difference to account for 

the deviation of the two trends. 

All the analysed rocks contain 80 per cent or greater normative Or + 

Ab + 8i0 • The Or-Ab-8i02 ratios are plotted in Figure 41 after Tuttle2

and Bowen (1958). The quartz-feldspar boundaries at water-vapour pressures 

of 500 and 10,000 bars are shown projected on to the anhydrous base of 

the tetrahedron and the isobaric temperature minima for water-vapour 

pressures of 500, 1000, 2000, 3000, 3600, and 10000 bars (Tuttle and Bowen, 

1958; Luth et al,1964) are also S110Wll. The enclosed field represents 

the 5 per cent contour for 281 plutonic rocks from Washington's (1917) 

tables that contain normative corundum (i.e. alumina-oversaturated); 

the rocks examined in this study, with the exception of two, contain 

nonn.ati'La..-cor.undI1
1
uJ"m"'-- _ 
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Figure 41. Plot of normative Or-Ab-Si02 ratios of 

the granitic rock from the Meredith Granite, 

Heemskirk Granite, Pine Hill and Mt. Bischoff. 

Diagram after Tuttle and Bowen (1958) and Luth 

et al (1964), showing quartz-feldspar boundaries 

and isobaric temperature minima for different 

water-vapour pressures. The enclosed field 

represents the 5 per cent contour for 281 

alumina-oversaturated plutonic rocks from 

Washington's (1917) tables. 
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It is apparent that the adamellites from the Heemskirk Granite, 

the adamellites and microgranites from the Meredith Granite and the 

sodaclase adamellites from Pine Hill plot close to the region of the 

ternary minimum at 500 bars in this system. This indicates crystal-

liquid equilibrium. The origin of the magma from which they have 

fractionated is beyond the scope of this study. however, Luth ~ ~ 

(1964) have suggested that alumina-oversaturated plutonic rocks in generat 
, 

may have resulted from partial melting of sedimentary material with 

alumina-oversaturation reflecting earlier processes of weathering 

and sedimentation. The white granites of the Heemskirk Granite show 

no tendency to plot towards an tenary minimum at higher PH 0 than the 
2 . 

red granites. This does not support Heier and Brook 's (1966) suggestion 

that the white granites were the result of vapour phase acting on the top 

portion of the granite intrusion, but need not vitiate the suggestion 

as Luth et al (1964) found only a slight shift in the contours towards the 
' 

ternary minima for higher PH 0 for pegmatites and aplites, ,presumably 
2 

formed from water-rich residual liquids, relative to granites. 

The quartz-feldspar porphyries from Mt. Bischoff and Pine Hill 

plot away from the isobaric temperature minima. They contain only 

minor normative Ab, in agreement with petrographic determination of 

predominantly a single alkali feldspar comprising high Or and very 

low Ab. Similar compositions in keratophyres have been attributed to 

potash metasomatism (e.g. Battey, 1955), and similar potash-rich alkali 

feldspars are recorded for adularia of "alpine" vein paragenesis (e.g. 

Deer et al 1962, vol. 4, p. 67) and from authigenic potash feldspar 
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(e.g. Baskin, 1956). It is evident that no conclusions can be 

reached on the origin of these rocks on the basis of major element 

chemistry alone. 

It may be significant that the elvans from Southwest England 

which are also closely associated with tin mineralization plot aw~ 

from the ternary minima and are also Ab-deficient (Fig. 41), and that 

porphyries and aplites from areas of tin mineralization in Northeast 

Tasmania are also Or-rich and Ab-deficient (e.g. Blissett, 1959). 

It is possible that the formation of these rocks may be related to the 

formation of late ~uartz veins and associated mineralization. 

Trace Elements 

The results of trace element analyses are given in Appendix A4 

and the average trace element compositions for the various granitic types 

are given in Table 12. An investigation of K/Rb and Th/U ratios 

in the Heemskirk Granite (Heier and Brooks, 1966) represents the only 

previous study of trace elements in granites from Western Tasmania. 

Kolbe and Taylor (1966) suggested that the relationship between 

Mg and Ni in granites ~ be an indication of their genesis. A plot 

of Mg against Ni (Fig. 42) for the porphyries from Mt. Bischoff contrasts 

with similar plots for granophyric rocks from the Skaergaard and Bushveld 

Complexes (Wager and Mitchell, 1951; Liebenberg, 1961). It 

is suggestive that the porphyries are not local differentiates of any 

penecontemporaneous basic magmas; this is supported by the low 

concentration of Cu, Ti and Mn. 
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(a) Rubidium 

The Rb values of the Meredith Granite (average 235 p.p.m.) are 

onl¥ slightly lower than values for 10;7 Ca-granites (Turekian and 

Wedepohl, 1961) but the other rocks show strong enrichment in Rb. 

The K/Rb ratio has been found to be a particularly useful index of 

geological processes (e.g. Taylor, 1965). It has been demonstrated that 

enrichment of Rb relative to K is commonl¥ due to magmatic differentiation, 

and several authors have shown that the K/Rb ratio decreases with 

increasing differentiation (e.g. Taylor and Heier, 1958; Demin and 

Khitarov, 1958; Volkov and Savinova, 1959). An interesting deviation 

is described by Butler, Bowden and Smith (1962) who showed a progressive 

decrease in the K/Rb ratio with increasing fractionation for the Liruei 

complex and an irregular behaviour in the Amo complex of Northern Nigeria, 

Eowler (1959) and Bradshaw (1967) have demonstrated that the high level 

granites in South-west England have abnormall¥ low K/Rb ratios. 

A plot of K against Rb for the Tasmanian granitic rocks is shown 

in Figure 42. The adamellites of the Meredith Granite have K/Rb ratios 

between 143 and 201 which are lower than the approximate overall 

average for most types of continental crust (Taylor, 1965). The 

microgranites and aplites show a slight enrichment in Rb with respect to 

K, relative to the adamellites. The rocks of the Heemskirk Granite 

have K/Rb ratios ranging from 55 to 165 with an average around 120, 

indicating strong fractionation. The white granite has a lower average 

K/Rb ratio (106) than the red granite (142), consistent with stronger 

fractionation. Similar ratios (53 - 208) have been recorded by Beattie 
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(1967) for the granite at Royal George (Eastern TasnWillia) which is also 

a high level intrusion, with a tendency for lower K/Rb ratios in the 

microgranites. The ratio is also equivalent to the K/Rb ratio in the 

leucogranites of the SnoyY Mountains Granites (Kolbe and Taylor, 1965). 

The rocks of the Pine Hill and Mt. Bischoff complexes have significantly 

lower K/Rb ratios averaging 51 and 56 respectively, indicating extremely 

strong fractionation. 

The K/Rb ratios indicate that the granitic reeks are all strongly 

fractionated and are consistent with the granitic rocks being successive 

differentiates from a single or similar magmas, the least fractionated 

being the Meredith Granite and the most fractionated the Pine Rill 

and Mt. Bischoff complexes, with the Heemskirk Granite showing intermediate 

fractionation. The trend shown by the plot of K against Rb is similar 

to that shown by Bradshaw (1967) for feldspars from British granites. 

(b) Strontium - Barium 

The Ca-Sr and Ba-Sr relationships are shown for the granitic rocks 

in Figure 42. Unfortunately Ba has not been determined for the 

Heemskirk Granite. The rocks of the Meredith Granite have lower Ba 

and Sr values than average low Ca-granites (Turekian and Wedepohl, 

1961) • 

In general the results indicate decreasing Sr from the Meredith 

Granite, Heemskirk Granite to the Pine Hill and Mt. Bischoff porphyry 

complexes; i.e. a similar sequence to the increase in K/Rb ratios. 

This is consistent with progressive differentiation, owing to the 

capture of Sr in early formed K-minerals and 6ubsequent depletion 
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in the late stages of the differentiation sequence. llockolds and 

Mitchell (1948) and Heier and Taylor (1959) indicated that Sr 

sUbstitutes for K, with coupled substitution of Si3+ for Al4+, 

more readily than Ca and that the Sr/Ca ratio is ten times greater in 

K-feldspar than in co-existing plagioclase. Low Sr concentrations are 

also recorded for the granites of Southwest England (Bradshaw, 1967) 

which also have relatively high Ca/Sr ratios in accordance with 

increasing fractionation (e.g. Turekian and Kulp, 1956). The Ca/Sr 

ratio for most of the Tasmanian rocks is consistent at approximately 

100 but is somewhat greater for the rocks of the Heemskirk Granite, 

particularly the white granite, and for one porphyry from both Mt. Bischqff 

and Pine Hill. 

2+. +Nockolds and AlIen (1953) indicated that Ba subst~tutes for K , 

with a coupled substitution of A13+ for Si 4+, and behaves according 

to the classical capture theory, readily entering early formed potash-

minerals, and thus becoming depleted in the late differentiates. It is 

evident that the adamellites of the Meredith Granite have the highest 

Ba content (185-595 ppm) with depletion in the microgranites and 

aplite (40-121 ppm) and the Pine Hill microadamellites and porphyries 

(50-133 ppm, with one result of 329 ppm). The Mt. Bischoff porphyries, 

however, have anomalously high Ba contents (81-192 ppm) , which may in 

part be due to their higher K content. The Ba/Sr ratios are irregular 

in distribution but show an overall increase from the Meredith Granite 

(approx. 5) to the Pine Hill complex (approx. 10) to the Mt. Bischoff 

complex (approx. 50). This is contrary to successive fractionation 
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according to Heier and Taylor (1959), who suggested that the 

Ba/Sr ratio decreases during fractionation in feldspars. However 

it is similar to the results of Kolbe and Taylor (1966) who showed a 

range in Ba7Sr ratios for granodiorites and gneissic granites of the 

Snowy Mountains of approximately 2.0 to 5.5 whereas the leucogranites 

have ratios from 2.5 to 13.0 with an average of 6.0 (i.e. similar to 

the Pine Hill complex). 

(c) Thorium - Uranium 

The Th/U ratios determined by X-ray spectrography (appendix A4) 

and those given by Heier and Brooks (1966) in which Th and U were 

determined by gamma ray spectrometry capaot becdirectly.compared 

because·of the tendency for Th to be low and U high, and hence Th/U 

to be low, in the X-ray analyses. However each set of analyses should 

show internal consistency. 

The red granite of the Heemskirk Granite has Th/U ratios between 

3.1 and 7.6, which are typical of granitic rocks in general, while the 

white granite has much lower ratios between 0.9 and 2.5 and the aplites 

and microgranites have ratios between 0.4 and 1.9 (Heier and Brooks. 1966 

and Fig. 43A). The adamellites of the Meredith Granite have ratios 

between 1.4 and 6.0 while the microgranites and aplite have lower ratios 

between 0.5 and 1.6. The rocks at Pine Hill and Mt .. Bischoff have much 

lower Th/U ratios between 0.6 and 2.7 and 0.6 and 1.0 respectively. 

Hence there is a trend to decreasing Th/U ratios from red granite to 

white granite and to aplite and microgranite in the Heemskirk 

Granite and from Meredith Granite (with lower ratios for aplite and 
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microgranites than adamellites) to Pine Hill and to Mt. Bischoff. 

These are similar trends to those shown by decreasing K/Rb ratios 

(Fig. 43 J and Sr concentrations. There is no consistent trend for 

Tb and U individually (Table 12). 

It has been demonstrated that· there is a general tendency for 

the Th/U ratio to increase with fractionation (e.g. Rogers and Ragland, 

1961; Heier and Rogers, 1963) and this increase has been attributed to 

the oxidation of U. Heier and Brooks (1966) concluded that low 

Th/U ratios should appear (a) in strongly fractionated rocks that have 

formed under non-oxidising conditions and (b) in fractionated rocks 

in which the vapour phase is incorporated upon crYstallization. They 

favoured the latter conditions to explain the low Th/U ratios of the 

white granite and the aplites and microgranites at Heemskirk. This 

may also be the explanation of the low Th/U ratios at Mt. Bischoff 

and Renison Bell where si~ilar alteration and mineralization has 

occurred to that shown by the white granite at lleemskirk. 

(d) Lithium 

In the adamellites of the Meredith Granite, Li averages some 44 ppm, 

.rhich is about one and a half times the average abundance of Li in 

granitic rocks (Turekian and Wedepohl, 1961). In the microgranite the 

concentration is 48 ppm and in the aplite 225 ppm. In the rocks of 

the Pine Hill complex it varies from 24 to 299 ppm and is considerably 

enriched in the rock containing abundant mica. The Mt. Bischoff 

porphyries are enriched in Li, the range being 45 to III ppm, 

although three of the four analyses are above 100 ppm Taylor (1965) 
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concluded that concentrations of Li greater than 100 ppm in granites 

are indicative of extreme fractionation and imply that the rock 

is a late stage, high level product. Bowden (1966) recorded high 

Li contents in tin-bearing biotite-granites from Northern Nigeria 

and suggested that the /;ligh values were introduced by late magmatic 

and post-magmatic processes. At Mt. Bischoff and Pine Hill the 

porphyries with high Li values are not strongly greisenized and the 

high Li contents are probably indicative of strong fractionation. 

(e) Copper, Zinc and Lead 

Copper values in all grszlitic rocks analysed are remarkably 

consistent, without exception below 10 ppm, and generally ranging between 

4 and 6 ppm. These concentrations are slightly below the average 

abundance of Cu in granites (Taylor, 1965). Bradshaw (1967) noted 

no significant increase in Cu in the granites of Southwest ~ngland 

relative to non-mineralized granites. Zinc values ere rather variable 

and are generally higher in the porphyries at Mt. Bischoff and Pine Hill •. 

The average value for the adamellites of the Meredith Granite is 47 ppm 

which is approximately the average abundance in granites. The 

distribution of Zn values is difficult to discuss because knowledge 

of the geochemical distribution is~nknown. Tauson and Kravchenko 

(1956) indicated that it occurs mainly as minute grains of sphalerite 

with minor substitution in biotites and feldspars. Lead has been 

determined only in a lir.uted n~ber of analyses because of the 

interference of As in the determination of X-ray fluorescent spectroscopy. 

The Pb occurs at a relatively constant concentration sligiltly greater 

than the average abundance in granites. The Pb-Sr ratio increases 
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markedly from the adamellites of the Meredith Granite (average 0.3) 

to the Pine Hill porphyries (average 3.8) and the Mt. Bischoff 

porphyries (average 10.7). Taylor (1965) indicated that such 

an increase is consistent with fractionation of a magma. The distribution 

of Pb, like Zn, is uncertain due to the possibility of formation of the 

sulphide phase (Tauson and Kravchenko, 1956). 

(f) Tin 

The distribution of Sn is of primary importance from an economic 

viewpoint. It has generally be;!found that granites enclosing tin 

deposits have greater Sn concentrations than unmineralized granites (e.g. 

Butler, 1953; Goldschmidt, 1954; Shibata et aI, 1960; Bradshaw. 

1967) • The average values of Sn concentration in silica rocks are 

between 3 and 4 ppm (Onishi and Sandell, 1957; liamaguchi et aI, 

1964) and values up to 800 ppm have been recorded for greisens 

(Goldschmidt, 1954), Ivanova (1963) found that the Sn content 

of biotite granites enclosing tin deposits (16-32 ppm) is higher 

than that for other granites «5ppm) and that the Sn concentration 

(60-110 ppm) increases with increasing late or post-magmatic alteration. 

The association of Sn with biotite is well known, concentrations up 

to 4,500 ppm equivalent Sn02 being recorded (Ahrens and Liebenberg, 

1950) • 

The granitic rocks of the Meredith Granite have low concentrations 

of Sn, averaging 4 ppm and ranging from 3 to 13 ppm. The concentrations 

are approximately equivalent to the average concentration of Sn in 

silicic rocks. Three analyses of biotites from the Meredith Granite 
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indicate a range of Sn contents of 22 to.40 pp@ (Table 13) and 

indicate that most of the Sn in the rocks must be present in the 

biotite. No Sn analyses are available for the total rock samples 

of the Heemskirk Granite although three analyses of biotites from the 

white granite show a higher range of Sn contents (31 to 118 ppm) than 

three samples from the red oranite (9 to 34 ppm). Tin values are 

higher for unaltered rocks from Pine Hill (14 to 104 ppm, average 

40 ppm) and Mt. Bischoff (30 to ll~ ppm, average 72 ppm). It is 

significant that the granitic rocks containing Sn mineralization 

(Pine Hill, Mt. Bischoff wld the white granite, Heemskirk) show 

enrichment in Sn while the relatively wunineralized and less fractionated 

rocks (Meredith Granite and red granite, Heemskirk) have relatively low 

concentrations of Sn. 

Ringwood (1955) suggested that Sn could concentrate in residual 

4melts because the high ionic potential of Sn + would favour the 

formntion of an (sn04)4- complex which is not accepted into silicate 

lattices because of size difficulties. The Sn could either be concentrated 

to form an ore by release from Sn-rich biotite during greisenization of 

the fractionated rocks (e.g. Barsukov, 1958) or by further concentration 

during fractionation resulting in rocks'deficient in the ~nerals 

(e.g. biotite) in which Sn substitutes (e.g. Rattigan, 1960). The 

former process may be operative in producing the intrarnagmatic Sn ores 

such as those at Heemskirk while the latter process may result in 

the emplacement of discrete Sn-bearing lodes some distance from the 

granitic source (e.g. Mt. Bischoff and Renison Bell). 



Locality Speci41en No. Sn (ppm) 

Meredith Granite 1406 25 

11 11 1481 22 

11 01 1482 40 

Heemskirk Granite 

Red Granite R.C. 101* 25 

" tI R.C. 102 

Ii 11 R.C. 108� 34 

White� Granite R.C. 88 62 

tI " R.C. 117 118 

1'1 It R.C. 118� 31 

Table� 13. Distribution of tin in biotites from Meredith 

Granite and Heemskirk Granite.*Field numbers of 

Roger Co1eman, (Honours) student, University 

of Tasmania. 

Analyst D.l. Groves, 1968, X-ray fluorescent 

spectroscopy. 

9 
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ALTERATION OF GFUUIITIC ROCKS 

Petrography of the Rocks 

(a) Mt. Bischoff 

The greater proportion of the dykes at Mt. Bischoff are altered 

porphyries containing abundant topaz and sUlphides and insignificant 

proportions of original feldspar. They are largely topazites (Johannsen, 

1939). They have been described previously by Twelvetrees and Petterd 

(1897), Weston-Dunn (1922), Reid (1923), Groves (1963) and Groves and 

Solomon (1964), although the recent availability of drill core has 

provided fresher material for examination. 

The porphyries consist essentially of quartz phenocrysts up 

to 6- mm in diameter and lath-shaped masses of topaz, quartz, fluorite, 

carbonate or sulphides with sporadic muscovite flakes in a fine 

groundmass of quartz and topaz. The quartz phenocrysts are generally 

euhedral adjacent to the margins of the dykes but within the dykes 

are corroded or possess a narrow rim of quartz in optical continuity 

with the phenocrysts. In SOIDe sections (~.g. 1433) rows of muscovite 

inclusions occur parallel to the crystal outlines of the quartz 

and may represent evidence of overgrowths. Rows of fluid inclusions 

are present in some crystals that also contain minute inclusions of 

zircon and topaz. Topaz also occurs as partial rims around the 

phenocrysts. Lath-shaped aggregates up to 5.0 mm in length are comm

on ~1~ are generally multiple bodies of topaz, quartz, fluorite, 

carbonate, muscovite, cassiterite and SUlphides (Plates 46, 47, 48). 



Plate 45 - Anhedral quartz phenocryst in quartz-tourmaline� 
groundmass,from altered porphyry, Pine Hill,� 
Renison Bell. Specimen No. 1423, x 32.� 

Plate 46 - Oarbonate and sphalerite replacing an orthoclase� 
phenocryst; carbonate possibly derived from� 
adjacent carbonate vein, Vfuite Face Dyke,� 
Mt~ Bischoff. Specimen No. 1436, x 32.� 
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The fine prismatic topaz which has been called pycnite (e.g. Petterd, 

1910) has refractive indices a = 1.620 and y = 1.bl0 and 2V = 620 

(+) ve iridicating that it has low molecular percentage On/(OH + F) 

(e.g. Deer, Howie and Zussman, 1962, vol. T, p. 148). A recent� 

analysis of the topaz (Table 14) supports the low molecular percentage Oil/� 

(OH + F) ~ 6.5. 

Si02 35.72 

A120
3 52.33 

Fe20
3 

0.11 

Ti02 nil 

CaO 0.26 OH/(OH + F) ~ 6.5 

MgO 0.28 Analyst. C.J. Penman, Department 

F 17.40 of Mines Assay Laboratories, 

H2O 0.22 Launceston. 

H
2

O+ 1.20 

less o =' F --.1.33 

100.19 

Table 14. Partial analysis of topaz from Mt. Bischoff, 

Lath-shaped areas consisting of fine sericite and talc are 

less common (e.g. 1468) and large discrete muscovite flakes 

and rossettes of muscovite are rare (e.g. 1439, 30630). 

Cassiterite is present in most sections as granular, subhedral 

cracked crystals up to 1 mm in diameter associated with lath

shaped areas of topaz (Plate 48) and as smaller crystals, 0.1 mm 

in diameter, assoGiated with the groundmass. Tourmaline occurs 



Plate 47� Replacement of orthoclase phenocryst by 
carbonate, quartz and topaz, south end 
White Face Dyke, Mt. Bischoff. Specimen 
No. 1496 7 x 32. 

Plate 48� Multiple cassiterite-topaz-quartz aggregat 
~eplacing an orthoclase phenocryst, White 
Face Dyke', Mt. Bischoff. Specimen No. 
1438, x 32. 
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rarely as small euhedral crystals up to 2mm in length. Sulphides are 

abundant as anhedral grains in lath-shaped forms. Pyrrhotite and pyrite 

are predominant and arsenopyrite, sphalerite and wolframite occur 

sporadically. An interesting feature of the distribution of sulphides 

is the strong dominance of either pyrrhotite or pyrite in specific parts 

of the porphyries; they seldom coexist in equal proportions. 

The Northeastern Dyke (Fig. 7) is unusual in that it contains large 

euhedral cubic pyrite crystals, with a side length up to 10 mm, togetber 

with subhedral quartz phenocrysts and minor topaz. The pyrite generally 

occurs as large crystals in the groundoass but in places encloses 

and replaces quartz phenocrysts.. A feature of the pyrite cubes is the 

occurrence of zones within the crystals that are oblique to the crystal 

margins. 

A further variety of quartz porphyry occurs about" mile west 

of Waratah .(Fig. 8). This porphyry (30633) consists of deformed quartz 

phenocrysts with elongate aggregates of sericite in a fine quartz

sericite groundmass. It is the only porphyry examined to show deforrratipn 

textures. 

The occurrence of quartz-feldspar porphyries towards the limit of 

mineralization and the retention of relic lath-shaped forms in topazites 

in which no feldspar is present suggests that the topaz, sulphides and 

associated minerals have selectively replaced feldspar in original 

quartz-feldspar porphyry dykes. This is confirmed by excellent topaz 

pseudomorphs after orthoclase, which have been extracted from weuthered 

porphyries in the White Face. At White Face the alteration has been so 
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extensive that the porphyritic texture and original composition are 

obliterated. In sections 694, 498, 1469 and 2171 topaz occurs as 

radial aggregates of columnar crystals. in association with euhedral zoned 

crystals of cassiterite up to 3 mm in diameter (Plates 49, 50). 

In parts of the \{hite Face and the south end of the open cut the 

porphyries that are in contact with dolomite have been totally replaced 

by dark green tourmaline, fluorite, carbonate and muscovite (e.g. 30634 

a - f). In thin section the rocks consist of large crystals of 

fluorite which contain inclusions of small aligned, acicular crystals 

of tourmaline and minor sericite and carbonate and are commonly rimmed 

by sheaf-like masses of muscovite. The tourmaline is intermediate 

between a schorlite and dravite in composition (Appendix A4). 

The White Face Dyke exhibits a compositional gradation from a 

quartz-feldspar porphyry to a topazite. (Fig. 11). The quartz

feldspar porphyry at the southern end of the dyke grades in a distance 

of a few feet into porphyries in which the feldspar has been largely 

replaced by carbonate and sericite with inclusions of quartz, nluscovite, 

topaz and fluorite (e.g. 1433, 1468). The sulphides present are 

predominantly sphalerite and pyrite. Small relic feldspar phenocrysts 

remain in places (e.g. 30618) and the ~ToundmasS consists largely of 

quartz, muscovite and talc. This rock then grades rapidly into 

an altered porphyry in which topaz, pyrrtlotite and pyrite are predominw1t. 

The intermediate zone between quartz-feldspar porphyry and topazite 

is a miximum of 100 feet in width. It is interesting that the zonation 

sh01nl by the White'Face Dyke is similar to the zonal sequence of minerals 



Plate 49� Radial aggregate of columnar topaz with 
interstitial quartz in extensively altered 
porphyrYf Vfuite Face Dyke, wbite Face, 
Mt. Bischoff. Specimen No. 2171, x 32. 

Plate 50� Euhedral zoned cassiterite with topaz in 
extensively altered porphyry, White Face 
Dyke, White Face, Mt. Bischoff. Specimen 
No. 2171, x 32. 



-185

in the replacement deposit. A further feature of the alteration is 

the occurrence of several small patches of ~uartz-feldspar porphyry 

within the topazized dyke. The heterogeneous nature of the alteration 

is also shown by the occurrence of patches of topazite containing no appreci

able sulphides (e.g, 1437, 1438) in zones of generally intense sulphide 

enrichment. 

(b)� Pine Hill 

Tourmalites and greisens cooprise the greater volume of the 

exposed part of the Pine Hill Complex. 

Tourmalites which cover most of the summit of Pine Hill, are generally 

medium-grained, e~uigranular rocks consisting essentially of ~uartz and 

interstitial black and Dinor green tourmaline. Clusters of coarse 

tourmaline crystals are present in places and ~uartz veins and coatings 

on joint surfaces are abundant. 

In thin section (e.g. 1416, 1418, 1420) the tourmalites consist 

of interlocking anhedral to subhedral ~uartz crystals, approximately 

1 to 4 IllIJ1 in diameter with int'erstitial masses of small collJl!lIlar 

tourmaline crystals which appear to partially replace the ~uartz. 

The tourmaline which is generally pleochroic from indigo blue (Ul) 

to almost colourless (£) is a schorlite (Appendix A4), No cassiterite 

was present in the sections examined. 

The ~uartz-feldspar porphyries which radiate from the main Pine 

Hill mass, and in places intrude the tourmalites, have been extensively 

greisenized along the greater part of their length. These rocks show 

extreme variation in texture from fine aplitic varieties (e.g. 1421) 
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through medium grained rocks (e.g. 1415, 1470) to porphyritic rocks 

with quartz phenocrysts up to 10 mm in diameter (e.g. 1422). The 

greisens consist essentially of quartz and micaceous minerals with 

variable proportions of tourmaline, fluvrite and sulphides. In thin 

section (e.g. 1417) some aggregates of muscovite cross-fibres occur 

in lath-shaped areas that may represent pseudomcrphs after feldspar. 

Tourmaline generally occurs as granular subhedral crystals which rarely 

form small clusters with muscovite. 

Thin sections of the dyke which crops out on the Murchison Highway 

(Fig. 16) indicate a predominantly even-grained rock consisting of quartz 

and muscovite, minor topaz and sheaves of chlorite with rare subhedral q~artz 

phenocrysts up to 3rnm in diameter (e.g. 1415, 1470). Several lath-

shaped areas composed of fine sericite are present. Fluorite and 

sphalerite are abundant as crystals up to lmm in length and the fluorite 

contains inclusions of all the other components. 

An unusual porphyritic rock (1423) crops out on the eastern slope 

of Pine Hill. It consists of large cracked quartz phenocrysts up to 

10 mm in diameter and lath-shaped masses up to 12 mm in length of fine 

columnar black and green tourmaline in a fine grained grouudmass. In 

thin section the lath-shaped areas are commonly composite and consist 

of both tourmaline and quartz. Rare tourmaline-biotite clusters also 

occur. 

Both pre-joint and post-joint alteration has occurred at 

Mt. Bischoff and Pine Hill. The post-joint alteration is relatively 

insignificant and represents crystallization of quartz, tourmaline, 

muscovite, topaz and/or cassiterite and sulphides along joint surfaces 
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with more intense alteration of the porphyries adjacent to the fracture. 

A major problem with pre-joint alteration is the differentiation 

between contempor~neously crystallized tourmaline, topaz etc. due to 

increase in the volatile content in the later stages of intrusion and 

alteration which is the result of introduction of volatiles slightly 

later than intrusion (e.g. Brammall and Harwood, 1925). Weston-Dunn 

(1922) suggested that alteration of the porphyries at Mt. -3ischoff took 

place homogeneously in a crystal mush prior to emplacement. However, 

Groves and Solomon (1964) showed that topaz was more abundant adjacent 

to the margins of the Western Dyke and marginal variants of the White

Face Dyke are composed essentially of topaz and cassiterite in places. 

It appears more likely that volatiles were introduced along open brecciated 

walls of the dykes while the porphyries were in a semi-solidified state. 

If this were correct it would imply a short duration bet,reen intrusion 

and alteration as calculations based on formulae of Jaeger (1958) 

in.ilicate that the thickest dykes would be completely solidified within 

several hundred years. The occurrence of relic quartz-feldspar porphyry 

towards the limit of alteration would be consistent with this origin. 

The tourmalites at Pine Hill are sir~lar to rocks from Southwest 

England (e.g. Flett in Ussher et~, 1909). Wells (1946) recorded 

that the formation of a quartz-tourmaline rock was the end result of 

tourmalinization. The tourmalinization is a pre-joint phase of alteration 

but whether it is contemporaneous with intrusion or slightly later 

is not known. It is certainly pre-porphyry dyke intrusion. 
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Geochemistry of Alteration 

There has been little systematic chemical investigation of the pro

of late or post-magmatic alteration of granitic rocks. 

The increase of elements of economic significance such as Sn, W and Mo 

during greisenization is well established (e.g. Ivanova. 1963) but the behavi 

of other elements has not been studied in detail. 

C~S$es 

(a) Mt. Bischoff 

The alteration of quartz-feldspar porphyries at Mt. Bischoff 

involves a relative decrease in alkalies (particularly [20) and Si02 

and an increase in A1 0 (Fig. 44) and a marked increase in F and FeS22 3 

(Table 15). This is consistent with the petrographic evidence of 

replacement of orthoclase by topaz and SUlphides. A decrease is shown 

by MgO and a small increase by caO possibly due to introduction of calcite. 

The altered porphyries show a sharp decrease in Rb and Ba, the 

average values decreasing from 906 to 11 ppm and 149 to 50 ppm respectively. 

Strontium show a possible decrease although values in the unaltered 

porphyries are already close to the detection limit. This decrease is 

due to original incorporation of Rb, Ba and Sr in feldspars which have 

been completely replaced, these elements being removed with the K. 

Selective removal of Rb relative to K is indicated by an increase in the 

K/Rb ratio from 56 to 90 with alteration. The retention of about 

one third of the Ba is difficult to explain since it substitutes 

only for K among the common cations. It is possible that the Ba may 

be fixed in minute proportions of barite although none has been seen 

in thin section. Rankama and Sahama (1950) suggested that Ba was 
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Table 15. Average compositions of unaltered and altered granitic 

rocks, Mt. Bischoff and Pine Hill. 

Number of analyses in brackets. 

Mt. Bischoff Pine Hill 

Quartz- Altered Soda- Tour- Quartz- Greisen 
feldspar Porphyry clase malite feldspar (2) 
Porphyry (5 ) adamel- (3) Porphyry 

(5) lite (3) (2) 

Si02 75.3 69.4 73.9 67.5 72.7 70.65 

Ti0 0.02 0.04 0.06 0.04 0.01 0,012 

A1 0 14.25 19.65 14.75 14.9 14.95 15.252 3� 

Fe 0 0.28�
2 3 

FeO 0.41 

"FeO 1.95 1.61 10.7 3.67 7.6 

MnO 0.06 tr. 0.02 0.06 0.09 0.14 

MgO 0.6 0.27 0.6 0.65 0.65 0.75 

CaO 0.20 0.34 0.13 0.05 1.09 1.31 

Na20 0.14 0.01 3.2 1.0 0.55 0.8 
., 

K20 4.9 0.1 4.6 0.2 4.0 1.9 

0.09 tr. 0.02 0.01 0.04 0.03P205� 

B20 - - - 4.2�
3 

H20 + 1.62 0.89 LOO 1.32 1.32 1.63 

H2O- 0.23 0.12 0.21 0.02 0.12 0.09 

F <0.2 6.52 <0.2 <0.2 0.8 <0.2 

FeS- . 4.692 

99.36 99.86 100.10 100.65 99.79 100.16 



Mt. Bischoff Pine Hill 

Quartz-
feldspar 
Porphyry 

(5 ) 

Altered 
Porphyry 

(5) 

Soda
clase 
adamel
lite (3) 

Tour
malite 

(3) 

Quartz-
feldspar 
Porphyry 

(2) 

Greisen 
(2) 

Ba 149 50 88 38 190 44 

eu 4 71 7 5 5 4 

Li 93 9 120 39 54 59 

Ni 5 4 - 7 10 8 

Pb 32 - - 14 27 9 

Rb 906 11 754 6 784 470 

Sn 72 1459 27 63 59 96 

Sr 3 <3 8 6 6 9 

Th 11 27 32 6 43 11 

U 13 7 23 10 32 6 

Zn 122 111 25 118 92 335 

K/Rb 56 90 52 333 49 40 

, 
Th/U 0.8 3.0 1.7 0.6 1.4 1.8 



-189

leached from granites during greisenization or alteration. Solomon 

(1966) found that a greisen from the Skiddaw Granite (Cumberland, 

England) had less than half the Ba content of adjacent granite while 

altered granite in the Rookhope borehole (e.g. Dunham et ~, 1965) 

showed enrichment in Ba relative to the unaltered granite. It is 

probable that variations in Ba content reflect the overall mineralogical 

changes involved in alteration and the initial Ba content of ore 

fluids. Tin shows the expected marked increase during alteration 

from an average of 72 ppm in the unaltered porphyries to 1459 ppm 

in the altered porphyries, due to the formation of free cassiterite. 

Zinc and Ni show negligible changes during alteration but Cu shows 

a marked increase from an average of 4 ppm to 71 ppm, probably due 

to the formation of minor chalcopyrite. The increase in Th from 

an average of 11 to 27 ppm and the Th/U ratio from 0.8 to 3.0 suggests 

introduction of Th, and concentration of U relative to Th in the volatile 

phase present during alteration (e.g. Heier and Brooks, 1966), with 

subsequent depletion in the porphyries. 

The fluids producing the alteration of dykes at Mt. Bischoff 

have apparently introduced Al, F, Fe and S and minor proportions of Ca, 

Sn, Cu and Th and have become enriched in alkalies (particularly K) and 

Si with minor Mg, Rb, Ba and Li by reaction with the porphyries. The 

unusually high K/Na and Li/Na ratios of fluid inclusions from fluorite 

in the replacement orebody are probably partly the result of this 

reaction. 
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(b) Pine Hill 

At Pine Hill tourmalites are probably derived by tourmaliniBation 

of sodaclase adamellites, and greisens represent altered quartz-

feldspar porphyries. Both alteration processes involve similar major 

changes with relative decref~e in alkali oxides and 8i0 and increase in2 

Al 0 (Table 15). The direction of alteration with respect to these2 3 

oxides is similar to that at Mt. Bischoff but is less pronounced (Fig. 

44). There is a marked increase in FeO particularly in the tourmalites 

and significant increase in YillO. There is a high proportion of B20
3 

in the tourmalites (average 4_.2~). 

The two analysed greisens and the partly sericitized quartz

feldspar porphyry (1419) have lower Ba contents (30-58 ppm) than 

the non-sericitized quartz-feldspar porphyry (1417B) which contains 

329 ppm Ba (Appendix A4). This is consistent with the observations of 

Hall (1967) who suggested that Ba showed an inability to be incorporated 

into muscovite, which is replacing feldspar in these rocks. Rubidium 

however appears to be concentrated relative to K in muscovite-rich 

greisen (1415) which contains 826 ppm Rb (Brooks, 1966 recorded a 

concentration of 1204 ppm for rock from the same locality) and has a K/Rb 

ratio of 29 while the quartz-feldspar porphyries have values of 734 and 

834 ppm Rb and K/Rb ratios of 55 and 42 (Appendix A4). The greisen which 

is strongly depleted in K20 (1417A) contains only 115 ppm Rb but has only 

a slightly higher K/Rb ratio (65) than the quartz-feldspar porphyries. 

These results are consistent with observations of Hall (1967) who suggested 

that the Rb could be retained in the muscovite lattice and was generally 



-191

more abundant in muscovite than in coexisting potash feldspar. Strontium 

shows a slight increase in the greisens (Table 15) but the difference 

is probable not significant. Hall (1967) recorded strong decrease 

in Sr during greisenization but the unaltered granites contained initial 

high concentrations of Sr. It is probable that small concentrations 

of Sr may substitute in muscovite. Tin does not show the marked increase 

shown by altered porphyries at Mt. Bischoff. The average values indicate 

an approximately 60 per cent increase during greisenization but this 

figure is probably not significant because of the scatter shown by the 

two analyses of unaltered porphyries. Thorium and U both decrease and 

the Th/U ratio increases slightly. Zinc has an erratic distribution 

and is strongly concentrated in one of the greisens (1415) which contains 

visible sphalerite. Nickel and Cu remain essentially constant during 

greisenization. 

The tourmalites have different characteristics, particularly the 

sharp decrease in Rb from an average of 754 ppm in the sodaclase 

adamellites to 6 ppm in the tourmalites with a strong increase in the 

average K/Rb ratio from 52 to 333. This suggests that Rb is not 

acceptable in the tourmaline lattice. Barium shows a significant 

decrease from an average of 88 ppm in the adamellites to 38 ppm 

in the tourmalites. Strontium and Cu remain essentially constant 

but the average Sn content shows a two fold increase and Zn an almost 

five fold increase in the tourmalites. Thorium and U both decrease 

but show a relative enrichment in U with a decrease in the average 

Th/U ratio from 1.7 to 0.6. This may be indicative of autometamorphism, 

with immersion in volatiles during crystallization (e.g. Heier and Brooks, 

1966). 
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The fluids producing the alteration of Pine Hill have intrcduced 

Fe, MIl, H20 and abundant B during tourmalinization. The introduction 

of Al is insignificant and Sn small when compared to alteration at 

Mt. Bischoff but introduction of Zn is significantly higher. The 

fluids have become enriched in Na20 as well as K20 during tourmalinizati~n 

possibly indicating lower initial K/Na ratios for the ore fluids than 

existed at Mt. Bischoff. The fluids have become enriched in Ba but 

the behaviour of Rb depends on the mineralogical changes involved 

and is largely enriched in the fluids during tourmalinization but 

retained by the rocks during greisenization. 

/� 
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SUMMARY .Ai.1J CONCLUSIONS 

The cassiterite-sulphide deposits in Western Tasmania are generally 

stratiform replacement deposits (Mt, Bischoff; Nos. 1, 2 and 3 

Horizons, Renison Bell; Cleveland; Mt. Lindsay), fissure deposits 

with possible marginal replacement (Federal Lode, Renison Bell; Razorb&ck

Grand Prize), and fissure lodes (Mt, Bischoff). The stratiform replace~ent 

deposits are generally replacements of dolomites or calcareous sediment~ 

rocks and the fissure deposits occur in fault zones. The sequence of 

mineralization may be complex with several phases within the main period' 

of mineralization; at Mt. Bischoff replacement of porphyry dykes 

represents an early phase followed by replacement of the dolomite host 

rock and finally by fissure vein filling; Thus the mineralization can 

be considered polyascendant (e.g. Stemprok, 1965). 

The replacement deposits at Mt. Bischoff and Renison Bell occur 

in dolomite horizons at the top of an Upper Proterozoic-Lower Cambrian 

miogeosynclinal sequence of sandstones, shales and mUdstones, in which 

the sand-grade rocks are sUbgreywackes and protoquartzite. This 

sequence is followed by an eugeosynclinal sequence consisting of 

greywackes, mudstones, cherts, spilitic lavas and mafic intrusions. 

This sequence contains calcareous horizons which have been mineralized 

at Cleveland and Mt. Lindsay. An intervening sequence of haematitic 

cherts, sandstones and conglomerates ("Red Rock") is unique to the 

Renison Bell area. It is significant that the greater proportion 

of Pb-Zn-Ag mineralization in the Zeehan-Dundas area has occurred at the 



-194

same stratigraphic level as the tin mineralization at Renison Bell 

and Mt. Bischoff. Solomon (1965) has grouped the sequences at this 

level as the Success Creek phase and has suggested that they may be 

post-Penguin Orogeny. There is no conclusive evidence for a 

post-Per.guin Orogeny age at Renison Bell and available evidence at 

Mt. Bischoff suggests that the "phase" is locally pre-Penguin Orogeny. 

The deposits at Mt. Bischoff, Renison Bell and Cleveland occur 

on the limbs of major anticlinal structures which are complicated by 

extensive normal faulting and flexural folding. A spatial association 

of the tin mineralization with Upper Devonian igneous activity is shown 

to varying degrees. It appears probable that the anticlinal structures 

have localized intrusion. At Mt. Bischoff numerous greisenized, topazized 

and tourmalinized quartZ-feldspar porphyry dykes of Upper Devoniwl age 

have intruded a faulted anticlinal structure and the tin mineralization 

is restricted to the area of highest dyke frequency. At Pine Hill, 

less than 1 mile from the Battery Workings in the Renison Bell area, a 

small cupola of tourmalinized adamellite intrudes close to an anticlinal 

crest. Associated with this cupola are nUflerous greisenized quartz-feld~ 

spar porphyry dykes of Upper Devonian age which are generally restricted 

to the area of tin mineralization. The Razorback-Grand Prize tin mineral
"\ 

ization is within 3 miles of the Pine Hill intrusion, although acid dykes 

have not been recorded from the immediate vicinity. The Mt. Lindsay 

deposit occurs within the contact metamorphic aureole of the Meredith 
,. 

Granite but the relationship at Cleveland is less obvious, the deposit 

occurring some 2'--:; miles from the northern margin of the Meredith Granite. 
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However, Cox and Glasson (1967) have recently discovered a small 

quartz-porphyry dyke some 600 feet from the replacement deposit. 

It is apparent that the cassiterite-sulphide deposits are 

localized in chemically reactive, dolomitic rocks of Upper Proterozoic 

to Lower Cambrian age in suitable structural environments, generally 

large faulted anticlinal structures that have been the loci for Upper 

Devonian high-level granitic intrusions. 

The cassiterite-sulphide deposits occur in larger districts of 

predominantly Pb-Zn-Ag mineralization in fissure veins (e.g. Zeehan, 

Dundas, Waratah) which are also considered to be genetically related 

to the Upper Devonian granite activity (e.g. Solomon, 1965). The 

spatial association of cassiterite - sUlphide deposits with Pb-Zn-Ag 

deposits is typical of many Sn-rich provines (e.g. Bilibin; 1955). 

other deposits within Western Tasmania include banded Pb-Zn-pyrite 

deposits (Rosebery. Hercules) and Cu-pyrite deposits (Mt. Lyell) 

which occur within the Mt. Read Volcanics, with a ~rQbable genetic 

relationship between ore deposition and vulcanism (e.g. Campana and King! 

1963; Solomon, 1965). Other deposits (e.g. Magnet, Tullah) occur 

within or adjacent to Cambrian volcanic rocks but have been generally 

considered to represent Devonian Pb-Zn-Ag fissure vein deposits. 

A uniform distribution of low Co and Ni in Fe-sulphides, normal Cd 

in sphalerites, normal Se in sulphides, and high Mn in the Pb-Zn-Ag 

fissure veins and cassiterite-sulphide deposits supports the concept 

of a single metallogenic province in the late Devonian. The Zeehan 

and Waratah areas may represent sub-provinces with respect to Cd. 
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The Magnet deposit groups empirically with the Devonian deposits 

in the Waratah area on the basis of Cd and Se in sphalerite, and the 

Tullah deposits are similar to the Devonian deposits with respect to 

Cd in sphalerite and Co and Ni in pyrite but are dissimilar to both 

the Devonian and Cambrian deposits with respect to Se in sUlphides. 

The trend towards high Co contents in pyrites from the Cu-pyrite 

and banded Pb-Zn deposits in Cambrian volcanic rocks and pyrites from 

unmineralized portions of these volcanic rocks, and the low Cd contents 

of sphalerites from the banded Pb-Zn deposits suggest a genetic 

association between ore deposition and vulcanism. 

The stratiform replacement and replacement fissure cassiterite-

sulphide deposits at I~. Bischoff, Renison Bell and Cleveland are 

mineralogically similar in their sulphide and oxide components and 

consist predominantly of pyrrhotite with pyrite, arsenopyrite, 

chalcopyrite, sphalerite and cassiterite and minor marcasite, stannite, galenl 

jamesonite, haematite, tetrahedrite, wolframite and boulangerite. Rare-~ \ 

bismuth, canfieldite, franckeite, gold, magnetite, pyrargyrite and jl 
I 

valleriite have been recorded from Renison Bell. The relatively high 

chalcopyrite content of the Cleveland ores malf be due at least in part 

to remobilization of Cu during mineralization from mafic rocks in the 

vicinity of the ore deposit, as nuuerous small, possibly remobilized Cu 

deposits occur in similar rocks in the area adjacent to Cleveland. 

In all the deposits cassiterite and wolframite have generally 

crystallized before the earliest formed sulphides which are pyrite and 

arsenopyrite, followed by pyrrhotite and further pyrite with minor 

marcasite. Chalcopyrite, sphalerite and stannite were formed 



-197

penecontemporaneously and exhibit extensive solid solution. They were 

followed by tetrahedrite, jamesonite and native bismuth and the final group 

of sulphides to crystallize were galena and associated canfieldite, 

franckeite, boulangerite and pyrargyrite. Some supergene alteration 

of pyrrhotite to pyrite and marcasite has occurred. 

Although the sulphide components of the cassiterite-sulphide deposits 

are similar, the non-sulphide components vary between deposits because 

of differences in the chemical compositions of the host rocks, and 

proximity of granitic intrusions. At Mt. Bischoff pre-sulphide crystallizat:
" , 

of tourmaline, quartz, wollastonite, chondrodite, garnet and corundum ! 

indicates matasomatism associated with intrusion of the porphyry dykes, 

with introduction of F, B, Si0 and minor H20 at temperatures in excess2 

of 4oooc. These minerals have become unstable during SUbsequent 

activity involving sulphide deposition, and have been generally replaced 

by hydrous micaceous minerals including talc, fluorphlogopite, serpentine, 

and chlorite, and by Fe-Mn-~~ carbonates and fluorite. The presence of 

talc indicates a temperature probably slightly in excess of 4oooc. 

Introduction of Fe, Mn, K, Si0 and base metals with S, F and H 0 and 2 2

removal of Ca, CO~ and to a lesser extent Mg, has been widespread. 
, L 

Similar chemical changes are evident at Renison Bell and Cleveland, 

although pre-sulphide alteration is generally restricted to the formation' 

of tourmaline, quartz and minor topaz (i.e. apart from cassiterite ano 

wolframi te) • The disseminated nature of the deposit at Cleveland suggests 

that the host rocks were less reactive than at Mt. Bischoff and Renison 

Bell, and Cox and Glasson (196\) have suggested that the ore horizon 

was originally a calcareous shale rather 'l;han a dolomite. 
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The cassiterite-sulphide deposits are considered to have been 

deposited at an initially higher temperature than the surrounding Pb

Zn-Ag deposits because the earliest formed minerals (e.g. cassiterite, 

wolframite, arsenopyrite, tourmaline, topaz) are virtually restricted 

to these deposits. The Pb-Zn-Ag deposits contain minerals of 

intermediate or late position in paragenesis (e.g. sphalerite, galena, 

jamesonite). A major exception to this general trend is that pyrite, 

which has generally been deposited before pyrrhotite, is more abundant 

in the Pb-Zn-Ag deposits while pyrrhotite is the predominant sulphide 

of the cassiterite-sulphide deposits. 

At Mt. Bischoff mineralogical lateral zoning can be demonstrated 

on a local scale. It is apparent the lateral zoning is generally more 

common than vertical zoning in tin deposits (e.g. Turneaure, 1960; 

Hosking, 1965). The replacement deposit in the central area of the mine 

consists of massive pyrrhotite with cassiterite, arsenopyrite, pyrite 

and wolframite while further south pyrite, sphalerite, galena and 

jamesonite become more abundant. Similar mineralogical zonation is 

evident from the general distribution of the later fissure veins and 

some zonation within the veins has been recorded. Zoning may also 

be related to time of mineralization as there are also major differences 

between the replacement deposit and the later veins. 

That this zonation is at least partly a function of declining 

temperature is indicated by declining formation temperatures of 

fluorite and quartz (from fluid inclusion studies) outwards from the 

centre of Mt. Bischoff. Initial temperatures of deposition of fluorite 
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in the centrDJ. area were as high as 5800 C and decreased to approximately 

200
0
C in the marginal zone some 2000 feet away. Temperatures of 

formation of f1uorite and quartz in the marginal fissure veins range 

from 1700 to 3800 c, with the majority between 2000 and 2500 c. 

A positive correlation exists between salinity and temperature of 

formation for minerals from different localities. A possible mechanism 

to explain this correlation, the great variation of salinity within one 

area, the temperature decline and high salinities (>50% equiv. NaC1) of 

inclusions from the central area is for initially hot, highly saline 

hydrothermal solutions, derived from the granitic source, to be cixed 

with cooler, less saline meteoric and connate waters, in conjunction with 

heat loss from the solutions to the wall rocks. 

Low Na/K and Na/Li ratios of the fluids in fluorite from the central 

area are probably a function of addition of excess K and Li over Na 

from hydrothermal alteration of the porphyry dykes. The Na/K ratio 

of the ore solutions increased with declining temperature and salinity 

possibly due to admixing with relatively Na-rich meteoric and connate 

waters; this increase may have been accentuated by fixation of K 

in micaceous minerals (e.g. phlogopite). A possible local sourCe of 

solutions is indicated for deposition of fluorite at Fook's Lode (a 

marginal cassiterite-sulphide fissure deposit) which has a relatively 

high temperature of formation and salinity but similar Na/K ratios 

to the other marginal fissure deposits. 

The fluid inclusion studies indicate that the initial ore-forming 

medium was predominantly a supercritical fluid. 
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The symmetry and composition of pyrrhotites vary throughout the 

c~ssiterite-sulphide deposits. It is probable that monoclinic pyrrhotitrs 

and hexagonal (2A. 5C) pyrrhotites have inverted from hexagonal (2A. 7C) 

pyrrhotites of equivalent composition during very slow cooling. The probabl 

minimum temperature -fs -f0 conditions for the formation of the
2 2 

o -3 -17pyrrhotite range up to 525 c. 10 atmospheres and 10 atmospheres 

respectively for all deposits. It is possible that some deposition too~ 

place at temperatures as high as 7000C in the central area at Mt. Bischoff 

-3 -24 -17at a fS 2 of 10 atmospheres and f0 between 10 and 10 atmospheres,
2 

both fugacities decreasing with decreasing temperature. 

There is ~ generalized decrease in the FeS content of sphalerite 

from the central area of Mt. Bischoff outwards. The overlapping field 
I 

obtained from the maximum range of compositions of sphalerites and pyrrhotit~ 

I 

which occur together from the central area of Mt. Bischoff indicates pOSSibl~ 
~ ~ I 

temperature. fS2 and f02 conditions between 4500 and 6500C. 106 i 

~ -2atmospheres and 10 -3 - 10 -31atmospheres, and 10 -17and 10 atmospheres 

respectively. The compositions of sphalerites associated with pyrite f~om 

" 

the marginal zone of Mt; Bischoff are difficult to interpret~in terms 

of conditions of deposition because of uncertainties in the composition of 

sphalerite in equilibrium with pyrrhotite and pyrite below 5BOoC. 

However the lower limit of 9 mole %FeS recorded for sphalerites from the 

Waratah district may be significant. It indicates that if the fS2 

was approximately constant. the sphalerites in the marginal zone of the 

replacement deposit and fissure veins were deposited over a very small 

temperature range that was lower than the range of deposition temperatures 
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in the central zone of the replacement deposit, or that if they were 

deposited at successively lower temperatures, the fS and f0 decreased2 2 

sympathetically. 

The compositions of sphalerites from Cleveland and Renison	 Bell 

do not uni~uely fix the conditions of their formation, but	 they could 

be si~lar to temperature - fS - f02 conditions indicated	 by the2 

composition of associated pyrrhotites. 

~imates of temperature of formation of pyrite and/or arsenopyrite 

0based on the Fe-As-S system are consistent at less than 500 C (as low 

as 375°C) but are generally lower than estimates from fluid inclusion 

studies and other sulphide systems, if the textural evidence for successive 
i 

deposition is accepted. It is possible however that pyrite and arsenopYfite 

did not coexist with vapour during their deposition, or that other 

components have an effect on the pyrite-arsenopyrite stability. 

The occurrence of native bismuth associated with galena at Renison 1\ 

Bell limits the temperature of this phase of mineralization to below 271oCo
. I 

At 2500C the fS and f0 conditions during deposition of this ~neral2 2 

pair are limited by the stability of native bismuth, and must have been 

-~ -~	 .below 10 and 10 atmospheres respect~vely. 

The features described above are consistent with the formation of 

the paragenetic se~uence and zonal se~uence through cooling of the 

ore-forming fluid with associated declining fs 2,and fo2 o	 The fluid 

cooled through the "main line" areas delineated by Holland	 (1965), 

0with decline in temperature from approximately 7000C to 200 C with a 
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-2 -3 -14sympathetic decline in fS 2 and f02 from 10 - 10 to 10 atmospheres 

-17 -32 .
and 10 to 10 atmospheres respect1vely. 

The mechanism of ore-metal transport and the pH of the ore-forming 

fluids cannot be defined by the present study. The occurrence of 

abundant talc and carbonates in the ore horizon suggests that the fluids 

must have been alkaline at the depositional stage (e.g. Stringham, 1952)~ 

Several authors (e.g. Krauskopf, 1967) have summarised the possible 

mechanisfls of ore-metal transport and have suggested that large 

departures from neutrality are unlikely because of the buffering effects 

of the wall rocks. Most authors favour an initially slightly acid 

fluid which transports the ore-metals as complex ions and molecules, this 

resulting in an increase in metal solubility. Of these flechanisms the . 

transport of the ore metals as chloride complexes (e.g. Helgeson, 

1964) is attractive in explaining deposition in carbonate horizons as 

the complexes become unstable with increasing alkalinity, thus causing 

precipitation of the ore minerals; the se~uence of attainment of 

instability approximates the paragenetic se~uence of most sulphide ores 

including the cassiterite-sulphide deposits examined in this study. 

Other features of the mineralization include the relative enrichment, 

of the sulphides of the outer zone at Mt. Bischoff in 34s relative 

to the sulphides of the central zone. This has been attributed to the 

mass isotope effect with initial preferential deposition of 32S which 

would result in a reservoir depleted in 32S , or to possible compositional 

changes in sulphur of the ore-forming fluid with time. There is 

apparently no significant variation in isotopic composition of sulphur 



-203

within or between deposits at Renison Bell although the sulphur is 

significantly enriched in 348 relative to Mt. Bischoff. This may 

represent an initial difference in sulphur from the local granitic 

source. 

The variation of Co and Ni in pyrite and pyrrhotite from Mt. Bischoff 

does not parallel the zonal variation shown by other parameters. 

However there are significant differences between Co and Ni contents 

of Fe-sulphides from the replacement deposit and the fissure veins; 

the latter being enriched in both Co and Ni, with preferential 

enrichment in Ni. At Renison Bell there is a similar enrichment 

in Ni and Co in pyrite from fissure veins relative to pyrite which 

has penecontemporaneously replaced adjacent siltstones. Pyrrhotites 

from the Federal Lode are also markedly enriched in Ni relative to 

pyrrhotites from the two main replacement horizons. The constant 

preferential Ni enrichment in Fe-sulphides from vein deposits relative tq 

replacement deposits at Mt. Bischoff and Renison Bell suggests that the 

difference between deposits results from the existence of different 

conditions of deposition between the two environments rather than from 

a temporal variation. It is possible that in the replacement deposits; 

Ni and to a lesser extent Co have preferentially entered suitable 

silicate and/or carbonate structures that were not present during 

vein formation; 

The granites associated with mineralization are typical post-

kinematic, high-level plutons; It is probable that the presently 

exposed area of the Heemskirk Granite is in closer proximity to the 
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roof area of the batholith than the exposed area of the Meredith 

Granite. The complex at Pine Hill appears to be the roof of a small 

cupola and may be a relatively small upward projection of a larger 

granite stock. The dyke system at Mt. Bischoff probably represent 

filling of tensional fractures above a hidden cupola-like body such as 

that envisaged at Pine Hill. 

The similar radicmetric ages of the granitic rocks and similar trace 

element concentrations of sulphides in the granitic rocks and associated 

ore deposits suggests that the granitic rocks ere inter-related. It 

is envisaged that each granite, as exposed, corresponds to a different 

level within a predominantly covered batholith similar to that beneath 

the area of mineralization in Southwest England, or more than one 

penecontemporaneous, compositionally similar batholith. ReconnaissEJ:lce 

gravity surveys indicate that the margins of the granites are steeply 

dipping and that any connection KuSt be at a great depth, but it is 

obvious that further surveys are essential to a coherent interpretation 

of the structural inter-relationships of the exposed granitic rocks. 

The granitic rocks are all highly fractionated, with high 

Si02 coritents. The composition of the adamellites of the Meredith 

and Heemskirk Granites and the sodaclase adamellites of the Pine Hill 

complex indicate that they originated by crystal-liquid equilibrium. 

Variation in major element chemistry of these rocks is not inconsistent 

with successive fractionation from a single or similar magma. The 

successive decrease in K/Rb ratios and Sr contents of the adamellites 

from the Meredith Granite to the Heemskirk Granite and to the Pine Hill 

complex also supports this concept of successive fractionation. The 
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variation of Th and U in these rocks is probably due to incorporation of 

vapour phase in some rocks during crystallization. 

The compositions of porphyries from Mt. Bischoff and Pine Hill 

are unusual. They are extremely Na-deficient but not markedly K-

enriched, partly because of incomplete kaolinization of the feldspars. 

They are chemically similar to the elvans of Southwest England and to 

aplites and porphyries from Northeastern Tasmania, both being spatially 

associated with tin mineralization. Their crystallization history 

is uncertain. However high Si02 ffild Li contents, very low K/Rb ratios 

and Sr contents and low Ba contents are probably indicative of extreme 

fractionation. 

It is significant that the granitic rocks containing tin mineralization 

(Pine Hill, Mt. Bischoff, and the white granite, Heemskirk) show.--
an enr~nt in Sn compared to the relatively unmineralized and less 

fractionated rocks (Meredith Granite, and red granite, Heemskirk). 

It is possible that the intramagmatic Sn ores at Ileemskirk may have been 

produced by release of Sn from Sn-rich biotites during greisenization 

while the emplacement of discrete Sn-bearing lodes such as the cassiterit~-

SUlphide deposits was related to concentration of Sn in residual li~uids 

during fractionation. The mechanism of ultimate separation of the Sn 

and other elements forming the cassiterite-sulphide deposits from the 

residual magma is still obscure (e.g. Krauskopf, 1967). 

The granitic rocks adjacent to the cassiterite-sulphide deposits 

at Mt. Bischoff and Renison Bell are extensively altered and in places 

minerali zed. In both areas the feldspars have been replaced by topaz, 

tourmaline, muscovite and sulphides, the rocks at Mt. Bischoff being 
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largely topazites while the rocks at Pine Hill are tourmalites and 

greisens. Both pre-joint and post-joint alteration have occurred although 

the post-joint phase is minor. At Nt. Bischoff it is probable that 

volatiles were introduced along open brecciated walls of the dykes 

while the porphyries were in a semi-solidified state. Tourmalinization 

at Pine Hill is certainly pre-porphyry dyke intrusion and probably 

represents autom&tamorphism of the sodaclase adamellites. 

The alteration in both areas involves a relative decrease in alkalies 

and Si0 and an increase in Al 0 with a marked increase in F, Fe e~d
3

,2 2

S at Mt. Bischoff, and a corresponding marked increase in Fe and B at 

Pine Hill. The behaviour of trace elements is dependent on mineralogical 

changes as well as on bulk chemical changes during alteration. 
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APPENDIX A1	 PETROGRAPHY OF GRANITIC ROCKS 
ASSOCIATED WITH TIN MINERALIZATION 

The petrography of the unaltered granitic rocks 

associated with tin mineralization is outlined below. 

The methods of determination of structural and 

compositional parameters of feldspars are described 

in Appendix A2 and the relevant values are given in 

Appendix A2, Tables 18 and 19. 

MEREDITH GRANITE 

The Meredith Granite may be subdivided into two 

main types, based essentially on textural differences,
 

viz. even-grained grey adamellite and porphyritic
 

adamellite. Minor granitic types include sodaclase
 

microgranites, aplites, pegmatites, quartz-feldspar
 

porphyries, greisens and quartz-tourmaline veins.
 

The main granitic types are described below.
 

Even-grained Adamellite (226/6"P-Johannsen 1939)
 

The adamellite is a fine to medium grained grey rock
 

consisting of quartz, K-feldspar and plagioclase
 

with subordinate biotite and minor muscovite,
 

hornblende, apatite, zircon and sphene. Large
 

K-feldspar phenocrysts occur rarely (e.g. 1409).
 

The rock is cut by small quartz-tourmaline veins and
 

rarely by quartz-biotite veins. Small segregations
 

of biotite a few cm in diameter also occur rarely.
 

Small veinlets of molybdenite and pyrite occur
 

sporadically.
 



Plate 51	 Zoned plagioclase in adamellite, 
Meredith Granite. Specimen No. 30651b. 
Crossed nicols, x 32. 

Plate 52	 Coarse string perthite in adamellite, 
Meredith Granite. Specimen No. 
1405f. x 85. 
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In thin section (e.g. 1404 a,b, 1406 - 1409, 

30651 e,f,g) the rock is granular, the grain size of 

the predominant constituents being some 0.5 mm, 

with the biotite as smaller flakes up to 0.2 mm in 

length. Graphic intergrowth of quartz and K-feldspar 

is common, both minerals being essentially anhedral 

although subhedral in places. Minor myrmekitic 

intergrowth of quartz and plagioclase is present. 

Small quartz and biotite crystals are poikilitically 

enclosed in larger K-feldspar, and plagioclase 

crystals which have been partially altered to 
.' 

sericite. The large proportion of biotite occurs as 

dark to light brown pleochroic flakes, containing 

minute zircon crystals with pleochroic haloes. 

Several crystals are partially altered to chlorite 

which exhibits anomalous birefringence (e.g. 1404b) 

and may be penninite. 

Details of feldspar mineralogy are given in 

the following section on the porphyritic ad&~ellites. 

A modal analysis of a typical even-grained adamellite 

(1404) is given in Table 16. 



Sodaclase Microgranite 

Mineral 64-TI. 

Quartz 37.1 

K-feldspar
perthite 43.0 

Plagioclase 14.8 

Biotite 3.9 

Muscovite 1.1 

Accessories 0.3 
- 

Total 100.2 

Mineral 

Quartz 

K-feldspar 
perthite 

Plagioclase 

Biotite 

Muscovite 

Accessories 

Total 

Maximum 
Variance 

5. 1 

5.9 

2.0 

0.5 

Adamellite 

1404 

34.9 

41.5 

16.3 

6.9 

0.0 

0.3 
-

99.9 

64-39 Maximum 
Variance 

39.2 5.3 

40.8 5.6 

14.2 1.9 

3.7 0.5 

1 .9 

0.3 
- 

100.1 

J\I.laximum
 
Vari§.nce
 

4.8 

5.7 

2.4 

0.9 

Table 16. Modal analyses of even-grained rocks, 

Meredith Granite. (volume per cent) 



Plate 53 

Plate 54 

Graphic intergrowth of orthoclase 
and quartz in adamellite, Meredith 
Granite. Specimen No. 1404a. 
Crossed nicols, x32. 

Contact of biotite- rich enclave with 
adamellite, Meredith Granite. Specimen 
No. 1407. Crossed nicols, x85. 
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Porphyritic Adamellite (226/6" P-Johannsen, 1939) 

The porphyritic adamellite consists of large 

euhedral K-feldspar phenocrysts, up to 60 m~ in length, 

with subordinate phenocrysts of plagioclase in a fine to 

medium-grained groundmass of quartz, K-feldspar, 

plagioclase and biotite. 

In thin section (e.g~ 1405 a-d, 1481, 1482, 30651 

a-d, 64-36) large perthitic K-feldspar phenocrysts with 

subordinate plagioclase, biotite and quartz phenocrysts, 

up to 10 mm in diameter, occur in a fine-grained 

granular groundmass of quartz, K-feldspar, plagioclase 

and biotite as anhedral crystals between 0.2 and 0.5 mm 

in diameter. Minor fine-grained muscovite is associated 

with the g.roundmass and other accessories include 

apatite, zircon, rutile and tourmaline. Numerous small 

crystals of quartz, plagioclase and biotite are poikilitically 

enclosed in the K-feldspar phenocrysts. In places the 

K-feldspar phenocrysts, which are flesh-pink in colour, 

are surrounded by a continuous white rim. A thin section 

(1 ~-09) shows that the rim is an intergrowth of plagioclase 

and K-feldspar with inclusions of quartz and biotite. 

Green (1966a) described similar rlffiS from K-feldspar in 

red granite from the Heemskirk Granite and suggested 

that they were myrmetitic intergrowths with plagioclase 

developing at the expense of K-feldspar. The biotite j 

pleochroic from dark to light brown, is partially 
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altered to chlorite. Plagioclase occurs as subhedral 

to euhedral crystals which are commonly zoned, both 

normal and oscillatory zoning occurring. 

Basic segregations occur sporadically and have 

been described in detail by Waterhouse (1914). They 

are irregular in shape and size and consist of abundant 

biotite with minor plagioclase, quartz, K-feldspar, 

muscovite, apatite and magnetite in a granular intergrowth. 

Magnetite and apatite are euhedral, the latter occurring 

as slender prisms in both quartz and feldspars. 

The feldspars from the even-grained and porphyritic 

adamellites are essentially similar in structural state 

and composition. The K-feldspars measured have obliquity 

values less than 0.18 indicating largely monoclinic 

symmetry. They vary from stringlet and string 

cryptoperthites to string and bead microperthities 

with a maximum width of 151-1 for the albite phase. 

They appear to be typical exsolution perthites. Optic 

axial angles (2Vd,) vary from 420 to 640 
• Compositions 

of the present K-feldspar phase vary from Or92 Ab8 to 

Or Ab the pre-exsolution composition measured on
3

,97 
homogenized feldspars being between Or Ab29 and Or ?71 7
Ab 23 • Homogenized K-feldspars from a coarse adamellite 

(64-36) give an apparent original composition of Or68 
Ab but contain probable replacement perthites,32 , 

possibly explaining the high Ab content. 
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The plagioclases are essentially acid andesine 

with a compositional range ~3 Ab 67 to An38 Ab62 and 

more basic cores with a maximum of An40 • The optic 

axial angles (2Vo() range f~om 81° to 100°, although the 

majority lie between 85° and 90°, 

The compositions of co-existing orthoolase and 

plagioclase can be used as an indicator of temperature of 

fo~ation. Earth (1962) examined the distribution of 

albite between K-feldspar and Ca-feldspar during 

crystallization of granite and showed that KT ~	 mole fraction 
of Ab in 
alkali 
feldsQar 
mole fraotion 
of Ab in 
plagioolase' 

where KT-is the coefficient of distributiOn, whioh is 

constant at constant temperature. Using the mean values 

for mole per cent Ab in K-feldspar and plagioclase 

for the adamellites a value of KT ~0,41 is obtained, 

which is equivalent to a temperature of formation of 

6500 to 700 0 C (Barth 1962, p. 334). Difficulties in 

applying the thermometer inolude the unknown effeots of 

pressure, assumed to be less than the effects of te~perature 

by Earth (1962), and the effeots of variations in 

initial oonoentration of sodium. 
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Sodaclase microgranite (216 P, Johannsen, 1939) 

The sodaclase microgranite is a fine-grained 

light grey to light yellow-brown rock consisting 

essentially of K-feldspar and quartz with plagioclase 

and biotite. 

In thin section (e.g. 64-33, 64-39) the microgranite 

consists of a granular intergrowth of anhedral quartz 

and subhedral feldspar and biotite crystals up to 0.5 

mm in diameter with minor interstitial muscovite as 

subhedral flakes up to 0.2 mm in length. Accessory 

euhedral apatite is common. The feldspar which is largely 

K-feldspar with subordinate plagioclase is generally finer 

grained than the quartz, although in places K-feldspar 

occurs as phenocrysts up to 2 mm in length. The biotite 

which is pleochroic from light green to brown is partially 

replaced by chlorite and is sometimes rimmed by radiating 

masses of muscovite. 

The muscovite-rich microgranites sometimes contain 

tourmaline nodules. The nodules, generally ovoid with 

a long axis between 50 and 250 mm, are more resistant 

than the enclosing microgranite and stLcnd out on weathered 

surfaces as spheroidal bails. Microscopically the 

nodules consist of fine granular quartz crystals with 

interstitial and interlocking tourmaline (schorlite) 

which is strongly pleochroic from indigo blue (W) to 

pale blue ((). Feldspar is rarely present and no 



- 213 

cassiterite or fluorite was observed in the sections 

examined. In some sections the schorlite is columnar 

with interstitial quartz and radiates in sheaf-like 

aggregates from the centre of the nodule. 

The K-feldspars in the microgranites are generally 

stringlet or string cryptoperthites although some 

coarse microperthites and perthites occur with irregular 

patches of albite up to 100~ in diameter, which may be 

replacement perthites. Optic nxial ongles (2V do.) raYlge 

from 500 to 640 
• The composition of the K-feldspars is 

unknown as they were too small to be separated for X-ray 

analysis~ The plagioclase is usually albite ranging 

in composition from An6 Ab94 to An Ab91 • Optic axial9 
angles (2V~) range from 900 to 1020 and the refractive 

index of all crystals relative to balsam is negative. 

Modal analyses of typical microgranites (64-33 

and 64-39) are given in Table 16. 

Alaskite Aplite (115D, Johannsen, 1939) 

The aplites are rocks of variable composition 

and texture. They are composed essentially of quartz and 

K-feldspar which is generally kaolinized due to extensive 

weathering. Reid (1923) recorded that small lenses 

of cassiterite associated with lepidolite occurred 

in the aplites. Tourmaline is a common constituent, 

occurring as large clots which locally may constitute the 

greater proportion of the rock. 
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A thin section of one of the fresher 8plites 

(64-34) from Yellowb8ud Creek indicates that it consists 

of 8 granu18r intergrowth of anhedral quartz nnd 

altered K-feldspar with minor plagioclase, up to 1 mm 

in diameter, in a groundmass of finely intersrown 

qU8rtz and K-feldspar, approximately 0.1 mm in di[~eter. 

Minor muscovite is present as small subhedral flakes 

and radiating clusters. Graphic intergrowth of quartz 

and feldspar is COIT@on w1d the quartz crystals are 

sutured in places. 

Porphyries 

Both quartz- lC-feldspar porphyries 8nd granite 

porphyries occur within and extend outW8rd from the 

Meredith Granite. 

An example of 8 grnnite porphyry occurs at Mt. 

Stew8rt (e.g. 1480) nnd consists of large phenocrysts 

of quartz, perthitic K-feldspar and plagioclase with minor 

biotite in a quartz-feldspar groundmass. Microscopically 

it is simi18r to the porphyritic adamellites described 

above. 

Waterhouse (1914) described sever8l quartz-feldspar 

porphyries from the southern murein of the Meredith 

Granite. They cOlnprise quartz and K-feldspar phenocrysts 

in a fine gr8ined to glassy groundmass. The quartz 

phenocrysts are generally corroded but are euhedral in 

places with inclusions of biotite. Small inclusions of 

quartz are present in the K-feldspar phenocrysts which 
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are partially replaced by small aggregates of chlorite. 

Pyrite is con®on and apatite and zircon are common 

accessories. 

Pegmatite 

The pegmatites consist of large columnar crystals 

of K-feldspar and quartz with minor plagioclase and 

contain abundant tourmaline, muscovite and topaz with 

minor cassit~rite, sphalerite and chalcopyrite. 

Greisen 

The 'greisens (e.g. 64-35) are granular medium' 

grained rocks containing largely nnhedral quartz with 

biotite, sericite and chlorite and rare feldspar. 

Cassiterite occurs in association with minor sulphides. 

MT. BISCHOFF 

The granitic rocks at Mt. Bisehoff are porphyries 

which exhibit a wide range of composition and texture 

resulting from the SUbsequent alteration of quartz

feldspar porphyries as described below. 

Quartz-Feldspar Porp~ (Kalialaskite Porphyry, 

115A - Johp~nsen, 1939) 

The quartz-feldspar porphyries (e.g. 1388-89, 1391, 

1393, 30617) consist of bipyramidal cracked quartz 

phenocrysts up to 5 mm in diameter, with rare brazilian 

twinning, and lath-shaped phenocrysts of K-feldspar up 

to 5 mm in length in a fine-grained groundmass. 



Plate 55 

Plate 56
 

Orthoclase phenocryst in porphyry,
 
Vfuite Face Dyke, Mt. Bischoff.
 
Specimen No. 1388, x 32.
 

Flow banding in porphyry, Vfuite Face
 
Dyke, ~t. Bischoff. Specimen No. 1467,
 
x 32.
 



- 2~6 

In thin section the quartz phenocrysts are 

abundant, generally ranging in size from 0.5 to 2.0 rr~ 

with a maximum diameter of 5.0 ~ and containing small 

inclusions of K-feldspar. The K-feldspar phenocrysts aru 

partially altered and a D.T.A. curve and X-ray diffraction 

analysis confirmed the pr8sence of kaolinite. The 

groundmass consists of a fine intergrowth of quartz and 

sericitized feldspar. Muscovite occurs sporadically 

as flakes up to 0.5 ~ in length. No plagioclase is present. 

'ObliqUity measurements on two specimens of K-feldspar, 

comprising several phenocrysts, give 6 values less than 

0.18, indicating largely monoclinic s~etry. Optic 

axial(2V~) measurements on several phenocrysts in sections 

1388a and 30617 indico:te a variation from 36 0 to 63 0 
, 

the majority being between 440 and 520 
• Measurement of 

the composition of the K-feldspar indicates that it is 

almost pure orthoelase (Or100Ab - Or Ab 1) and that o 99 
the composition of the homogeni.zed feldspar is Or98 Ab2 • 

These results confirm the observation that the K-feldspar 

is non-perthitic. The two feldspar thermometer of Barth 

(1962) cannot be applied as no plagioclase is present. 

However the quartz crystals may be diagnostic of a minimum 

temperature of formation. Their equant pyramidal 

habit with small or non-existent prism faces and the 

strong era.eking suggest that t!le quartz may have 

reverted from B-quartz which originally crystallized 
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above 573 0 C (Wright and Larsen, 1909). These features 

however are not conclusive as the so-called B-quartz 

habit has been found in the ~ variety (Frondel, 1945). 

PI~ffi HILL 

The occurrence of unaltered branitic rocks is 

restricted, and there is the possibility that they are 

not representative although they are essentially similar 

to those described by Ward (1909). The rocks may be 

sub-divided into sodaclase adamellites, sodaclase adamellite 

porphyri~s and pegmatites. 

Sbdaclase Adamellites (216" - Johannsen, 1939). 

The sodaclase adamellites, which are typified by 

specimens 1424, 1425 and 1427, are fine to medium-grained 

rocks consisting essentially of quartz, K-feldspar 

and plagioclase with minor biotite, muscovite and tourm3line. 

The weathered rock has a characteristic yellow-brovvn 

colour. 

In thin section the rock is equigranular, and 

consists of anhedral quartz and subheural K-feldspar and 

plagioclase as interlocking crystals g0nerally 0.5 mm 

but up to 2 mm in diameter. Modal analyses of the rocks 

(Table 17) indicate approximately equal proportions of 

quartz and K-feldspar with subordinate plagioclase. The 

K-feldspar is strongly perthitic with a dusky appearance 

and is generally more altered than the plagioclase. 



Plate 57 

Plate 58 

Tourmaline associated with plagioclase, 
K-feldspar and quartz, adamellite, Pine 
Hill. Specimen No. 1425. Crossed 
nicols, x 32. 

Coarse diopside crystals in carbonate 
and quartz matrix, calc-silicate 
hornfels, Gormanston Creek. Specimen 
No. 1445, x 32. 
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It contains small inclusions of quartz ,nth minor plagioclase 

and muscovite, and in places forms a graphic intergrowth 

with quartz. In section 1424 several K-feldspar crystals 

have a distinct core of plagioclase. The plagioclase 

has been partially replaced by small laths of lliUscovite 

which occur as elongate crystals subparallel to the 

cleavage planes. Small subhedral crystals of biotite 

occur rarely. Tourmaline is present as columnar crystals, 

up to 4 mm in length, which are pleochroic from indigo 

blue (wr) to pale blue-green (t ) and rarely from dark 

green to lime green. These crystals cut across mineral 

boundaries and are clearly later than the quartz and 

feldspar. Small proportions of accessory zircon and 

apatite also occur. 

The K-feldspars are generally string, rod or 

bead microperthites with aligned, optically oriented 

bodies of albite to a maximum width of 20p. Obliquity 

and composition of the K-feldspars has not been determined 

due to their small size. Optic rocial angles (2V~) range 

from 560 to 700 
• The plagioclase is albite (An6 Ab94 to 

An10 Ab90 ) and the optic axial angles (2V~) range from 

91 0 to 1070 
• 



---

Mineral 1~,24-25 Maximum	 MaximumH..S.
Variance	 Variance 

Quartz 32.1 4.4 36.8 5.0 

K-feldspar
perthite 39.1 5.3 37.8 5.2 

Plagioclase 21.8 3.0 23.9 3·3 

Biotite 0.0 0.4 0.05 

Muscovite 0.3 0.05 0.7 0.09 

Tourmaline 0.3 0.05 0.2 0.03 

Accessories 6.3 0.9 0.3 0.03 

Total	 99.9 100.1 

Table 17.	 Modal analyses of scdaclase adamellites 

from Pine Hill. 
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Sodacla.s_e - Adamellite Porphyries (216" - Johannsen, 1939). 

The sodaclase-adamellite porphyries are porphyritic 

rocks consisting of phenocrysts of quartz, feldspar, 

muscovite and biotite in a fine-grained groundmass. 

In thin section (e.g. 1426a - d) the rock consists 

of large phenocrysts of subhedral to euhedral quartz, 

up to 8 mm in diameter, with subordinate Gubhodral to 

euhedral K-feldspar and plagioclase phenocrysts, up 

to 5 mm in length, in a fine-grained groundmass of quartz 

and feldspar. The K-feldspars arc porthitic and together 

with the plagioclase, poikilitically enclose granular 

quartz crystals. Several phenocrysts of K-feldspar 

enclose small circular quartz crystals which form distinct 

zones inside the margin of the crystals. Some phenocrysts 

are aggregates of several subhedral, perthitic K-feldspar 

crystals with clusters of small plagioclase laths. 

Ragged clear crystals of muscovite as single fl&ces or 

clusters up to 1 mm in diameter are cOIT@on, and some 

ragged biotite, pleochroic from dark brown to pQle brown, 

is present. Tourmaline occurs as small, granular 

subhedral crystals, generally 0.01 mm in diameter, which 

form small irregulQr clusters. The groundmass consists 

of a granular intergrowth of quartz, plc~ioclase and 

le-feldspar with minor muscovi to, the average gr~,in size 

being approximately 0.02 mm. 
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The K-feldspars are largely string, rod or bead 

mioroperthites with oriented bodies of albite, 

although larger irregular, non- oriented blobs ooour in 

plaoes and are probably replaoement perthites. Obliquity 

measurements give ~ values from 0.71 to 0.74 indioating 

predominantly triolinio symmetry. The oomposition of the 

K-feldspar is Or Ab to Or98 Ab 2 and the oomposition
95 5 

of homogenized perthites is Or68 Ab to Or Ab 27 .32 73 
The plagioolase is essentially albite (An6 Ab to An94 9 
Ab

91 
)with a range of optio axial angle (2Vcz) from 

940 to 97°. Applying the two-feldspar thermometer of 

Barth (1962) a value of KT = 0.31 and an equivalent 

formation tempero,ture of approximately 575 0 0 are obtained. 

Quartz-feldspar Porphyries 

The quartz-feldspar porphyries oonsist of large 

euhedral K-feldspar phenoorysts up to 15 mm. in length, 

together with subordinate quartz and plagioolase 

phenoorysts in a oryptoorystalline groundmass. 

In thin section (e.g. 1419 a-d) thG rook oonsists 

of large euhedral K-feldspar phenoorysts up to 10 TI@ 

in length, set with smaller subhedral quartz and plagioclase 

phenocrysts in a fine-grained groundmass. The K-feldspar 

is perthitic, displays well developed Oarlsbad twinning 

and contains numerous poikilitically Gnclosed granular 

quartz and subhedral pL,gioclase orystals. PlagioolD.se 

occurs predominantly as inolusions in the K-feldspar 
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phenocrysts and more rarely as phenocrysts up to 

2 mm in diameter. Biotite occurs rarely as phenocrysts 

up to 2 mm in length which contain small inclusions of 

zircon with pleochroic haloes. Muscovite occurs as 

ragged crystals up to 1 mm. in length. The groundmass 

consists of interlocking anh8dral and subhedral quartz 

and K-feldspar crystals, averaging 0.015 mul in diameter, 

with accessory muscovite, biotite and tourmaline. 

The K-feldspars are stringlet, string or rod 

microperthites containing ~tically aligned blebs of 

albite up to 10~ in width. Obliquity measurewents 

indicate values between 0.625 and 0.64 and optic axial 

angles (2V~) range from 560 to 70 0 
• The K-feldspar 

components have a composition ranging from Or100 Abo 

to Or Ab and homogenized perthites range from98 2 
Or81 Ab 19 to Or Ab27 • The plagioclase is essentially73 
albite (An6 Ab to AnS Ab92 ) with a range in optic94 
axial angle (2Vd..) from 940 to 1020 

• Applying the two

feldspar thermometer of Br:.rth (1962), a value of KT = 

0.25 and ro1 equivalent fonnation temperature of approximately 

5250 C are obtained. 

Pegmatites 

Ward (1909) recorded boulders in talus which 

contained small bodies of pegmatite up to 100 mm in width. 

The pegmatites were composed of ~uartz and feldspar in 

crystalline intergrowth, the long axes of the crystals 

extending transversely across the dykes from wall to wall. 
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APPENDIX A2. ANALYSIS OF STRUCTURAL STATE AND 
COMPOSITION OF FELDSPARS. 

POTASH FELDSPARS 

Various techniques have been employed to determine 

the structural and chemical parameters of the K-feldspars 

in granitic rocks. 

The perthites are described using the classification 

of Tuttle (1952), based on the size of the exsolved phase, 

and the textural descriptive terms of AIling (1938). 

The optic axial angles were measured by the extinction 

method on the universal stage. 

The obliquity or amount of triclinicity of the 

K-feldspars was established by measurement of the 

separation of the 131 and 131 reflections (raves, '1952). 

The measurements were made on a Philips wide-angle 

diffractome~er, using CuKo( radiation at 40KV and 20mA, 

a scanning ",peed of 1/4 inch per minute and a 10 slit, 

as described by Parsons (1965). Duplicate determinations 

were made on individual specimens, and the 111 reflection 

of silicon was used as a calibration. The least 

separation that can be measured using this method is 

equivalent to an obliquity (1':. ) value of 0 ~ 18, although 

Dietrich (1962) provides a method of estimating low 

obliquities using the half-height width of the unresolved 

131 and 131 reflections. However, Parsons (1965) suggested 

that the width of the reflection may depend not on any 
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significant 7~lue of obliquity but on the relative amounts 

of material of monoclinic and triclinic symmetry in the 

sample. For this reason, an unresolved single 

reflection was taken only to indicate 6 less than 0.18. 

The composition of K-feldspars was determined by means 

of the "201" X-ray method of Bowen and Tuttle (1950) as 

modified by Orville (1958). The difference in 2e(Cuk~ 

radiation) between the 201 reflection for the 

K-feldspar and the 101 reflection for KBr0 is dependent
3 

~ 

on the composition of the feldspar in terms of mole per 

cent Or. Orville (1963) estimated that the composition 

can be determined to within 2 mole per cent Or, and 

suggested that the results from single samples were 

reproducible to within 0.6 mole per cent Or. Compositions 

of the K-feldspars were determined both in the natural 

state, and after heating at 10000 C for 24 hours, to 

determine firstly the Ab content in solid solution in the 

K-feldspar and secondly the original Ab content prior to 

formation of the perthites, provided that they are 

exsolution perthites. Similar diffraction conditions 

were used to those for the determination of obliquity, 

and duplicate determinations were made on individual 

b 1ples. 



Table 18. Parameters of Alkali Feldspars in Rocks 

from the Meredith Granite, Mt. Bischoff 

and PiDe Hill. 

Spec. 
Ho. 

Granite Type 2V cl. range 
(No. of Anallses) t::. Av. Mole % Or. 

Normal Heated 

MERSDITH GRANITE 

14-10 a Grey adamellite 60° (1) 0.18 93 75 

14-10 b " 60° (1) 0.18 93 75 

1Ib04 a " 52-62° (3) lLD. N.D. N.D. 

1404 b " 58-60° (2) N.D. N.D. N.D. 

1409 " 60° (1) N.D. N.D. :0T .. D .. 

1405 a Porphyritic 
adamellite 

54-59° (6) 0,18 93 72 

1405 b " 57-62° (6) 0.18 97 71 

1405 c " lLD .. 0.18 94 73 

1410 a Grey adamellite 60° (1) 0; 18 93 75 

1410 b " 60° (1) 0.18 93 75 

1404 a 11 52-62° (3) N.D. lCD. N.D. 

1404 b 11 58_60° (2) lIT.D. N.D. N.D. 

1409 " 60° ( 1) N.D. lLD. N.)). 

1405 a Porphyritic 
adamellite 

54--59° (6) 0.18 93 72 

1405 b " 57-62° (6) 0; 18 97 71 

1405 c " N.D. 0.18 94 73 

1405 d 11 N.D. 0.18 93 73 

1405 e " 50-52° (4) 0.18 93 77 

1405 f " 42-46° (6) 0.18 92 73 



Spec. Grani te 'l'ype 2VcJ... range Av. Mole % Or.
 
No. (No. of Analyses) t:. Normal Heated
 

MEREDITH GRANITE 

64--36 Coarse 
adamelli te 

54--64-° (6) 0.18 92 68 

64--33 Sodaclase micro 54--59° (3) N.D. N.D. N.D. 

64--39 granite 50_64-° (5 ) N.D. N.:0. N.D. 

MT. BISCHOFF 

1388 Qtz.-feldspar
porphyry 

36-63° (8 ) 0.18 100 98 

~ PINg HHL 

14-24 Sodaclase 
adamellite 

56-70° (4-) N.D. N.D. N.D. 

14-27 " 60_70° (3) N.D. N.D. N.D. 

14-26 a 

14-26 b 

Sodaclase 
adamelli te 
porphyry 

65-70° 

66_70° 

(3) 

(3) 

0.74

0.74 

95 

98 

73 

73 

14-26 c 

14-26 d 

" 

" 

60_70° 

60_66° 

(3) 

(3) 

0.71 

0.71 

98 

98 

68 

71 

14-19 a Quartz-feldspar 56-70° (6) 0.64 100 81 

1419 b porphyry 56-70° (4 ) 0.64 99 80 

1419 c 

1419 d 

" 
" 

62-70° 

68_70° 

(3) 

(2) 

0.625 

0.625 

98 

99 

73 

80 
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PLAGIOCLASE 

The properties of plagioclases were determined 

optically using a four axis universal stage. The 

Rittman zonal method was employed in the determination 

of extinction angles normal to 010 and hence the 

composition of the plagioclase. The size and sign of 

the optic axial angle were determined by the extinction 

method. Optical determinations are summarized below. 

/' 



Locality Granite Type 2Vd-ral1ge (No. Optical R.I. rel. Compositional 
Spe~.  No. _.- ° f_.J3f'l8:.1.Y..s.e s ) ._lgrl. _ .. t~  J).§.J-.s.amS' ___I.'_ange 

1-3 
III 
0' 
I-' 

IVIEREDITH 
GRANITE 

co 
~  
'!) 

1404 Grey adamellite 85-88° (4) -·ye + ve An33 - An34 

c+ 
P' co 
:;s: 
co 
f-j 
co 
l=L 
f-'. 
c+ 
P' 

'" f-j 

§ 
f-'. 

0 
'1:Jc>. 
f-" 
0 

'Ill 
I-' 

'd 

\'l 
~ co 
c+ 
co 
f-j 

1405 b 

1405 d 

30651 c 

64-36 

64-36 

64-33 

64-39 

Porphyritic 
grey 

adamellite 

11 

Coarse 
adamellite 

11 

Sodaclase micro-
granite 

11 

80° 

90° 

81-88° 

83-84° 

90° 

83-89° 

78-88° 

(1) 

(2) 

(]) 

(2) 

(1) 

(3) 

(4) 

+ ve 

neutral 

- ve 

+ ve 

neutral 

+ ve 

+ ve 

+ ve 

+ ve 

+ ve 

- ve 

- ve 

- ve 

- ve 

An33 
An35 
An5 

An, 

An6 

An37 
- An38 
- An39 
- An6 
An9 
- An9 
- An9 

c+ 0 
co H, 

& 
'1:J 
I-' 
III 

64-39 

PINE HILL 

11 90° ( 1) neutral - ve An9 

'd 
f-'. 
~ 

Q'q 
f-'. 
0 
0 

1424 Sodaclase 
adamellite 

73-89° (7) + ve - ve An6 - An10 

'" 
lI: 
f-'. 
I-' 
I-' 

I-' 
III 
VJ 
co 
(I) 

H, 

1427 

1426 

11 

Sodaclase 
adamellite 

74-75° 

83_86° 

(]) 

(4) 

- ve 

- ve 

- ve 

- ve 

An6 
An6 

- An8 

- An9 
0 
0 

f-j 
0 porphyry 

S s 
'1:J 
I-' 
co 
~ . 

1419 Qtz.-feldspar 
porphyry 

78_86° (6) - ve - ve An6 ~ An
8 
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AEI)ElillIX A3. PETROGi1A})HY Ol!' HORNFELSES FRu!:I THE PINE 

HILL CONTACT METAMORPHIC AUREOLE, 

The majority of the hornfelses are fine grained, 

dense, dark grey to black rocks with a prominent banding 

which is almost certainly relic bedding lamination. 

In thin section (e.g. 1447-1455, 1464-65, 34813-15, 

34817) the textures are variable due to original variation 

in the sedimentary rocks from which the hornfelses were 

derived. The mineral assemblages include quartz, plagioclase 

actinolite, epidote, chlorite and magnetite with abundant 

tourmaline and minor fluorite and carbonate. 

The fine-grained hornfelses (e.g. 1~-47-1454) consist 

predominantly of xenoblastic quartz and actinolite with 

associated phlogopite and magnetite and minor oligoclase; 

Chlorite exhibiting anomalous birefringence, commonly 

replaces both actinolite and phlogopite and in places 

occurs in columnar agGrE,gates with the actinolite. Sphene 

and rutile occur in somc sections which also contain 

small veinlets of fluorite. Irregular veinlets of 

actinolite occur up to 10 mm in width and consist of 

green, pleochroic, xenoblastic crystals with an interlocking 

framework. Tourmaline (schorlite) is abundant in some 

sections (e.g. 1450-53) and occurs as large columnar 

xenoblastic to subidioblastic crystals up to 2 mm in 

length which are pleochroic from indigo blue (w) to 

pale pinkish blue (€). Tourmaline also occurs in small 

veinlets associated with quartz and chlorite. 
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Coar?er-grained hornfelses consist of scattered, 

poorly sorted grains of quartz, quartz aggregates, chert, 

plagioclase, microcline and spilite fragments in a fine 

groundmass of actinolite and chlorite. The plagioclase 

has been largely altered to actinolite and/or epidote. 

The quartz is recrystallized with an increase in grainsize 

with finer-grained relic textures being preserved in quartz 

aggregates. Composite veinlets of actinolite, epidote, 

quartz and tourmaline occur in some sections (e.g. 1464a). 

In some sections the original texture is completely 

destroyed. For example, 1465 consists essentially of 

epidote, strongly pleochroic from yellow-brown to colourless, 

with a grainsize of 0.22 mm. The epidote is associated 

with xenoblastic quartz ~~d fibrous chlorite, and large 

patches of tourmaline (schorlite) occur in places•. 

A mass of calc-silicate hornfels occurs within the 

normal hornfelses near Gormanston Creek on the Confidence 

Saddle track. Compositional banding of the calc-silicate 

hornfels is subparallel to relic bedding lilluination in 

the surrounding hornfels. A feature of the exposure 

is the occurrence of patches or veins ofaxinite. 

In thin section (e.g. 1457-63, 34819-34822, 34831) 

the calc-silicate hornfelses are variable in composition 

but consist predominill"tly of diopside or garnet. The 

diopside-rich rock (e.g. 34822, 34831) consists of 

interlocking xenoblastic to sUbidioblastic, colourless 

to pale green diopside crystals, approximately 0.2 mm 



Plate 59 

Plate 60 

Skeletal garnet crystals and minor 
diopside in axinite, calc-silicate 
hornfels, Gormanston Creek, Specimen 
No. 1462 t Crossed nicols, x 32. 

Garnet with interstitial sulphide, 
calc-silicate hornfels, Gormanston 
Creek. Specimen No. 1475. Crossed 
nicols, x 32. 



in diameter. The garnets occur as idioblastic crystals 

up to 2 lrun in diameter which show anomalous birefringence 

and well developed zoning. The garnets are cloudy with 

alteration and contain numerous inclusions of chlorite and 

xenoblastic diopside. The garnet is largely grossularite 
+0 + 

)� 
( a=11.855-0.005A ; n=1.770~0.005; composition grossularite, 

78 per cent; andradite, 18 per cent; almandine, 4 per cent 

(Winchell, 1958)). Chlorite occurs commonly as irregular 

patches of fibrous crystals intimately associated with 

the garnet (e.g. 1475, 1476) and as small rosettes (e.g. 

1458). Quartz is generally present as small xenoblastic 

crystals interstitial to diopside. Patches of actinolite 

are common and in places replace diopside (e.g. 34831). 

Calcite occurs commonly as coarsely crystallized 

aggregates, in irregular veins with quartz or in sheaf-like 

forms (e.g. 1475, 1476). Associated with the calcite in 

34819 are minor amounts of a fibrous mineral which has 

the properties of wollastonite. Veinlets of schorli te 

are corrunon and rarely irregular clusters of columnar 

schorlite crystals are present, Axinite is abundant 

in some sections and occurs in large veins several 

centimetres in width which consist of large spindle-shaped, 

interlocking subidioblastic crystals which contain abundant 

inclusions of xenoblastic diopside and schorlite; In 

some sections (e.g. 34820) there appears to be two 

generations ofaxinite, as small veinlets containing 

rare schorlite inclusions which intersect coarsely 
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crystalline 8xinite with abundant inclusions of tourmaline. 

Irreg~lar patches and veinlets of sulphide consisting 

largely of pyrrhoti te with minor chalcopyl'i te replace the 

rock in places. 

Similar hornfelses occur along the Federal Lode 

hanging vlall. Typical specimens (1442, 1443) consist of 

large-veinlets of coarsely crystallized axinite and 

sulphides cutting a fine-grained, dense green-grey rock. 

In thin section the rocks are well barlded, coarse 

bands consisting of large xenoblastic quartz crystals up 

to 1 n@ in diameter associated with large felted masses of 

weakly pleochroic ehlorite ~hich is intimately associated 

with ragged patches Of carbonate. Epidote occurs rarely 

as small idioblastic crystals up to 0.1 ~m in length and 

rutile is present as granular c~Jstals up to 0.02 mm in 

di&ueter. Irregular quartz-carbonate veinlets cut the 

rock and larger veinlets consist of subidioblastic axinite 

associated with sulphides, felted masses of chlorite and 

large subidioblastic phlogopite crystals. 
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APPENDIX M.· ANALYSIS OF GRANITIC ROCKS AN]) TOURMALINES 

S1ill1PLE COLLECTION 

Systematic sampling of the Meredith Granite is 

virtually impossible due to its inaccessibility. Samples 

have been taken from the most accessible NE, mv and central 

parts of the exposed area of the Granite and on the basis 

of field examination they are considered to be representative. 

Sampling positions for analysed rocks from the Heemskirk 

Granite (Brooks and Compston, 1965) are also largely non

systematic. Extreme alteratj.on of the ro cks at Mt. Bischoff 

and Pine Hill also makes sampling difficult. The sampling 

points are shown in Figure 45. 

Edelman (1962) has shown that an even-grained rock 

with a grain size of 1.2 mm requires a sample of about 1 kgm, 

and doubling the grainsize increases the weight of sample 

required by eight times. Most of the even-grained granitic 

rocks analysed have average grain sizes below 2 mm and samples 

of these rocks were taken weiLhing between 4 and 8 kgm. The 

porphyritic granites present ~ problem as they contain crystals 

up to 60 mm in length, althou[h the average grain size is 

about 1 to 2 mm. Between 8 and 20 kgm of these rocks were 

sampled and prepared for analysis. 

SM~LE PREPARATION 

The rock samples were reduced to hand-specimen size 

using a pair of hardened steel jaws attached to a hydraulic 

jack. The smaller samples were split and crushed using a 

geological hammer and the larger samples were crushed in a 
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mechanical jaw crusher, this leading to some contamination 

with Fe and Ni. Small slivers of steel were removed using 

a hand magnet. The finely crushed rock was quartered and 

then finally crushed in a vibratory swing mill vrith chromium

steel grinding discs. The resultant powder passes a 200-mesh 

sieve and hence the small portions taken for analysis should 

theoretically be representative of the bulk sample 

(Kleeman, 1967). 

ANALYSIS OF MAJOR ELEMENTS 

All analyses of granitic rocks from the Meredith 

Granite, Mt. Bischoff and Pine Hill were carried out by 

the author with the exception of specimen Nos. 1408, 

64-36, 64"';39, 30634, 1390, 1392, 1471-1474 which were analysed 

at the Department of Mines Assay Laboratories, Tasmania. 

Analyses of all elements except Na (and H) were carried 

out using a Philips vacuum X-ray spectrc)'graph (PW 1540). 

Sodium was determined using an Optica CF4 spectrophotometer 

as a flame photometer, 

The rock powders were analysed as fused discs 

(32 mm x 1 mm) which consisted of 0.56 gm of sample with 

3.00 gm of a mixture of lithiun tetraborate, lanthanum oxide 

and lithium carbonate and 0.04 gm of sodium nitrate which 

were fused at 800"';1000 0 C (Non'ish and Chappell, .1967). The 

lanthanum oxide is included to eliminate matrix effects. 

The conditions of analysis are given in Table 2Q~· The 

counting time was designed to be realistically small but at 

the same time reduce the counting error to a minimum.· 
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The percentage oountingerrors (Liebhafsky et al, 1960., 

pp. 278-279) shown in Table 20 are for average concentrations 

of the relative elements analysed in this study. The 

percentage counting error of any analysis will increase 

with decreasing concentration. The standards were granite 

samples from the Meredith Granite which had been prepared 

by the author and analysed by the Department of Mines Assay 

Laboratories, Tasmania and were used in conjunction with 

artificial pure oxide standards. Straight-line relationships 

were obtained between percentage and counts per second above 

background for all elements, with the exception of Oa which 

had a change in slope or non-linear relationship at low 

concentrations. Disadvantages of this method include the 

lack of distinction between Fe 2+ and Fe3+ and the large 

percentage counting error for I~ which makes the determination 

of MgO less precise than the other oxideu. 

In order to determine Na on the flame photometer, 

the rock powders were disolved in 40 per cent BF and 1:1 

B2S0 evaporated to dryness and taken up with cone. BOl and 
3

, 

deionized water. The solutions were stored in polythene 

bottles to avoid prolonged contact with glass surfaces. 

Potassium was also determined by flame photometry as a check 

on the X-ray analyses. Sodium was not determined for the 

tourmalines due to insufficient sample. 

The B20- and igIDdtion loss were determined by 

calculating weight loss after drying at 1100 0 for 24 hours 

and heating in a furnace at 10000 0 for 2 hours respectively. 
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The lack of distinction between FeO and Fe20 does not
3 

allow an exact calculation of H20+ from the ignition loss. 

In the granitic rocks the Fe content is so small that little 

weight increase is involved due to oxidation of FeO to Fe 20

and the ignition loss is taken to approximate H20+. Deer 

et a1. (1962 vol. 1., pp. 306-307) indicate that the Fe in 

Fe-rich tourmalines is almost entirely present as FeO, and 

for estimation of H20+ in this study it is considered to 

be entirely present as FeO. 

Boron was determined in the tourmalites and 

tourmalines by the Department of Mines Assay Laboratories, 

Tasmania. 

The accuracy of the results was tested by analysing 

the standardrocks W1, BR, GA and GH and comparing them 

with recommended results for W1 by Fleischer (1965) and 

for BR, GA and GH by Roubault et al. (1966). The 

comparisons are shown in Table 21. The differen.ces between 

the results obtained in this study and the recommended 

values are largely within or close to the range allowed 

by the counting error, which will be the highest precision 

expected for the method. Poor correlation was obtained for 

S-02 and MgO in BR and for A120 in GA and GH; It is3 
evident that Si02 , A120 and MgO have the lowest count

3 
rate per cent elements and have the highest relative 

percentage counting error. Significant trends of the 

analyses are for high Si02 , Al20
3

, FeO, MgO and Ti02 and 

low CaO and K20, and for high totals. It is suggested 
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that the recommended values of P20 for GA and GB may be5 
too low as consistently high values were obtained in this 

study in which the counting error was small and the zero 

well established with several blanks. 

The analyses of rocks from the IIeemskirk Granite 

have been taken from Brooks and Compston (1965) and Blissett 

(1962)-. No detailed analytical procedures are given in 

either case, the former analyses being carried out by 

n.K. Rowley, A.M.D.L., Adelaide, S.A. ~~d the latter by the 

Department� of Mines Assay Laboratories, Launceston, Tasmania. 

Element� Tube Crystal Counter Counting Time % Counting i 
in seconds error. 

(conc~ in %) 

Si Cr P .E. Flow 128 0.5 (72) 

P 1.jlAl Cr .-'" . Flow 128 1,2 (14) 

Fe Cr LiF200 Scint. 128 3.1 (2;5) 

MD Au I,iF200 Scint. 128 10 (0~05) 

Mg Cr A.D.P. Flow 192 8.5 (0.8) 

Ca Cr :P.E. Flow 128 0.7 (0.8) 

K Cr P.E. Flow 128 0.4 (5.0) 

Ti Cr LiF200 Flow 128 3.8 (0.3) 

P Cr Ge Flow 128 4.4 (0.05) 

Table 20.� Conditions of analysis of major elements by 

X-ray fluorescence spectrography. 



Wl W1 BR BR GA GA GH 

Oxide recomm..- X-ray recomm. X-ray recomm • . X-ray recomm. 

5i02 52.64 52.6 38.80 39.5 70.00 70.25 76.20 

Al20
3 

14.85 15.3 10.40 10.35 14.40 15.1 12.50 

equiv.FeO 10.01 10.32 11.58 11.67 2.53 2.60 1.27 

MnO 0.16 0.15 0.21 0.18 0.09 0.09 0.04 

MgO 6.62 6.6 12.60 13.1 0.95 1.1 0.03 

CaO 10.96 10.81 13.80 13.68 2.50 2.39 0.60 

Na20 2.07 2.27 3.05 3.02 3.60 3.64 3.75 

K20 0.64 0.57 1.45 1.33 4.05 3.91 4.70 

Ti02 1.07 1.14 2.70 2.87 0.36 0.39 0.05 

P205 0.14 0.11 1.03 1.18 0.10 0.34 0.01 

CO2 0.05 0.05 0.90 0.90 0.15 0.15 0.16 

H20+ 0.53 0.53 2.30 2.30 0.75 0.75 0.30 

H2O 0.16 0.16 0.30 0.30 0.06 0.06 0.05 

Total 99.90 100.61 98.62 100.38 99.54 100.77 99.66 

Table 21. Analysis of standard rocks with CO 2, H20+ and H20

not determined independantly. 
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TRACE EL~IENT ANALYSIS 

All trace element analyses were carried out by the 

author with the exception of Rb, SI', Th and U in granite 

specimens from the Heemskirk Granite 'which have been taken 

from Brooks and Compston (1965) and Heier and Brooks (1966). 

The rocks were analysed on the X-ray spectrograph 

as pelleted samples with boric acid backs and edges (rorrish 

and Chappell, 1967) with the exception of Li which was 

analysed by flame photometry. A minicurn of 2 gm of rock 

powder was used in the X-ray analysis to ensure an 

"infinitely thick" sample. 'l'he conditions of analysis 

are given in Table 22. Artificial kaolin-based standards 

were used in all determinations, al+ elements being added 

in solution in one set of standards with a set of mechanically 

mixed standards being prepared for Rb, SI', Th, U and Sn as 

a check on the first set of standards. 

The matrix corrections were applied to the 

determination of most trace elements using the "Compton 

Scattering" technique of Reynolds (1963). The range of element 

that may be studied is limited by the absorption edge of Fe 

in the long wave-length direction 6lld by the capability of the 

equipment to excite and measure the K spectra of the heavier 

elements in the short wave-length direction. For elements 

such as Ba where the long wave-length BaL~2 intensity is 

measured, the mass-absorption of the sample has been 

calculated from the major element analysis of the rock. 

T~e direct measurement technique for mass-absorption 
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determination (e.g. Norrish and Chappell, 1967, p. 194) 

was investigated for SnKo(, SrK c;<.. and NiKo<- radiation. 

In general the measured mass-absorption coefficients were 

found to decrease with increasing weight of sample, 

variations of up to 10 per cent occuring between samples 

with weights ranging from 0.1 to 0.2 gms for SrKd.. and 

NiKSJ\. and� up to 30 per cent for SnKo( • 

Approximately onehalf of the de terminations 

were done in duplicate. Precision of the data expressed 

as relative deviation (C) was calculated from all duplicate 

determinations according to the formula: 

o ~ j ~ d2/n_1"" 

where d is the percentage deviation of each observation 

from the arithmetic mean of each pair of duplicates and 

n in the number of duplicate pairs. The precision of the 

results given as C% is given in Table 22 together with 

the lower limit of detection(99% confidence) and the 

X-ray spectral lines used in the determination of the 

elements. The detection limit for Li is 4 ppm and the 

precision (0%) is 2. 
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The accuracy of the results was tested by analysing 

the standard rocks W1, G and T and comparing the results1 1 

with the recommended values and with results obtained by 

Norrish and Hutton (pers. comm.) using X-ray spectrography. 

Recommended values for W and G were taken from Fleischer1 1 

(1965) and for T1 from Thomas (1963). For Th and U,� 

specimens from the Snowy Mountains (Kolbe and Taylor, 1966)� 

were used to augment G1 and W1 because ~se standards have� 

U contents at or below the detection limit for U by this method.� 

The comparisons show that most results fall within 

the range of values obtained by other analysts for the 

standard rocks and that many results are close to the 

recommended values. Poor results have been obtained for Cu 

and Sr in G and Li in W1• Significant trends appear to
1 

be for low Rb and Th and high U for these analyses. 

RESULTS 

Results of analyses of major and trace elements of 

granitic rocks and tourmalines from the Meredith Granite, 

Mt. BiG chaff , Pine Hill and the.Heemskirk Granite are 

given in Tables 24-31. Niggli values, used in the production 

of variation diagrams, and c.r.p.w. norms are given for all 

unaltered and unmineralized rocks. 



·1 G1 T1 
valu.e range 
recomm. value 

X-rlQ' 
.!!!!!!. 

value range 
recomm. value 

X-rlQ' 
value 

value range 
recomm. value 

X-rlQ'
value 

Ba. 127 - 257 936 - 1500 560 - 600 

160 (166 ) 146 1220 (1050) 1020 660 (596) 617 

Ou. 60 - 152 7.6 - 20 40 - 55 

110 ( 111) 104 13 (14) 39 47 (46) 50 

Li. 6 - 12 21 - 26 6 

12 26 24 N.D. 6 9 

Ni. 59 - 65 1 - 14 5 - 32 

76 (67) 79 1-2 (1.5) 3 13 (10.6) 9 

l'b 1.5 - 10 23 - 90 14 - 50 

6 (7.7) 10 49 (36) N.D. 37 (34) N.D. 

Rb 16 - 93 207 - 763 50 

22 (18) 24 220 (221) 192 50 (27) 29 

Sn 1 - 6.7 -2 - 9.1 29 - 50 

3 3 4 4 43 30 

Sr 151 - 506 191 - 369 315 - 400 

160 (166) 192 250 (266) 223 410 (364) 332 

Th. 1.3 - 4.6 6.5 - 63 2.76 

2.4 3 52 40 2.76 N.D. 

U 0.26 _ 0.9 1.3 - 4.7 0.52 

0.52 4 3.7 5.5 0.52 N.D. 

Zn 6 - 110 17 - 95 160 - 220 

82 (62) 82 45 (47) 46 190 (170) 176 

G.M.I. - 13 E.U.2 _ 6 J.A.I. - 5 

Kolbe '" TlQ'lor X-raJ" Kolbe '" TlQ'lor X-rq Kolbe et Tay-lor X-rq 

Th 26.9 20 6.3 7.5 15.3 14 

U 3.4 6 10.8 12.5 14.7 16.5 

Table 23. ADal1ll18 ot traoe eleI:l.ents in stBndard rock. ue1l:18 X-rq fluorescence 

.pectrography. Results obtained b)" Norr1sh and Huttotl (pers. comm.) 

b:r a1.m1.1ar methods are shown in brackets. All value. in ppm. 

"� 



ADAlt£LLlTE l'ORPHYRlTIC AD.wELLITE UlCJl,OOFWH.'I'E .lPLlTE 

ll.Q!+ ~  .!.l12+ .!iQ2+ li§1+ ~+  .§i:.J.§.* J2m+ li§2+ I §J::ll+ .2!:Ji+ ~+ 

Si02 71.1 e 70.0 75.6 70.' l 14.5 14.6, 14.3. 11.2. 74.9 74.1/ 74.6/-, 60.' 

Ti02 0.52 0.49 0.06 0.10 0.06 0.16 0.1? 0.45 0.10 0.20 0.06 0.04 

Al20
3 

14.7 14.7 13.0 15.2 12.6 13.0 13.3 13.6 12.2 13.6 13.4 12.1 

!te20
3 

1.0 0.06 1.7 

F,O 2. I 1.3 0.6 

equiv. F,O 2•• 0.55 3.2 1.3 I.' 3.0 1.45 2.0 1.1 

"nO 

",,0 

0.03 

1.0 

0.03 

1.1 

0.00 

_0_._45 

0.02 

1.6 

0.04 

0.2 

0.03 

0.' 
0.02 

0.6 

0.13

0., 
0.04 

O. I 

0.03 

1.I 

0.00 

0.5 

0.00 

0.6 

CaO 1.10 0.97 0.35 1.40 0.44 0.'12 0.33 1.41 0.46 0.23 0.11 0.01 

ll~O  2.6 2.' 3.7 2., 3.' 3.35 2.9 2.5 3., 3.6 3.6 0.1 

"20 5.2 5.2 '.2 '.5 --._--~~ 4_.~__ 5_.~  '.7 .__ 4_.6 •• 3 '.0 2.7 

P205 0.00 0.10 0.01 0.05 0.03 0.00 0.00 0.10 0.03 0.02 0.00 0.06 

620 + 0.80 0.86 0.71 0.54 0.43 0.16 0.51 0.64 0.37 0.70 0.70 1.70 

H20  ~  0.42 0.39 ~  0.13 0.20 ~  0.14 ~  0.25 0.32 ~  

TCl'AL 100.00 99.8'7 99.02 100.51 90.15 99.34 99.90 99.17 98.30 100.13 99.59 99.50 

B, 506 595 506 165 496 '21 45 '0 
Cu 3 , 16 6 <3 13 7 6 • 3 5 7 

L' 30 " 26 52 47 30 66 46 225 

H1 (3 62' 6 • <3 3 10 6 • (3 
Pb 33 19 34 25 
Rb 242 240 173 210 255 221 314 213 245 230 423 156 

Sn (3 <3 (3 13 <3 3 6 3 6 <3 3 
Sr " ". 26 93 15 35 " 103 12 26 <3 • 
Th 25 19 19 19 17 27 16 16 16 23 12 5 

o 11 6 , 6 12 7 11 13 "3 14 23 11 

Zn 24 61 57 36 12 15 '0 77 15 16 26 27 

<JRb 162 160 201 176 156 160 143 163 '55 15. 76 142 

Th/U 2.3 2.' 2.1 3.2 1.' 3.9 1.5 1.' 6.0 1.6 0.5 0.5 

Table 24. Uajor elelllent iUlAlJ'les (weight percent8{';ea) and trace eleJ:lent 

anelysu (ppm) of C%'lUlit1c rooks from tbe JI.e:redith Granite. 

Major elnet analyses: + anal.3et, D.I. (lrovee, 1967, 

• iUlAlJ'st, Department of .MUtee ABS&;1' t.boratoriU. i'PlI8llia. 

Trace element aD8lls.e: iUlAlJ'st D.l. Grovee, 1967. 



ADJ<&L1ITJ::� PORPHYRITIC ADAKCLLITE MICROGRAN ITE APLITB 

Niggl1
Values� 1404 1408 1479 I 1405 1481 1482 64-36 30651 1480 I 64-:53 ~4-39  I 64-34 

a1� 44 43 49 42 48 47.5 46 43 46 45 48 65 

19 21 7 24 9 11 15 20 9 19 15 19f" 

c� 6 5 2.5 7 3 3 2 8 :5 1 1 0 

a1k� 31 31 41 27 40 38.5 37 29 42.5 35 36 16 

a1� 368 350 487 329 476 463 434 377 477 416 452 727 

c. I .P.W. Norma 

Quartz 29.4 28.8 36.2 28.4 34.1 34.4 34.5 32.3 32.4 33.1 37.4 67.6 

Orthoclaa8 30.7 30.7 24.8 26.6 28.4 28.4 31.9 27.8 27.2 25·4 23.6 16.0 

A1b1te 23.7 24.5 31.3 24.5 28.8 28.3 24.5 21,1 33.0 30.4 30.4 0.5 

~north1te  5.5 4.2 1.7 7.0 2.0 2.1 1.6 6.4 2.1 1.0 0.5 0.0 

Corundum 2.5 2.8 1.8 3'.0 1.3 1.5 2.1 2.3 0.0 2.7 3.0 9.1 

Magnetite 0.0 1.5 0.0 0.0 0.0 0.0 1.25 0.0 0.0 0.0 1.8 0.0 

rerroa111te 3.6 2.3 0.9 4.8 2.3 2.4 1.5 5.0 2.6 3.4 0.0 2.0 

2.5 2.7 1,1 4.0 0.5 1.0 1.5 2.25 0.3 2.7 1,2 2.0Enat"t1te 

Illlenite 1.0 1.0 0.1 1.3 0.2 0.3 0.3 0.9 0.2 0.4 0.1 0.1 

0.0 0.2 0.0 0.1 0.1 0.0 0.0 0.25 0.1 0.1 0.0 0.0.t'.pati ttl 

T"b1e 25. Niggli Valu~s  and e.l.p.W. norms for granitic rocks from the Mt. Meredith Gr&nite. 
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QUA.m!Z_nLDSPA,R POffi>HrnY 

13888+, 1388b 1309 1391t--, - - - ~·v)  13.. 13898 1392· 

.A.L'rERED QUAMZ PORPHYRY 

1471· 1472· 1473· 1394 1395 1396 1397 1398 1399 

5102 73.8 79.7 74.2 73.6 75.3 66.9 70.2 69.0 68.6 72.3 

T102 0.06 0.01 0.00 0.02 0.06 0.09 0.05 0.00 tr. 

412°3 14.4 13.5 14.2 14.7 14.5 19.9 21.7 20.0 19.4 17.2 

111I 20
3 0.61 0.14 tr. ~.14  1.05 0.21 tr . 

••0 1.57 2.06 0.64 0.35 0.19 0.29 0.58 

..., 
~1'1II0 

"0 0."
0.' 0.6 

1.5 

0.10 

0.6 

'.' 
0.00 

0.65 

,.3 
0.12 

0.' 
tr. 

0.25 

tr. 

0.2 

tr. 

0.3 

tr. 

0.3 0.3 

tr• 

CoO 

_.,0 
0.44

0., 
0.46 

0.1 

0.04 

0.1 

0.01 

0.1 

0.04 

0.6 

0.36 

0.05 

0.20 

tr. 

0.20 

tr. 

0.68 

tr. 

0.28 

tr. 

,>0 '.0 2.7 6.0 5.B 3.9 0.1 0.' tr. tr. 0.' 
'2"5.,,0· 

tr. 

2.15 

0." 
1.45 

0.09 

1.35 

0.09 

1.53 0.98 

tr. tr• 

0.77 0.69 

tr. tr. 

0.96 

tr. 

1." 
"'0• 

0.12 0.20 

(0.2 

0.30 

(0.2 

0.30 

2.5 

0.11 

6.48 

tr. 

6.63 

0.05 

6.86 

0.24 

6.46 

0 •.19 

6.15 

1'1S2 6.62 2.19 4.86 5.85 3.91 

100.24 99.28 98.49 98.20 100.80 99.74 99.87 100.31 99.75 99.85 

Ba 'SO 192 ,s. 9' 192 81 47 50 52 " " 60 37 52 .2 

C. 

L1 ., 5 

• • 
'07 

6 

• 
106 

5 

<3 

7 

6 

11' 

• 

• 

" 5 

(3 

27 

(3 

<3 
5 

<3 

<3 

<3 

48 

•
• 4 

'" 
5 

'7B 

5 

4 

B6 

7 

4 

130 

5 

4 

'0 

PO 25 39 # 23 21 . 37 

Rb 555 .... ..5 1250 .... 6B9 12 52 12 5 (3 (3 (3 <3 <'3 

.r 
'h 

5n 30 

3 

9 

32 32 

• 
B 

1# 

<3 
7 

(3 
20 

'00 

11 

95 

3 

1500 

<3 
,# 

(3 
7 ,. 

"0 
<3 

5# 

<J 
'00 

660 

<3 
50 

2342 

<3 
21 

1720 

<3 
17 

4536 

5 
<3 

1078 

3 
6 

U 10 10 11 22 11 11 <3 11 7 9 • • 3 

z. '00 '" 13B 119 '''' '7 '.. 80 90 9B 135 " 143 112 B2 

(/Rb 55 59 59 57 " '7 '7 

'h/U 0.9 O.B 0.' 0.9 '.0 0.' :> '.7 9.1 7.' 2.3 4.25 <0.5 2.0 

!l!8bllll 26. Yajor element analylllilll (weight percentagee) !U\d trace element analyees (Ilplll) of po,:phyries from 

Mt. Bieohoff. Llajor element analyees: + analyst D.!. Grovee, 1967; • analyst D~part1aent  of Mines 

A.esa.Y Laboratories, !fwnce~ton.  Tasmania. Trace elenent analysee: analyst D.I. Groves, 1967. 
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\ It .-'./ 
'r 

ADA.l',n::LI.rr~ 

I 

PORPHInY 

il
l [J/J 

'·1
/.

J GRElSEll 

\",[' ,,:/{ 
. (,r':' 

I/ 
f I!' 

'{/ 
'rOtmMALl'rE 

1424 1426 .lli1 I .1.!.m .ill.2 1415 1417A' 1416 .1i!§ ill.Q 

51°2 73.1 74.4 74.2 70.4 76.8 71.0 70.3 63.6 66.8 72.1 

U02 0.12 0.05 0.02 0.01 0.02 0.00 0.01 I 0.02 0.03 0.06 

A1203 15.0 14.4 14.8 15.9 13.4 15.5 15.0 18.1 14.4 12.3 

UnO 

squ1v·P'eO 1.9 

0.02 

2.1 

0.02 

0.9 

0.02 

4.0 

0.10 

1.6 

0.02 

. 

I 
I 

5.1 

0.15 

10.0 

0.13 

12.2 

0.03 

10.8 

0.06 

9.1 

O.OB 

.." 0.7 0.6 0.55 0.55 0.6 0.6 0.7 0.7 0.6 0.6 

CoO 0.10 0.12 0.16 0.04 0.64 2.58 0.03 0.07 0.03 0.05 

Ha20 3.2 2.3 4.1 0.25 0.7 0.7 0.9 1.0 1.0 0.9 

K20 4.6 4.5 4.5 4.2 4.9 2.9 0.9 0.1 0.1 0.4 

P20
5 

0.02 0.02 0.02 0.07 0.04 0.02 0.04 0.02 0.00 0.02 

H20 + 0.90 1.30 0.80 1.67 0.97 2.15 1.11 1.53 1.27 1.16 

",0_ 0.25. 0.22 0.16 0.12 0.11 0.15 0.03 0.02 0.02 0.02 

:B20
3 4.6 4.5 3.2 

"""U 100.11 100.03 100.23 97.)1 100.00 101.05 99.15 102.19 99.61 99.99 

... 66 63 133 329 50 30 56 39 40 35 

Cu 6 7 7 4 6 4 4 4 4 6 

L< 36 299 24 34 74 66 50 41 35 40 ., 11 9 7 9 11 5 4 

Ph 16 36 9 7 18 18 

Rb 624 765 672 834 734 626 "~'" 7 5 7 

Sn 15 37 27 104 14 104 87 28 103 58 

Sr 7 6 12 3 6 11 7 9 6 3 

Tb 25 59 12 25 61 6 15 11 5 <3 
U 40 22 7 17 46 7 5 17 <3 11 

Zn 29 31 15 68 113 561 lOB 104 117 135 

KfRb 49 50 57 42 55 29 65 119 166 474 

Tb/U 0.6 2.7 1.7 1.5 1.3 0.9 3.0 0.6 >1.7 <0.3 

Table 27. Kajor elelnent lUlA1yses (weiebt percente.eu) and :tracs 
I _ I ' .

element !"ses (p.p.m.) ot ere.nitic rocks from 

Pine Hill] Analyst. D.l. Groves. 1967. 
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MT. BlSCHOFF I PlllE HILL 

Niggli
Values 

..UAllTZ-FELDSPAR 

30634 1474 13880. 

PORPHYRY 

13931391 

I,

I 
JillaMhLLlTE 

~  1426 1427 

POlU'!lYRY 

I 1419 

al 53 61 58 59 59 50 51 50 53 

!ID 17 21 15 16 19 15 16 9 16 

c 3 4 0.5 0 
I 

0.5 1 1 1 4 

alk 26 14 26 26 21 35 31 40 26 

si 463 614 512 500 517 413 457 430 522 

e.I.p.li. Norma 

Quartz 45.6 65.2 48.4 48.5 54.0 33.4 41.0 31.3 50.3 

Orthoclase 35.5 16.0 35·4 34.3 23.0 28.4 26.6 26.6 28.9 

.Hbite 3.4 0.85 0.9 0.8 5.1 27.0 19.45 34.7 5·9 

Anorth1te 2.1 2.3 0.0 0.0 0.0 0.4 0.5 0.7 2.9 

Corundum 6.5 9.6 7.5 8.3 9.3 I 4.4 5.6 2.9 5.9 

Magnetite 0.9 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Eerrosi111ie 2.5 3.7 2.9 2.9 4.4 3·3 3.8 1.7 3.3 

Eneto.tite 1.5 1.5 1.5 1.6 1.5 1.7 1.5 1.4 1.5 

HlDenite 0.1 0.0 0.0 0.0 0.0 
,
I 0.2 0.1 0.0 0.0 

-.po.ti to. 0.0 0.0 0.2 0.2 0.2 ! 
! 

0.0 0.0 0.0 0.1 

Table 28. Niggli Talu•• and C.l.P.W. norms for granitic rocks frolD 

Mt. Biechof! and Pine Hill. 



RED GRAIIITE h~ITE  GRANIT~  (A) ',!!lITE GRANITE (1\) 

fUi ll.l2 ill 821 826 11<6 -1*/1 818 §n. 827 ...1* I 819 m ..1.* 

3i02 
75.0 76.8 73.8, 74.5, 76.5 

"
, 76.5,c 73.58" 73.2" 73.6/ 76.6; 73.70'/ 75.~,'  72.9" 75.20/ 

Ti02 
0.22 0.12 0.34 0.27 0.09 0.00 0.30 0.28 0.30 0.10 0.17 0.07 0.30 0.13 

....120
3 12.9 1<.0 1<.8 12.9 12.4 12.6 1<.39 13.6 13.6 12.6 14.31 13.3 M.l 13.32 

Fo 203 0.<7 0.16 0.92 0.42 0.96 0.92 0.72, 0.37 0.01 0.17 0.78 0.43 0.01 0.42 

£e.O 1.77 0.71 1.92 1.50 0.54 0.36 2.12 2.00 1.95 1.35 1.40 0.98 2.00 0.83 

MgO 0.36 0.12 0.46 0.31 0.1<; 0.09 0.65 C.47 0.46 0.16 0.46 C.13 0.58 0.32 

HnO 0.04 0.03 0.05 0.05 0.03 0.02 0.04 0.06 0.05 0.04 tr. 0.05 0.07 tr. 

cae 0.69 0.18 0.99 0.99 0.53 0.19 1.64 1.02 1.13 0.47 0.96 0.47 1.07 0.60 

Na20 ~.05  ,.40 2.')0 2.80 3.00 3.65 2.80 ".60 2.60 2.85 3.18 2.95 2.85 2.19 

1 20 5.20 5.eO 4.95 5.10 5.30 5.05 5.04 5.35 5.25 4.85 3.69 4.65 4.90 6.C4 

P205 0.06 0.04 0.07 0.06 0.01 0.01 0.06 0.11 0.11 0.07 0.10 0.11 0.13 0.04 

CO2 0.03 0.06 0.06 0.03 0.04 0.30 - 0.03 0.03 0.05 - 0.03 0.06 

H 0+
2 

0.63 0.58 0.47 0.52 0.50 0.54 0.66 0.66 0.52 0.66 0.98 0.56 0.88 0.50 

H
2
0 0.20- 0.32 - 0.25- 0.24 - 0.19 - 0.30 - -- 0.18 0.18 - 0.05 -- 0.17 -- 0.19 -- 0.08 -- 0.30--

TOTAL 100.2 100.1 100.0 99.7 100.2 100.4 100.0 99.9 99.8 100.0 99.90 99.8 c9.9 90.~9  

Rb 376 391 331 317 307 200 344 364 437 450 400 ~  

Sr 38 22 46 73 17 99 49 59 13 6 61 

Th 28.4 37.1 52.0 7~.}  31.0 27.6 23.4 11.5 26.3 

U 14.6 7.4 17 .0 10.4 12.5 15.8 24.2 24.1 13.2 

K/Rb 115 123 131 136 139 210 130 119 95 88 100 

Th/U 1.9 ".0 3.1 7.6 2.5 1.7 1.0 0.4 2.0 

Tabl. 29. Major elements ( .... ight per cent) and trace elements 
Compsto,,- (1965). * from Blis••tt (1962). 

(PPIll.) in the H••mskirk Granite: from P,rooks Bnd 



RAD GIlANIT" WHITE GRANITE (A) WHITE GRAlf.lTE (Il) 

HiggH 
Valu••. 

!!!! 815 817 821 ~ 1126 I' I 818 823 827 2' I ill. 824 3·-
al. 45 51 43 45 47 48 40 45 46 49 48 50 46 49 

fm. 14 6 17 13 9 7 18 16 13 10 14 9 14 9 

c 4 1 6 6 3 1 10 6 6 3 6 3 6 4 

al1l: 36 41 34 35 40 44 33 33 34 38 32 37 33 37 

ai 447 522 417 443 492 492 407 411 423 500 425 491 408 473 

C.l.P.Ii. NorlU 

Quartz 35.5 39.9 34.5 35.4 37.5 35.8 32.7 33.7 34.2 39.5 37.85 39.5 33.4 37.25 

Orthoclas. 30.7 34.3 29.2 30.1 31.3 29.8 29.7 31.6 31.0 28.7 21.8 27.5 28.95 35.7 

Albito 24.1 20.3 24.5 23.7 25.4 30.9 23.7 22.0 22.0 24.1 26.9 24.95 24.1 18.5 

Anorthit. 2.9 0.3 4.1 4.4 2.3 0.0 6.4 4.2 4.8 1.6 4.2 1.5 4.2 2.7 

Corundum 1.5 2.5 1.2 1.2 C.9 1.1 0.0 2.0 1.9 2.1 3.6 2.9 2.6 2.2 

Magnetite 0.4 0.2 1.3 0.6 1.,4 1.0 1.0 0.5 0.0 0.25 1.1 0.6 0.0 0.6 

Ferroailit. 2.7 1.0 2.3 2.1 0.1 0.0 2.5 3.0 3.2 2.25 1.7 1.4 3.3 1.0 

Enatatit. 0.9 0.3 1.15 0.8 0.4 0.2 1.4 1.2 1.2 0.4 1.15 0.3 1.4 0.8 

IIIl.nit. 0.4 0.2 0.65 0.5 0.2 0.15 0.6 0.5 0.6 0.2 0.3 0.1 0.6 0.25 

Apatite 0.15 0.1 0.2 0.1 0.25 0.0 0.1 0.3 0.3 0.2 0.2 0.3 0.3 0.1 

Table 30. Niggl1 valueS and C.I.F.,*,. Dorma for granitic rocks troll! the 

H••mskirk Granite. 
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1477 1402 1478 1*	 1416
 

Si02 35.7 36.3 34.6 36.86 ;56 :'1 

Ti02 0.79 0.00 0;00 N.D. 0.35 

A1 20
3 

26.0 32;4 32.8 
.. 

')1f,.72 30.3 

FeO (equiv.)-18. 1 9.9 12.95 5.66 17.9 

MnO 0.12 0.24 0.41 0.66 0.12 

MgO 3.9 5.6 2.9 3.92 1.0 

Ga.O 0.86 0.42 0.35 0.34 0.27 

Na20 N.D. N.D. N.D. 3.57 N.D. 

K20 0.04 0.19 0.05 1.11 0.08 

P20
5 

0;01 0.03 0.01 N.D. 0.16 

H2O+ 2.48 2.58 3.20 N.D. 2.50 

H2O 0.04 0.04 0.08 N.D. O•.10 

B20
3 7.72 8.05 9.98 10.56 7.72 

Total 95.76 95.75 97.53 99.40 96.60 

Occurrence and Locality 

1477 Vein in Meredith Granite, Gorinna Road, 4 miles 

from Waratah. 

1402 Replacement of porphyry, S. end of Mt. Bischoff. 

1478 Replacement of dolomite, Power House, Mt. Bischoff. 

1416 Tourmalite, nr. summit of Pine Hill. 

Analyst D.L Groves. 

1* Replacement of dolomite, Mt. Bischoff, 

Read (1923, p. 55). Analyst A.D •. Mackay. 

Table 31.	 Analyses of tourmalines from the Meredith 

Granite, Mt. Bischoff and Pine Hill •. 
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APPENDIX 131: ANALYSIS OF Cd ANTI l'IIn IN SPHAIERUES 

Ore specimens containing sphalerite were collected 

~ situ where possible but lack of access to old workings 

necessitated the collection of specimens from mine dumps 

at Zeehan, North Dundas and Magnet. 

After mineragraphic examination, the sphalerite was 

hand picked and orushed, and a minus 22 plus 44 mesh fraction 

(coarse grained ores) or minus 85 plus 100 mesh fraction 

(fine grained ores) passed through an electromagnetic 

separator to remove the non-sphalerite components - generally 

carbonate, pyrite, pyrrhotite or galena. The purity of 

the sphalerite concentrate was estimated by microscopic 

inspection to be between 95 and 98 per cent. The concentrate 

was finally ground in a vibratory swing mill with chromium

steel grinding surfaces. 

Analyses were carried out using a Philips vacuum 

X-ray spectrograph (PW 1540) with a Mo and Cr tube for Cd 

and l'IIn determinations respectively, a LiF200 crystal and 

a scintillation counter. The sample powders were pressed 

into pills using the technique described by Norrish and 

Chappell (1967). As Doe ~ al .. (1961) record errors as 

large as 20 per cent using insufficient sample in the analysis 

of Fe by this technique, "infinitely thick" pills, with a 

diameter of approximately 3 crr. were produced by using 

at least 2 gm, of powder. 

The standards were prepared using a low-Fe sphalerite 

(100,041) from the Swansea Mine, Zeehan, and mechanically 



- 238 

mixing vath CdS and lfmS0 4H20 in a vibratory swing mill for4
30 seconds. Doe et al, (1961') have shown that less than 

1 per cent lfm does not markedly affect the absorption of the 

sample. The effect of varying Fe content on the absorption 

of the sphalerites were tested with a series of synthetic 

sphalerites with Fe contents of 0, 2, 6, 8, and 10 per cent 

for each Cd and Mn standard. The sphalerites were prepared 

by mechanically mixing crushed pyrite (11247) from Mt. 

Bischoff with the stock sphalerite (100,041). The maximum 

difference between measured Cd and Mu contents for different 

Fe contents was 0.004 per cent. The results are therefore 

given to ~ 0.01 percent and the effects of Fe content on 

the absorption of individual samples have not been calculated. 

The lower limit of detection (95% confidence) for 
-~" 

both Mu and Cd is 0.0012 per cent. The precision of the 

results, expressed as relative deviation (C) was calculated 

from eight duplicate determinations (see Appendix A2). The 

precision of results (C%) are 5 per cent for Cd and 2 per 

cent for Mu. An accuracy test was provided by the Zn and 

Cd production figures for Rosebery and Hercules from 1955 

to 1965. Assuming a mean Fe content of 4 wt. per cent in 

sphalerite (Stillwell, 1934) the average Cd contents of 

sphalerites from Rosebery and Hercules for this period were 

0.17 and 0.12 wt. per cent respectively which compare well 

with averages of 0.16 and 0.14 wt. per cent Cd obtained 

in this study.• 



The analyses given by Both (1966) were obtained using 

an electron probe technique with one accurate spot analysis 

and several approximate analyses as checks for each result. 

The analyses are quoted as accurate to +- 30 per cent of the 

amount present, although K.L. Williams (pers. co~~.) 

considers that the results are probably considerably more 

accurate than this, with the exception of some Cd and Mu 

values close to the detection limit. The analyses quoted 

by Solomon (1964) were determined using an X-ray spectrographic 

technique and several results were checked with polarographic 

and colorimetric analyses. No accuracy was quoted for the 

analyses, although the duplicate analyses by different 

techniques indicate a maximum difference of 30 per cent 

of the amount present. 

Contamination of the sphalerites by other sulphides 

should depress the Cd results by a maximum of 5 per cent 

(i.e. 0.005 to 0.03 per cent Cd in the sphalerites analysed 

by this method) from the actual content of the sphalerite 

alone, as the associated minerals generally have low Cd 

contents: Ivanov (1964) recorded average values in galena, 

chalcopyrite and pyrite generally less than 0.01 per cent Cd. 

Similarly, the Mu concentrations should be diluted by the 

presence of other sulphides as Fleischer (1955) recorded 

that most other sulphides contain much less than 1 per cent 

hfu (for example 85 per cent of analysed pyrites and 66 

per cent of analysed pyrrhotit~s contain less than 0.05 per 
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cent Mu). However, small quantities of manganiferous 

carbonates are present in most ores and contain commonly 

10-15 per cent 1~ and up to 30 per cent Mu (Stillwell and 

Edwards, 1943; Edwards, 1960; Groves, 1963). Up to 5 per 

cent contamination with such carbonate can sUbstantially 

increase the Mu content of the sphaleritos. 

The Cd and Th~ contents of the analysed sphalerites are 

given in Table 32 • 

.Table 32; Cd and lli~ analyses of Tasmanian Sphalerites. 

Type of Locali ty No. Wt.% Wt;% Analys~ 

deposit Cd Mu 

CASSITERITE- MT. BISCHOFF
 
SULfHIDE
 

/ DEPOSITS North Valley 100,007 0.31 0.05 A 
lode 

11 100,008 0.32 0.09 A 

11 100,009 0.29 0.06 A 

11 100,010 0.32 0.12 A 

S-end of 100,012 0.31 0.23 A 
open cut 

Fook's lode 100,013 0.34 0.08 A 

Il 100,014 0~33 0.08 A 

Il A100,015 0.34 0.09 

Il 100,016 0.34 0.07 A 

Thompson's 100,017 0.33 0.25 A 
lode 

CLEVELAND 

Henry's lode 100,018 0.31 0.19 A 

Il 100.019 0.25 0.22 A 



Type of 
Deposit 

LEAJ)-ZINC 

FISSURE VEINS 

Locality 

Henry's lode 

" 

" 
RENISON BELL 

No. 2	 ore-
body 

Battery 
workings 

" 
" 

WARATAH 

Antimonial 
lode 

Silver 
Cliffs 

" 

"
 

"
 
"
 

Magnet 

"
 

"
 
TULLAH 

New North 
Mt. 

Farrell 

"
 
"
 
"
 

Wt.% Analyst 
Mn 

0.22 A 

0.23 A 

0.25 A 

0.22 A 

0.19 A 

0.22 A 

0.23 A 

0.56 A 

0.04 A 

0.06 A 

0.06 A 

0.13 A 

0.03 A 

O~ 10 A 

0.18 A 

0.29 A 

0.06 A 

0;06 A 

0.10 A 

0.10 A 

0.27 A 

No. 

100,020 

100,021 

100,022 

100,023 

100,024 

100,025 

100,026 

100,028 

10,575 

100,029a 0.34 

100,029b 0.33 

100,030 

100,031 

100,032 

100,033 

100,034 

100,035 

100,036 

10~523a 

Wt.% 
Cd 

0.25 

0.27 

0.29 

0.21 

0.21 

0.21 

0.20 

0.31 

0.31 

0.21 

0~27 

0.54 

0.42 

0.32 

0.29 

0.30 

0;33 

":19,523b 0.36 

10,528 0.36 



Type of Locali ty No. Wt.% wt.% Analyst
Deposit Od Mn 

Murchison 
Mine 11199 0.37 0.09 A 

N.E. DUNDAS 

McKimmie	 100,037 0.24 0.39 A 
Mine 

100,038a 0.31 0.02 A" 
11 100,038b 0.34 0.02 A 

11 100,039 0.26 0.01 A 

11 100,040 0.24 0.04 A 

ZEEHAN 

Swansea 100,041 0.29 0.06 A 
Mine 

11 10,490 0.34 0.07 A 

11 P 268 0.27 0.005 0 

Oceana P 254 0.6 0.1 0 
Mine 

Oonah Mine P 255 0.22 0.02 0 

Austral 
Mine P 256 0.5 0.2 0 

Zeehan Bell P 258 0.3 0.01 0 

Sunrise P 259 0.25 0.07 0 
Mine 

11 p 221 0.25 0.01 0 

Silver King P 260 0.25 0.3 0 

Montana S.L. P 261 0.01 0.02 0 

Tasmanian 
Orown P 262 0.4 0.04 0 

Junction P 263 0.3 0.05 0 

Stormsdown P 265 0.3 0.005 0 

Silver Stream P 266 0.25 1.7 0 

Oomstock P 267 0.2 0.15 0 



Type of Locali ty
Deposit 

T.L.E. Mine 

Spray 

COPPER DEPOSITS MT. LYELL 
IN VOLCANIC 
ROCKS	 Crown Lyell 

Blow 

11 

11 

11 

Lyell Tharsis 

BANDED LEAD-ZINC 
HERCULESDEPOSITS IN 

VOLCANIC ROCKS N-K lode 

11 

11 

N-lode 

N-K lode 

11 

6.G~4 lode 

Bells lode 

ROSEBERY 

13 level 13/Q6NS stops 

11	 119 9/K-35N 

11
 11	 11
11/M-ION 

11	 1113 13/P8NS 

11	 1114 14/T45N 

No'. 

P 269 

P 270 

100,042 

32,664 

32,664 

32,980b 0.18 

32,980b 0.24 

31,709A 0.27 

100,043 0.18 

100,044a 0.13 

100,044b 0'.13 

Wt.% Analyst 
Mn 

0.6 C 

0.03 C 

0.25 A 

0.43 A 

0'.49 B 

0.005 B 

0.005 B 

0.009 B 

0~63 A 

0~60 A 

0.62 A 

O'~53 A 

0~38 A 

0.33 A 

0.16 A 

0.28 A 

0.13 A 

0.07 A 

0.04 A 

0~06 A 

0.11 A 

Wt.% 
Cd 

0.3 

0.27 

0.28 

0.30 

0.3 

100,045 

100,046 

100,047 

100,048 

100,049 

100,050 

100,051 

100,052 

100,053 

100,054 

O~ 14 

0.17 

0.12 

0.11 

0.12 

0.18 

0.15 

0.09 

0.15 

0.15 



Type of Locality No. Wt.% Wt.% Analyst
Deposit Cd. Mn. 

9 level 9/K- 38N stope 100,055 0.20 0.05 A 

11 11 100,056 0.17 0.05 A 

11 11 100,057 0.17 0.07 A 

ANALYSTS 

A D.l. Groves, 1966. X-ray fluorescence spectroscop~ 

B - A.M.D.L., X-ray fluorescence spectroscopy, for Solomon 
(1964). . 

C - P •. Schulz, A.M.D.L., electron probe analysis, for Both 
(1966). 

His specimen numbers refer to the polished section 
collection in the Tasmanian Museum, Hobart, Tasmania. 

--." 
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APPENDIX B2. ANALYSIS OF Se IN SULPHIDES 

Selenium analyses have been carried out for pyrite, 

sphalerite, pyrrhotite and chalcopyrite in co-operation with 

G. Loftus-Hills. These sulphides were collected in situ 

where possible and from mine dumps where workings are 

inaccessible. 

PREPARATION 

The sphalerite samples analysed for Cd and Will were 

also analysed for Se. The preparation of the sphalerite 

concentrate is described in Appendix B1. All pyrite samples 

were prepared by G. Loftus-Hills. r~ny massive samples of 

pyrite and chalcopyrite were merely hand picked and crushed. 

The fine grained and di:3seminated pyrite and chalcopyrite 

was crushed in a jaw crusher and a sieve fraction taken 

contained liberated mLlphide grains which were concentrated 

in a micro-panner. The non-sulphide content of the 

concentrate was determined as the acid insoluble fraction 

during analysis of the sulphides for Co and Ni by G. Loftus

Hills. The specimens containing pyrrhotite were crushed and sieve I 

and the pyrrhotite grains were magnetically separated. All 

sphalerites, pyrrhotites and chalcopyrites were crushed to an 

approximately constant grain size using a mechanical agate 

pestle and mortar. 

ANALYSIS 

Analyses were carried out using a Philips vacuum 

X-ray spectrograph (PW 1540) with a Mo tube, a LiF220 
crystal and a scintillation counter. The sample powders 
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were pressed into pills using the technique of Norrish and 

Chappell (1967), and between 1 and 2 grams of sulphide were 

used to ensure an "infinitely thick" sample. Two sets of 

standards were prepared in sphalerite and pyrite matrices 

using sphalerite (10509) from the Swansea Mine, Zeehan and 

pyrite (11247) from the V1hite Face, Mt. Bischoff. 

Selenium was mechanically mixed with the sulphides 

in a vibratory swing mill for 30 seconds. Corrections for 

mass absorption for pyrite concentrates were calculated 

empirically from a curve relating peak/background intensity 

to Si02 content of artificial pyrite-quartz standards. 

Enhancement effects for the other sulphides were reduced by 

maintaining a constant sample grainsize and a constant check 

on measured background intensity. Mass absorption was 

calculated for the sulphide concentrates assuming that 

the acid insoluble fraction was Si0 2 , and the mass 

absorption was calculated for pyrrhotite and chalcopyrite 

relative to pyrite and sphalerite to allow a direct 

determination using standards with these sulphides as 

matrices. The effect of changes in Fe content of sphalerite 

was also calculated. 

The poor sensitivity of the analytical method was 

partially overcome by counting for a total of 256 seconds on 

each sample. The lower limit of detection (95% confidence) 

is 15 ppm. The percentage counting error (Liebhafsky et al., 

1960, pp. 278-279) varies from 33 per cent at 23 ppIT, Se to 

3.5 per cent at 211 ppm Se and is equivalent to an 
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approximate uncertainty of -+ 7 ppm Se at all concentrations. 

To test the precision, eight duplicate analyses, covering 

the range of results obtained, were carried out. It was 

found that although the precision, expressed as a percentage 

of the concentration measured, was only significant for 

that concentration, the uncertainty was a maximum of 

~ 6 ppm. for all concentrations. This is in good agreement 

with the calculated counting error. 

The accuracy of the results was tested by analyses 

of several specimens by the Department of Mines Assay 

Laboratories, Tasmania and A.M.D.L., Adelaide, S.A. 

A comparison of results is given in Table 33. The method 

of analysis used by the Department of Mines Assay 

Laboratories has been adapted from Edwards and Carlos (1954), 

Fogg and Wilkinson (1956), and Stanton et al (1965). It 

relies on the formation of Se complex with 3,3' diamino 

benzidine. The Se was isolated in perchloric acid and the 

complex developed lmder controlled pH conditions. The 

colour was extracted with organic solvents and absorbance 

measured at 400 mp. The method of analysis used by A.I.l.D.L. 

was a spectrophotometric method after separation of the Se 

by coprecipitation as the metal with Te. 

The Se results obtained in this study by X-ray 

spectrography and those obtained by the Department of 

Mines Assay Laboratories are equivalent within the 

precision of measurement for both groups of analyses 

below 100 ppm, except for 100369a where the Assay 

Laboratories experienced trouble with interferences. 

.~---



Specimen No. 

11175 

11242b 

32696 

100015 

100264 

100317 

1OO369a 

100421 

100422 

100456 

100476 

100510a 

100510b 

100551 

100570 

100572 

100574 

100560 

1oo567a 

Tabls 33. 

llineral This study Tae. llinee Dept. A.II.D.L. 

Pyrite 17 N.D. (0.5 

Pyrite 200 154 (150, 158) H.. D. 

Haematite H.D .. 590 250 :!: 10 

Sphalerite 12 H.D .. (0.5 

Pyrite 16 12 N.D. 

Pjrite 121 122 H.D .. 

Pyrite 71 124 (132, 116)
(52,70,66,152) • II.D. 

Pyrite 63 H.. D. 30 :!: 5 

Chalcopyrite 41 42 5 :!: 2 

Pyrite o 5 (1, 5. 9) 0.5 

Pyrite 211 242 (236, 246) N.D. 

Pyrite 90 H.D. 50 :!: 5 

Pyrite 90 H.. D. 45 :!: 5 

Pyrite 4 H.D .. 1 :!: 

Pyrite 311 456 (464, 448)
(300) • 150 :!: 10 

Pyrite 312 N.D. 290 :!: 10 

Pyrite 18 16 4 :!: 

Pyrite 29 N.D. 1 :!: 

Pyrrl10tite 90 60 N.D. 

Comparison ot independent selenium analyses in ppm. All quoted 

values tor thiB stu~ are ! 7 ppm.. PigUres in brackets are duplicate 

ana~ses and • represents analyses which have been diecounted due 

to alleged interference in colorimetrio determination. 
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Above 100 ppm they show some deviation with generally 

lower results by the X-ray spectrographic technique, 

although the results have a sympathetic trend. It is 

unlikely that the good agreement between analyses is 

fortuitous. The results obtained by A.M.D.L. are 

consistently lower than the other two groups of results. 

This may be due to incomplete precipitation of Se. 

The Se contents of the sulphides analysed by 

X-ray spectrography are given in Table 34 in a summarized 

form. 



Table 34. Selenium analyses at sulphides trom Western Tasmania. 

Tne of 
'l)epo'1t 

Sedi.entary 
1eDs.e, 
nodules and 

d1esem1n
at10ne 

Freeambrian 
emphibol1te 

Cembrian 
ultramafic 
complex 

Cembrian 
Syngenetic 
in granites 
and aoid 
Tolcan1cB 

•P, ... Pyrite; Po IC 

Cpy • Chalcopyrite; 

Locality Min. 

S11tstone, Rocky ~.
 

Cape Group.

Precambr1an M
 
r 
Slate, Hercules P7 
Mine. Cambr1an 

Slate, Roasbery Py
Mine. Cembrian 

S11tstone, Que P7 
R1nr. Cambr1an 

Shale, Branch P7
Creek. Cambr1an 

Gordan :Limestone, Py
Linda. Ordo
vician 

Woody Ieland P7
S11tetone. 
Pena1an 

UncoDso11dated. P7
Great MUBGel 
Roe Bay. 
M10cene 

Savage River Py
Magnetite
Mine 

Cuni Cu-Ni Ore 
deposita 

Murch1son Granite P7
Tulleh 

DoTe Gran!te, Py
Lorinna 

Pender's Prospect, Py
Low Rocky Point 

Mount Read Py
Volcanic8,
Roseber;y Mine 

Pyrrhot1te; M = Marcasite; 

SI = Sphalerite. 

No. !fange Mean Se 
Samp. (ppm) 

2 41-61 51 

1 - 19 

1 - 34 

4 70-94 81 

1 - 13 

1 - 0 

2 33-90 62 

2 28-31 30 

5 20-63 38 

3 159-188 171 

3 8-23 17 

3 13-29 23 

2 33-44 39 

3 14-19 16 

Mean 8:Se 

10,470 

28,110 

15,710 

6,590 

41,080 

Int. 

8,610 

17,800 

31,410 

23,220 

13,690 

33,380 



T1po of 
DepOBit 

Looality Min. No. 
Samp. 

Range 
(ppml 

Mean Se 1J1ean S:Se 

Devonian 
tin 

Heemskirk Granite, 
Trial Harbour 

Py 6 12-28 22 24,270 

deposita Mt. BiBChoff, 
Waratah 

Py
Po 
Sl 

11 
9 
2 

12-33 
0-34 

14-17 

20 
18 
16 

26,700 
21,830 
20,630 

Waratoh DiBtriCt Sl 5 11-19 14 23,570 

Cleveland Mine, 
Luino 

Po 
Sl 
Cpy 

6 
4 
1 

7-36 
7-35-

25 
18 
40 

15.720 
18.330 
8,750 

Renlson Bell Py
Po 

5 
11 

14-27 
0-36 

19 
13 

28,110 
30.230 

Sl 3 4-20 12 27,500 

Storey1a Creek Py 3 21-35 27 19.780 

Devonlan Waratah District Sl 7 0-22 10 33.000 
Pb-Zn fissure New North Mt. 
vein Parrell Mine, 

Tulloh 
~ 

Cpy 

2 
3 
3 

23-32 
0-15 
6-321 

28 
8 

115 

19.070 
41,250 
3.040 

Stirling Valley
Mine, Tullah 

Py 1 - 81 6,590 

- ----.-
Zeehan 

~r 7 
3 

8-33 
17-27 

21 
21 

25,430
15,710 

Du.ndsa Py 2 6-13 10 53.400 

North DundaB Py
Sl 

2 
5 

0-19 
20-57 

10 
37 

53.400 
8.920 

North-east Dundae Py 4 14-32 22 24.270 

Shepherd and 
Murphy Mine, Moins 

Py 1 - 17 31,410 

Mt. LYBll 
District 

Blow rr 4 
1 

200-325 
-

262 
9 

2,040 
36.670 

CU - pyrite West Lyel1, 
quartz veins 

Py
Cpy 

3 
15 

114-139 
25-82 

125 
50 

4,270 
7,000 

West Lye11,
lehilt 

Py 7 43-98 69 7,740 



Type of 
Deposit 

Locality Min. No. 
Samp. 

jlange
(ppm) 

Mean Se Mean S:Se 

North Lyell 
Crown Lyell 

- Fy 
Sl 
Cpy 

2 
1 
6 

85-98 
-

38-326 

92 
31 

114 

5,800 
10,650 
3,070 

Cape Horn Py 4 35-41 39 13 ,690 

Lye11 Comotock Py 1 - 10 53,400 

Tasman and 
Lyoll 

Crown Py 4 77-141 109 4,900 

Rosebery 
district 
Banded Pb-Zn
pyrite 

Rosebery N.:1ne, 
Rosebery 

Hercules 1-1ines t 
\'Iilliamsford 

Cpy 
Py 
Po 
Sl 

Py 
Sl 
Cpy 

4 
19 

6 
11 

3 
7 
1 

8-27 
0-41 
5-22 
2_20 

5-19 
0-18 
-

17 
15 
14 
12 

11 
6 
4 

20,590 
36,500 
28,070 
27,500 

48,550 
55,000 
87,500 

Natone Volcanics, 
lrilliameford 
Road. 

Py 1 - 6 89,000 

------. 

Black P.A., 
Stitt River. 

Py 2 13-18 16 33,375 
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Al'PENIlIX C1 • DETEmmJATION OF IRON CONTENT OF SPHALERITE 

The collection and preparation of the sphalerite 

investigated is described in Appendix B1 . 

The contamination of sphalerite with other sulphides 

and carbonates has also been described in Appendix B1. It 

is evident that there has been contamination with Fe as well 

as Mn, as pyrite, pyrrhotite and Fe-Will carbonates are the 

normal associates of the sphalerite. Hence chemical or X-ray 

fluorescence analysis of the sphalerite concentrates would 

be expected to give higher concentrations of Fe than the 

concentration in sphalerite alone. Williams (1965) suggested 

that electron probe micro-analysis is a superior technique 

for the major element analysis of sphalerite, but this 

equipment was not available to the author during this study. 

The X-ray diffraction technique was considered the 

most practical for this study. The main limitation of this 

technique, which employs curves relating the unit cell edge 

of sphaleri te to its Fe content (Skinner et al., 1959), is 

the presence of Cd and Will which also substitute for Zn in the 

sphaleri te 'lattice, and affect the unit cell edge additively 

(Skinner, 1961). In this study, the sphalerites which are 

present in sufficient quantity have been analysed by X-ray 

fluorescent spectroscopy for Cd and Mn, and hence remove this 

limitation. Iron contents of sphalerites which are present 

only in sufficient quantity for the production of an X-ray 

needle can be estimated from the range of Cd an~ Mn in the .
 
larger specimens but the uncertainty of the determination 

is relativelyhigh._ _ __ 
---=-
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The unit cell edge was measured using X-ray powder 

diffraction photographs taken in a 11.46 cm diameter camera 

using Ni filtered Cu K~ radiation. All lines were measured, 

emphasis being placed on the 440, 531, 620 and 533 lines, 

and the measurements corrected for film shrinkage. The 

values of A~ calculated for each line were plotted against 

the Nelson and Riley function (Nelson and RUey, 194-5) 

and the curve obtained extrapolated to 1800 28. As Williams 

(1965) has pointed out, the common inhomogeneity of natural 

sphalerites leads to line broadening effects and the high 

precisions obtained by Skim1er et al (1959) may not be 

reproduced. In this investigation the uncertainty in 

measurement was calculated as 0.0006 Aa, which is equivalent 

to an uncertainty of approximately = 1.3 mole per cent 
--"', 

FeS, and is in good agreemGnt with a standard devirltion of 

AO0.0007 for 15 duplicate analyses by Williams (1965) using 

a similar technique. A further uncertainty is that the curve 

given by Skinner et al, (1959) is a least squares fit to 

their experimental data ana Williams (1965) has suggested 

that it should be plotted as a-probability field rather than 

a single curve. Both these uncertainties have been calculated 

and incorporated into the estimation 0:[ precision of the mole 

per cent FeS determination. A further disadvantage of the 

method is that exsolution bodies of pyrrhotite are not 

included in the mole per cent FeS in sphalerite. 

Analyses of Fe in the sphalerites was also carried 

out by X-ray spectroscopy during analysis for Cd and Mn 
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(Appendix B1), using artificial standards of mechanically 

mixed sphalerite (100,041) and pyrite (11247). It was found 

that the spectroscopic analyses were generally higher than or 

equivalent to the X-ray diffraction analyses, the former 

presumably du~ to Fe contamination. 

The determinations of FeS contents of sphalerite 

by the X-ray diffraction technique in which Cd and Mn have 

been previously determined are given in Table 35. The results 

in which an average Cd and Mn concentration has been taken, 

and an uncertainty for the maximum range of these elements 

has been calculated, are given in Table 36. Results for 

sphalerites from the Magnet Mine, given by Edwards (1960), 

are shown in Table 37. Analyses of sphalerites, by X-ray 

spectrography, from other areas are given in Table 38. These 

have been used in the interpretation of minor elements in 

sphalerite. 

Table 35. Mole per cent FeS deterndned from unit cell edge 

of sphalerites (Cd and 11n determined). All cell 

+ 0edges - 0.0006 A • 

Locality Specimen Mole % Mole % 
No. FeS CdS M~~ % E~:~lAo 

MT. BISCHOFF 
+Pig Flat 100,011 13 .8-1.6 0.62 0.15 5.4185 
+11 11 100,012 14.9-1.6 0.26 0.38 5.4180 

+North Valley 100,007 10.8-1.7 0.26 0.09 5.4155 
+(I 11 100,008 9.9-1.7 0.27 0.15 5.4152 
+ 

" 11 100,009 9.0-1.8 0.26 0.11 5.4147 
+ __5___U2L 

" 11 100,010 11 .2-1 .6 0.27 0.21 



Locali ty Specimen
No. 

mole % 
FeS -

Mole % 
CdS 

Mole % 
WmS 

Cell 0 
Edge A 

Fook's Lode 100,013 +14.0-1.6 0.29 0.14 5.4172 

11 11 100,014 +16.2-1 .6 0.28 0.14 5.4182 

11 11 100,015 +16.7-1.6 0.29 0.15 5.4184 

11 11 100,016 +16.7-1.6 0.29 0.13 5.4184 

Thompsonls 
Lode 

100,017 +17.3-1.6 0 ..28 0.44 5.4198 

WARATAH 

Antimonials 100,027 +16.8-1.6 0.86 1.17 

Tinstone 100,028 +11 .2-1 .6 0.26 0.97 5.4175 
Creek 

Silver 
Cliffs 

10,575 +10.7-1.7 0.27 0.,07 5.4155 

11 100,029a +9.4-1.7 0.29 0.10 5.4150 

tl 100,029b +9.6-1.7 0.28 0 .. 10 5.4150 

11 100,030 +15.1-1.6 0.18 0.23 5.4174 

11 100,031 +9.9-1.7 0.26 0.06 504150 

CLEVELAND 

Henry's Lode 100,018 +
18.9~1.6 0.25 0.32 5.4195 

tl 100,019 +
14.7~1.6 0.21 0.38 5.4177 

11 100,020 +19.7...1.6 0.21 0.38 5.4200 

11 100,021 +16.2-1.6 0.23 0.39 5.4185 

11 100,022 +15.6-1 .6 0.24 0.44 5.4182 

RENISON BELL 

No. 2 Horizon 100,023 +19.1-1.6 0.18 0.38 5.4196 

11 11 100,024 +17.8-1.6 0.18 0.32 5.4188 

11 11 100,025 +21.5-1.8 0.18 0.38 5.4207 

tl 11 100,026 +12.5-1 .6 0~17 0.39 5.4164 



Table 36.	 Mole per cent FeS determined from unit cell edge 

of sphalerites (average Cd and Mn values taken). 

Cell edge: 0.0006 Aa. 

Locality Specimen Mole % FeS Cell edge Aa 

--	 No. 

MT. BISCHOFF 

+S.	 End of 100,146 16.0-3.6 5.4190 
Open cut +100,148	 13 .8-3.6 5.4180" 

Slaughteryard 100,138 23.2~3.8 5.4215 
+100,149	 21.1-3.7 5.4195" 

Brown Face 100,059 25;O:!:3.8 5.4225 

WARATAH 
+Silver 10,575a 10.5-2-.4 5.4154 

Cliffs 
11	 +10,575b 15.4-2.3 5.4176 

+Magnet	 100,155 9.9-3.1 5.4160 

11	 +100,156	 11.6-3.0 504168 

11	 +100,157	 11.4-3.0 504167 
+100,158	 12.3-3.0 5.4171" 

Table 37.	 Mole per cent FeS in sphalerites from the Magnet 

Mine (Edwards, 1960). 

Locality Specimen No. Mole % FeS Mole %Mn$ 

Stope, 
No. 15 level 1 15.3 0.5 

Footwall of S. 
stope, 15 level 2 14.3 1.1 

On or above 
No, 14 level 3 14 .1 N.D. 



Table 38. Ranges and averages of weight per cent 

Fe in sphalerites from W3stern Tasmania. 

Locality	 No. of Range wt. % Average V1t. % 
specimens Fe Fe 

-

Tullah 4 5.5 - 8.3 7.0 

McKi=ie Mine 5 2.5 - 6.1 3.6 

Zeehan * 19 0.1 - 13.3 4.0 

Hercules 7 3.6 - 6.2 5.6 

Rosebery - 4.0 - 10,.0 4.0 

Mt. Lyell + 4 0.5 - 7.1 2.4 

* From Both (1966): Analyst P. Schulz, A.M.D.L. 

+ From Solomon	 (1964) Analyst A.M,.D.L. 

".';." 
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APPENTIIX C2. PREPARATION MID ANALYSIS 0]1 PYRRHOTITE FROM 

CASSITERITE-SULPHIDE ORE BODIES. 

The pyrrhotites were collected in situ from the Mt. 

Bischoff, Renison Bell and Cleveland Mines. 

There has been some discussion about the preparation 

of pyrrhotite samples for analysis using an X-ray diffraction 

technique. Arnold and Reichen (1962) suggested crushing and 

separation under inert liquid. Groves and Ford (1963) 

suggested that the effects of oxidation were negligible in 

the range of composition studied for pyrrhotites at Mt, 

Bischoff and that the pyrrhotites could be crushed in air 

provided they were analysed within a short period. Buseck 

(1964) discussed in detail the effects of oXidation, and 

suggested that it would be most pronounced during grinding 

as it occurred even under static exposure to the atmosphere. 

The following equations were given where x<x'<x": 

For Fe-rich material. 

Fe1_ S + atmospheric 02 = Fe
1

_ 'S + (X~_X) Fe 0x x 3 4 

For S-rich material. 

Fe1_ "S + atmospheric 02 = Fe1_ 'S + (x"-x,) S02x x 

Buseck (1964) recorded actual examples of oxidised 

pyrrhotites which changed composition in the direction 

indicated by these equations, samples containing less than 

47.0 atomic per cent Fe showing slight increases in Fe 

content. As part of this study, the measured compositions 

of hexagonal pyrrhotites crushed in air and under shellite 

were compared. A comparison of results is shovm graphically 
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in Figure 46 and indicate3 the greater spread of composition 

particularly towards the Fe-deficient compositions for 

pyrrhotites crushed under shellite. Duplicate samples 

prepared by both methods confirmed the tendency for the 

oxidised pyrrhotites to assume an intermediate composition, 

pyrrhotites with less than 47.00 atomic per cent Fe showing 

an increase in ]Ie content with oxidation while those higher 

concentrations show a small decrease or remain essentially 

constant. Hence only the compositions determined by crushing 

under shellite were used in interpretations based on this 

investigation. 

The d (102) values of the pyrrhotites were measured on 

a Philips diffractometer with MU filtered FeK~ radiation. 

Silicon was used as a standard to calibrate the instrument. 

Scalllling and chart speeds were to per minute and 1 inch per 

degree. Peak positions were measured to :0.01 0 28 and the 

maximum variation from the mean of four measurements on 

each sample was ~0.02028 which corresponds to an uncertainty 

in d (102) of :0.0007Ao . The structural type of the 

pyrrhotite has been determined using criteria of Desborough 

and Carpenter (1965). A single peill{ at the 102 reflection 

is taken to indicate the presence of the hexagonal phase 

and double peak of equal intensity and about 0.35 0 28 

spacing to indicate the monoclinic phase. The differentiation 

of hexagonal (2A, 5C) and hexagonal (2A, 7C) pyrrhotites 

could not be made with certainty because of poorly 

developed reflections for the critical peaks. Arnold (1966) 
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recorded that the presence of more than 10 per cent by 

weight of the monoclinic phase could be detected by the 

first appearance of two peaks at the position of the 102 

substructure reflection. Desborough and Carpenter (1965) 

recorded a detection limit of 20 per cent for the 

monoclinic phase. 

Arnold and Reichen (1962) have presented an experimental 

curve relating atomic per cent metals to d (102)Ao for 

hexagonal pyrrhotites. The natural pyrrhotites deviate 

from this curve by a maximum of :0.23 per cent metals, and 

this together with the uncertainty of peak determination 

results in an uncertainty of approximately :0.30 per cent 

metals. Arnold (1966) recognized that several of his original 

speoimens were mixtures of hexagonal and monoclinic 

pyrrhotite and not purely hexagonal pyrrhotite as first 

reported, but found that there was only a small deviation 

from the original results. Arnold and Reichen (1962) 

considered that the determinative curvc should be applied to 

natural pyrrhotites containing less than a total of about 

0.6 weight per cent Ni, Co and Cu in solid solution. The 

maximlUll concentrations of Co and Ni in pyrrhotites from 

cassiterite-sulphide ores are 6'2 and 111 ppm respectively. 

As Fleischer (1955) recorded that 96 per cent of natural 

pyrrhotites contain less than 0.5 per cent Cu, there 

appears to be little doubt that the total concentration of 

Co, Ni and Cu is less than 0.6 per cent in the pyrrhotites 

investigated. 
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Pyrrhotites with monoclinic sYmmetry and mixtures of 

hexagonal and monoclinic sYmmetry have commonly been heated 

above the inversion temperature and quenched, the composition 

of the resultant hexagonal pyrrhotites being determined as a 

measure of the total composition of the original 

pyrrhotite (e.g. Arnold and Reichen, 1962; Arnold 1966). 

Kullerud et al (1963) and Buseck (1964) have shown that the 

position of the 102 reflection of hexagonal pyrrhotite 

formed by annealing monoclinic material is a function of 

the annealing procedure, and that the compositional changes 

depend either on exsolution of pyrite from the pyrrhotite 

or on reaction with minor pyrite present in the sample. 

It is also of interest that although a single 102 reflection 

is produced for inverted monoclinic pyrrhotite, the 

superstructure reflections of the inverted material are 

similar to those of untreated, natural monoclinic 

pyrrhotite (Arnold, 1966). Because of the uncertainty 

involved, the monoclinic and mixed symmetry pyrrhotites 

have not been re-equilibrated in this study. 

The sYmmetry and composition of pyrrhotites crushed in 

air and shellite are given in Tables 39 and 40 respectively. 

The ratio of the height of the first 102 reflection to the 

combined height of both reflections is also shown and is 

1.0 for a purely hexagonal pyrrhotite and 0.5 for a purely 

monoclinic pyrrhotite. 



Table 39. Symmetry and composition of pyrrhotitss crushsd 

in air. 
Atomic 

Locality 
Spscimsn

No. Symmetry 
~(210}Ao 

~.0007 

" 
;j; 

Mstals
0.30 

Ratio 1st Peu/
Both peus 

liT. BISCHOl'l' 

Brown Pace 100,060 H 2.0625 47.00 1.0 

Slaughtsryard 100,061a H 2.0669 47.37 1.0 

" 100,065a H 2.0646 47.18 1.0 

" 100,065c H 2.0642 47.13 1.0 

" 100,064a H 2.0680 47.45 1.0 

" 100,064b H 2.0646 47.18 1.0 

" 100,064c H 2.0646 47.18 1.0 

" 100,064d H 2.0649 47.20 1.0 

" 100,064e H+II 2.0642 N.D. 0.8 

" 100,064f H+II 2.0646 Ne,D. 0.8 

" 100,064g H+II 2.0615 N.D. 0.8 

" 100,064h H 2.0635 47.05 1.0 

Gre1sen Pace 100,075a M 2.0635 H.D. 0.5 
, 100,075b 1t~ 2.0632 H.D. 0.5 

" 100,075c M 2.0612 u.n. 0.5 
, 100,075d H+M 2-.0612 N.D. 0.58 
, 100,075e M 2.0619 N.D. 0.4? 

" 100,075f M 2.0632 N.D. 0.5 

" 100,075g H+II 2.0551 N.D. 0.66 

Pig Flat 100,076a H 2.0639 47.37 1.0 

" 100,076b H+M 2.0635 H.D. 0.66 
, 100,076c H 2.0659 47.29 1.0 
, 100,076d H 2.0659 47.29 1.0 

" 100,076e H 2.0652 47.22 1.0 

" 100,077a H+M 2.0635 H.D. 0.8 

" 100,077b H 2.0652 47.22 1.0 

" 100,077c H 2.0659 47.29 1.0 

" 100,077d H 2.0666 47.35 1.0 

" 100,079 H 2.0646 47.18 1.0 
, 100,080a H 2.0659 47.29 1.0 
, 100,080b H 2.0666 47.35 1.0 



Atome 
Spec1DLen d(210)AO 

" Metal. Ratio 1.t pea:1
Loealitl No. S)'lIIIIletry ±0.0007 ± 0.30 Both peaks 

Pig	 Plat 100,OBOe H+M 2.0652 N.D. 0.7 

" 1.0100,OSOd H 2.0649 47.20 I 

100,OBOe H+M 2.0655 N.D. 0.7" 
100,oBOr	 H+M 2.0655 N.D. 0.7" 
100,OBOg H 2.0666 47.35 1.0" 

•	 100,080h H+M 2.0663 N.1>. 0.7 

• 100,OBOi H' 2.0659 47.29 1.0 

RENISON BELL 10,892 H 2.0628 47.03 1.0 

•	 10,894 H 2.0642 47.13 1.0
 

10,898 H 2.06BO 47.45 1.0
" 

Table 40.	 Symmetry and composition of pyrrhot1tes, crushed in 

shel11te, from Mt. Blschoff, Renison Bell and 

Cleveland. 
Atomic 

Specimen d(210)Ao 
" Metal. Ratio 1st Peak 

Locality No. S)'lIIIIletry ±O.OOO7 t 0.30 Eoth peak. 

MT. BISCHOPP 

Brown :Pace 100,059 H 2.0632 47.06 1.0 

100,060a H 2.0669 47.37 1.0" 
•	 100,060b M 2.0674 N.D. 0.5 

•	 100,0600 M 2.0705 N.D. 0.41 

•	 100,060d M 2.0678 N.D. 0.5
 

100,060e M 2.0597 N.D. 0.5
" 
Slaughteryard	 100,061a H 1.0666 47.35 1.0 

100,061b H 2.0673 47.40 1.0" 
100,062	 H+M 2.0612 N.D. 0.66" 

•	 100,063 H 2.0649 47.20 1.0
 

100,063 H 2.0649 47.20 1.0
" 
100,065a H 2.0612 46.89 1.0" 

•	 100,065b H 2.06BO 47.45 1.0
 

100,0650 H 2.0687 47.50 1.0
" 
•	 100,065d H 2.0632 47.06 1.0 

•	 100,065. H 2.0639 47.12 1.0 

•	 , 00,066 H+M 2.0582 N.D. 0.63
 

100,067 H 2.0595 46.76 1.0
" 



Atomic 

Localitz 
Specimen 

no. Symmetry 
d(210)Ao 
±0.0007 

% Metals 
± O.}O 

Ratio 1st Pesy
Both pesles 

Greisen Face 100,068 M 2.06}2 N.D. 0.5 

" 100,069 M 2.0605 N.D. 0.5 

" 100,070 M 2.06}5 N.D. 0.5 

" 100,071 M 2.0585 N.D. 0.5 

" 100,072 H 2.0568 46.54 1.0 

" 100,07} If. 2.0568 N.D. 0.4? 

" 100,074 M 2.0652 N.D. 0.5 

" 100,075 M 2.0571 N.D. 0.5 

" 100,127b 1l 2.06}} N.D. O.4? 

Pig Flot 100,0760 H 2.0622 46.97 1.0 

n 100,076d H+M 2.0588 N.D. 0.6} 

" 100,076f H+M 2.0619 N.lJ. 0.6 

" 100,0770 H+M 2.067} N.D. 0.66 

" 100,077b H+M 2.0669 N.D. 0.66 

" 100,0780 H 2.0680 47.45 1.0 

n 1oo,078b II+M 2.0592 N.D. 0.7 

" 100,079 H 2.0601 46.81 1.0 

" 100,080 H 2.0612 46.89 1.0 

" 100,081 H 2.0619 46.95 1.0 

" 100,082 M 2.0558 N.D. 0.5 

" 100,08} M 2.0571 N.D. 0.5 

South of 
Pig Flot 

" 

100,1270 

100,124 

M 

M 

2.0642 

2.07}2 

N.D. 

N.D. 

0.5 

0.5 

" 100,125 M 2.0719 N.D. 0.5 

" 10,9}6 M 2.0696 U.D. 0.5 

" 10,9}7 M 2.0714 N.D. 0.5 

" 100,129 M 2.0759 N.D. 0.5 

" 100,1}}o M 2.0669 N.D. 0.4? 

" 100,1}0 11 2.0705 N.D. 0.5 

CLEVELAND 

Henry's Lode 100,084 M 2.0690 N.D. 0.5 

" 100,085 M 2.0602 N.D. 0.5 

" 100,086 M 2.0582 N.D. 0.5 

" 100,087 11 2.0592 N.D. 0.5 

" 100,088 11 2.0578 N.D. 0.5 

" 100,089 M 2.0555 N.D. 0.4? 



Locality 
Specimen

No. Symmetry 
d(210)AO 
±0.0007 

Atomio 
" Metals 
:t 0.30 

Ratio let Pe 
Both peak. 

Hen17'a Lode 100,090 M 2.0518 N.D. 0.5 

" 100,091 Id 2.0609 N.D. 0.5 

" 100,092 Id 2.0612 N.D. 0.5 

RENISOII BELL 

No. 2 Horizon 10,898 H 2.0615 46.92 1.0 

" 10,901 H 2.0646 47.18 1.0 

" 100,093 H 2.0622 46.97 1.0 

" 10,902 H+1d 2.0571 N.D. 0.8 

" 100,094 H+M 2.0589 N.D. 0.66 

" 100,094 H+1d 2.0589 N.D. 0.66 

" 10,903 H 2.0639 47.11 1.0 

" 100,095a H 2.0656 47.26 1.0 

" 100,095b H 2.0602 46.82 1.0 

" 100,096 H 2.0578 46.62 1.0 

" 10,904 H 2.0598 46.78 1.0 

" 100,097 H 2.0585 46.67 1.0 

No. 1 Horizon 100,118A H+M 2.0620 46.95 0.95 

" 100,1180 H 2.0624 47.00 1.0 

" 100,119A H+1d 2.0642 N.D. 0.8 

" 100,119D H+1d 2.0575 N.D. 0.66 

" 100,120B H 2.0660 47.28 1.0 

" 100,1200 H 2.0665 47.33 1.0 

" 100,121A H 2.0615 46.85 1.0 

" 100,121B H 2.0674 47.40 1.0 

" 1oo,122D H 2.0660 47.28 1.0 

" 100,123A HH! 2.0638 N.D. 0.8 

Pine Hill 
Track 

100,117 Id 2.0624 N.D. 0.5 

:Peelersl lode 10,934 III 2.0609 N.D. 0.5 

" 10,934b Id 2.0524 N.D. 0.5 

" 100,100 Id 2.0606 N.D. 0.5 

" 100,103 M 2.0655 N.D. 0.5 

" 100,104 III 2.0610 N.D. 0.5 

" 100.105 M 2.0620 N.l.l. 0.5 

" 100,106 III 2.0602 N.D. 0.5 

" 100.107 III 2.0584 H.D. 0.5 

" 100,110 Id 2.0597 H.D. 0.5 

" 100,111 Id 2.0606 H.ll. 0.5 



- 252 -


APPElIDrx C3. SULPHUR ISOTOPE STUDIES
 

Isotope analyses on sulphides collected from Mt. 

Bischoff and Renison Bell by Prof. P.A. Hill, Dr. M. Solomon 

and the author were made by Prof. M.L. Jensen in 1965 and 

Dr. T.A. Rafter in 1966 and 1967. The analytical procedure 

has been described by Hulston ffi1d Shilton (1958). 

The 834S values are compared to the meteoritic 

standard. The results are tabulated below. 

Table 41. 634S values for Mt. Bischoff, Sulphides Analysed 

by Dr. T.A. Rafter. 

634SSpecimen Mineral Locality (:J: 0.1) 
No. 

11221B Pyrite North Eastern Dayke, + 0.8 -+ 0.4 

North Valley Road. 

11213A P;yri te vVhite Face Dyke, - 0.2 

White Face. 

11213B Pyrite White Face Dyke, + 0.2 

White Face. 

1392 Pyrite White Face Dyke, + 1.7 

White Face. 

100007 Sphalerite North of Brown Face + 1.3 

100059 Pyrrhotite Brown Face - 0.7 

100060 Pyrrhotite Brown Face - 0.2 

100065 Pyrrhotite Slaughteryard Face + 1.1 

100066 Pyrrhotite Slaughteryard Face + 1.4 

10939 Pyrrhotite Greisen Face - 1.9 

10936 Pyrrhotite Greisen Face, drill - 1.1 

hol~ B3 at 136 ft. 



834SSpecimen Mineral Locality (2: 0; 1)
No. 

10577 Sphalerite South of Greisen Face + 1.9 2: 0;2 

10900A Pyrrhotite South of Greisen Face + 2.0 

10900B Pyrrhotite South of Greisen Face + 2;2 

10937 Pyrrhotite Pig Flat area + 1.4 

drill hole B9 at 130 ft. 

10938 Pyrrhotite Pig Flat area, + 2;2 

drill hole B10 at 191 ft. 

100172 Pyrite South of mine area, + 3~8 

drill hole B14 at 185 ft. 

10574A Sphalerite Fooks lode, from dump. + 4.5 

10574B Sphalerite Fooks lode, from dump. + 5.2 

10576 Sphalerite Lode north of Waratah + 3.4 

River, from dump. 

10575 Sphalerite Silver Cliffs mine; from + 3·.4 

dump. 

Table 42. 834S values for Renison Bell. SUlphides analysed 

by T.A. Rafter unless otherwise stated. 

834SSpecimen Mineral Locality (2: 0.1) 
~. 

10894A Pyrrhotite Battery Mine open cut; + 5.9 

10894B Pyrrhotite Battery Mine open cut; + 6~7 

10898A Pyrrhotite Battery Mine open cut. + 6;9 

10898B Pyrrhotite Battery Mine open cut. + 6.9 

10901 Pyrrhotite Samples at intervals. + 6;0 

10902 Pyrrhotite along a fold axis + 6,2 



834SSpecimen lVIineral Locality (~ 0.1) 
No. 

10903 Pyrrhotite No. 2 Horizon + 5.4 + 0.2 

10904 Pyrrhotite Battery workings. + 6.5 

*	 .100176 Pyrrhotlte	 Top of conformable + 5.8 

deposit at base of "Red 

Rock", drill hole S60 at 

162 ft. 

100177* Pyrrhotite Bottom of same deposit + 4.0 

drill hole S60 at 167 ft. 

100178* Pyrrhotite Top of conformable + 7.6 

deposit, drill hole S48 

at 118 ft. 

100179* Pyrrhotite Same deposit, drill hole + 7.6 

S48 at 125 ft. 

100081 Pyrrhotite Same deposit, drill hole + 8.1 

S48 at 140 ft. 

100080 Pyrrhoti te Same deposit, drill hole + 8.1 

S48 at 143 ft. 

10934 Pyrrhotite No. 6 cross-cut, Federal + 6.4 

Lode.
 

10935 Pyrrhotite No. 6 cross-cut, Federal + 5.6
 

Lode.
 

10940 Pyrrhotite Lens in altered sandstone +6.5
 

adjacent to greisenized 

dyke, lVIurchison Highway. 



Speoimen
N 

. 
o. 

Mineral Looality 834S (:J:: 0.1) 

* 100173 .Pynte Cubes lying in bedding + 5.0 

planes of siltstones 

below oonformable 

deposit; 

100174* Pyrite	 Cubes in vertioal vein + 7.6 

cutting the same 

siltstones. 

100175* Pyrite	 Vertical vein cutting + 6.7 

the same siltstones. 

100182 Galena	 In laminated siltstones + 2.2 

100 ft. below conformable 

deposit, drill hole S53 

at 183 ft. 

* Analysed by Prof. M.L. Jensen, 1965. 
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APPENDIX D1. CRITERIA OF PARAGENESIS
 

The general criteria for determining paragenesis of 

sulphides have been described by several authors (e.g~ 

Newhouse, 1928; Bastin et al, 1931; Bastin, 1950; Edwards, 

.1954). Objections to these criteria may be separated 

into two main categories. Firstly from recent work on 

experimental systems (e.g. Brett, 1964) it has been shown 

that many textures taken as criteria of successive 

deposition may be duplicated in solid solution series 

during simultaneous deposition. Secondly, Stanton (1964) 

has emphasized that the present textures of ores may be 

dependent solely on post-depositional processes, and 

that the resultant textures may be interpreted in terms 

of a different set of physical conditions to those operative 

in the primary deposition of the ores. The general 

categories of evidence previously used in determination 

of paragenesis are brie~ly discussed below. 

SUCCESSIVE DEPOSITION 

Cross Cutting Relations 

(a) Veinlets 

It is generally considered that successive 

deposition is proven if one mineral occurs as a vein 

through another mineral, the mineral forming the vein 

being the later mineral to form. Edwards (1954) recorded 

the anomaly of "segregation veins" and Brett (1964), in 

a study of the Cu-Fe-S system, has shown that pseudo-veins 

may form by diffusion during exsolution. Brett (1964) also 

indicated that veins may also rarely form by 
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remobilization of an early phase that has deformed 

plastically and Schouten (1934) has shown that some veins 

can give a reverse paragenesis due to selective replacement 

of the host mineral by a later mineral. 

(b) Mineral Interfaces 

Various forms of geometric relationship of mineral 

interfaces have been used to detennine paragen.~sis. A mineral 

showing its crystal outlines against an adjacent mineral 

has generally been considered the older mineral. Concavity 

and convexity of contacts and caries texture have also been 

given paragenetic significance. Stanton (1964) indicated 

that various factors may result in grain boundaries in ores 

assuming e~uilibrium configurations and that in these cases 

idiomorphism and boundary shapes may be interpreted in 

terms of grain boundary interfacial free energy ratios and 

will not depend primarily on order of deposition. Thus 

pyrite and arsenopryite may always be idiomorphic but need 

not be the earliest minerals to form. 

Inclusions 

Inclusions of anisotropic minerals in a host have 

been used as criteria for paragenesis. Uniformly optically 

oriented inclusions have been tween as diagnostic of an older 

age than the host and non-uniformly optically oriented 

inclusions as younger than the host. Brett (1964) has shown 

a variety of textures produced experimentally from solid 

solution and it is evident that exsolved phases may be 

difficult to differentiate from non-exsolved inclusions. 

The criterion of oriented inclusions can probably only be 
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applied to anisotropic mineral inclusions which do not form� 

a solid solution series with the host mineral.� 

SIMULTANEOUS DEPOSITION� 

Exsolution Intergrowths� 

Edwards (1954) indicated that exsolution intergrowths� 

are the best indicators of simultaneous deposition.� 

However Brett (1964) has shown experimentally that it is� 

often difficult to determine texture as being solely the� 

'result of an exsolution process. Minute exsolution bodies, 

especially those oriented along crystallographic surfaces 

in the host, appear the only reliable indicators of 

exsolution although segregation of one mineral at the grain 

boundaries of another is generally indicative of exsolution. 

Mutual boundary texture may be formed during exsolution, but 

can also be produced during simultdneolls crystallization of 

minerals which do not show solid solution, or by replacement. 

Brett (1964) has also shown that granular intergrowths, veins 

and replacement textures may all result from exsolution 

processes. These textures cannot be taken as criteria for 

exsolution but only indicate the ambiguity of some textures 

previously taken as evidence for successive deposition. 

Interlayering 

Edwards (1964) indicated that two types of interlayering 

of minerals are good evidence of simultaneous deposition. 

These are the combination of different minerals in zoned 

textures of gel origin and the occurrence of several minerals 

in narrow rapidly alternating crustification textures. 
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Partial Idiomorphism 

The partial idiomorphism in two intergrovm minerals 

was described by Bastin (1950) as a criterion for simultaneous 

deposition. Partial idiomorphism was described in terms of 

mineral A i_' showing its characteristic crystal outlines 

against mineral B at one point, whereas at another point 

the relationship was reversed. The objections to this as a 

criterion for simultaneous deposition are the same as those 

against idiomorphism as a criterion for successive deposition. 

Partial idiomorphism in two minerals could be interpreted 

in terms of Stanton's (1964) results as due to similar grain 

boundary interfacial free energy of the two minerals. 

Eutectic Textures 

Edwards recorded that true eutectic textures are rare 

among the ore minerals as most minerals have probably 

erystallized at temperatures below their melting point. The 

ore minerals which may crystallize from melts, eg. magnetite,' 

rutile, ilmenite and haematite, do form eutectic intergrowths: 

Eutectoid intergrowths may form in sulphides, generally as the 

result of un-mixing of solid solutions. Both "graphic" and 

lattice intergrowths may represent eutectic or eutectoid 

textures. Similar problems to those involved in the accurate 

recognition of exsolution textures apply to the eutectic 

textures as most of the structures can be duplicated by 

replacement. 

APPLICATION TO THIS INVE3TIGATION 

The ores investigated in this study exhibit limited 

evidence of post-depositional deformation. They also sho.~w~ _ 
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~artial Idiomorphism 

The partial idiomorphism in two intorgrown minerals 

was described by Bastin (1950) as a criterion for simultroleous 

deposition. Partial idiomorphism was described in terms of 

mineral Ai.' showing its characteristic crystal outlines 

against mineral E at one point, whereas at another point 

the relationship was reversed. The objections to this as a 

criterion for simultaneous deposition are the same as those 

against idiomorphism as a criterion for successive deposition. 

Partial idiomorphism in two minerals could be interpreted 

in terms of Stanton's (1964) results as due to similar grain 

boundary interfacial free energy of the two rr~nerals. 

butectic Textures 

Edwards recorded that true eutectic textures are rare 

among the ore minerals as most minerals have probably 

erystallized at temperatures below their melting point. The 

ore minerals which may crystallize from melts, ego magnetite, 

rutile, ilmenite and haematite, do form eutectic intergrowths; 

Eutectoid intergrowths may form in sulphides, generally as the 

result of un-mixing of solid solutions. Both "graphic" and 

lattice intergrowths may represent eutectic or eutectoid 

textures. Similar problems to those involved in the accurate 

recognition of exsolution textures apply to the eutectic 

textures as most of the structures can be duplicated by 

replacement. 

APPLICATION TO THIS INVE6TIGATION 

The ores investigated in this study exhibit limited 

evidence of post-depositional deformation. They al~s~o~s~h~o~w~ _ 
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non-equilibrium features including numerous cross-cutting 

veinlets and penetration of idiomorphic grains. 

The only acceptable criterion for successive 

deposition in the ore examined was the occurrence of veinlets 

of one mineral consistently intersecting another mineral. 

A veinlet that traverses several mineral grains indicates 

that a segregation origin is unlikely. The geometrical 

configuration of the veinlet - host mineral boundary, 

particularly for the idiomorphic host minerals, was used 

to determine the replacement or dilational origin of the 

veinlet adapting the criteria of Goodspeed (1940), Noble 

(1952) and Williams and Groves (1967). 

The predominant criterion used for simultaneous 

deposition was the formation of exsolution intergrowths as 

several of the sulphides, notably sphalerite, chalcopyrite, 

stannite and pyrrhotite show a high degree of solid solution. 

The term penecontemporaneous deposition is probably more. 

appropriate than simultaneous deposition as in most sections 

there is an ordered sequence of e;rsolution rather than a 

distinct single phase. 
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APPENDIX D2. MODAL Al~ALYSIS OF ORES AND GRAlHTES 

The composition of a rock determined by modal 

analysis cannot be taken as truly representative as several 

sources of error are inherent in the method. The principal 

errors are counting and sampling errors, which must be 

taken into account in designing point counting procedures, 

and the operator variation, which is considerecj by Solomon 

(1963) to be insignificant relative to the other errors. 

Hasofer (1963) has derived the theoretical formula which 

gives the total variance ~2(p) for an analysis; 

6" 
2 (p) 3 _ 44pa

-HA 
( 1 
( 

+ R)5.8 (-a 3 )
) 

where R is the average radius of the grains, p is 

the percentage of the mineral present, a is the grid 

spacing and A is the area counted. For fixed counts the 

maximum variance has a minimum value for R/a = 1!2.26 

(Solomon and Green, 1965). Solomon (1963) carried out a 

number of analyses using models resembling natural rocks 

and obtained variances comparable with those predicted by 

Hasofer (1963). 

To obtain an approximate estimate of the variance 

expected for the analysis, R was obtained using the "traverse 

intersection" nUlllber (Solomon, 1963) and p estimated from a 

preliminary count of a few hundred points. 

MODAL ANALYSIS OF ORES 

Problems of point counting the ores examined in 

this study include the inhomogeneity of the ores, which 

necessitates the inclusion of a large number of specimens 
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to ensure a representative population, the large variation 

in grain size from 0.02 to 5mm. and the dependence of the 

occurrence of several of the minerals on the occurrence of 

other minerals (e.g. sphalerite-chalcopyrite; stannite

sphalerite). The errors due to the inhomogeneity of the 

ores is almost certainly greater than the errors involved 

in the point counting. However, it is still convenient to 

know the precision of the analyses, as this removes one 

variable from their interpretation. The area counted 

varied from 3500 mm2 to 8500"mm2 and a grid spacing of I mm 

was employed. The precision involved with these conditions 

of analysis is acceptable, the maximum theoretical 

variance calculated from equation 1 being 4.0 for 

pyrrhotite at a 69.0 per cent level, 0.49 for pyrite at a 

8.0 per cent level and 3.1 for the non-sulphide component 

at a 54.4 per cent level. 

To test the precision of the results, a series of 

polished sections ("15-54 to 15-57) were counted eight times 

using a 1 mm grid spacing. The results are given in Table 

43 and the theoretical variance is compared with the 

variance of these duplicate analyses assuming average grain 

sizes for the components. 

It is evident from this test that the precision is 

within the calculated theoretical limits of precision. The 

results of modal analyses using a 1 mm grid spacing on 

ores from Mt. Bischoff, Cleveland and Renison Bell are given 

in Table 45. 
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Mineral 1 2 3 4 5 .6 7 8 

Pyrrhotite 60.7 63.3 63.6 60.9 61.8 63.3 63.5 60.1 

Pyrite 26.4 27.3 27 .0 27.8 27.0 26.1 26.3 26.9 

Arsenopyrite 6.5 4.4 3.9 5.4 5.3 5.6 4.9 4.6 

Chalcopyrite 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1 

Galena 0.3 0.3 0.3 0.4 0.4 0.2 0.3 0.5 

Non-sulphides 6.1 4.8 5,1 5.6 5.5 4.8 5.1 6.8 

Total 100.1 100.1 100.0 100.1 100.0 100.0 100.1 99.9 

No. of counts 1017 1045 1066 1026 1088 1050 1048 1051� 

Tahle 43.� Replicate deter.minations on polished sections 15-54 to 15-57� 

from No. 1 Horizon, Ren1son Bell.� 

Mineral Theoretical� Practical (from
results above 

2� 2�Pyrrhotite .... = 6(..-= 2.45) ..... = 2.1 ("-=1.45)� 
2�:Pyrite .... 2 = 2.7 (.,- = 1.64) ,,- = 0.31 ( ..... = 0.56)� 
2�Areenopyrite ..... 2 = 0.8 (.,-= 0.89)� = 0.61 (0- = 0.78)er'� 
2�Galena .... 2 = 0.34 (.... = 0.58)� =0.01 (0-=0.10)er'� 
2�GOIIgUo er' 2 = 1 (.,-= 1)� er' = 0.48 (0- = 0.69) 

Tahle 44. Precision of results expressed as variance. 

\ 
1>\••Bi.cho:r:r Cleveland Renison Bell� 

Mineral Federal No. 1 No. 2� 

I'yrrhotite 49.2 15.7 40.3 64.0 69.0 

Pyrite� 4.3 4.1 0.1 8.0 2.2 

Supergene Pyrite 2.2 0.6 nil nil nil 

Areenopyrite 1.0 1.0 3.9 1.1 4.6 

Chalcopyrite 0.7 1.4 0.9 0.3 0.5 

Sphalerite 0.3 0.6 0.1 0.2 0.1 

Tetrahedrite 0.1 0.1 0.1 0.1 0.1 

Galena 0.1 0.1 0.2 0.1 0.1 

Stannite 0.3 0.2 0.1 0.1 0.1 

Nat. Bismuth nil nil nil nil 0.1 

Jamesonite 0.2 nil nil� . nil nil 

Non-sulphides 41.7 76.5 54.4 26.2 23.4 

Total� 100.0 100.0 99.9 99.9 99.8 

No. of specimens 37 28 15 19 18� 

No. of counts 8452 8191 3534 4853 4859� 

Tahlo 45.� Modal analyses of cassiterite-sulphide oree (volume per cent). 
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MODAL ANALYSES OF GRANITES� 

The compositions of the porphyritic granites were 

not calculated by modal analysis as insufficient time was 

available for both macroscopic and microscopic point 

counting on phenocrysts and groundmass. Modal analysis 

of selected even-grained granitic rocks has been carried 

out to classify the rocks and to compare with norms 

calculated from chemical analyses of the rocks. The average 

grain size of the major components of the rocks examined 

was approximately 0.5 mm. A 0.33 mm grid spacing was chosen 
2and an area of approximately 500 mm was counted for 

each specimen. The maximum variance for the major components 

(quartz, plagioclase and K-feldspar) varies from 1.9 at a 

14.2 per cent level to 5.9 at a 43.0 per cent level. ~he 

results of the modal analyses together with the variances 

are shown in Tables 16 and 17 in Appendix A1. 
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APPENDIX D3. CHEMICAL ANALYSIS OF CARBONATE ROCKS� 

Partial analyses of dolomite host rocks and carbonate-

rich patches, within the replacement ore bodies, at Mt. 

Bischoff and Renison Bell have been carried out to 

supple~snt analyses given by Reid (1923), Stillwell and 

Edwards (1943) and Groves (1963). 

The carbonates have been analysed as glass discs 

by X-ray fluorescent spectroscopy. The same conditions of 

analyses were employed as in the analysis of granitic rocks 

which has been described in detail in Appendix A4. 

Artificial pure element standards were used in all 

detenuinations. Carbon dioxide was not determined directly 

but was calculated from the ignition loss assuming that all 

the Fe was present as Fe2+ in FeC0
3 

and that it oxidised 

to Fe3+ in Fe20 on igniti0 n.
3 

The maximum precision of the results is given by 

the counting error. The percentage counting errors for 

maximum and mininum concentrations are given in Table 46. 

Oxide Min. Concentration % Counting Maximum % Counting 
Error Concentrati·on Error . 

Si02 1.9% 1.5 33.1% 0.5 

FeO 0.49% 3.0 32.7% 0.5 

MnO 0.32% 6.5 27.45% 2.0 

MgO 2.6% 4.0 19.7% 1.4 

CaO 0.21% 1 .3 31.52% 0.4 

Table 46. Percentage counting errors in the analysis of 

carbonates. 
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The counting errors for high concentrations of 1inO 

and CaO are determined largely by the relatively low 

concentration in the standards. A lower precision than the 

counting error will result from absorption and enhancement 

effects in the samples. 

The accuracy of the results is difficult to 

determine as no standard carbonates were available for 

comparison. It is evident, however; that analyses of 

dolomite by this method are comparable with chemical 

analyses of similar dolomites by the Department of Mines 

Assay Laboratories, Tasmania (see Table 47). 

The results of analyses of carbonate rocks are 

given in Tables 47, 48 and 49. 



M!I!. BlSCHOFF RENISON BELL 

1 2 100207 100208 100212- 100214 100213 100215 

Si0
2 

2.7 2.7 6.2 11.6 33.1 3.1 

equiv. 1'eO 0.49 0.77 ~,O  2.1 2.4 2.2 

MnO 0.35 0.43 0.32 0.64 0.41 0.69 

MgO 20.6 21.1 19.7 19.2 16.9 16.0 16.2 17.9 

CaO 30.6 30.2 31.1 30.7 31.3 31.2 23.7 31.5 

approx. CO2 46.1 46.7 45.6 45.4 42.5 36.3 21.2 44.5 

H2O 0.04 0.04 0.03 0.04 0.15 0.03 

TOTAL 96.10 96.00 99.94 99.24 102.25 96.08 97 .16 99.92 

Sr (ppm) 43 71 69 112 60 112 

Rb (ppm) <3 16 5 <3 16 4 

Sample Localities Analysts 

1.: Hangingwall, Greisen 1'ace. 

2.'4100207-206. South end of open cut,
Mt. Bischoff. 

1. and 2.: 

100297-206 

Department of Mines Assay Laboratory,
from Groves (1963) Tasmania. 

100212,100214: No. 1 Horizon, Renieon Bell. and 100212-215 D.l. Groves, 1967. 

100213,100215: No. 2 Horizon, Renieon Bell. 

Table 47. Partial analyses of dolomites (weight per cent) from Mt. Bischoff 

and Renison Bell. 
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~ 4 5 100209 100210 100211 100219� 100217 100218 

8102 6.00 1.00 9.54 1.9 6.6 28.7 ~.8  0.0 0.0 

equiv.� PeO 2.56 12.72 21.~7  28.8 28.7 19.~  29.0 42.7 27.1 

MnO 0.92 13.26 13.20 20.~  16.5 4.8 5.1 8,1 27.5 

MgO 11.75 14.46 16.57 4.8 7.4 17.0 16.9 5.0 2.5 

CaO 21.08 ~.20  0.92 1.~  0.5 2.1 0.2 0.5 0.5 

approx.� CO2 49.6 47.4 ~7.6  ~4.1  ~6.6  ~2.0  41.5 ~8.4  ~6.7  

H20 - 7.00 (:!:) 6.40 (:!:) 0.06 0.05 0.02 0.01 0.02 O.O~  

TOTAL 98.91 98.44 99.20 91.26 96.~5  1Q} .92 96.51 94.72 94.9J 

Sr (ppm) 14 9 9 <~<~	 <~ 

Rb (ppm)� 28 12 11 12 <~ <.~ 

Sample� Localities Analysts 

~.  Happy Valley Face, Kt. B1schofr, ~  and 4:� from Re1d (192~ p. 86). 

5.� Gre188D Face, Mt. B1schoff. 5: Department of Mines Assay :r.borator1es 
Tasmania, 1962 from Groves (196~).  

100209-211 South end of open cut, Mt. Bischoff, 100209-211� 
and 100219� and,002'7_28 - D.l. Groves, 1967.� 

100217 • Thompaon'e Lode, Waratah.� 

100218� I Silver Cliffs Lode, Waratah. 

Table 48. Partial analysis of carbonate rocks (weight per cent) from 

replacement ore-body and lode deposits, Waratah. 



6 7 8 9 100,216 

Si02 6.0 

FeO 16.37 28.09 37.45 25.36 31.0 

MnO 41.59 21.47 6.36 16.72 8.5 

MgO 2.68 8.70 13.77 14.82 15.0 

CaO 0.50 0.67 0.50 0.62 0.5 

CO2 39.16 40.57 42,32 42.58 37.0 

H 0
2 0.02 

Total 100.3 99.5 100.4 100.1 97.92 

Sample Localities 

6: Federal W~ne
 

7,8,9: Cable Lode opon cut� 

100216 No. 2 Horizon, Battery Workings.� 

Analysts. 

6 - 9 A.B. Edwards from Stillwell and Edward (1943) 

100216: D.l. Groves, 1967. 

Table 49.� :Partial analyses (weight per cent) of 

carbonate - rich lode from Renison ';"ell; 
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