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ABSTRACT 

Cassiterite mineralization at Renison Bell, Western Tasmania, is 

spatially and temporally related to the Upper Devonian Pine Hill Granite, 

and occurs in dolomites and associated elastic sediments of ?Proterozoic 

to Cambrian age. The sedimentary succession consists of an older 

siliceous elastic and carbonate sequence (the Success Creek Group) over

lain by, and in faulted contact with, a predominantly volcaniclastic 

sequence (the Crimson Creek Argillite). elastic sediments in the Success 

Creek Group are a normal assemblage of thinly-bedded quartzites, 

siltstones and shales of probable shallow marine origin. Sediments in 

the Crimson Creek Argillite are siltstones and volcaniclastic graywackes 

of basaltic composition, with polymict conglomerates, tuffs, cherts and 

carbonate rocks occurring in a thin but widespread basal sequence. Mafic 

intrusives in the Crimson Creek Argillite are chemically similar to the 

enclosing sediments. Carbonate beds in the Success Creek Group and 

Crimson Creek Argillite consist principally of highly ordered ferroan 

dolomite, and their textural, mineralogical and stable isotopic features 

suggest they are diagenetically dolomitised marine limestones. 

The Pine Hill Granite is a porphyritic biotite granite with chemical 

and stable isotope compositions intermediate between endmember S and I 

types, and has been locally altered to greisen and muscovitic assemblages 

carrying minor cassiterite. Adjacent rocks have been thermally meta

morphosed to hornblende-hornfels facies assemblages. 

Cassiterite mineralization occurs in stratabound replacement bodies 

in dolomite beds in the Success Creek Group and Crimson Creek Argillite, 

in veins with variable wallrock replacement in major fault zones and to a 

minor extent in recrystallized sandstone. The generalized paragenetic 

sequence in Renison Mine is: 
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Stage 1: Cassiterite + silicates tentatively inferred as an early 

stage of replacement ore formation. 

Stage 2: Cassiterite + pyrrhotite + arsenopyrite + silicates + minor 

sulphides and oxides etc. Main stage of mineralization, 

associated with sideritic alteration of dolomites, tourmalini-

sation of elastic sediments. 

Stage 3: cassiterite + pyrrhotite + arsenopyrite + silicates +minor 

sulphides, forming veins in major fault zones. 

Stage 4: Minor veining by sphalerite +galena+ silicates+ carbonates± 

fluorite. 

Stage 5: Minor veining by quartz + calcite ± chlorite. 

Stage 6: Vug-filling sequence of carbonates, quartz, fluorite and 

sulphides. 

Temperatures of about 350°c and about 300°c are inferred for 

Stages 1-3 and Stage 4 respectively, from fluid inclusion, mineralogical 

and stable-isotope data. Temperatures during Stage 5 mineralization were 

0 0 
probably in the range 200 -150 C, and were probably lower during Stage 6 

mineralization. 

Bulk fluid-inclusion analyses indicate that fluids during Stages 1-4 

were Na-K-Cl brines with a total salt concentration of about 2 molal and 

Na/K ratios of about 7. Variable Ca and Mg concentrations may be partly 

due to contamination during sample leaching. Fluids were gas-poor with 

average gas/water molal ratios about 2 x 10-2 , and C02/CH4 ratios near 1. 

Nitrogen and argon were detected only in some samples. Stage 5 fluids 

were more saline, with average salt concentrations of about 5 molal and 

Na/K ratios about 20. 

Formation of cassiterite-bearing stages took place at low fo (about 
2 

10- 31 · 5 atm.), low fs (lo-ll_lO-l 2 · 3 atm.) and low pH (3.9-5.4) in the 
2 

reduced sulphur field. The major control on ore deposition was probably 
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an increase in pH within the indicated range due to dolomite replacement. 

Calculated stabilities of stannous chloride complexes indicate that tens 

to hundreds of parts per million of tin may be transported in this form 

in low fo , low pH conditions, and may be precipitated as cassiterite 
2 

from sulphur-poor solutions by mechanisms which wouid cause precipitation 

of the accompanying sulphides. 

Sphalerite-galena mineralization took place at low f 0 (about 
2 

lo- 34 · 5 atrn.), low fs (lo- 10 · 2-10-10 · 9 atrn.) and low pH (3.9-5.5) in the 
2 

reduced sulphur field. 

Oxygen and hydrogen isotope ratios of the mineralizing fluids, 

calculated from analyses of gangue minerals and water extracted from 

fluid inclusions, suggest the Stage 1-3 fluids were an exsolved magmatic 

aqueous phase. A different source, probably heated contemporary ground-

water, is inferred for fluids in later stages. Some mixing of fluid types 

may have occurred during Stage 3. Calculated o34srs values for Stages 1-3 

and Stage 4 fluids average +7.3%o and +7.5%o respectively, and are 

consistent with t~e Pine Hill Granite being the major or sole sulphur 

source for the fluids. 
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INTRODUCTION 

1.1 REGIONAL GEOLOGICAL SETTING 

1 

The Renison Bell cassiterite-sulphide deposits, operated by 

Renison Limited, are situated at lat. 41°47'S, long. 145°26'E in the 

West Coast region of Tasmania (Figure 1-1). They are the most important 

of several similar deposits in ~he West Coast tin province. 

Tasmania forms the southern-most part of the Tasman Orogenic Zone 

in Australia, and its broad tectonic setting and regional metallogeny 

have been discussed by Solomon & Griffiths (1972, 1974) and Solomon 

et al. (1972). The geology of Western Tasmania has been recently 

reviewed in some detail by several authors (Williams & Turner, 1974; 

Williams et al., 1976; Solomon et al., 1976; Corbett & Brown, 1976; 

Williams, 1978), so only a brief outline will be given here. 

The fundamental structure of the Lower Palaeozoic succession in 

Western Tasmania is a narrow, approximately meridional belt of sediments 

and volcanics deposited in the Dundas Trough between two geanticlinal 

blocks of Proterozoic metasediments, the Rocky Cape Block to the west 

and the Tyennan Block to the east (Figure 1-2). 

The oldest known sediments in the Dundas Trough comprise approx

imately 800 m of massive and laminated quartz sandstone of the Success 

Creek Group (Taylor, 1954). The Success Creek correlate at Renison Bell 

contains shales, dolomitic shales and dolomites towards the top. This 

is overlain with apparent conformity by the Crimson Creek Argillite, a 

thick (approximately 2500 m) sequence of green and purple mudstone and 

fine siltstone, volcaniclastic graywackes and minor lavas (Taylor, 1954; 
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Figure 1-'2 Regional geological sketch map of Western Tasmania, modified 
after Williams et al. (1976). Renison Bell district arrowed. 
Devonian granite bodies are -

1. Housetop 
2. Meredith 
3. Granite Tor 
4. Pieman Heads 
5. Pine Hill 
6. Heernskirk 
7. Dalcoath 

'Major'Devonian and Cambrian mineral deposits are indicated 
by crosses -

Devonian: A. Mt. Bischoff (Sn) 
B. Cleveland (Sn) 
c. Mt. Lindsay (Sn) 
D. Renison (Sn) 
E. Razorback (Sn) 
I. Zeehan district (Sn, Ag-Pb-Zn) • 

Cambrian: F. Que River (Ag-Pb-Zn) 
G. Rosebery (Ag-Pb-Zn) 
H. Mt. Read (Ag-Pb-Zn) 
J. Mt. Lyell (Cu). 
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Blissett, 1962). Between Renison Bell and the Meredith Granite the 

Success Creek Group-Crimson Creek Argillite boundary is marked by a 

2 

thin (± 150 m), apparently conformable transition sequence of carbonates, 

cherts (commonly hematitic), conglomerates and lithic wackes (Newnham, 

1975), which includes the "Red Rock" of Conder (1918) and Blissett 

(1962). 

The Crimson Creek Argillite in the Renison Bell area contains a 

number of intrusive gabbro-dolerite bodies, and lava flows have been 

recognised in the Piernan River (Taylor, 1954). The gabbros differ in 

bulk composition from the mafic rocks of the nearby ophiolitic 

complexes (Rubenach, 1973, 1974), particularly in their relative enrich

ment in Ti02, but are similar in composition to the demonstrably 

volcaniclastic members of the Crimson Creek Argillite (Section 2.2). 

The Crimson Creek Argillite, including the transition zone rocks, 

represents the first appearance of volcanic detritus in the Dundas Trough 

sequence, and may :be related to the inception of volcanism in the Mount 

Read Volcanic Belt on the eastern side of the trough. 

The Crimson Creek Argillite is overlain, with presumed conformity 

(Williams, 1976), by sediments of the Dundas Group (Elliston, 1954; 

Blissett, 1962), consisting of about 3800 m of mudstone and siltstone, 

conglomerate, lithic graywacke and some felsic volcanics. The contacts 

with older rocks are commonly marked by high-angle faults, several of 

which are occupied by mafic-ultramafic bodies, such as the Serpentine 

Hill Complex near Renison Bell, which have been regarded as dismembered 

ophiolites (Rubenach, 1973, 1974). The Dundas Group was regarded by 

Rubenach (1974) as unconformably overlying the Serpentine Hill Complex; 

stratigraphic relationships of the other mafic-ultramafic complexes in 

the Trough are obscured by faulting. 
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The Success Creek Group and Crimson Creek Argillite are devoid of 

macrofossils. The oldest macrofossils in the Dundas Trough sequence 

are trilobites near the base of the Dundas Group, indicative of an 

early Middle Cambrian age (Banks, 1962; Williams, 1976). 

Deposition of the Dundas Group sediments, and possibly of part of 

the Crimson Creek Argillite, in the central Dundas Trough was accompanied 

by the development of a thick (at least 2800 m - Campana & King, 1963) 

sequence of predominantly terrestrial, chiefly felsic to intermediate 

lavas and pyroclastics - the Mount Read Volcanic Belt - along the 

eastern margin of the trough. The major rock types include dacitic 

and rhyolitic flows, breccias, ash-fall and ash-flow tuffs, with minor 

sedimentary intercalations. Andesitic and basaltic material is 

relatively minor. Alteration to spilite-keratophyre assemblages is 

widespread (Campana & King, 1963; Solomon et al., 1976). This unit is 

the host for important copper deposits at Mount Lyell, and lead-zinc-

silver deposits at Rcisebery, Mount Read and Que River. 

During the Late Cambrian, minor folding and faulting on the 

eastern margin of the Trough predated deposition of the Tyndall Group 

of siltstones, tuff, sandstone and conglomerate upon the volcanics of 

the Mount Read Belt (Corbett et al., 1974). This was followed by 

extensive deposition of terrestrial Lower Ordovician fanglomerates 

(Banks, 1962; Campana & King, 1963), passing upwards· into shallow marine 

sandstones and limestones of the Junee Group, deposited during the 
0 

Or~vician marine transgression. Shallow marine sedimentation continued 

through the Silurian into the Early Devonian (Eldon Group shales and 

sandstones) . 

The region was affected by major folding and widespread, generally 

post-kinematic granite plutonism during the Late Devonian Tabberabberan 

Orogeny, which affected much of the southern Tasman Orogenic Zone. 
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Subsequent Upper Palaeozoic-Mesozoic terrestrial to shallow marine 

sediments and extensive Jurassic oolerite intrusions are devoid of 

significant metallic mineralization. 

1.2 REGIONAL METALLOGENY 

Metallogeny in Tasmania has been discussed by Carey (1953), Solomon 

(1965), Solomon et al. (1972), and Williams et al. (1976), among others. 

The two major metallogenetic events were the formation of stratifonn 

lead-zinc and disseminated copper deposits associated with felsic 

volcanism in the Mount Read Volcanic Belt (major deposits at Rosebery, 

Que River, Mount Read and Mount Lyell), and of vein-type and replacement 

cassiterite and base-metal mineralization associated with the Devonian 

granitic intrusives. Mineralized districts associated with these 

granites are typically zoned, with varying degrees of perfection, around 

a granite outcrop or subcrop, with a central zone of tin mineralization 

passing outwards into lead-zinc mineralization, e.g. Zeehan (Twelvetrees 

& ward, 1910; Both & Williams, 1968a, b), Renison Bell (Blissett, 1962) 

and Mount Bischoff (Groves et al., 1972). Several cassiterite-sulphide 

deposits occur on the northern and south-eastern flanks of the Meredith 

Granite and adjacent to the small Pine Hill stock. These contain the 

characteristic assemblage cassiterite + pyrrhotite with minor arsenopyrite, 

chalcopyrite, stannite and a variety of minor minerals, and occur 

principally as massive replacements of sedimentary dolomite (Renison Bell, 

Mount Bischoff), massive and disseminated replacements of carbonate-
~) 

bearing graywackes (Cleveland, Mount Lindsay) or ?replacements of 

carbonate-altered serpentinites (Razorback). The Renison Bell deposits 

are the largest of this type in Western Tasmania, producing 4526 tonnes 

of tin in concentrates in 1976, and with reserves of 9,895,000 tonnes at 

1.24% Sn (B.M.R., 1976). 
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1.3 PREVIOUS WORK AT RENISON BELL 

Relatively little academic work has been performed on the Renison 

Bell deposits, and the literature is fragmentary and incomplete. 

Blissett (1962) in a report on the geology of the Zeehan one-mile 

geological sheet, briefly described the workings at that time and 

summarized the previous literature, and subsequent brief descriptions of 

the mine geology were published by Hall & Solomon (1962), Gilfillan 

(1965), Newnham (1975, 1976) and Patterson (1976). Ridge (1976) reviewed 

the geological setting and mineralization of Renison Bell based on 

literature to 1973. Groves (1968) included brief studies of the ore 

mineralogy and rather more extensive studies of the Pine Hill granitoids, 

in a generaly study of the cassiterite-sulphide deposits of Western 

Tasmania, and Collins (1972) examined the geology of the South Renison 

Bell area. Haynes (1969) examined the mineralogy of two drill core 

intersections in the outlying South Montana orebody, and this work was 

reported by Haynes & Hill (1970) and Hill & Haynes (1970). Rafter & 

Solomon (1967) reported 21 sulphur isotopic analyses from various points 

in the Renison Bell field. Stillwell & Edwards {1943) described in some 

detail the mineralogy of the ores then accessible, and Hill & Green {1962) 

examined the thermoelectricity and resistivity of pyrite and arsenopyrite 

from the district. Results of fluid inclusion and stable isotope 

investigations were presented by Patterson & Ohmoto {1976), and 

depositional conditions and hydrothermal transport of tin by Patterson 

(1977). 
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Chapter 2 

GEOLOGY OF THE RENISON BELL DISTRICT 

2.1 ROCK DISTRIBUTION IN THE RENISON BELL DISTRICT 

The geology of the Renison Bell district is shown in Figure 2-1, 

and a schematic cross-section through the mineralized area is shown in 

Figure 2-2. 

The oldest roc::ks exposed in the map area are siliceous elastic 

sediments and minor dolostones and dolomitic shales, which have been 

correlated with the Success Creek Group (Taylor, 1954) by Solomon (1965), 

Corbett & Brown (1976) and Williams et al. (1976), or with the older 

Oonah Formation (Blissett, 1962). Structural features discussed in 

section 2.2 support a correlation with the Success Creek Group, whose 

type area is north-west of Renison Bell. 

The Success Creek Group correlate at Renison Bell has been sub

divided into two siliceous elastic units and two dolomitic units. The 

Dalcoath Quartzite consists of at least 800 metres of thickly-bedded 

quartz sandstone with interbedded sequences of micaceous sandstone, 

siltstone and shale. Minor "pebble beds" containing rounded and broken 

chert fragments 0.5-2 mm in diameter occur about 80 m below the base of 

the No.3 Dolomite. Dolomitic shales and thin dolostone beds occur 

throughout the sequence, and increase in abundance towards the base of 

the No.3 Dolomite. 

The No.3 Dolomite is approximately 5 m thick in the northern end 

of the mine, where it co~sists of fine-grained massive to laminated 

dolomite with occasional quartz-muscovite shale interbeds. The unit 

thins to the south anm gradually passes into a calcite-bearing shale. 
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Figure 2-1 Geological sketch map of the Renison Bell district, 
compiled from mapping by Renison Ltd., Groves (1968), 
Collins (1972), Rubenach (1974) and the author. From 
Patterson (1976), with minor modifications. Dotted ellipse 
indicates approximate limit of Renison Mine workings. 
Nomenclature of units within the Success Creek Group has 
been modified as follows: 

Patterson (1976) This work 
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~~~~~~~~~~~~~~ 
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Dalcoath Quartzite 



SW 

A Renison Bell 
Hill 

/ Member 
Quartz-Feldspar 
Forphyry Dyke 

0 

Figure 2-2 

Carbonate_.,,,,, 

Dalcoath Member 

100 200 metres 

Renisol" Bell 

Dreadnought 

Hill Member 

Idealized cross-section through northern part of Renison Mine, 
from Patterson (1976). See Figure 2-1 caption for modified 
stratigraphic nomenclature. 

NE 

B 

-



7 

The No.3 Dolomite is overlain by the Renison Bell Shale, approx

imately 60 m thick, which consists of thinly-bedded quartzite and 

interlaminated quartz sandstone and shale, with approximately 10 m of 

pyritic black shale towards the top. Lees (1973) has subdivided the 

Renison Bell Shale in the mine area into the following units: 

Member A - approx. 30 m of dolomite (No.2 Dolomite) and underlying 

carbonate-rich shales, thin dolomites, siltstones, cherts. 

Member B - approx. 30 m of interbedded shales and siltstones, 

includes pyritic black shales. 

Member C - 20-30 m of fine-grained quartzite c...nd grit ("pebble beds"). 

Member D of Lees (op. cit.) includes the No •. 3 Dolomite and footwall 

shales. 

The contact with the underlying No.3 Dolomite is apparently 

conformable, but clasts of dolomite and chert at the base of the Renison 

Bell Shale suggest the presence of at least local disconformities. 

As with the Dalcoath Quartzite, the Renison Bell Shale becomes 

markedly more dolomitic towards the top, where it passes with apparent 

conformity into the No.2 Dolomite, consisting of approximately 15 m of 

massive to thinly laminated dolostone with shaly partings and occasional 

dolomitic shale interbeds. 

The No.2 Dolomite is overlain by a sequence of cherts, conglomerates 

and quartz sandstones, all variably hematitic, known locally as the Red 

Rock Member. This was considered to be the basal member of the Crimson 

Creek Argillite by Blissett (1962) and subsequent authors, but has been 

grouped into a "transitional sequence" underlying the Crimson Creek _ 

Argillite by Newnham (1975), who has also demonstrated the regional extent 

of this unit and its correlates. The relationship of this unit to the 

underlying No.2 Dolomite is unclear; there is no significant structural 

discontinuity across their contact (see section 2.2) and contacts in the 
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mine area are apparently conformable, but the presence of dolostone 

fragments and silicified and dolomitised oolite fragments in the lower 

parts of the Red Rock Member suggest at least a disconformable contact, 

which would be consistent with the radical change of lithology 

represented by the Red Rock Member, which marks the first appearance 

of volcanic debris in the sedimentary sequence. 

The Red Rock Member has an average thickness of approximately 

20 metres in the mine area, but both the thickness of the unit and the 

thi~kness of internal lithologic sub-units varies rapidly from point to 

point. 

The Red Rock Member is succeeded in the mine area, apparently 

conformably, by siliceous and dolomitic shale (No.l Dolomite), and this 

in turn by shales and graywackes of the Dreadnought Hill Member, which 

is at lea~t 1000 metres thick in the Renison Bell area. Coarse-grained 

members of this formation are sand-grade volcaniclastic graywackes with 

minor non-volcanic clast~c material (see section 2.3); finer-grained 

members are fine siltstones and shales of similar mineralogy and 

chemical composition.' Basaltic (gabbro, dolerite) sills and dykes are 

relatively common in the Dreadnought Hill Member in the Renison Bell 

area, and Taylor (1954) has reported a basalt flow in Crimson Creek 

rocks in the Pieman River, nort~-west of Renison Bell. 

South and south-west of Renison Bell, the Dreadnought Hill Member 

is in faulted contact with the Serpentine Hill Complex, a sequence of 

gabbros, extensively serpentinized ultramafic rocks, dolerites and mainly 

basaltic volcanics, regarded as a dismembered ophiolite (Rubenach, 1974). 

Although in close prcximity to basaltic intrusives in the Dreadnought 

Hill Member, the two •igneous groups are c&emi~aliy distinct and apparently 

unrelated. 
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Near Pine Hill the Serpentine Hill Complex is in faulted contact 

with sediments of the Dundas Group, but Rubenach (1974) has demonstrated 

that the Dundas Group sediments unconformably overlie rocks of the _, 
~ 

Complex ~rther to the west, and that fragments of gabbros and volcanics 

presumably derived from the Complex are incorporated in the basal 

conglomerates of the DuP-das Group. The inference by Blissett (1962) of 

an intrusive contact between the Serpentine Hill Complex and the Dundas 

Group is regarded as erroneous. 

The Dundas Group in the type area 6 km south of Renison Bell is 

approximately 3300 m thick (Elliston, 1954) and has been subdivided into 

several lithologic units of slate, graywacke and conglomerate. Similar 

lithologies occur in the Dundas Group in the Renison Bell area, but 

complex faulting and probable lateral facies changes preclude reliable 

correlation with defined formations in the type area. Macrofossils in 

the Dundas Group indicate a Lower Middle Cambrian to Upper Cambrian age 

for the Group (Opik, in Banks, 1957). 

The pre-Devonian rocks in the Renison Bell area are intruded by a 

variety of granitic rocks which outcrop at Pine Hill, south-east of 

Renison Bell. Rocks exposed here are equigranular or porphyritic biotite 

granites, which have undergone extensive greisen alteration in several 

stages (see Section 2.3). Deep diamond drilling between Pine Hill and 

Renison Bell township has intersected little-altered biotite granites 

intrusive into metamorphosed Crimson Creek Argillite and Success Creek 

Group rocks, and several quartz porphyry dykes up to 5 m wide radiate 

from Pine Hill; one of tpese exposed in a quarry on the Murchison Highway 

yielded a Rb-Sr age of 355 ± 4 m.y. (Brooks, 1966). Sedimentary rocks 

and units of the Serpentine Hill Complex are thermally metamorphosed for 

at least 1.5 km away from Pine Hill but the size of this aureole is due 

largely to the shallow north-west dip of the granite contact; pronounced 



thermal metamorphic effects in the Renison Mine area are restricted 

to approximately 800 metres radially from the granite contact. 

Sediments and the sulphide orebodies in the Renison Mine area 

are also intruded by a thin (±1 metre) dyke of porphyritic pyroxene

olivine basalt (not shown in Figure 2-1) and similar material which 

may be the, same dyke occurs on the northern side of Pine Hill. The 

age of this dyke is not known, and correlations with Jurassic, 

Cretaceous and Tertiary mafic igneous rocks are possible, as is an 

interpretation as a minor mafic phase associated with the Pine Hill 

granites. 
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East and north of Renison Bell the older sediments are uncon

formably overlain by discontinuous patches of Quaternary alluvial and 

fluvioglacial deposits, containing laminated clays, sands and gravels 

with abundant cobbles and boulders, chiefly of quartzite and fragments 

of siliceous Ordovician conglomerate. Minor Quaternary deposits are 

also present in the Argent River and Ring River valleys. 

2.2 STRUCTURAL GEOLOGY 

2.2.1 Regional Structur~ 

The Renison Bell district lies on the north-eastern flank of a 

regional anticline whose axis strikes approximately north-west and 

plunges shallowly south (Figure 2-1; also Blissett, 1962), approximately 

at right angles to the regional Tabberabberan trends of Carey (1953) 

and the early long w~velength folds of Solomon (1962) . The detailed 

structure of the south-western limb is not well known, interpretation 

of the poor exposures in the Dreadnought Hill Member being complicated 

by drag on faults adjacent to the Serpentine Hill Complex. Knowledge 

of the north-eastern limb is rather better, owing to the extensive 

development of Success Creek Group siliceous sediments and excellent 

exposure provided by mine roads and workings. 
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Between the approximate position of the fold axial surface trace 

and the Bassett-Federal Fault the north-eastern limb is approximately 

monoclinal with minot subsidiary folds parallel to the main fold axis. 

A stereographic plot of bedding attitudes from surface exposures in 

this area (Figure 2-3a) shows a single broad maximum corresponding to 

an average attitude of strike 320°, dip 25° at 050°. The simple 

structural pattern shown here is similar to that in Success Creek 
U/' 

Group rocks f)'rther west (Williams et al., 1976), and contrasts with 

the complex deformation shown by the older Oonah Quartzites and slates 

in the same area, which have been affected by the Late Proterozoic 

Penguin Orogeny. 

As was pointed out by Groves (1968), there is a progressive swing 

in strike of the sediments from approximately north-west at Renison Bell 

to near north-east at Pine Hill, suggesting a closure of the major 

anticline in the vicinity of Commonwealth Hill. 

2.2.2 Faulting and jointing 

The north-eastern limb is extensively faulted between Renison Bell 

township and the Battery mine; the major faults are shown in Figure 2-1. 

Major faults are exclusively normal, with dips generally in the range 

55°-80°. Dips in the pre-Crimson Creek sediments are considerably 

steepened near the Bassett-Federal Fault (Figure 2-2) which suggests 

that the block of sediments between the Bassett-Federal and Argent Faults 

may have been diapirically uplifted. 

Major faults in this area fall into two groups: 

(1) A well-developed set striking approximately north-west, sub-

parallel to the major fold axis, and 

(2) Shorter transverse faults between the main longitudinal faults, 

falling roughly into a set striking ENE and developed principally 

adjacent to the Bassett-Federal Fault, and a set striking NNE 

developed principally adjacent to the Argent Fault. 



Figure 2-3 Summary of structural data for Renison Mine and district. 
All diagrams are lower-hemisphere equal area projections, 
hand contoured using a Kalsbeek net. N is true north, 
GN is Renison Mine grid north. 

(a) Poles to bedding, surface measurements in all units 
in the central uplifted block between the Argent and 
Bassett-Federal Faults. 100 points. Contours 1, 5, 10, 
15% per 1% area. 

(b) Shaded area is area of overlap of 10% areas of poles 
to bedding measured for individual stratigraphic units in 
major fault blocks in Ren'ison Mine. Cross-hatched area 
is area of maximum overlap. Dot-dash line is mean girdle 
and solid hexagon is mean position of inferred minor 
fold axes. Stippled zone is envelope of traces of 
attitudes of Shears L, P. 

(c) Poles to minor faults, Renison Mine. 47 points. 
Contours 1, 5, 10% per 1% area. 

(d) Poles to joints, Renison Mine. 233 points. 
Contours 1, 5, 10, 20, 30% per 1% area. 

(e) Poles to bedding in Dalcoath Quartzite between 
Shears L, P in Renison Mine. 121 points. Contours 1, 5, 
10, 15, 20% per 1% area. Approximate girdle (dashed) and 
inferred minor fold axes (solid hexagon) • 

Diagrams (a)-(e) are mainly compilations of data from 
mapping by geologists of Renison Ltd., with minor 
supplementary data collected by the author. 

(f) Summary of structural data for the Renison Bell 
Shale in the Battery Mine area. Shaded zone: poles to 
bedding, 64 points, contours 1, 5, 10, 15% per 1% area. 
A-A is inferred major fold axis. Stippled zone is 
envelope of traces of axial surfaces of minor folds, 
solid circles are axes of minor folds. 
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The major boundary faults of the central uplifted block are the 

Bassett-Federal Fault to the north-east and the Argent Fault to the 

south-west. The Bassett-Federal Fault has a vertical component of 

movement of at least 1000 metres near Renison Mine, but movement on 
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this fault· appears to have been scissors-like, as the vertical movement 

decreases to the north-west, being only a few hundred metres north-west 

of Renison Bell township. Vertical movements on the Argent Fault are 

not known with comparable accuracy but must be at least several hundred 

metres. Movements on faults of this set within the uplifted block are 

much less, of the order of several tens of metres. Movemen~s on the 

major transverse faults are of comparable magnitude, with vertical move

ments of about 50-100 metres. There is little or no tilting of blocks 

between transverse faults in the Renison Mine area; maxima of poles to 

bedding for each formation in each fault block coincide almost exactly 

(Figure 2-3b), indicating essentially a constant bedding attitude from 

block to block. 

In addition to ~he major faults described above, swarms of minor 

faults occur in Renison Mine. Attitudes are rather variable, as shown 

in Figure 2-3c, but two weak maxima correspond to a set approximately 

parallel to Shears Land P (envelope of att~tudes shown in Figure 2-3b), 

and a second set approximately at right angles to the first. Movement 

on these minor faults is generally normal, with vertical movements of 

the order of 0.5-10 metres, but occasional minor faults with reverse 

movement were noted by the author at the northern end of the mine, and 

also at the Battery mine. 

Jointing is well-developed in the siliceous Success Creek Group 

sediments in Renison Mine. Joint attitudes vary considerably but are 

dominated by a vertical to near-vertical set striking approximately 

350° (Figure 2-3d), approximately bisecting the two minor fault maximum 

attitudes. 
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2.2.3 Age of faulting 

The major longitudinal faulting in the area was regarded as pre-

ore by Hall & Solomon (1962) and Gilfillan (1965). Transverse faults 

were considered to be post-ore because they displace ore (Hall & 

Solomon, 1962; Groves, 1968). Development of transverse faulting 

prior to, during and after mineralization is suggested by the following 

points: 

(1) Metal zon~ng patterns in orebodies replacing No.2 and No.3 

Dolomites indicate that minP.ralizing solutions gained access to the 

dolomitic beds via the Bassett-Federal Fault and Shears L and P, as 

well as by occasional minor faults (see Chapter 3). Comparison of metal 

zoning patterns in the same stratigraphic horizon across Shears L and P 

indicates that the sulphide orebodies are not fragments of a single 

continuous body of mineralization, but developed independently after 
? 0\.'~JOCqh-~ cfl..SY>1~~YV<A--

faulting ~ad(split up) the host carbonates. 

(2) Shears L and P, and minor parallel faults, contain mineralization 

of both early (pyrrhotite-cassiterite) and later (quartz-arsenopyrite-

pyrrhotite-cassiterite) type, which together with the evidence from 

metal zoning in the replacement orebodies suggests that the faults 

were at least open, and possibly moving, during mineralization. 

(3) Repeated movement during mineralization in the Bassett-Federal 

Fault zone is indicated by mutually intersecting sets of qu?rtz-sulphide-

cassiterite veins in the Federal orebody. Quartz of this stage in the 

' f 

Federal orebody and from Shears L and P contains angular chips of 

pyrrhotite probably derived from earlier replacement mineralization. 

(4) Minor faults displacing ore in replacement orebodies have a few 

millimetres to a few centimetres of sheared sulphide fault-fill, and 

walls of polished and slickenslided massive sulphide ore. Late 

sphalerite-galena veins occupy minor faults of this type striking roughly 
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at right angles to Shears L and P, and are themselves sheared and 

partly rehealed by later quartz and calcite. 

(5) Deformation ~extures in sulphides from parts of Renison Mine and 

outlying orebodies indicate they have undergone a period of deformation 

at about 3oo0 c, probably associated with faulting and/or f~lding contem-

poraneous with mineralization (Section 3.3.3). 

2.2.4 Structural style of Success Creek Group and Crimson Creek Argillite 

~s discussed in Section 2.1, the sediments of the Success Creek 

Group and Crimson Creek Argillite have an apparently conformable contact 

in the Renison Mine area. Individual units in the mine have a simple 

structural style, as shown in Figure 2-3e for the Dalcoath Quartzite 

between Shears L and P. They show a slightly ovoid concentration of 

bedding poles indicating a general north-westerly strike, with feebly 

developed folding inferred about an axis plunging shallowly north-east. 

Superimposition of stereographic plots for Success Creek Group and 

Crimson Creek Argillite units in each of the major fault blocks 

(summarized in Figure 2-3b) indicates no significant differences in 

attitude or structural style, indicating the groups are in structural 

conformity. 

' 
The minor transverse folding ref erred to above' is better developed 

in the Renison Bell Shale and Dalcoath Quartzite (e.g. Figure 2-3b) and 

suggests that two phases of folding have affected the area. Transverse 

folding was determined in the Battery Mine area by Hill & Solomon 

(summarized in Groves, 1968), and remapping in this area by the author 

has confirmed this determination. Poles to bedding (Figure 2-3f) 

indicate the presence of broad open folding about a near-horizontal axis 

striking north-west, parallel to the district anticline. Axes of 

outcrop-scale folds, which are open folds with amplitudes of 0.5-3 metres 
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and wavelengths of 3-10 metres, fall in a region approximately at 

right angles to the main fold, striking approximately northeast

southwest. Minor folds in the Renison Mine have a similar orientation. 

Age relationships of the two fold sets are unknown, but both may 

be attributed to the Tabberabberan Orogeny. Two sets of Tabberabberan 

fold trends are present in Western Tasmania (Solomon, 1962), and are 

well developed in the Zeehan area (Blissett, 1962), 'and 10-20 km south 

in the Strahan area (Baillie & Williams, 1975). The intensities of 

the two folding sets vary from point to point, and are commonly not 

of equal development. Mapping at Renison Bell is not of sufficient 

extent to determine whether the minor north-east fold set is related 

to regional structures of a similar trend. 

2.3 CLASTIC SEDIMENTS IN THE SUCCESS CREEK GROUP 

The sediments of the Success Creek Group consist principally of 

shale, quartz siltstone and sandstone (orthoquartzite and proto

quartzite), with minor bedded dolomite and dolomitic shale. The major 

carbonate beds are discussed in greater detail in section 2.5. As the 

names suggest, the Renison Bell Shale is dominated by shales and 

siltstones and the Dalcoath Quartzite by quartz sandstone and siltstone, 

but the range of lithologic types and their petrographic features are 

essentially the same in both formations. 

outcrop of the Success Creek Group in the Reni~on Bell area is 

restricted to the central upfaulted block and its north-western 

extension, as shown in Figure 2-1. Sediments in the Group can be divided 

into four associations, which recur apparently randomly over thicknesses 

of 2-20+ metres, with the exception of a cyclic change from elastic 

through elastic/carbonate to carbonate sedimentation at the top of the 

Dalcoath Quartzite and Renison Bell Shale. The four associations 

recognised are: 
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(a) Quartz sandstone association, consisting predominantly of 

thin to medium bedded (5 cm to l+ metres) orthoquartzite and proto-

quartzite, with minor intervening laminae of quartz siltstone and shale. 

This association typically has planar bedding, with rare cross-strati-

fication in thin-bedded quartz sandstones (alpha-type of Allen, 1963). 

Silt and shale laminae are occasionally braided with amplitudes of 

5-10 mm and wavelengths of 1-10 cm, probably representing weakly 

developed current ripples. 

(b) Sandstone-shale association, consisting of thickly laminated 

to thinly bedded (3 mm - 5 cm) alternating quartz sandstone and quartz 

siltstone or shale. Bedding is typically planar, with minor graded 

bedding in sandstone laminae and rare scouring at their base. Silt 

laminae occasionally show braiding similar to that described in the 

quartz sandstone association. 

(c) Siltstone-shale association, consisting of thinly to thickly 

laminated (-1 mm - 10 mm) quartz siltstone and grey to black shale, 

the latter commonly pyritic. Sporadic laminae of quartz sandstone may 

occur. Bedding is typically planar with occasional sections of lenti-

cular (5-20 cm wavelength) bedding resembling the flaser bedding 

illustrated by Conybeare & Crook (1969, p.288-289). 

(d) Carbonate siltstone-carbonate association, consisting of 

thinly to medium bedded carbonate-rich (typically dolomitic) quartz 

siltstone alternating with silty dolomite and comparatively pure dolomite. 

Bedding is typically planar, with undulating lamination occasionally 

developed in dolomitic silts and silty dolomites, resembling plane-

laminated stromatolites. This sequence at th~ top of the Dalcoath 
I 

Quartzite and Renison Bell Shale passes gradationally into the major 

carbonate beds of the No.3 and No.2 Dolomites. 
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Envirorunentally diagnostic sedimentary structures are rare, but 

comparison of the bedding and other sedimentary features with the 

checklists of Conybeare & Crook (1968, p.53-60) suggests a marine 

deposition~l envirorunent for the elastic sediments, which is consistent 

with a marine origin for the carbonate rocks (section 2.5). Water 

depths are indetenninate but possibly shallow. 

elastic -sediments have constant petrographic features in the 

least metamorphosed parts of the Dalcoath Quartzite and Renison Bell 

Shale. Quartz sandstones consist predominantly of subangular to 

rounded quartz, typically with pronounced undulose extinction, but with 

only few strings of fluid inclusions and rarely with inclusions of 

zircon or apatite. Mica or feldspar inclusions were not observed. 

Varieties richest in quartz (e.g. 103872, 103967) exhibit authigenic 

quartz ~vergrowths on well-rounded detrital quartz cores, and it is 

probable that much of the quartz in the more micaceous varieties was 

also originally well rounded. Chert, quartzite and quartz-mica schist 

are minor detrital components, as are detrital feldspars CK-feldspar, 

rarely plagioclase) now represented by ovoid aggregates of kaolinite 

and muscovite. The majority of quartz sanGstones contain 1-2% of 

detrital muscovite, and partial or continuous rims of fine-grained 

mµscovite around individu?l quartz grains, which may be a recrystallized 

argillaceous cement. 

The heavy mineral suite of the quartz sandstone is mature, 
~ -4:--

consisting of green to brown tourmaline with pale ?authigenic overgrowths, 

pink zircon and yellow-brown rutile. Fine-grained rutile or anatase 

occurs in cloudy skeletal patches, probably after detrital ilmenite, and 

as rims on detrital rutile. 1-2 mm pyrite poikiloblasts occur sporadic-

ally. 



The quartz sandstones are typically unimodal in their grainsize 

distribution, • ..,ith average grainsizes between 50 and 200 µm. The 

"pebble beds" which occur near the top of the Dalcoath Quartzite and 
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the base of the Renison Bell Shale (e.g. 103874, 103818) are however 

strongly bimodal with a coarser population of very well-rounded quartz, 

polycrystalline quartz and chert comprising 10-50% of the total, in a 

matrix of well-rounded quartz-cemented quartz and minor chert (Plate 2-1). 

Detrital micas and recrystallized mica ?cement are rare. These beds 

resemble the bimodal aeolian Randstones described by Folk (1968) and 

Glennie (1970, Ch.8) and may have an aeolian origin. Grainsizes of the 

coarse ~raction increase to the north and west of the mine area. 

Other minor variants of the quartz sandstones include micaceous 

quartz sandstones with 15-40% fine-grained muscovite, in part detrital, 

as a semi-continuous matrix to generally subangular quartz grains, and 

conglomeratic varieties (e.g. 103869) with 2-10+ mm rounded clasts of 

quartz sandstone in a matrix of micaceous quartz sandstone/siltstone. 

Clast boundaries in this sample are diffuse and marked by micaceous and 

carbonaceous films, apparently due to pressure solution of matrix quartz. 

Minor dolomite clasts occur in quartz sandstones at the base of the 

Renison Bell Shale. 

Quartz siltstones consist of silt-grade quartz, with similar petro

graphic features to that in the quartz sandstone, in a matrix of fine

grained muscovite. Quartz is typically mor~ angular than in the quartz 

sandstones. Detrital rock fragments are rare, but coarse detrital 

muscovite relatively common. These rocks pass gradationally into 

micaceous shales by loss of the detrital silt~grade quartz fraction. 

Heavy mineral suites of siltstones and shales are identical with that of 

the quartz sandstones. Carbonate siltstones contain up to 50% of 

granular carbonate (typically dolomite, occasionally calcite) admixed 



Plate 2-1. Bimodal quartz sandstone (103818). Larger, 
well - rounded grains are mi crocrystalline chert, partly 
replaced by tourmaline at lower left. Smaller, angular 
grains are quartz . Black patches at upper and lower 
right are pyrrhotite. Scale bar (lower right) is 
1 millimetre. Transmitted light, 1 polar . 

Plate 2-2. Thinly laminated sandstone and siltstone from 
Dreadnought Hill Member (103977) showing sharp boundary 
between prh~ary reduced (left) and oxidized (right) 
sediments. Sediments are cut by calcite veinlets (white) 
parallel and transve r se to bedding, which have displaced 
the redox boundary . Scale bar (lower right) is 1 milli 
metre. Transmitte d light, 1 polar. 



with quartz silt, and pass into pure carbonate rocks by loss of the 

detrital silt fraction. 
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The nature of the elastic grains and rock fragmenLs in these 

sediments suggests a predominantly metamorphic provenance, with some 

local reworking indicated by the presence of dolomite clasts in quartz 

sandstones overlying the No.3 Dolomite. Quartz and feldspars may also 

be of granitic derivation, but granitic or volcanic rock fragments 

~ave net been observed. The Precambrian metasediments of the Tyennan 

or Rocky Cape Blocks are a likely source area for the Success Creek 

Group sediments. 

2.4 THE CRIMSON CREEK ARGILLITE AND ASSOCIATED INTRUSIVE ROCKS 

Subdivision of the Crimson Creek Argillite has been outlined in 

section 2.1. The basal members, including the Red Rock Member, No.l 

Dolomite and the basal part of the Dreadnought Hill Member were included 

by Newnham (1975) in a regional marker sequence traceable from Renison 

Bell 30 km north-west to the Mount Lindsay tin prospect. The No.l 

Dolomite is similar in mineralogy and chemistry to carbonate beds in the 

Success Creek Group and is described with them in section 2.5. 

2.4.1 The Red Rock Member 

This unit outcrops in the central upfaulted block (Figure 2-1) and 

in a belt from Renison Bell north-west to Mount Lindsay (Newnham, 1975). 

The lithology is extremely variable, being dominated by hernatitic 

cherts and sandstones, graywackes and conglomerates, with minor hernatitic 

silts and carbonate beds. Individual lithologic units vary rapidly in thick

ness and are apparently lenticular in form, and hole-to-hole correlations 

are not possible in many cases. Groves (1968) and Collins (1972) have 

described material from the Red Rock Member at Renison Bell. 
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The cherts consist essentially of granoblastic quartz dusted with 

hematite (e.g. 103851), and conunonly contain veinlets and disseminated 

rhombs of ferroan dolomite. Both massive and thinly laminated varieties 

occur, and ovoid nodules up to 20 cm in diameter, commonly with radial 

septarian cracks, are common in surface exposures of massive cherts. 

Magnetite occurs in some cherts (Groves, 1968) and there is a general 

tendency for the hematitic members of the Red Rock Member to lose their 

red colouring close to tin mineralization. Hematitic sandstones 

(103847, 103849, 103850) consist of ovoid chert pellets 0.5-2 cm in 

diameter, closely packed and cemented by quartz and hematite. Minor 

interbedded sandstones consist of similar grains composed of rhombic, 

zoned ferroan dolomite (103848). Both chert and dolomite grains contain 

occasional ghost laminations, commonly concentric, and appear to be 

pseudomorphous after carbonate grains, either peloids or oolites, and 

comparable to the silicified oolites found in the No.2 and No.3 Dolomites 

north-west of Renison Bell (Newnham, 1975). No conclusive evidence was 

found of a carbonate parent for the massive or laminated cherts. 

Graywackes and conglomerates are common (e.g. 103841-103846) and 

are markedly polymict, with angular to well-rounded grains and pebbles 

of dolomite, chert (silicified peloidal or oolitic carbonate), micro

crystalline chert, basaltic or andesitic volcanics, metaquartzite, mica 

schist, granite, massive or laminated shale and stra~ned quartz in a 

fine-grained matrix composed mainly of muscovite and chlorite. In 

several samples the matrix is strongly foliated (103841, 103844, 103845) 

and shale fragments drawn out into flame-like shapes, probably due to 

slumping. Volcanic ffagments are generally crystalline and similar to 

those in the Dreadnought Hill Member, but possible tuff fragments occur 

in some samples (103841, 103844). 
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2.4.2 The Dreadnought Hill Member 

Sediments of the Dreadnought Hill Member occur extensively north

east and south of Renison Bell. Outcrop is poor over much of the area, 

the sediments.weathering to a stiff red-brown mud, but exposure is 

adequate in the contact-metamorphosed zone around Pine Hill. 

Due presumably to the generally indifferent exposure, monotonous 

lithology and lack of economic interest there has been little detailed 

examination of the Dreadnought Hill Member. Blissett (1962) refers to 

graywacke, purple, red, green and brown siltstone and mudstone and black 

shale. Minor conglomerate and a vesicular basalt flow were reported by 

Taylor (1954), and Groves (1968) refers to spilite fragments in 

graywackes in the Renison Bell area. 

At Renison Bell the Dreadnought Hill Member consists of massive to 

thinly bedded siltstope, shale and graywacke in various shades of green 

and red-brown. Rock colours are due to variable degrees of oxidation and 

boundaries between oxidized and reduced sediments may be extremely sharp 

and transverse to bedding (e.g. 103977; Plate 2-2). Chronological 

relationships between oxidized and reduced varieties are unclear, but the 

lowermost 15 metres of the unit is generally a hematitic chert (Newnham, 

1975) and overlying graywackes and shales are generally hematitic away 

from the mine area. Bedding is typically planar, with development of 

small scours, load casts and flame structures at the base of graywacke 

beds, which are typically graded and may carry wispy fragments of 

siltstone and shale near their base. Siltstone and shale laminae are 

commonly contorted and microfaulted, and in some samples are thoroughly 

disrupted in a manner resembling bioturbation, although well defined 

burrows or macrofossil traces have not been observed. A marine, probably 

deep water turbidite environment of deposition is inferred for the unit. 
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The sand-grade rocks in the Dreadnought Hill Member are volcani

clastic graywackes, consisting chiefly of rounded fragments of 

basaltic or andesitic igneous material closely packed in a chloritic 

matrix (Plate 2-3). Rounded grains of fine-grained chlorite are common 

and probably represent original glass. Detrital quartz and chert are 

uncommon in samples near Renison Mine, but ar~ common in metamorphosed 

graywackes on the northern slopes of Pine Hill, which may be higher in 

the sequence than those near Renison Mine.. In samples from Pine Hill 

(103736-103741) strained monocrystalline quartz, rounded fragments of 

chert, metaquartzite and rare mica schist are major components of the 

volcaniclastic graywackes, whereas graywackes from Renison Mine contain 

only minor unstrained quartz, which appears embayed although devoid of 

mineral or glass inclusions, and may be of volcanic derivation (e.g. 

103649, 103653, 103662). Chert fragments in these rocks include 

silicified carbonate rock fragments (e.g. 103651). Unsilicified dolomite 

fragments are rare. 

Igneous rock fragments are predominantly basaltic or andesitic in 

character, consisting of randomly oriented or pilotaxitic plagioclase 

laths with interstitial clinopyroxene, opaques and altered glass. 

Ophitic gabbro fragments are less common. Fragments are generally 

extensively altered,with plagioclase replaced by albite ± calcite and 

ferromagnesian minerals by chlorite ± anatase. Rounded pyroxene and 

plagioclase grains, generally altered but fresh in some samples (e.g. 

103649) are probably derived from gabbros or basalt phenocrysts, while 

samples containing abundant euhedral feldspar laths (103663, 103675) 

are probably epiclastic tuffs. 

Silt- and shale-grade rocks contain relatively minor amounts of 

identifiable elastic grains in an unresolvable cloudy chloritic matrix. 



Plate 2- 3 . Volcaniclastic graywacke of the Dreadnought 
Hill Member (103649) , composed chiefly of rounded 
fragments of basaltic volcanics, and sporadic detrital 
clinopyroxene (P) in a chlorite matrix. Grains composed 
chiefly of chlorite (C) may represent original glass 
fragments . Scale bar (lower right) is l millimetre. 
Transmitted light , l polar. 

Plate 2-4. Granular to subidiotopic dolomite (103730) 
with minor disseminated chlorite (white laths) and 
quartz (Q), and cut hy sporadic stylol i tes (dark streaks 
at right). Scale bar (lower right) is l millimetre. 
Transmitted light , l polar . 
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Detrital quartz is more .abundant than in the sand-grade sediments and 

is typically angular in contrast to the generally well-rounded quartz 

in sand-grade sediments.· 

2.4.3 Mafic Intrusives in the Dreadnought Hill Member 

Mafic igneous rocks occur sporadically throughout the Dreadnought 

Hill Member in the Renison Bell district. They are predominantly 

gabbros with minor fine-grained variants, and are apparently intrusive 

into the enclosing sediments, although some flows may occur (Taylor, 

1954). In thin section (103650, 103816, 103817, 103988) they consist 

of columnar calcic plagioclase (An45_55) ophitically enclosed by 

quartz and orthoclase. Euhedral magnetite, embayed euhedral ?ilmenite 

(now represented by fine-grained TiOz) and acicular apatite are minor 

phases. They are moderately to extensively altered, with replacement 

of pyroxenes by feathery actinolite + chlorite, and plagioclase by 

albite + calcite + chlorite. Chlorite-actinolite veining is common. 

Whole-rock analyses for gabbros from Renison Mine and the Ring 

River are shown in Table 2-1. They are chemically distinct from the 

ophiolitic gabbros of the Serpentine Hill Complex (Rubenach, 1974), and 

closely resemble the volcaniclastic members of the Dreadnought Hill 

Member (Table 2-2). On the basis of this chemical similarity and the 

presence of texturally similar gabbro clasts in the greywackes, they 

are thought to be broadly contemporaneous with deposition of the 

Dreadnought Hill Member and to be comagmatic with the igneous parent 

of these sediments. 

I 



Table 2-1 Composition of intrusive rocks in the 
Dreadnought Hill Member. 

103816 103988 31832* A 

Si Oz 50.33 45.88 47.18 46.59 

Alz03 13.83 14.75 16.31 15.86 

FeO** 13.19 12.75 13.27 9.39 

MnO 0.28 0.13 0.24 0.19 

MgO 5.28 7.69 5.43 10.34 

cao 8.17 7. 72 7.70 13.60 

Na2o 3.65 2.81 2.97 o. 77 

KzO 1. 75 0.86 0.56 0.00 

Ti Oz 1. 75 1.49 1.68 0.19 

PzOs 1. 28 1.24 0.12 0.00 

Loss 1.58 3.28 4.23 2.50 

Total 101.09 98.60 99.69 99.43 

* From Rubenach (1974). 

A Average of, three analyses of gabbro from 
Serpentine Hill complex, after Rubenach (1974). 
Plus 0.10% Crz03. 

** Total iro~ as FeO. 
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2.4.4 Chemical Relationships of the Dreadnought Hill Member and 

Associated Intrusives 
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As part of an investigation of wallrock alteration adjacent to the 

Bassett-Federal Fault, 41 samples of Dreadnought Hill Member sediments 

in three drill holes were analyzed for major elements. Analytical 

results and their significance in terms of mineralization-related 

alteration are discussed in Chapter 3; in brief there are no apparent 

alt8ration effects which could be conclusively related to mineralization. 

In view of this, and of the petrographic features of the sediments, it 

was thought that the major element analyses could be used in a prelim

inary way to investigate the nature of the volcanic parent of these rocks, 

and their possible relationship to igneous rocks in the Mount Read 

Volcanic Belt. 

The petrography of volcanic fragments in the Dreadnought Hill 

Member suggests a basaltic or andesitic source. Major element analyses 

of sand-grade graywackes, in which contamination by extraneous elastic 

material is thought to be slight, confirm a bulk basaltic composition for 

the rocks as indicated by the average of available analyses, shown in 

Table 2-2. Moderately altered gabbros intrusive into the Dreadnought 

Hill Member have a very similar chemical composition and are probably 

comagmatic with the parent basalts of the graywackes. 

Estimation of the specific magmatic character of the parent basalts 

of the graywackes is rather more problematical. Comparison of normative 

compositions from Table 2-2 with representative CIPW norms for igneous 

rocks tabulated by Carmichael et aZ. (1974, Ch.2) suggests a correlation 

with tholeiitic basalts, and the high Ti02 contents of the Renison Bell 

rocks would further suggest a correlation with the oceanic tholeiites. 

Analyses plotted on an alkalis vs. silica diagram (Figure 2-4) fall partly 

within the alkali basalt field of Macdonald & Katsura (1964), but may have 



Table 2-2 Average compositions of sand-grade volcani
clastic graywackes and intrusive gabbros 
from the Dreadnough~ Hill Member. 

Average Average 
graywacke Range gabbro Range 

(21 samples) (3 samples) 

Si02 49.41 43.70-55.18 47.80 45.88-50.33 
Al203 13. 96 10.52-16.54 14.96 13.83-16.31 
FeO* 13 .62 10.04-16.03 13.07 12.75-13.27 
MnO 0.29 0.07- 0.94 0.20 0.13- 0.28 
MgO 7.02 4.10-13.34 6.13 5.28- 7.69 
cao 6.06 1. 26-11.31 7.86 7.70- 8.17 
Na20 2.21 1.13- 5.29 3.14 2.81- 3.65 
K20 1. 76 0.09- 4.50 1.06 0.56- 1. 75 
Ti02 2.53 1.47- 4.34 1.64 1.49- 1. 75 
P205 ' 0.86 0.09- 1.26 0.88 0.12- 1.28 
Loss 3.02 0.59- 9.88 2.43 1.58- 3.28 

100.74 99.17 

C.I.P.W. Norms 

Q 
Or 10.41 6.29 
Ab 18.72 26.22 
An 22.95 23.57 
Di 1.25 6.38 
Hy 28.93 9.49 
01 6.73 17.17 
Ilrn 4.81 3.11 
Ap 1.89 1.92 

95.69 94.16 

* Total iron as FeO. 
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Figure 2-4 Diagram of weight percentages of silica vs total 
alkalis for sand-grade volcaniclastic greywackes 
(solid circles) and gabbros (solid squares) from 
the Crimson Creek Argillite at Renison Bell. 
Boundary between tholeiitic and alkali basalts 
from MacDonald & Katsura (1964). 
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been affected by alkali mobility during metamorphism or earlier alteration. 

Iron-magnesium ratios indicate a moderate degree of iron enrichment over 

normal basalts, and fall in a broad arcuate group which may represent the 

inflection region of an iron-enrichment to magnesium-enrichment differ

entiation trend similar to those of other tholeiites (e.g. Talasea, 

Thingmuli) (Figure 2-5) • 

Inferences of a specific magma type for the parent basalts of the 

volcaniclastic members of the Dreadnought Hill Member must be treated 

with considerable caution, however. Vallance (1969, 1974) has discussed 

this problem with respect to spilitic rocks, which have some points of 

resemblance to the Renison Bell rocks, and has concluded that detailed 

comparisons based on bulk rock chemistry may be misleading. He has 

suggested that pyroxene analyses may provide a more reliable alternative 

for estimation of the parent magma type of such rocks. Fresh detrital 

pyroxenes occur in occasional samples of Dreadnought Hill Member gray

wackes but have not been analyzed to date. 

2.5 CARBONATE ROCKS OF THE SUCCESS CREEK GROUP AND CRIMSON CREEK ARGILLITE 

The carbonate rocks of the upper Success Creek Group and basal 

Crimson Creek Argillite are similar in their petrographic anc chemical 

features. In hand specimen all are massive to weakly laminated pale to 

dark grey rocks, with occasional siliceous shale interbeds and micaceous 

or talcose laminae. Collins (1972) has described the petrographic features 

of these rocks in the South Renison Bell area. Samples from the No.l 

(103730, 103734), No.2 (103724, 103727, 103731, 103733) and No.3 Dolomites 

(103721, 103686-103688) in Renison Mine consist of fine-grained (20-100 ).JITI) 

anhedral to idiotopic dolomite, with minor to trace amounts of quartz, 

chlorite, muscovite, talc and tremolite, and scattered pseudomorphous 
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pyrrhoLite after euhedral pyrite (Plate 2-4). Sparry dolomite or 

calcite dissolution veins 0.1-5 mm wide, and highly irregular stylolites 

are common throughout all horizons. Thin sections and acetate peels of 

the dolomites commonly reveal a fine lamination on a millimetre scale, 

this lamination typically being planar, but in occasional samples 

(e.g. 103733) with small undulations resembling plane-laminated stromato

lites. Unlaminated material contains occasional ghosts of rounded 

carbonate peloids,1 usually with micriti'c envelopes, and rather more 

angular ?algal fragments, which are consistent with derivation of the 

dolomites from fine-grained limestone precursors, as suggested by Collins 

(1972). 

To provide a rapid comparison of the mineralogy of the main carbon

ate beds, eight partial drill sections through the No.l (103882-103912), 

No.2 (103913-103938) and No.3 (103939-103952) Dolomites were examined by 

X-ray diffractometry to determine their gross mineralogy and to provide 

a semi-quantitative estimate of mineral abundances. Analytical details 

are given in Appendix 2 and drill hole depths in Appendix 1. Results 

for each of the major =arbonate horizons are shown diagrammatically in 

Figures 2-6 to 2-8. The minerals of these samples fall into two 

categories; siderite, pyrite, pyrrhotite, ferroan talc and micas in 

siderite-rich rocks, formed by hydrothermal alteration of the dolomite 

beds during mineralization (discussed in detail in Chapter 3), and the 

remaining minerals which are sedimentary and metamorphic constituents of 

the carbonate beds. 

It is apparent that the three major carbonate beds have comparable 

primary mineral abundances, consisting principally of dolomite with 

variable but generally minor amounts of quartz, chlorite, talc and 

muscovite. Calcite is sporadically distributed, and commonly but not 

invariably associated with minor to major amounts of quartz; this may be 
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due to thermal metamorphism of siliceous dolomites or to lack of 

dolomitization of originally calcite-bearing sediments. Grain mounts 

of analyzed material indicate similar textural features to specimens 

examined in thin section and acetate peels. 
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Samples from the No.l Dolomite in DDH S264 are quartz-rich by 

comparison with the majority of samples from the No.2 and No.3 Dolomites, 

but the overall results give only equivocal support to the assertion of 

Newnham (1973) that the No.l Dolomite is significantly more siliceous 

than carbonate beds in the Success Creek Group. 

Dolomite in these samples. is well-crystallized, with a sharp 

X-ray diffraction pattern including generally well-developed ordering 

peaks corresponding to (10.1), (01.5) and (02.1) reflections. Lattice 

spacings for (10.4) reflections for 66 samples representative of all the 

major and several minor carbonate beds, determined using the quartz 

(101) reflection as an internal standard, have a positively skewed dis

tribution ranging from 2.8830R to 2.9053R (Figure 2-9), with a mean 

value of 2.8910R. This indicates a significant degree of nonideality 

in the dolomite composition, inferred from chemical analyses of bulk 

specimens (see below) to be due predominantly to Fe and Ca substitution. 

Values for d 10 . 4 less than the ideal dolomite value of 2.8855R (Lippmann, 

1973) may be due to iron substitution or to disorder in the dolomite 

lattice, and larger d10.4 values to dominant calcium substitution 

(maximum 6.5 mole% CaC03 equivalent). The presence of high-calcium 

dolomite in these samples would be consistent with an origin by low

temperature dolomitization of a pre-existing limestone (Goldsmith & Graf, 

1958; Friedman & Sanders, 1967). In this case the sporadic fine calcite 

veining may be due to reordering of original high-calcium protodolomite 

towards a stoichiometric dolomite, with consequent liberation of CaC03. 
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The Renison Bell dolomites are however highly ordered in contrast 

to high-calcium proto4olomites. Ordering peaks were present in all 

samples examined, enabling an estimate of the degree of order from 

ordering peak intensities using the ordering factor: 

I10.1 + Io1.s + Io2.1 
f 

I 11. 3 

of Patterson (1972, quoted in Morrow, 1978). According to Patterson 

(ibid.) values approaching 0.5 are typical for ancient dolomites, 

reflecting their high degree of order, in contrast to modern proto

dolomites which are disordered and have ordering factors near zero. 

Ideally ordered dolomite has f = 0.53 (Lippmann, 1973). Ordering 

factors determined for dolomites in 35 whole-rock samples for which the 

intensities of ordering reflections could be accurately determined are 

summarized in Figure 2-10. Ordering factors range from 0.30 to 0.51 

with a mean value of 0.42, indicating a high degree of order in the 

dolomite lattice. There is no significant difference in the ranges of 

ordering factors for dolomites from the No.l, No.2 and No.3 Dolomites. 

The range of ordering factors for Renison Bell material is rather large 

by comparison with values obtained by Morrow (1978) for dolomite in 

dolomitized Lower Palaeozoic burrow-fillings, and this may be due to the 

small but significant iron substitution in the Renison Bell samples, as 

the intensities of ordering peaks fall off rapidly towards ankeritic 

compositions (Graf, 1961). There is however no correlation between f and 

d10.4 for these samples. 

Talc in the carbonate beds is of two types, hydrothermal ferroan 

talc associated with siderite and/or pyrrhotite, and "metamorphic" talc 

in unreplaced dolomite. Hydrothermal talc is discussed in Chapter 3. 

Metamorphic talc is lustrous pale green and occurs as joint or bedding

plane coatings in dolomite, joint-controlled replacements of dolomite, 
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and disseminated flakes (10-100 µm) in granular or idiotopic dolomite. 

Lattice spacings for (003) X-ray reflections are in the range 3.1151-

3.1192g (mean 3.1164g), indicating a composition very close to the pure 

magnesian end member, with little or no iron substitution. 

Chlorite occurs in unreplaced dolomites as scattered subhedral 

green flakes up to 50 x 400 µm in size. In thin section these are pleo

chroic from colourless to pale green with weak birefringence showing 

anomalous olive-green interference colours. All samples examined are 

scattered about the sheridanite-clinochlore boundary in Hey's (1954) 

classification, using the preferred formulae relating b0 (or doso), doo1 

and chlorite composition in von Rahden & von Rahden (1972). Muscovite 

concentrations were too low (generally <1%) for determination of poly

morphic type from whole-rock smear mounts. 

Whole-rock analyses of unaltered dolomites from Renison Mine shown 

in Table 2-3 confirms the general substitution pattern inferred from 

X-ray diffraction data. Sulk compositions plotted in the Caco 3-Mgco 3-

FeC03 system in Figure 2-11 show equivalent FeC03 contents of 2-10 mole % 

and equivalent CaC03 contents of 42-52 mole % in the dolostones. A small 

amount of the iron in these bulk samples can be attributed to sporadic 

veinlets of hydrothermal siderite, giving a slight trend towards the 

MgC03-FeC03 boundary in Figure 2-11. Contributions from accessory iron 

sulphides and iron in chlorite can be neglected. Similarly a small amount 

of the magnesium present, probably up to 3% or 4% of the amount present 

can be attributed to magnesian phyllosilicates, leaving a slight excess 

of Ca to be accommodated in the dolomite lattice or in rare calcite 

veinlets. Silica is present largely as free quartz; as shown in 

Figure 2-12 the siliceous dolomites may be regarded as linear mixtures of 

dolomite and quartz. 



Table 2-3 Whole-rock analyses of unreplaced dolomites, 
Renison Mine. 

Sample 103730 103734 103724 103727 103731 193733 

Carbonate Unit 1 1 2 2 2 2 

Si02 (wt.%) 3.04 7.25 17.03 36.11 1.45 40.79 

Alz03 
II 1.51 1.30 1.42 2.64 0.03 4.28 

FeO* II 3.44 3.11 4.67 3.66 2.16 5.52 

MnO II 0.74 0.28 0.97 0.26 0.29 0.64 

MgO II 20.30 18.15 17.68 15.02 20.14 12.27 

cao II 26.94 28.58 22.31 21.19 28.54 17 .11 

K20 II 0.04 0.07 0.10 1.14 0.03 0.14 

Ti02 II 0.09 0.08 0.11 0.22 n.d. 0.30 

P205 II 0.21 0.14 0.48 0.49 0.03 0.63 

Loss 42.14 40.56 34.05 18.90 47.07 16.83 

98.45 99.52 98.82 99.63 99.74 98.51 

* Total iron as FeO. 
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Figure 2-11 Bulk rock compositions for unaltered dolomites 
from Renison Mine plotted in the system CaC03-
MgC03-FeC03. All Cao, MgO, FeO assigned to 
carbonate phase. 



Cao ~~~~~~~~~~--f--~~~~~~~~~--MgO 
Cc dolomite 

Figure 2-12 Bulk rock compositions of unaltered dolomites 
from Renison Mine plotted in the system 
Si02-CaO-MgO. 
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Generalised tielines in albite-epidote hornfels 
facies from Winkler (1976). 
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2.6 GRANITIC ROCKS THE PINE HILL GRANITE 

Granitic rocks are exposed at the surface in the Renison Bell area 

only at Pine Hill, approximately 2 km south-east of the mine, and in a 

number of quartz-porphyry dykes radiating from Pine Hill. 

Granitic rocks and their greisenised equivalents at Pine Hill have 

been described by Ward (1909), Blissett (1962) and Groves (1968), who 

presented chemical analyses of greisens and their relatively fresh 

parents. Recent deep drilling has intersected fresh and altered granitic 

rocks between Pine Hill and Renison Bell, enabling a more broadly based 

assessment of their petrography and chemistry. 

2.6.1 Petrography 

types: 

The granitic rocks in the area may be divided broadly into three 

(i) 

(ii) 

(iii) 

Feldspar-porphyritic granites, 

Quartz,feldspar-porphyritic granites, and 

Quartz, feldspar-porphyries, with minor fine-grained or 

pegmatitic derivatives. 

All have undergone greisen-type alteratio~ of variable intensity and 

distribution, culIDinating in the quartz-tourmaline-muscovite greisens 

exposed on Pine Hill. 

(i) Feldspar-porphyritic granites (103715, 103718, 103960) were 

intersected in DDH's S323 and U861; they consist of subhedral phenocrysts 

of orthoclase and subordinate sodic plagioclase in a holocrystalline 

granitic groundmass (Plate 2-5). Orthoclase typically forms subhedral 

(occasionally euhedral) simply twinned phenocrysts typically 1-4 cm long. 

These characteristically have a mottled extinction suggestive of both 

compositional zoning and a coarse dendritic growth pattern. Inclusions 

of quartz, plagioclase and minor biotite are common; plagioclase and 



Plate 2-5. General view of feldspar-porphyritic 
granite (103718); phenocrysts of sodic plagioclase with 
zonally arranged inclusions (lower right) and orthoclase 
(not shown in photo) in a groundmass of anhedral quartz, 
albite and orthoclase and subhedral biotite (B). Scale 
bar (lower right) is 1 millimetre. Transmitted light, 
crossed polars . 

Plate 2- 6 . General view of quartz- feldspar porphyry 
(103701B), containing glomeroporphyritic aggregates of 
beta-form quartz (centre right), albi te and orthoclase 
(heavily clouded) in a fine - grained quartz- albi te
orthoclase ground.mass. Scale bar (lower right) is 
1 millimetre. Transmitted light, crossed polars. 
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biotite are typically subhedral, while quartz may be subhedral 

(approaching beta-form) or polyconcave and apparently filling inter-

dendrite spaces. Inclusions are commonly zonally arranged. All material 

examined is feebly perthitic, with 10-100 µm wide wisps and seams of 

dusty albite. These may be irregularly distributed, or rai:.ely concen-

trated in concentric zones paralleling zonally arranged silicate 

inclusions, and apparently due to compositional zoning during growth 

(103719). 

Plagioclase forms subhedral phenocrysts typically 0.5-3 cm long; 

they are generally smaller and rather less abundant than orthoclase 

phenocrysts in the same sample. They are multiply twinned, generally in 

a combination of Carlsbad and Albite laws, and exhibit both normal and 

oscillatory compositional zoning. Average compositions estimated from 

~ 
twin extinction angles range from about Anis (core) to Ans (rim), but 

cores as calcic as An3oare not unconunon. Zonally arranged or scattered 

inclusions of quartz, rarely orthoclase or biotite, occur sporadically. 

Quartz and biotite have similar shapes to incluslons in orthoclase, 

while orthoclase forms anhedral, rounded grains. 

Quartz and quartzo-feldspathic clots occur in occasional samples 

of feldspar-porphyritic granite, for example 103719, 103960, 104194. 

Quartz clots are anhedral irregular patches of quartz, typically 1-3 mm 

in diameter but occasionally larger. They are generally highly 

strained and polycrystalline, in some cases apparently due to granulation 

and partial recrystallization. Feldspar veining and droplet-shaped 

inclusions or embayments occur sporadically. Interpretation of their 

origin is equivocal; they may be xenocrysts, either from an intruded host 

rock or a refractory residual of partial melting, or autochthonous 

phenocrysts which have been sufficiently resorbed to obliterate any 

original crystal faces. 
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Quartzo-feldspathic clots occur in occasional specimens, for 

example 103719. They are more-or-less rounded patches a few centimetres 

in diameter, consisting of interlocking perthitic orthoclase subhedra 

and subordinate anhedral quartz. Biotite is a minor phase, and 

plagioclase (albite) is restricted to grain-boundary beaded veins and 

perthi tic .reinlets itl orthoclase. 

The groundmass of the feldspar-porphyritic granites consists of 

anhedral quartz and orthoclase, anhedral to tabular plagioclase (Ans-15) 

and minor tabular red-brown biotite; average groundmass grainsize is 

about 1 mm. Apatite, zircon, ?allanite and opaques are primary 

accessories occurring as isolated grains and as inclusions in biotite; 

occurrence as inclusions in other silicates is uncommon. 

(ii) Quartz-feldspar porphyritic granites. These are similar 

in their petrographic features to the feldspar-porphyritic granites 

described above, but include 1-5% quartz phenocrysts, typically 2-5 mm ?u 

diameter. These have subhedral (beta-form) to rounded outlines, with 

more-or-less serrated and embayed margins. Glomeroporphyritic 

aggregates are common. In some specimens (e.g. 103745, 103746, 103956) 

the quartz phenocrysts approximate closely to a beta-form morphology, 

while in others (e.g. 103955, 103957) there is a broad transition from 

beta-form outlines through strongly embayed grains to quartz "clots" 

described above in the felspar-porphyritic granites, supporting an 

interpretation of the latter as extensively resorbed quartz phenocrysts 

rather than source rock residual material. 

Completely fresh quartz-feldspar porphyritic granites were not 

observed, but examination of little-altered specimens indicate they have 

a similar minor and accessory mineral suite to the feldspar-porphyritic 

granites. One sample (104184), from a small dyke in metamorphosed 
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Dalcoath Quartzite sediments, contains abundant sheaves and laths of 

andalusite extensively replaced by muscovite. This may be due to local 

addition of Al to the granite magma from the surrounding metasediments, 

but the sample is extensively replaced by muscovite and tourmaline, 

and petrographic rel~tionships between andalusite and the normal granite 

mineral assemblages are unclear. 

(iii) Quartz-feldspar porphyries occur at Pine Hill and in dykes 

radiating from this centre. Samples from a 4 metre wide dyke exposed 

in the Dalcoath open cut (103698, 103701) consist of 1-3 mm diameter 

subhedral phenocr:ysts of beta-form quartz, orthoclase and plagioclase 

(Ans-10), each comprising about 1% of the rock, in a fine-grained 

groundrnass. Glomeroporphyritic aggregates are common (Plate 2-6). 

In material from the dyke centre (103701) the groundrnass consists of 

aplitic quartz, orthoclase and subordinate albite, with an average 

grainsize of 40 µm, while near the margins of the dyke (103698) the 

matrix consists of a ragged mosaic of highly sutured quartz grains 

100-400 µm in diameter, crowded with irregular to tabular inclusions of 

orthoclase and albite, reminiscent of the "snowflake texture" of 

devitrified rhyolites. 

Undoubtedly;primary mafic minerals were not seen in these samples, 

although rosettes of olive-green chlorite and/or siderite occupying 

polyhedral cavities and in polyhedral to irregular patches may be 

replacements of original biotite. Sporadic rosettes of muscovite in the 

groundmass of 103701 are probably due to subsequent alteration. 

Quartz-feldspar porphyries from Pine Hill are generally intensely 

greisenised, making interpretation of their original nature difficult. 

Relatively fresh samples from DDH S276 at Pine Hill (103743, 103744) 

contain abundant subhedral to euhedral phenocrysts of beta-form quartz 



and rhombic orthoclase, 1-5 mm diameter (together comprising about 50% 

of the rock), and minor 1-3 mm subhedral plagioclase phenocrysts, in 
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an anhedral-granular matrix of quartz, orthoclase and subordinate 

albite. Average mat.!."ix grainsize is abou~ 150 µm. Glomeroporphyritic 

aggregates of quartz, orthoclase and plagioclase are common. Muscovite 

(clouded with clumps of rutile granules) and ragged green ?biotite 

occur in tabular clumps 0.2-2 mm diameter, and are probably pseudo

morphous after original biotite. 

2.6.2 Alteration of Granitic Rocks 

Granitic rocks at Pine Hill show intense pervasive greisen alter

ation while those in the subsurface north-west of Pine Hill show weak 

muscovitic alteration which may be developed as a selvedge several 

centimetres wide adjacent to quartz-tourmaline veins, or peripheral to 

weak pervasive greisen alteration. 

The earliest alteration event observed is the partial to complete 

replacement of biotite by iron-rich chlorite in otherwise fresh rocks 

(e.g. 103718, 103957). The replacement is markedly pseudomorphous and 

is accompanied by minor deposition of fine-grained (l-10 µm) rutile in 

trains of anhedral grains in the chlorite cleavage. It is probably a 

high-temperature autochthonous alteration as there is no significant 

difference in D/H ratios between unchloritised and extensively chloritised 

biotite (Table 5-6). 

Weak muscovite alteration is marked in hand specimen by a pale 

green colouration of plagioclase and slight opacity of orthoclase. In 

thin section plagioclase is extensively replaced by fine shreds 

(typically about l x 10 µm) of 2M muscovite, with the cores of zoned 

plagioclase crystals being more intensely replaced. Calcite occurs as 

sporadic anhedral patches in altered plagioclase and in occasional 



grain-boundary veinlets. Orthoclase is sporadically clouded and 

perthitic patches are partly replaced by muscovite shreds. Biotite is 

replaced by fine-grained muscovite with minor calcite and pallid 

chlorite, and traces of fine-grained sphene. 
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In more intensely muscovite-altered rocks (e.g. 103956) plagioclase 

is almost entirely replaced by coarse (10-50 µm) sheaves of muscovite 

intergrown with calcite, and muscovite also occurs in veinlets and 

scattered anhedral patches throughout the rock. 

Orthoclase is very heavily clouded and may contain sporadic 

mus9ovite shreds and ragged patches of calcite. The heavy clouding of 

orthoclase appears to be due to very abundant submicron-size fluid 

inclusions visible under high magnification; poorly defined diffraction 

lines of muscovite in X-ray patterns of clouded orthoclase are probably 

due largely to muscovite from altered perthitic albite inclusions in 

the orthoclase. 

Greisen alteration is characterised by complete destruction of 

feldspars and development of muscovite and tourmaline, with minor 

fluorite and cassiterite, and may be superimposed on rocks with 

extensive muscovitic alteration or less commonly on essentially fresh 

rocks. In the latter case the alteration is clearly fracture-controlled 

(e.g. 103718, 103719) the rock being cut by numerous hairline quartz

tourmaline veinlets with sporadic development of tourmaline patches or 

rosettes where these veinlets intersect plagioclase grains. Biotites 

are replaced by muscovite + pallid chlorite and orthoclase recrystallised 

or slightly clouded adjacent to these veinlets. 

Tourmaline appears in muscovite-altered rocks in a variety of forms. 

In some samples showing little alteration blue-green to yellow-green 

zoned tourmaline occurs in polyhedral grains resembling fillings of 
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miarolitic cavities, or in anhedral grains intergrown with and texturally 

similar to groundmass quartz, orthoclase and plagioclase. These may 

represent primary or an early subsolidus secondary crystallization of 

tourmaline. In rocks with more intense muscovitic alteration (103958, 

103962) blue green-yellow green zoned tourmaline occurs in interstitial 

aggregates of anhedral grains, irregular patches replacing plagioclase 

or intergrown with muscovite after plagioclase, or in irregular matrix 

grain-boundary networks which are in optical continuity over several mm2 • 

The transition from muscovitic alteration to greisen alteration is 

clearly shown in a number of drill holes in the northern flank of Pine 

Hill. In DDH 8276 quartz-feldspar porphyritic granite (103962) and 

quartz-feldspar porphyry (103732, 103744), with fairly intense 

muscovitic alteration and interstitial green tourmaline, show progressive 

alteration to quartz-tourmaline-muscovite greisens with accessory 

cas~iterite (103745), copsisting of anhed~al quartz with abundant 

irregular patches of massive to acicular tourmaline, fluorite and 2M 

muscovite in sheaves and 100-300 µm flakes, and sporadic deep red 

cassiterite in subhedral to anhedral grains 100-500 µm in diameter. 
j 

Boundaries between muscovitic and intensely greisen-altered varieties 

may be gradational over several millimetres (103963) or marked by a 

broad zone (10-100+ cm) of acicular tourmaline veinlets (103744). 

Greisens from elsewhere on Pine Hill (103765-103767, 103964-103966) 

exhibit a similar mineralogy. In all rocks of this type there is 

complete removal of feldspars and biotite, usually with complete oblit-

eration of the original texture of the rock, although original quartz 

phenocrysts (103963) may be preserved and tabular feldspar pseudomorphed 

by acicular masses of tourmaline, rarely reflecting the original 

feldspar cleavage (103766; Plate 2-7). There are typically two distinct 

generations of tourmaline; an earlier generation of either interstitial, 



Plate 2-7 . Quartz-tourmaline greisen (103766) from 
Pine Hill, showing coarse early gre en tourmaline (1) 
overgrown by later acicular blue- green tourmaline (dark) 
in an irregular matrix of quartz. Second-generation 
tourmaline has formed a pseudomorph of an original 
Carlsbad-twinned orthoclase phenocryst at upper right, 
but other original textures are obliterated . Scale bar 
(lower right) is 1 millimetre. Transmitted light , 
1 polar. 



possibly primary green tourmaline or subhedral colour-zoned blue-green 

tourmaline, containing no fluid inclusions, is overgrown by a later 

generation of blue or green tourmaline whose acicular habit is made 
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more obvious by very abundant tubular fluid inclusions elongated 

parallel to the c axis of the tourmaline. These inclusions are 

apparently primary and both gas-rich and liquid-rich two-phase varieties 

occur in close association, suggesting that a boiling aqueous phase was 

present during this alteration event. Fluorite, muscovite and minor 

cassiterite are intergrown with this second-generation tourmaline. 

2.6.3 Geochemistry of the Granitic Rocks 

Eleven new major element analyses were made on drill core samples 

of granites from the area, including three from Mount Lindsay, for 

comparison with Pine Hill samples previously analyzed by Groves (1968, 

also Groves et al., 1972). Detailed discussion of the geochemistry of 

these rocks is hampered by the poor understanding of spatial and temporal 

relationships of the different granite t}':?es in the subsurface, and the 

paucity of strictly fresh material due to the pervasive hydrothermal 

alteration. For these reasons trace element analyses of the samples 

were not considered worthwhile. 

Major element analyses are shown in Table 2-4, together with the 

computed C.I.P.W. Norms and Niggli values for major components. Also 

included are partial analyses of granites and derivative rocks from 

Pine Hill, and average analyses for some other Devonian granites on the 

West Coast (both sets of data from Groves et al., 1972). Analytical 

details are given in Appendix 2. 

(i) Fresh granites. Bulk samples of fresh feldspar-porphyritic 

(103715, 103718, 103960), quartz-feldspar porphyritic (103953, 103957) 

and fine-grained granite (103959) were checked in thin section and 



Table 2-4 

103715 103718 

SiOL. 70.58 72.30 
Ti02 0.43 0.40 
Al203 13.17 13.53 
FeO* 2.64 2.56 
MnO 0.08 0.14 
MgO 1.13 0.91 
cao 3.18 1.98 
Na20 2.40 2.80 
K20 5.11 5.48 
P;>.05 0.13 0.13 
LOI 1.96 0.52 
H20 

100.81 100.75 

CIPW Norms 

Si 28.03 28.02 
Or 30.20 32.39 
Ab 20.31 23.69 
An 10.07 8.17 
co o.oo 0.00 
Di 4.08 0.68 
Hyp 5.05 6.22 
Ap 0.31 0.31 
Ilm 0.81 0.76 

98.86 101.24 

Niggli Values 

Al 37.47 40.03 
Fm 19.12 18.15 
c 16.45 10.65 
Alk 26.97 31.17 
Si 340. 72 362.93 

Chemical analyses of granitic rocks, 
Renison Bell area. 

Sericite-?clay 
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Fresh granites 
altered granite 

103953 103957 103959 103960 103961 

72. 33 73.67 76.15 73.23 70.21 
0.37 0.19 0.38 0.38 0.37 

13.86 13.06 12.69 13.75 13.31 
2.17 1.65 1.68 2.16 2.06 
0.02 0.12 0.09 0.01 0.31 
0.60 0.33 0.37 0.64 0.66 
1.80 1.59 1.43 1.92 1.82 
2.75 3.49 2.15 2.94 0.57 
5.22 5.08 5.34 5.12 5.18 
0.11 0.10 0.06 0.13 0.12 
1.18 1.13 0.94 0.55 3.80 

100. 41' 100.41 101.28 100.83 98.41 

30.36 29.46 38.56 30.30 40.82 
30.85 30.02 31.56 30.26 30.61 
23.27 29.53 18.19 24.88 4.82 
8.21 4.97 6.70 8.68 8.25 
0.68 0.00 0.92 0.19 3.74 
0.00 1.95 0.00 0.00 0.00 
4.91 2.76 3.55 4.95 5.29 
0.26 0.24 0.14 0.31 0.28 
0.70 0.36 0.72 0. 72 0.70 

99.24 99.29 100.34 100.29 94.61 

43.41 42. 77 45.23 42.55 47.20 
14.49 19.96 12.29 14.54 17.86 
10.25 9.47 9.27 10.80 11. 73 
31.86 36.80 33.21 32.11 23.21 

348.35 409.32 460.55 348.49 422.43 
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Table 2-4 cont. 

,Muscovite-altered granite 
Greisen-altered 

granite 

103717 103719 103954 103958 103962 

SiO,z 71.93 67.89 71.08 73.46 74.32 

TiOL 0.42 0.35 0.20 0.15 0.05 

Al203 13.57 14.88 13. 35 12.88 12.94 

FeO* 2.54 3.63 2.03 1.54 2.01 

MnO 0.05 0.09 0.35 0.02 0.05 

MgO 0.48 0.05 0.60 0.31 0.18 

cao 0.83 1.28 0.73 1.59 1. 34 

Na20 1.59 2.11 1.87 3.28 3.45 

K20 5. 72 7. 77 5.24 5.22 5.07 

P205 0.14 0.12 0.03 0.07 0.05 

LOI 2.06 1.17 2.81 1.90 1.18 

H20 

99.33 99.34 98.29 100.42 100.64 

CIPW Norms 

Si 36.84 20.55 35.93 30.06 30.48 

Or 33.80 45.92 30.97 30.85 29.96 

Ab 13.45 17.85 15.82 27.75 29.19 

An 3.20 5. 5.7 3.43 5.01 4.85 

Co 3.59 0.96 3.35 0.00 0.00 

Di 0.00 0.00 0.00 2.09 1.29 

Hyp 5.26 6.38 5.54 2.32 3.48 

Ap 0.33 0.28 0.09 0.17 0.12 

Ilm 0.80 0.67 0.38 0.29 0.10 

97.27 98.18 95.49 98.54 99.47 

Niggli Values 

Al 47.16 43.14 47.13 43.20 43.25 

Fm 16.99 15.67 17.30 10.06 11.30 

c 5.24 6.75 4.69 9.70 8.14 

Alk 30.60 34.44 30.88 37.05 37.31 

Si 424.14 333.94 425.78 418.07 421.50 
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Table 2-4 cont. 

Mount Lindsay Quartz-feldspar 
granites porphyries 

103978 103979 103980 RB1415 RB1417A RB1417B 

Si02 76.41 '75.47 73.98 71.00 70.30 70.40 
Ti02 0.05 0.10 0.19 0.00 0.01 0.01 
Al203 12.02 12.43 12.89 15.50 15.50 15.90 
FeO* 1.41 1.45 2.11 5.10 10.00 4.00 
MnO 0.11 n.d. 0.07 0.15 0.13 0.10 
MgO 0.17 0.14 0.16 0.80 0.70 0.55 
cao 0.51 1.26 1.23 2.58 0.03 0.04 
Na20 3.76 3.44 3.73 0.70 0.90 0.25 
K20 4.76 5.15 4.94 2.90 0.90 4.20 
P205 0.05 0.05 0.04 0.02 0.04 0.07 
LOI 0.61 0.77 0.64 2.15 1.11 1.67 
H20 0.15 0.03 

99.86 100.26 99.98 101.05 99.65 97.19 

CIPW Norms 

Si 33.95 32.42 29.37 44.77 52.11 48.63 
Or 28.13 30.44 29.19 17.14 5.32 24.82 
Ab 31.82 29.11 31.56 5.92 7.62 2.12 
An 1.86 3.27 3.84 12.67 0.00 0.00 
Co 0.00 0.00 0.00 6.57 13.05 10.94 
Di 0.30 2.32 1. 76 0.00 0.00 0.00 
Hyp 2.98 1.63 3.17 11.64 20.33 8.88 
Ap 0.12 0.12 0.10 0.05 0.10 0.17 
Ilm 0.10 0.19 0.36 0.00 0.20 0.02 

99.26 99.50 99.35 98.76 98.55 95.58 

Niggli Values 

Al 44.73 43.82 42.81 45.65 45.38 56.50 
Fm 9.63 8.50 11.62 27.91 47.28 25.62 
c 3.45 8.08 7.43 13.81 0.16 0.26 
Alk 42.19 39.60 38.14 12.63 7 .19 17.62 
Si 482.45 451.45 416.92 354.78 349.22 424.49 



Table 2-4 cont. 

SiOz 
Ti Oz 
Al203 
FeO* 
MnO 
MgO 
cao 
Na2o 
KzO 
PzOs 
LOI 
HzO 

A 

72.20 
0.36 

14.10 
2.00 
0.02 
0.85 
0.81 
3.10 
4.70 
0.04 
0.79 
0.38 

99.35 

B 

73.30 
0.27 

13.40 
2.07 
0.05 
0.65 
0.76 
3.20 
4.80 
0.04 
0.58 
0.18 

99.30 

c 

74.35 
0.13 

13.50 
2.03 
0.02 
0.80 
0.17 
3.60 
4.15 
0.01 
0.70 
0.28 

99.74 

SiOz 
Ti Oz 
Alz03 
Fe2o3 
FeO 
MnO 
MgO 
cao 
Na2o 
KzO 
PzOs 
LOI 
HzO 

D 

75.52 
0.13 

12.73 
0.61 
1.13 
0.04 
0.25 
0.60 
2.93 
5.23 
0.05 
0.54 
0.25 

100.01 

E 

74.44 
0.21 

13.44 
0.20 
1.66 
0.05 
0.18 
0.83 
2. 77 
5.00 
0.11 
0.55 
0.14 

99.58 
CIPW Norms 

Si 
Or 
Ab 
An 
Co 
Di 
Hyp 
Ap 
Ilm 

31.47 
28.73 
26.50 
3.80 
2.37 
0.00 
4.37 
0.07 
0.70 

98.01 

32.26 
28.37 
27.08 
3.51 
1.66 
0.00 
5.07 
0.10 
0~51 

98.56 

34.38 
24.53 
30.46 

0.78 
2.80 
0.00 
5.54 
0.02 
0.25 

98.76 

Si 
Or 
Ab 
An 
Co 
Di 
Hyp 
Ap 
Ilm 
Mt 

36.29 
30.91 
24.79 
2.65 
1. 28 
0.00 
2.05 
0.12 
0.25 
0.88 

36.26 
29.55 
23.44 

3.40 
2.23 
0.00 
3.08 
0.26 
0.40 
0.29 

Niggli Values 
99.22 98.91 

Al 
Fm 
c 
Alk 
Si 

45.33 44.82 
15.67 15.57 

4.50 4.62 
34.33 34.99 

401.67 416.05 

46.30 
16. 92 

1.06 
35. 72 

432.70 

46.50 47.90 
11. 22 11.19 

3.99 5.38 
38.29 35.53 

468.12 450.21 

Note 1: Analyses 103715-103980 by D. Patterson (this work}. 
2: Analyses RB1415, RB1417A, RB1417B by D.I. Groves (1968). 
3: Analyses A-E from Groves et al. (1972). 

A average Meredith adamellite 
B average Meredith porphyritic adamellite 
C average Meredith microgranite 
D average Red Heemskirk Granite 
E average White Heemskirk Granite. 

4: FeO* total iron expressed as FeO. 
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binocular microscope for lack of significant alteration prior to 

analysis. Alteration assemblages were present in trace amounts only. 
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All are silica-rich (Si02 72.3-73.7 wt.%) potassic granites, with 

sodium and potassium values at 2.8-3.5 wt.% and 5.1-5.2 wt.% respectively, 

and vary from slightly corundum-normative (0.2-0.7%) to slightly diopside

normative (1.95% in 103957). They are perceptibly less potassic and 

less peraluminous than average varieties of the Meredith Granite 

reported by Groves et a~ (1972), which have 4.2-4.8 wt.% K20 and 

1.7-2.8 normative % corundum, and are intermediate in composition between 

the S-type and I-type granites of Chappell & White (1974) and White & 

Chappell (1977) , although their petrographic features are more typically 

s-type. 

(ii) Altered granites. Chemical relationships of fresh and 

altered granites are shown in Figures 2-13 to 2-15. As expected from the 

mineralogical changes accompanying alteration, chiefly replacement of 

feldspars by tourmaline, muscovite and quartz, there is a general 

increase in normative silica and a concomitant decrease in other 

components, giving rather erratic variation trends in Figure 2-15. In 

contrast with the behaviour suggested by Groves (Groves et al., 1972) on 

the basis of a limited nt:Jllber of analyses from Pine Hill, there is 

little evidence of a systematic inter-relatio~ship between Na and K during 

alteration. Instead, potash values remain approximately constant as soda 

is depleted (Figure 2-14), reaching a low level only in completely 

metasomatised quartz-tourmaline rocks. This is reflected in Figure 2-15 

in a systematic decrease in normative albite in the altered rocks, and a 

simultaneous slight decrease in normative orthoclase. The slightly lower 

K20 analyses in Groves' samples may be due to near-surface removal of 

muscovite from the porous quartz-tourmaline rocks, which has been observed 

both in surface specimens and in drillcore from the weathered zone at Pine 

Hill. 
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Figure 2-13 Niggli norms versus Si for newly analyzed granites 
from Renison Bell (solid circles) and Mount Lindsay 
(open circles) . Point labelled "K" is an ortho
~lase-quartz clot in biotite granite. 
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Alkali oxide relationships (molecular proportions) 
in granitic rocks from Renison Bell and Mount Lindsay. 
Solid circles - Pine Hill granites (this work) 
Open circles - Mount Lindsay granites (this work) 
Open triangles - Pine Hill granites (Groves, 1968) 
Solid triangles - Pine Hill greisens (Groves, 1968). 
Point labelled "K" is an orthoclase-quartz clot in 
biotite granite. 



Figure 2-15 
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CIPW normative quartz-albite-orthoclase relationships 
for the Pine Hill Granite and other Western Tasmanian 
Devonian granites. 
Solid circles - Pine Hill granites (this work) 
Open circles - Mount Lindsay granites (this work) 
Open triangles - Pine Hill granites (Groves, 1968) 
Solid triangles - Pine Hill greisens (Groves, 1968). 
Poi'J.t labelled "K" is an orthoclase-quartz clot in 
biotite granite. 
Crosses are compositions of representative West Coast 
Devonian granites, from Groves et al. (1972). 
+l Average Meredith adamellite 
+2 Average Meredith porphyritic adamellite 
+3 Average Meredith microgranite 
x4 Average Heemskirk red granite 
x5 Average Heemskirk white granite. 
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2.6.4 Comparison with other West Coast Devonian Granites 

The two major Devonian granite bodies on the West Coast are the 

Meredith Rnd Heemskirk Granites, ~hich have been examined in some detail 

by Groves (Groves et al., 1972) and Klominsky (1972) respectively. 

Both have associated cassiterite mineralization. The Meredith Granite 

is composed predominantly of equigranular biotite granite and 

porphyritic biotite granite. Both varieties have similar mineralogy, 

consisting of quartz, plagioclase (andesine), microperthitic orthoclase 

and minor biotite, with accessory muscovite, hornblende, apatite, zircon 

and sphene (Groves et al., 1972). Granites from drill holes at the 

Mount Lindsay cassiterite-sulphide prospect on the south-western flank 

of the Meredith Granite (103978-103981) show considerable textural and 

mineralogical differences from the Renison Bell granites. They are 

feldspar-porphyritic granites, with phenocrysts up to several centimetres 

long of zoned plagioclase (andesine-albite) with calcic cores, and 

highly perthitic orthoclase, in an equigranular groundmass of quartz, 

perthitic orthoclase and plagioclase, with a few percent of dark brown 

biotite. Quartz and orthoclase very commonly occur in symplectic 

myrmekitic intergrowths over several mm2 • Miarolitic cavities 0.1-1 mm 

diameter are common, and are typically lined with zoned quartz crystals 

and filled with calcite. There is considerable evidence of subsolidus 

hydrothermal modification of the rock, with microclinization of orthoclase 

and development of intergranular anhedral patches of clear topaz, now 

extensively altered to muscovite. This is accompanied by sericitization 

of plagioclase and destruction of biotite, which is imperfectly pseudo

morphed by muscovite and minor pallid chlorite. 

These mineralogical and textural differences are reflected in minor 

differences in major element chemistry (Table 2-4), the Mount Lindsay 

samples being slightly more sodic than fresh Renison Bell granites 
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(Figure 2-14). Normative quartz-albite-orthoclase ratios for Mount 

Lindsay granites and average granite varieties from the Meredith and 

Heemskirk Granites differ little from those for Renison Bell granites 

(Figure 2-15), being closely comparable with little-altered granites 

from Pine Hill analyzed by Groves (Groves et al., 1972) and slightly 

depleted in normative orthoclase by comparison with subsurface 

specimens north-west of Pine Hill. This may reflect a slightly lower 

degree of differentiation of the latter suite, or minor post

crystallization chemical modification of the former. Subsurface samples 

of the Pine Hill Granite are in general slightly less siliceous than 

average Meredith and Heemskirk Granites. 

2.7 BASALTIC DYKE ROCKS 

Sulphide ore bodies and their host rocks at Renison Mine are cut 

by a narrow (1-2 metres) steeply dipping basaltic dyke, and weathered 

basaltic material apparently representing the same dyke has been 

detected on Stebbins Hill and at the Battery mine. Fresh basalt has 

also been recorded in drill hole S285 at Pine Hill, cutting altered, 

serpentinised and tourmalinised mafic and ultramafic units of the 

Serpentine Hill Complex; this may represent the same or an associated 

dyke. 

The dyke in the mine is post-mineralization, as shown by slight 

vertical displacement of massive sulphide ore across the dyke and 

development of chilled glass margins up to 4 cm wide against massive 

sulphide ore ; chilled margins abutting shales and quartzites etc. 

are typically 0.5-1 cm wide. Dyke walls are generally smooth and near

planar, but flame-like and podiform apophyses occur in talcose alteration 

zones, presumably due to plastic behaviour of the talc during forceful 
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injection of t~e dyke material. The form of the body on Pine Hill is 

not known, but the lack of major alteration and presence of thin chilled 

margins against serpentinite suggest a post-thermal metamorphism age. 

Glass-rich specimens (103680, 103710) consist of about 2% each 

of phenocrysts of columnar plagioclase, stumpy augite and green biotite 

(all 0.1-1 mm diameter) in an aphanitic matrix crowded with micron-sized 

acicular crystallites and anhedral opaque grains. In narrow apophyses 

(e.g. 103710) there is a pronounced concentration of phenocrysts in 

the centre of the apophysis. Contact zones with country rocks are of 

5-10 mm wide brown to green glass, colour-zoned subparallel to the dyke 

walls. Plagioclase phenocrysts are extensively altered to white mica + 

calcite, augite phenocrysts to a highly birefringent chlorite, and 

matrix material is cut by chlorite veinlets with peripheral bleaching of 

the glassy host in 0.1-2 mm wide zones. 

Goarser-grained samples from Renison Mine (103648, 103711, 104185) 

and Pine Hill (103758) consist chiefly of interlocking acicular 

plagioclase [about An55 by Nieuwenkamp's (1948) method] with subordinate 

interstitial augite, minor opaques and rare quartz and potassium 

feldspar. Phenocrysts (0.1-1.5 mm diameter) of augite, zoned calcic 

plagioclase and slightly biaxial green biotite each make up about 2% of 

the rock, as do translucent brown ?~containing inclusions 

of matrix plagioclase and parallel strings of op~ques. Biotite 

phenocrysts contain occasional radial aggregates of chlorite with rare 

relict ?orthopyroxene, and discontinuous overgrowths of granular or 

oriented columnar augite. 

Major element whole-rock analyses are given in Table 2-5 and 

indicate an overall basaltic to basaltic andesite composition. Small 

variations in iron, calcium and alkali metal contents are attributable 

to varying degrees of alteration in the analyzed samples. 
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Table 2-5 Whole rock analyses of basaltic dyke rocks, 
Renison Mine, and representative Tasmanian 
post-Lower Palaeozoic mafic igneous rocks. 

Sample 

103648 103680 1428* A B c D 

53.22 55.21 54.90 50.98 53.18 54.60 48.49 

Al203 14.38 15.01 14.40 13.35 15.37 15.20 15.59 

Fe203 13.12 0.76 6.30 5.12 

FeO n.d. 8.33 6.30 6.29 

FeO** 8.99 9.45 7.76 

MnO 0.18 0.18 0.17 0.23 0.15 n.d. 0.14 

MgO 6.66 6.25 6.6 5.34 6.71 3.3 6.52 

cao 8.28 8. 72 10.4 7.35 11.04 2.7 7.95 

Na20 2.00 1.57 1.15 2.94 1.65 1.2 2.69 

KzO 3.90 1.37 1.0 1.42 1.03 8.2 1.09 

Ti02 0.60 0.65 ·O. 66 2.46 0.65 0.07 1.88 

P205 0.10 0.10 0.09 0.58 0.08 n.d. 0.36 

Loss*** 1.21 1.90 2.10 1.62 1.12 n.d. 4.14 

A. 

B. 

c. 
D. 

* 
** 

*** 

99.52 100.41 99.23 99.39 100. 07 97.87 100.17 

Average of 4 analyses of dolerites associated with the Blue Tier 
Batholith (after Cocker, 1977). Total iron as Fe203. 

Average Tasmanian Jurassic chilled dolerite (McDougall, 1962). 

Upper Mesozoic vogesite (Sutherland & Corbett, 1973). 

Tertiary basalt, Waratah type (Edwards, 1950). 

From Groves (1968). 

Total iron as FeO. 
- + Includes HzO , H20 , C02, SOz etc. 

49 



The, absolute age of the dyke rocks is unknown. Post-Lower 

Palaeozoic mafic igneous rocks in Tasmania with which the dykes could 

be correlated are represented by four events: 

(i) Minor mafic intrusions associated with Devonian granite 

intrusions. 

(ii) Dykes and sills associated with widespread Jurassic 

tholeiitic intrusions. 

(iii) Minor but widespread Upper Mesozoic lamprophyre dykes. 

(iv) Dykes associated with Tertiary basaltic volcanism. 
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Minor mafic intrusions were not reported from West Coast granites 

by Blissett (1962), Spry (1962) or Groves et al. (1972), but occur 

sporadically in eastern Tasmanian granites (Spry, 1962; Groves et al., 

1977) and are a common feature of other granitic terranes. Specimens 

from the Blue Tier batholith are quartz dolerites containing augite or 

titanaugite, calcic plagioclase and minor quartz, K-feldspar and 

biotite, and in some cases altered ?amphibole phenocrysts (Groves, 1977; 

Cocker, 1977). 

Major Jurassic dolerite intrusions and abundant minor intrusions 

are widespread throughout central and eastern Tasmania (see, for example, 

Spry, 1962) and occur less abundantly on the West Coast. The exposure 

of Jurassic dolerite nearest to Renison Bell is at Mount Dundas, 10 km 

to the south, while the large Eureka cone sheet is 20 km to the west. 

Lamprophyric dykes of probable Upper Mesozoic age occur sporadically 

in a belt commencing near Queenstown, 30 km south of Renison Bell, and 

extending south for a further 130 km (Sutherland & Corbett, 1973) • They 

show a considerable variation in chemistry and petrography, and include 

minettes, spessartites, kersantites and vogesites. Tertiary basalts are 

extensively developed in northern and north-western Tasmania, but are 

less common in the central West Coast area, the nearest large exposures 

to Renison Bell being 25 km to the west in the Granville Harbour area. 
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Representative analyses of the basic igneous rocks discussed above 

are shown in Table 2-5. The Renison Bell rocks are rather closely 

comparcible with average chilled Tasmanian dolerite, and for this reason 

Groves (1968) suggested a Jurassic age for them. There is however a 

similar degree of comparison with dolerites associated with ~he Blue 

Tier Batholith, and a genetic connection between the dyke rocks and 

the Renison Bell granites cannot be excluded on chemical grounds. 

2.8 METAMORPHISM IN THE RENISON BELL AREA 

Pre-Devonian rocks in the Renison Bell district show variable 

development of low-pressure thermal metamorphism in a contact aureole 

around the Pine Hill Granite. In addition, there is evidence of 

mineralogical changes probably due to regional metamorphic events in 

both the Success Creek Group and Crimson Creek Argillite. 

2.8.l Regional Metamorphism of the Crimson Creek Argillite 

The volcaniclastic sediments of the Crimson Creek Argillite exhibit 

a number of features suggestive of their having undergone a period of 

low-grade regional metamorphism. Apparently metastable relics of calcic 

plagioclase and clinopyroxene occur in occasional samples as both 

isolated grains and in basaltic clasts, but elsewhere plagioclase is 

extensively altered to albite + calcite, original mafic minerals and 

probable original glass to chlorite, the latter also comprising the bulk 

of the matrix. Coarse-grained sphene and fine-grained anatase have 

variable paragenetic relationships, with sphene apparently replacing 

anatase in calcite-poor samples and viae versa in samples containing 

major calcite. Pale green tremolite occurs in veinlets with quartz and 

calcite, and in graywacke matrix with chlorite, calcite, and minor quartz, 
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epidote-clinozoisite and adularia. Prehnite and pumpellyite were sought 

but not found. There is little evidence of penetrative deformation in 

the sand-grade rocks, where original elastic textures are in general 

very well preserved. In siltstones and shales the matrix micas show a 

high degree of parallelism to the lithologic layering, with a high-angle 

crenulation cleavage very weakly and sporadically developed. 

The metamorphic mineral assemblages observed and the incomplete 

alteration of sand-grade graywackes are similar to features observed in 

sub-greenschist metamorphic assemblages by Richter & Roy (1974), Papezik 

(1974) and Jolly (1974) and may be attributed to either prehnite

pumpellyite or low greenschist facies regional metamorphic conditions. 

Bulk compositions of Crimson Creek Argillite rocks should in some cases 

support sub-greenschist calcium aluminosilicate minerals, as shown in 

an ACF diagram for all analyzed Dreadnought Hill Member rocks 

(Figure 2-16). The absence of prehnite and pumpellyite may be due to: 

(1) metamorphism in P-T conditions above the range of the 

prehnite-pumpellyite facies, 

(2) suppression of calcium aluminosilicates by high co2 activities 

and their replacement by calcite-chlorite assemblages (Richter & Roy, 

1974), or 

(3) post regional-metamorphic destruction of prehnite and pumpelly

i te during contact metamorphism; this has been reported to occur in 

low-grade metamorphic assemblages by Papezik (1974) and Jolly (1974). 

Further work is required to determine the extent of mineralogical 

changes and to discriminate regional and thermal metamorphic effects in 

the Crimson Creek Argillite. 
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Figure 2-16 ACF diagram for sediments (solid circles) and gabbros 
(open circles) in the Dreadnought Hill Member. Ideal 
minerals are: 

Ep epidote 
Pr prehnite 
Pu pumpellyite 
Cc calcite 

Dol dolomite 
Tr tremolite-actinolite 
Chl chlor i te 

Range of chlorite compositions from Winkler (1976). 
Generalized tielines in prehnite-pumpellyite meta
graywacke facies after Turner (1968, Ch.7). 
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2.8.2 Regional Metamorphism in the Success Creek Group 

Evidence for a period of regional metamorphism affecting the 

Success Creek Group is scanty by comparison with that for the Crimson 

Creek Argillite, presumably due to the bulk composition of the sediments 

of the Success Creek Group being unsuitable for the appearance of the 

characteristic minerals·of low-grade metamorphism. Presumed originally 

argillaceous cement in quartz sandstones is now a rather poorly crys-

tallized muscovite, and clay minerals are absent except as alteration 

products of feldspars. Mica in shales shows a high degree of parallelism 

to bedding, and in several thin sections shows also a weakly developed 

0 0 
crenulation cleavage at 30 -60 to bedding. This cleavage is not 

recognisable in the field and it is not certain with which of the two 

recognised fold sets it is associated. 

2.8.3 Thermal Metamorphism Around the Pine Hill Granite 

Rocks intruded by the Pine Hill Granite have been affected by 

thermal metamorphism and boron metasomatism over a wide area near 

Renison Bell. Extensive recrystallization occurs up to 1.5 km away from 

Pine Hill (Groves, 1968) but the width of this contact aureole is 

exaggerated by the shallow northerly dip of the granite contact between 

Pine Hill and Renison Bell, and in vertical drillholes beneath Renison 
f 

Mine is limited to about 800 metres radially from the granite contact, 

except adjacent to major fault zones where significant effects are 

observed more than 1000 metres distant. 

Sediments in the Renison Mine workings and adjacent surface 

exposures show slight thermal metamorphic effects, except adjacent to 

the Bassett-Federal Fault and major transverse faults where recrystall-

ization is more pronounced. Fine-grained muscovite is developed in 

siliceous elastic sediments of the Success Creek Group, with sporadic 
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development of veinlet and disseminated tourmaline. Carbonate beds 

contain scattered flakes of chlorite, talc and trernolite, but reaction 

is incomplete and free quartz is widespread and generally devoid of 

reaction rims against the surrounding dolomite. Near faults in 

Renison Mine the development of talc is clearly fracture-controlled, 

being common on joint surfaces in the dolomites and in places replacing 

the dolomites for 1-2 centimetres away from joints and bedding-plane 

partings, giving the rock a nodular appearance. Development of talc 

in these situations has obviously been caused by ingress of an external 

hydrous fluid phase. Sporadic development of disseminated talc and 

tremolite in massive dolomites is probably due to variations in-relative 

H20/C02 activities in the local hydrous phase. 

Samples from DDH U861, drilled vertically downwards beneath the 

Renison Mine workings (104131-104146, 104184-104193), show a p~ogressive 

development of thermal metamorphism from albite-epidote hornfels to 

hornblende hornfels facies assemblages in Suc~ess Creek Group sediments 

on approaching the granite contact. Siliceous rocks in the upper part 

of this drillhole (104131-104133) consist of sutured to sub-polygonal 

quartz intergrown with fine-grained muscovite, albite and rare phlogopite. 

Yellow tourmaline is extensively developed in mica-rich laminae and in 

sporadic clots with siderite and muscovite. Quartz-rich laminae and 

quartzites (104134B) show a well-developed polygonal grain texture with 

variably developed interstitial tourmaline. 

Original shales and siltstones (104136) contain abundant 1-2 mm 

ovoid spots of quartz + muscovite, probably after cordierite, in an 

extensively tourmalinised matrix of quartz, muscovite and albite. 

Tremolite is locally developed in original dolomitic siltstones (104145, 

104146). Biotite is extensively _developed within 200 metres of the 

granite contact, and shows a progressive increase in depth of colour 
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from very pale yellow-brown in 104137 to deep red-brown (e.g. 104140). 

Deeper samples show extensive retrograde chloritization of biotite, 

which is commonly intergrown with poikiloblastic muscovite (e.g. 104143, 

104146, 104191). There is also a general increase in the depth of 

colour of yellow tourmaline, and the degree of metasomatic tourmaline 

development, with depth in DDH U861. 

Aluminosilicate minerals are rarely developed. Andalusite 

(chiastolite variety) occurs in a hornfelsed siltstone 83.1 metres from 

the granite contact (104186) as 0.5-2 mm porphyroblasts in a sutured 

matrix of quartz, albite and orthoclase, and contains inclusions of 

these minerals and of apparently primary muscovite. Andalusite porphyro

blasts are extensively replaced by finely felted secondary muscovite, 

which also occurs in sporadic ovoid clumps with quart~which may be after 

cordierite. Interbedded sandy laminae consist of sutured to polygonal 

quartz + muscovite + opaques + minor albite. 

Carbonates interbedded with the siliceous sediments likewise show 

progressive thermal metamorphic changes towards the granite contact, 

from sporadic development of chlorite, talc and tremolite in the upper 

parts of the mine workings through calcite and calcite + talc to calcite 

+ talc + clinochrysotile in the upper parts of DDH U861. Clinochrysotile 

occurs in these samples in irregular veinlets, grain-boundary seams and 

sporadic ovoid patches which may mark the site of original quartz grains. 

Calcite-tremolite (after diopside) - grossular rocks occur sporadically 

at depth (104189) • Boron minerals are rarely developed in metamorphosed 

carbonate rocks, in contrast to Mount Bischoff (Groves, 1968; Groves & 

Solomon, 1964), but the rare borate ludwigite occurs at 646.1 metres in 

DDH U861 (104187), 70.l metres above the granite contact, in a calcite

talc-chrysotile rock with minor magnetite. Ludwigite forms isolated 

crystals and radiating clumps of acicular dark green to black prismatic 
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crystals (average size 20 x 100 µm) elongated parallel to c, with simple 

rhombic cross-sections showing (110) and plane terminations probably 

parallel to (001). Refractive indices are difficult to measure owing 

to the extremely strong absorption; approximate values for 589 nm are: 

Nz 

1.85 

1.97 

X-ray diffraction data (Table 2-6), the relatively high transparency 

and low refractive indices indicate that this is a magnesium-rich 

ludwigite. 

Graywackes and shales of the Dreadnought Hill Member show progress

ive replacement of chlorite by actinolite and biotite with increasing 

depth and proximity to the Bassett-Federal Fault in Renison Mine, with 

sporadic development of calcite + grossular and axinite veining in 

altered gabbros and quartz + albite and quartz + biotite + actinolite + 

tourmaline veining in metasediments. Disseminated metasomatic 

tourmaline becomes more abundant towards the Bassett-Federal Fault. 

Similar assemblages have been described by Groves (1968) from hornfelsed 

Crimson Creek Argillite sediments near Pine Hill, where diopside is 

also locally developed. 



d, R 

5.12 

3.019 

2.563 

2.521 

2.171 

2.122 

2.031 

1.910 

1.576 

1.498 

1.470 

1.377 

104187 

A. 

B. 

Table 2-6 

104187 

I hkl 

100 120 

30 310 

60 201 etc. 

60 211 

10 250 etc. 

10 141 

40 321 

10 ? 

15 441 

10 620 etc. 

10 451 

10 640 etc. 

v-

X-ray powder diffraction data for 
ludwigites. 

A 

d, R I hkl d,. R 

5.12 100 120 7.42 

2.990 25 310 6.12 

2.772 13 ? 5.15 

2.547 70 201 etc. 3.061 

2.515 70 211 2.825 

2.167 35 250 etc. 2.766 

2.145 13 311 2. 740 

2.116 18 141 2.588 

2.027 50 321 2.368 

1.995 18 160 2.175 

1.903 25 ? 2.145 

1.579 25 441 etc. 2.053 

1.500 25 620 etc. 1.926 

1.492 18 112 etc. 1. 779 

1.470 13 451 1.586 

1.377 18 640 etc. 1.539 

1.295 13 720 1.529 

1.504 

1.482 

1.383 

1.314 

1.026 
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B 

I hkl 

13 110 

13 020 

70 120 

18 230 

25 111 

13 320 

13 021 

100 201 

13 150 etc. 

50 250 etc. 

25 311 

50 321 

35 350 

13 520 

18 441 etc. 

25 610 

25 080 

35 620 etc. 

18 550 etc. 

18 640 etc. 

18 710 etc. 

13 910 

Renison Bell ludwigite. 114.6 mm diameter Debye-Scherrer camera, 
CoKa. radiation. Visually estimated intensities. Provisionally 
indexed by comparison with A and B. 

Magnesian ludwigite (Mg1.95Feo.05), Leonard et al., 1962. Only 
reflections with I ~ 10 listed. 

Ferroan ludwigite (Mg 1 • 2 5Fe O • 7 5) ' Leonard et al. , 1962. Only 
reflections with I ~ 10 listed. 



Chapter 3 

MINERALIZATION AT RENISON BELL 

Renison Mine is the largest of the tin deposits in the Renison 

Bell district and the largest currently operating mine, but tin and 

minor base-metal mineralization is extensively developed in the area, 

and several deposits have been worked in the past. 

3.1 MINERALIZATION IN THE RENISON BELL DISTRICT 
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Mineralization in the Renison Bell district shows a crude zonal 

distribution (Blissett, 1962; Groves, 1968), with a strongly mineralized 

central tin zone occupying roughly the area from Renison Bell township 

to, and including, Pine Hill, surrounded by a discontinuous zone of minor 

lead-zinc and copper-silver deposits (Figure 3-1). Small tin deposits 

also occur east of Renison Bell in the Exe River area, south-east of Pine 

Hill at the Frazer mine and south of Pine Hill at Razorback and Grand 

Prize. 

3.1.1 Tin Mineralization 

Tin mineralization is most intensely developed in the upfaulted 

block of Success Creek Group sediments between Renison Bell and the 

northern slopes of Pine Hill, the largest deposits being those at 

Renison Mine, described in succeeding sections. Minor tin mineralization 

in this central tin zone occurs in greisens exposed on Pine Hill and in 

narrow quartz-tourmaline-cassiterite veins cutting the Pine Hill Granite 

and adjacent metasediments and metamorphosed and tourmalinised members of 

the Serpentine Hill Complex. Alluvial cassiterite was also obtained from 

creeks draining the Pine Hill area. 



Figure 3-1 Distribution of mineralization about the Renison Bell 
district. Deposit types are shown as: 

Tin 
Lead-zinc 
Copper-silver 
Copper-axinite 
Nickel-copper 

- triangles 
- hexaqons 
- squares 
- filled circles 
- open circles. 

Locations are taken from Blissett & Gulline (1962) and from 
Blissett (1962). Names of deposits (where known) are 
listed below; capitals indicate operating mines, page 
numbers refer to deposit descriptions in Blissett (1962). 
Nickel-copper mineralization in the Cuni area is also 
described by Williams (1958). Mineralization in the central 
Renison Bell area (dashed outline) is shown in detail in 
Figure A-1. 

Tin pages 

1. RENISON MINE and district 114-123 
2. Frazer 242-243 
3. Grand Prize 128 
4. RAZORBACK 127-128 
5. Fenton's (Exe Gorge) 124 
6. X Proprietary 124-125 
7. Olympic 125-126 
8. Athenic 126-127 

Lead-zinc 

1. Success Extended 229 
2. Bon Accord 229-230 
3. OWen Meredith 230-231 
4. Success 227-229 
5. Poseidon 
6. Argent Tunnel 232 
7. Lead Blocks 231 
8. McKirnmie 232 
9. Melba 240-241 
10. Ka pi 238-239 
11. Evenden 242 
12. -
13. Carbine (Great Northern Creek) 239-240 
14. North Comet 
15. West Comet 226-227 
16. Adelaide 224-226 
17. -
18. Comet 219-220 
19. Maestries 217-219 
20. Banner Cross 
21. Ainslie. 
22. Kosminski 223-224 
23. South Comet 221-222 
24. Moore's Pimple 241-242 
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Figure 3-1 cont. 

Copper-silver 

1. Bonnie Dundee 237 
2. Fahl 233-235 
3. Rich P.A. 233-235 
4. Svengali 238 
5. Curtin Davis 235-237 
6. Hecla 242 
7. Ramsdale 238 

Copper-axinite 

1. Colebrook 243-245 

Nickel-copper 

1. Genet's 247 
2. North Cuni 247-248 
3. South Cuni 248 
4. 
5. Blowfly 248 
6. Mosquito 248 
7. Vaudeau 249 
8. Nickel Reward 249 



Petrographic and chemical features of Pine Hill greisens were 

discussed in Chapter 2. Occurrence of disseminated cassiterite is 

closely linked with development of a second generation of tourmaline 

(green in hand specimen in contrast to black early tourmaline) 

accompanied by minor fluorite and muscovite, and greisens lacking this 

green tourmaline contain little or no cassiterite. 

The central upfaulted block of Success Creek Group and Crimson 

Creek Argillite sediments bounded by the Bassett-Federal and Argent 

Faults contains numerous small tin deposits in addition to the major 

deposits of Renison Mine. The distribution of tin deposits in this 

area is shown in Figure A-1 in Appendix 1. 

Two major types of tin mineralization are recognised at Renison 

Bell (Gilfillan, 1965; Newnham, 1973, 1976; Patterson, 1976). 

(i) Stratabound replacement deposits ("conformable lodes" or 

"sill" orebodies). These consist principally of pyrrhotite with 
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minor' amounts of cassiterite, arsenopyrite and other sulphides, with 

variable amounts of quartz, tourmaline, talc, siderite, fluorite and 

other minor gangue minerals. They are stratabound in the sense of 

Canavan (1973), being formed by replacement of sedimentary dolomites in 

the Success Creek Group and Crimson Creek Formation, adjacent to their 

intersections with relatively major faults. Mineralization occurs in 

each of the three major dolomite beds but is most extensive in the 

No.2 and No.3 Dolomites. The major part of the tin mineralization in 

Renison Mine, and the majority of the outlying orebodies, are of this 

type. 

(ii) Fault controlled replacement deposits ("fissure-replacement 

lodes"). These have similar mineralogy to the stratabound replacement 

orebodies, and consist of fault-bounded vein systems with limited or 



extensive wallrock replacement, best developed in the Bassett-Federal 

Fault Zone. Similar mineralization occurs in the Blow Lode-Black 

Face mine areas, and minor mineralization at the Dalcoath opencut may 

also be of this type. 

Tin also occurs sporadically outside the immediate Renison Bell 

area (Figure 3-1). At Razorback, south of Pine Hill, primary mineral

ization consists of pyrrhotite, cassiterite and quartz with minor 

arsenopyrite, chalcopyrite, stannite and other sulphides in a zone of 

ferroan magnesite formed by alteration of Cambrian serpentinite 
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(Blissett, 1962; Padmasiri, 1974). Current mining operations at Razorback 

are concentrated on recovery of cassiterite from the oxidised zone. 

Mineralization at the nearby Grand Prize prospect is less well known but 

is similar to that at Razorback (Blissett, 1962) . 

In the Exe River district east of Renison Mine (Figure 3-1) minor 

amounts of cassiterite occur in quartz veins with arsenopyrite, pyrite 

(possibly secondary after pyrrhotite) and chalcopyrite. Tourmaline is 

also present in some deposits (Blissett, 1962). Similar mineralization 

occurs in the Frazer mine south-east of Pine Hill, where pyrrhotite, 

arsenopyrite, chalcopyrite and minor fine-grained cassiterite occur in 

irregular masses and veins in a quartz gangue (Blissett, 1962). The 

mine is now abandoned but was previously worked primarily for arsenopyrite. 

3.1.2 Minor Base-Metal Mineralization 

Base-metal mineralization is sporadically distributed outside the 

tin zone (Figure 3-1). Numerous small vein deposits occur in Dundas 

Group sediments and volcanics in the North Dundas area 2-4 km east and 

south-east of Pine Hill and in the Dundas area 6-8 km south of Pine Hill. 

Four vein types were recognised by Blissett (1962). The most important 

of these is the tetrahedrite-chalcopyrite type, which also contain ~~ 

arsenopyrite, jamesonite, galena, sphalerite and bismuthinite in a gangue 
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of quartz and siderite, and were worked primarily for silver contained 

in the tetrahedrite. Less important is the galena-sphalerite type, 

which also contains pyrite,siderite, dolomite and quartz and may also 

contain silver-bearing tetrahedrite and jamesonite. Minor varieties 

are a chalcopyrite-bismuthinite-pyrite type (Hecla) and a pyrrhotite-

arsenopyrite-cassiterite type (Frazer). 

Minor lead-zinc veining also occurs in the Crimson Creek Argillite 

approximately 1-2 km south-west of Pine Hill, and in the Crimson Creek 

district 4 km north-west of Renison Bell, while minor axinite-actinolite-

chalcopyrite deposits occur on the flanks of Colebrook Hill 5 km 

east of Renison Bell. Minor lead-zinc vein mineralization also occurs 

in Renison Mine and at several of the outlying deposits in the central 

tin zone. In Renison Mine lead-zinc veins postdate the deposition of 

~ 
cassiterite-bearing ores and are discussed in detail below. 

A 

Copper-nickel deposits south-west of Renison Bell in the Cuni 

district are associated with a Cambrian dolerite sill in the Crimson 

Creek Argillite and are unrelated to the Devonian base-metal deposits 

in the district, although minor gersdorffite occurs in the Hecla Cu-Bi-As 

deposit south-west of Renison Bell (Williams, 1958). 

3.2 MINERALIZATION AT RENISON MINE 

3.2.l Stratabound Replacement Orebodies 

Mineralization in Renison Mine is of both stratabound replacement 

and fault-controlled rep~acement type, developed in the area of inter-

section of the Bassett-Federal Fault Zone and major transverse normal 

faults. Stratabound mineralization is extensively developed in the No.2 

and No.3 Dolomites, while the No.l Dolomite shows extensive alteration 

but only minor mineralization of economic grade. Cassiterite is the only 

mineral extracted from the ore. 
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The distribution of stratabound replacement orebodies in Renison 

Mine is shown in Figure 3-2. Both the No.2 and No.3 Dolomites are 

extensively replaced by cassiterite-sulphide-silicate·ore adjacent to 

the Bassett-Federal Fault Zone and transverse faults of smaller dis

placement, principally Shears I., and P. Replacement commonly extends 

over the complete stratigraphic thickness of the host dolomite, and 

minor veining and alteration effects are developed in hangingwall and 

footwall rocks. Areas of unreplaced dolomite with peripheral carbonate 

alteration may occur in the orebodies, and the outer edges of the 

orebodies may terminate abruptly or may be lenticular, the sulphide

rich ores occurring near the hangingwall, footwall or some intermediate 

position in the host dolomite. Stratabound replacement orebodies have 

a peripheral carbonate alteration zone developed against the host 

dolomites; this is described in Section 3.4. 

Individual orebodies range in size from comparatively small pods 

such as the Upper Dreadnought or Upper North Stebbins orebodies to 

extensive areas of replacement such as the Colebrook and Penzance ore

bodies which have areal extents of several tens of thousands of square 

metres. Orebodies in the No.2 horizon are generally of smaller areal 

extent than those in the No.3 horizon, but this is compensated by the 

greater thickness of the No.2 Dolomite. 

The stratabound replacement orebodies are mineralogically and 

chemically zoned. Small orebodies show a simple, approximately 

concentric distribution of weighted average assay values of Sn (due to 

cassiterite), As (due to arsenopyrite), Cu (due to chalcopyrite) and S 

(effectively due to pyrrhotite), with assay values declining fairly 

smoothly away from some point on the bounding fault. This is shown in 

Figure 3-3 for the Upper Dreadnought orebody. Positions of maxima for 

these major elements may coincide or may be displaced one from another. 
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Figure 3-2. Composite plan projection of stratabound replacement ore
bodies in Renison Mine. Area of Figure 3-2 is shown on 
Figure A-1. 
Hori:~ontal shading: Stratabound replacement orebodies in 
the No.2 Dolomite horizon. 
A Murchison D North Stebbins 
B Lower Dreadnought E South Stebbins 
C Upper Dreadnought 
Stippled (F): Central Bassett 
Vertical shading: Stratabound replacement orebodies in 
the No.3 Dolomite horizon. 

Faults shown as solid lines are indicated shears at No.2 
Dolomite horizon; dashed faults are indicated shears at 
No.3 Dolomite horizon. Contours on Bassett-Federal Fault 
Zone shown in metres above Renison Ltd. mine grid base 
level. 
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A. Sulphur and arsenic 
B. Sulphur and tin 

in the Upper Dreadnought orebody, No.2 Dolomite 
horizpn. Contour intervals 10, 25, 30 wt.% S, 
0.5, 1.5 wt.% As, Sn. 



Larger orebodies such as the Colebrook have more complicated elemental 

distributions which may be interpreted as resulting from the overlap 

of several simple, approximately concentric zoning patterns similar 

to those in the Upper Dreadnought orebody, developed about several 

points along the bounding faults. 
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These zoning patterns are interpreted as reflecting, in a general 

way, the overall hydrologic flow pattern during mineralization. The 

positions of the maxima along the bounding faults are interpreted as 

the major zones of ingress of the hydrothermal fluids responsible for 

dolomite replacement and formation of the stratabound replacement 

orebodies, with fluid flow having been approximately radially away 

from these zones. 

The zonal patterns described above are based on composite assays 

over the full orebody thickness. Assay profiles of indiviaual drill

holes typically show highly irregular variations in Sn, As and Cu and 

less variation in S. This suggests that fluid flow in the orebodies 

may have been controlled by mesoscopic features such as joints and 

minor faults, and that several mineralization sub-events may be super

imposed in the ores, which is also suggested by the variable mineral 

paragenetic relationships described in Section 3.3 

3.2.2 Fault-Controlled Replacement Orebodies 

Fault-controlled replacement mineralization is best developed in 

the Federal segment of the Bassett-Federal Fault Zone (Figure 3-2) but 

also occurs in the North Bassett and South Bassett segments. The ore 

consists of massive replacements, disseminations and veinlets of 

pyrrhotite plus minor cassiterite, arsenopyrite and other sulphides 

with a gangue of quartz, tourmaline, phlogopite and minor muscovite. 

Ferrotremolite is extensively developed in and near the Dreadnought Hill 



Member. Stannite is of minor importance but becomes more abundant 

at depth. 

The Central Bassett orebody (Figure 3-2) is developed in and 

around a steeply downdragged section of the No.2 Dolomite between 

Shears L and P, and mineralization is intermediate in type between the 

stratabound and fault-controlled replacement ores. Rocks between the 

Central Bassett and Federal orebodies are extensively altered and 

weakly mineralized. 
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Localization of the orebodies is largely structurally controlled, 

and as may be expected element distribution patterns are more irregular 

than those in the stratabound orebodies. 

Mineralization is developed to varying degrees in the Bassett

Federal Fault Zone over a strike length of 2000 metres and a dip length 

of about 800 metres, over widths of 5 to 15 metres (Newnham, 1976). 

The general distribution of significant mineralization in this zone is 

shown in longitudinal projection in Figure 3-4. 

3.2.3 Minor Tin Mineralization 

In addition to the major stratabound and fault-controlled 

replacement ores, two types of cassiterite mineralization of relatively 

minor importance are developed in Renison Mine. In the Bassett-Federal 

Fault zone an anastomosing set of arsenopyrite-rich veins is developed, 

cutting and including blocks of replacement ore and thus postdating 

formation of the lat~er. The veins consist of qu.artz + arsenopyrite + 

minor cassiterite, pyrrhotite and chalcopyrite, and rarely other 

sulphides. They are steeply dipping and strike subparallel to the 

Bassett-Federal Fault Zone, and vary in width from about 1 cm to 1 metre. 

They form part of the Federal orebody and also occur in the North 

Bassett and South Bassett segments. 
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Minor tin mineralization also occurs as patches and disseminations 

of cassiterite in areas of recrystallized and intensely tourmalinised 

quartzite within the- Renison Bell Shale between Shear L and Shear P, 

known as the 2.5 ore zone. 

The sulphide content is typically very low and occurs as sporadic 

veinlets and interstitial patches of arsenopyrite and pyrrhotite. 

This mineralization is not mined. 

3.2.4 Generalized Paragenetic Sequence 

On the basis of geometric relationships observed in underground 

exposures, and on microscopic evidence discussed in Section 3.3, the 

following generalized paragenetic scheme has been established for 

mineralization in Renison Mine. 

Stage 1. Equivocal microscopic evidence suggests that a stage of quartz + 

cassiterite + tourmaline ± magnetite ± ilmenite ± rutile may 

have preceded formation of sulphide-rich assemblages in the 

stratabound and fault-controlled replacement orebodies of 

Stage 2. Euhedral pyrite rarely developed in the replacement 

orebodies may also be related to this stage. The mineralogy 

of the 2.5 ore zone and sulphide-deficient parts of the 

Central Bassett orebody corresponds to this assemblage and may 

possibly be an example of Stage 1 mineralization free from sub

sequent mineralization effects. 

Stage 2. Formation of replacement orebodies in the dolomite horizons 

and in fault zones. Mineral relationships are complex but 

quartz, cassiterite, pyrrhotite, arsenopyrite and probably 

chalcopyrite appear to have crystallized approximately contem

poraneously. 



Stage 3. Formation of arsenopyrite-rich veins, principally in the 

Bassett-Federal Fault Zone. Han~ specimen and microscopic 

mineral relationships indicate contemporaneous deposition of 

quartz, cassiterite, pyrrhotite, arsenopyrite and probably 

chalcopyrite. Millimetre-sized vugs in these veins contain 

sporadic traces of montrnorillonite. 

Stage 4. This includes at least two sets of minor vein mineralization 

whose relative temporal relationships are uncer~ain, but 
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which both postdate Stage 2 and Stage 3 mineralization. Observed 

assemblages are (a) calcite + green fluorite + quartz, plus 

minor sphalerite, galena, chalcopyrite. Developed as a late 

stage of mineralization mainly in Shears L and P and cutting 

the adjacent stratabound replacement orebodies. Stage 2 

pyrrhotite cut by veinlets of this assemblage shows slight to 

moderate alteration to graphic or cryptocrystalline pyrite with 

rare marcasite; (b) sphalerite + galena + chalcopyrite + quartz 

± rhodochrosite ± chlorite, occasionally + calcite, rarely + 

muscovite. Occurs in steeply dipping veins and veinlets 

s'):.riki~g approximately at right angles to the Bassett-Federal 

Fault Zone, and cuts Stage 2 and Stage 3 mineralization in this 

zone. Adjoining pyrrhotite is slightly altered to fine-grained 

graphic pyrite. 

The general similarity of mineral assemblages in these veins 

and of their alteration of earlier pyrrhotite suggests they 

may be temporally related, and may also be related to minor 

veinlet development of calcite + chalcopyrite + galena + 

sphalerite ± bismuth ± bismuthinite and rare sulphosalts in the 

replacement orebodies. 
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Stage 5. Minor calcite + quartz ± chlorite in shallowly to steeply 

dipping veins striking approximately at right angles to the 

Bassett-Federal Fault Zone and occurring mainly in the Federal 

orebody and in the hangingwall of the Bassett-Federal Fault 

Zone. Fragments of Stage 2 ore show extensive replacement 

of pyrrhotite by pyrite, but chalcopyrite is apparently 

unaffected. 

Stage 6. Filling of vugs in Stage 5 veins, and cavities in faults. 

The complete,, sequence given below may not be present at 

individual localities but time relationships are consistent 

throughout ..!' 

Earliest (a) cream to buff rhombohedral dolomite 

Latest 

(b) colourless (rarely purple) fluorite as scattered 

cubes and rare octahedra 

(c) clear quartz - may be contemporaneous with or 

slightly later than (b) 

(d) rare euhedral chalcopyrite crystals, 0.5-1 mm 

diameter, growing on (b) and (c), or on (a) 

where fluorite and quartz are absent 

(e) colourless calcite, usually in isolated crystals 

or aggregates 

(f) pyrite in scattered 0.5-1 mm diameter incomplete 

pyritohedral crystals, typically with an irides

cent tarnish, encrusting all exposed previous 

minerals 

(g) calcite in 0.5-2 mm rosettes of clear to milky 

white rhombohedra. 

Evidence for the existence of Stage 1 as a separate stage, and 

textural and microparagenetic relationships in Stage 2 and 3 ores are 

described in detail in the following section. 
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3.3 PETROLOGY OF RENISON MINE ORES 

3.3.1 Mineral Constitution of Mineralization Stages 

The mineralogy of Renison Mine Qres, and the distribution of 

minerals between the various paragenetic stages, is shown in Table 3-1, 

which is based on examination of several hundred hand specimens and 

thin and polished sections. A number of other minerals have been 

reported by previous workers but were not confirmed by the author, and 

their paragenetic position is uncertain. Jamesonite, which has been 

tentatively identified in Renison Mine, w~s reported in association 
' 

with galena from the Battery Mine by Stillwell & Edwards, (1943), who 

also reported traces of canfieldite and franckeite associated with 

galena, pyrite, sphalerite, stannite and tetrahedrite, and a single 

42 x 75 µm particle of gold in a carbonate veinlet. Groves (1968) 

recorded possible valleriite in trace amounts in stratabound replacement 

mineralization. The majority of the minerals listed have also been 

described by H.W. Fander in numerous unpublished petrological reports to 

Renison Ltd. Features of the mineralogy and mineral chemistry are dis-

cussed below, and deformation fabrics and microparagenetic relationships 

in succeeding sections. 

3.3.2 Mineralogy of Cassiterite-bearing Mineralization Stages 

(i) Pyrrhotite is overwhelmingly the most abundant mineral of 

the Stage 1, 2 cassiterite orebodies, and is a significant component of 

Stage 3 veins~ In replacement orebodies it occurs as massive poly-

crystalline aggregates or as intergrowths with siderite or silicates 

(Plate 3-1). It occurs mainly in anhedral to approximately polyhedral 

int~rlocking grains, but grain fabrics have been extensively modified 

by syn- or post-mineralization deformation and partial annealing (see 

Section 3.3.3) and interpretation of contact relationships with other 



Table 3-1 Mineralogy of Renison Mine ore stages. 

Stage 1, 2 

Sulphides 

strata
bound 
ores 

pyrrhotite xxxx 
arsenopyrite xx 
pyrite x 
marcasite x 
chalcopyrite xx 
sphalerite x 
galena x 
stannite x 
tetrahedrite x 
pyrargyrite 
bismuthinite x 
? lillianite 
? jamesonite 

Oxides 

cassiterite 
magnetite 
ilmenite 
Ti02 
polymorphs 

wolframite 

xx 
x 
xx 

xx 

Native elements 

bismuth 
carbon 

Silicates 

quartz 
tourmaline 
topaz 
tremolite 
talc 
muscovite 
phlogopite 
chlorite 
montmorill-
onite 

Carbonates 

dcilomite 
calcite 
siderite 
ankerite 
rhouochrosite 

x 
x 

xxxx 
xxxx 
x 
xxxx 
xxxx 
x 
xxxx 
x 

xxxx 
J( ( ?) 

Halides, I·hospha tes 

fluorite 
apatite 

xx 
xx 

fault- Stage 3 
controlled 
ores 

xxxx 
xx 
x 
x 
xx 
x 
x 
x 
x 
x 
x 
x 
x 

xx 
x 
xx 

xx 
x 

x 
x 

xxxx 
xxxx 
x 
xxxx 
xx 
x 
xxxx 
x 

xx 
x (?) 

xx 
xx 

xxxx 
xxxx 
x 
x 
xx 
x 
x 
x 
x 

x 

xx 

xx 

xx 
x 

x 

xxxx 
xx 
x 

xxxx 
xx 

x 

xx 

Note: xxxx - major to dominant; xx - minor; 
x(?) - occurrence uncertain. 

Stage 4 

x 

xx 

xx 
xxxx 
xxxx 

xxxx 

xx 

xx 

x:xxx 

xx 

Stage 5 

x 

xxxx 

xx 

x 

xx 

x - trace; 
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Stage 6 

x 

x 

xx 

xx 
xx 

xx 



Plate 3- 1. Talcose Stage 2 ore (103799) consis ting of 
irregular patches of pyrrhotite (black) intergrown with 
fine-grained talc (mottled grey) carrying minor dissem
inated q uartz and cassiterite and rare ?relict siderite 
(not shown in photo) . Scale bar (lower right) is 
l millime tre . Transmitted light, crossed polars . 

Plate 3- 2. Specimen 103807. Flame-like lamellae of 
monoclinic pyrrhotite (lighter grey) in the body of a 
coarse grain of hexagonal pyrrhotite (darker grey) and 
apparently replacing the hexagonal pyrrhotite away from 
the fracture in the centre of the plate. Internal mono
clinic lamellae are offset at kink band boundaries , e.g . 
1-1 and 2- 2. The pronounced fracturing and consequent 
plucking of monoclinic pyrrhotite adjacent to fractures 
and a l ong grain boundaries is common throughout the ores . 
Scale bar (lower right) is 100 µm. Reflected light, 
oil immersion , polars slightly c rossed. 



minerals is generally equivocal. Minor amounts of pyrrhotite also 

occur as inclusions in euhedral to subhedral quartz, where three 

inclusion varieties may be distinguished, viz. 

(a) Irregular fragments bounded by planar (? cleavage) and 

conchoidal surfaces, 

(b) anhedral, generally ovoid grains, and 

(c) euhedral crystals, either as hexagonal tablets or acute 

hexagonal pyramids with horizontally striated faces. Grains 

are typically 20-200 µm in diameter. 
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In almost all material examined, the pyrrhotite is a mixture of 

hexagonal and monoclinic phases, with lenticular or flame-like bodies 

of monoclinic pyrrhotite, accentuated by etchin~ or by coating with 

magnetic colloid suspension, in a host of hexagonal pyrrhotite, or less 

connnonly viae versa. Monoclinic lamellae occur in the interior of 

hexagonal grains, where they may be terminated or deflected at kink 

plane boundaries, and along grain boundaries and fractures, in several 

cases apparently as an alteration product of a predominantly hexagonal 

host (Plate 3-2). Monoclinic pyrrhotite patches may also occur around 

solid inclusions of cassiterite, tourmaline etc. in the hexagonal host, 

and in these situations the hexagonal/monoclinic transformation may 

be enhanced by strain in the hexagonal pyrrhotite adjacent to such solid 

inclusions. Monoclinic lamellae appear in general to be more abundant 

in rather highly strained (kinked and twinned) pyrrhotite samples, which 

also suggests the transformation may be strain-enhanced. Occasional 

grains of wholly hexagonal or wholly monoclinic pyrrhotite were also 

observed. 

Similar intergrowths were reported by Hill & Haynes (1969) and 

Haynes & Hill (1970) for pyrrhotites from outlying stratabound mineral

ization. Hexagonal pyrrhotites examined by these authors have a 2A,5C 



superstructure type. Samples from DDH 60 studied by these authors 

showed a systematic distribution of pyrrhotite types in stratabound 

replacement mineralization in the No.2 Dolomite, with predominantly 

hexagonal pyrrhotite near the top of the orebody and predominantly 

monoclinic pyrrhotite near the base. The distribution of pyrrhotite 

types in Renison Mine was not examined in detail, but no regularity 

of distribution was observed in profiles through the Colebrook 

(103773-103797) and South Stebbins (103798-103806) orebodies. 

Trace element contents of 21 samples of pyrrhotite in the 

Colebrook orebody were examined by Collins (1972) whose results are 

summarised below: 

Co (ppm) 

Ni (ppm) 

Mn (ppm) 

Maximum 

122 

26 

102 

Average 

23 

8 

57 

Minimum 

5 

3 

21 

These results are consistent with the generally low trace element 

contents of Stage 2 and 3 arsenopyrites (see below) and with the 

generally low cobalt and nickel concentrations in sulphides from 

deposits related to Upper Devonian granites in Western and Eastern 

Tasmania (Loftus-Hills & Solomon, 1967; Groves & Loftus-Hills, 1968). 
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(ii) Arsenopyrite is a widespread minor mineral in Stage 2 

stratabound and fault-controlled replacement ores and is a major 

component of Stage 3 veins. In both stages it occurs as subhedral to 

euhedral grains, isolated or mutually interlocking, or intergrown with 

quartz, cassiterite, tourmaline or pyrrhotite. Boundaries with 

pyrrhotite'may be plane crystal faces, stepped or micro-dendritic, or 

smoothly cuspate and apparently replacive, and pyrrhotite also occurs 

as ovoid to subhedral, apparently primary growth inclusions in arseno

pyrite. In areas of deformation arsenopyrite may be brecciated and 



veined by pyrrhotite and chalcopyrite, with or without apparent 

replacement of the arsenopyrite, while in less deformed areas coarse 

(100-2000 µm) arsenopyrite may be partly replaced by pyrrhotite 

carrying inclusions of fine (10-50 µm) euhedral arsenopyrite. 

Dendritic arsenopyrite in pyrrhotite is rarely observed. 

Crystals typically show patchy or lamellar mimetic twinning in 

complex interlocking patterns. Etching with HN03 enhances this 
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twinning and in some samples reveals a weak concentric (growth?) zoning. 

Although an analyzed arsenopyrite sample was not available for use as 

a microprobe standard for arsenopyrite analyses, microprobe traverses 

across several samples, both unzoned and showing concentric zoning, 

indicate no significant variation in As/S ratio, the point-to-point 

variation in count rates for Fe, As and S being comparable to the 

variation between multiple analyses on the same point. 

Trace element analyses for Co, Ni and Mn of 25 bulk arsenopyrite 

concentrates from Stage 2 and Stage 3 mineralization were kindly 

performed by Dr. W.E. Baker of the Tasmanian Department of Mines, and 

the results are shown in Table 3-2. Ranges for Co, Ni and Mn are: 

Co (ppm) 

Ni (ppm) 

Mn (ppm) 

Maximum 

831 

158 

1200 

Average 

265 

47 

201 

Minimum 

4 

3 

6 

As expected, there is a small increase in trace element concentrations 

over the Colebrook pyrrhotites analyzed by Collins (1972) but total 

trace metal concentrations are less than 2000 ppm and usually less than 

1000 ppm. Stage 3 arsenopyrites show slightly greater concentrations 

of Co, Ni and Mn than Stage 2 samples. 

These low trace metal concentrations permit the use of the X-ray 

determinative curve of Kretschmar & Scott (1976) to determine the As/S 



Table,3-2 

Sample Stage 

104119 2 
104173 2 
104175 2 
104108 2 

103705 3 
103709 3 
103993* 3 
104000* 3 
1040C2 3 
104003 3 
104005 3 
104009 3 
104016 3 
104041 3 
104042 3 
104045 3 
104049 3 
104053 3 
104054 3 
104079 3 
104085 3 
104088 3 
104102 3 
104109 3 
104111 3 

Trace element analyses of arsenopyrite from 
Renison Mine. (AAS analyses by Dr. W.E. Baker, 
Tasmanian Department of Mines, 1978.) 

Ore Zone Ni (ppm) Co (ppn) Mn (ppn) 

Penzance <3 4 7 
Penzance 13 109 16 
Murchison 17 421 10 
North Bassett 32 207 71 

Federal 11 89 29 
Federal 18 168 23 
Federal 4 149 109 
Federal 61 254 521 
Federal 144 271 255 
Federal 24 196 679 
Federal 12 387 6 
Federal 72 167 151 
Federal 158 230 241 
Federal 70 276 514 
Federal 36 271 148 
Federal 125 831 115 
Federal 6 51 118 
Federal 96 783 92 
"Federal 23 190 188 
Federal 52 314 79 
Federal 4 46 72 
North Bassett <3 71 7 
Federal 123 338 1200 
North Bassett 54 794 117 
North Bassett 44 143 40 

* average of two analyses. 
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ratio of the arsenopyrites, and the lack of observed zoning in turn 

enables the use of these As/S ratios to estimate the temperature and/or 

sulphur fugacity during ore formation. Arsenic-sulphur ratios of 

26 arsenopyrite samples from Stage 2 and Stage 3 mineralization, 

including 15 analyzed for trace elements, were determined using the 

method and recommended CaF2 standard of Kretschmar & Scott (1976), and 

results are shown in Table 3-3. Sharp (131) reflections were obtained 

for all samples. 

Stage 3 arsenopyrites have a very narrow range of As/S ratios, 

with arsenic concentrations ranging between 32.3 and 33.0 atomic % for 

the 20 samples examined. Stage 2 arsenopyrites overlap in composition 

but are slightly more arsenic-rich, with arsenic concentrations ranging 

between 32.9 and 34.3 atomic %. Although only six Stage 2 samples 

were examined, there appears to be a real although slight difference 

between the Stage 2 and Stage 3 arsenopyrites, which may be due to 

small differences in temperature and/or sulphur fugacity during 

deposition. 

(iii) Minor sulphides 

Pyrite occurs in minor to trace amounts in Stage 2 and Stage 3 

assemblages. The moi~t common mode of occurrence is as porous graphic 

masses or isolated euhedral-subhedral crystals developed in pyrrhotite 

adjacent to carbonate + minor sulphide veinlets, where it is obviously 

an alteration product of pyrrhotite (e.g. 104179). Gel-pyrite is rarely 

seen and where present occurs on the veinward side of masses of porous 

pyrite as described above. In these cases the degree of crystallinity 

commonly increases away from the carbonate veinlet, gel-pyrite or 

finely graphic pyrite adjacent to the veinlet passing outward into 

euhedral pyrite aggregates, which typically contain numerous inclusions 
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Table 3-3 X-ray diffraction analyses of arsenopyrite. 

Sample Stage Ore Zone d131 <R> As (at.%) 
FeAsxSY 

x y 

104108 2 North Bassett 1.6327 33.9 1.017 0.983 
104121 2 Murchison 1.6328 34.0 1.020 0.980 
104175 2 Murchison 1.6315 32.9 0.987 1.013 
104119 2 Penzance 1.6331 34.3 1.029 0.971 
104126 2 Penzance 1.6321 33.4 1.002 0.998 
104173 2 Penzance 1.6329 34.1 1.023 0.977 

103705 3 Federal 1.6315 32.9 0.987 1.013 
103709 3 Federal 1.6312 32.6 0.978 1.022 
103993 3 Federal 1.6310 32.4 0.972 1.028 
103994 3 Federal 1.6308 32.3 0.969 1.031 
104000 3 Federal 1.6314 32.8 0.984 1.016 
104003 3 Federal 1.6313 32.7 0.981 1.019 
104010 3 Federal 1.6316 33.0 0.990 1.010 
104041 3 Federal 1.6314 32.8 0.984 1.016 
104045 3 Federal 1.6314 32.8 0.984 1.016 
104049 3 Federal 1. 6313 32.7 0.981 1.019 
104079 3 Federal 1.6313 32.7 0.981 1.019 
104088 3 North Bassett 1.6315 32.9 0.987 1.013 
104092 3 Federal 1.6312 32.6 0.978 1.022 
104103 3 Federal 1. 6314 32.8 0.984 1.016 
104109 3 North Bassett 1.6315 32.9 0.987 1.013 
104114 3 North Bassett 1. 6313 32.7 0.981 1.019 
104183 3 Federal 1. 6315 32.9 0.987 1.013 
104248 3 FedP,ral 1.6308 32.3 0.969 1.031 
104277 3 Federal 1.6310 32.4 0.972 1.028 
104284 3 Federal 1.6314 32.8 0.984 1.016 

Note: d131 for arsenopyrite was measured using an internal standard of 
annealed CaF2 , taking a for CaFz = 5.4626~. Atomic percent As was 
calculated from As (at.%) = 866.67 d131 - 1381.12 (Kretschmar & 

Scott, 1976) • 



(commonly zonally arranged) of pyrrhotite or sphalerite and galena + 

minor sulphides, but are sometimes inclusion-free. 

Graphic pyrite is occasionally intergrown with granular 

marcasj.te, which also occurs sporadically as lenticular bodies in the 

cleavage and grain boundaries of pyrrhotite. 

Trace amounts of pyrite also occur as euhedral, cubic or pyrito

hedral crystals up to 500 µm in diameter, disseminated in a matrix 
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of massive pyrrhotite. They are typically free of pyrrhotite or other 

inclusions and have no obvious spatial relationship with pyrrhotite 

grain boundaries or with carbonate veinlets, and may represent a 

period of pyrite deposition prior to or contemporaneous with pyrrhotite 

deposition. 

Chalcopyrite, sphalerite and stannite occur in irregular patches 

in .siderite or ankerite veinlets, and as fracture-filling or grain

boundary veinlets with minor carbonate in pyrrhotite-arsenopyrite

cassiterite-silicate assemblages. Sphalerite contains abundant ovoid 

exsolution bodies and grain boundary films of chalcopyrite, less 

commonly of stannite and pyrrhotite, while stannite contains sporadic 

inclusions of chalcopyrite and rarely sphalerite, and chalcopyrite 

contains locally abundant stellate inclusions of sphalerite. A variety 

of relationships is shown against pyrrhotite; in many samples 

pyrrhotite shows sporadic alteration to euhedral pyrite as described 

above, while apparently contemporaneous monoclinic pyrrhotite also 

occurs in several samples and typically contains sporadic ovoid 

?exsolution bodies of sphalerite. Relationships with cassiterite are 

also variable, with cassiterite being alternatively replaced by stannite, 

replaced by chalcopyrite, or rimmed but not corroded by chalcopyrite 

and/or stannite. 



Minor amounts of chalcopyrite and rare sphalerite also occur in 

massive pyrrhotite ores, where they occupy grain boundaries and triple 

?Oi~ts, and fill fractures in arsenopyrite in deformed samples. 

Traces of tetrahedrite accompany chalcopyrite in some of these 

occurrences. 
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Galena forms isolated patches up to 100 µm diameter in cleavages, 

triple points and grain boundaries of massive pyrrhotite (generally 

showing at least moderate deformation), arsenopyrite and cassiterite, 

where it may be associated with traces of native bismuth. Similar 

assemblages may occur as inclusions in porous pyrite. Galena also 

occurs in carbonate veinlets and patches in deformed pyrrhotite-bearing 

assemblages, where it is commonly associated with minor sph?lerite, 

chalcopyrite, and native bismuth, and rarely with bismuthinite, 

pyrargyrite and tentatively identified lillianite and jamesonite 

(104119). This minor sulphide assemblage has so far been identified 

only from rather highly deformed material in the Federal segment of the 

Bassett-Federal Fault Zone. 

(iv) Cassiterite is the only mineral extracted from the Renison 

Bell ores. It typically occurs in euhedral twinned crystals or crystal 

groups, in generally bipyramidal forms. Columnar or acicular forms are 

rare. Grain sizes are typically 10-200 µm, rarely reaching 1 mm 

diameter. Cassiterite shows a variety of colours, being brown to red

brown in sulphide-rich ore zones, and colourless to pale yellow in 

sulphide-deficient mineralization such as the 2.5 orebody. By comparison 

cassiterite from Pine Hill greisens is a deep red-brown and sometimes 

nearly opaque in thin section. Concentric or sectoral colour zoning is 

common in cassiterite from all mineralization styles (Plate 3-3). 

Cassiterite occurs intergrown with quartz, tourmaline, phyllo

silicates and sulphides, and has been observed as primary growth 

inclusions in arsenopyrite and quartz (Plate 3-4) where it may be 



Plate 3- 3 . Specimen 104183. Crustified veinlets of 
zoned cassiterite intergrown with and overgrown by 
pyrrhotite (black) , cutting earlier massive pyrrhotite 
(black) with disseminated subhedral quartz (white , 
l ower centre) . Scal e bar (lower right) is 1 millimetre . 
Transmitted light, 1 polar . 

Plate 3-4. Specime n 103692. Inclusions of euhedral 
pyrrhotite (white) and cassiter i te (grey ) in euhedral 
quartz crystal intergrown with pyrrhotite . Cassiterite 
grain at top centre has a core of ilmenite , partly 
altered to rutile. Pyrrhotite inclusions at extreme 
l ower left are apparently co- zona l with cassiterite 
inclusions . Scale bar (lowe r right) is 100 µrn. 
Reflected light, dry , 1 polar . 
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intergrown with or co-zonal with euhedral pyrrhotite. Cassiterite in 

pyrrhotite grain boundaries or as inclusions in pyrrhotite is typically 

euhedral (Plate 3-5) but a variety of contact relationships are shown 

against chalcopyrite, where cassiterite may be euhedral or partly 

replaced with or without development of a stannite rim (Plate 3-6). 

Solid inclusions in cassiterite are rather uncommon, but several 

samples contain inclusions of ilmenite, rutile or magnetite (104117, 

104118), and inclusions of wolframite have been reported by Stillwell & 

Edwards (1943). Sulphide inclusions are rare, but euhedral arsenopyrite 

and subhedral to rounded pyrrhotite have both been observed as 1-10 µm 

grains, apparently trapped during crystallization of cassiterite 

(e.g. 103801, 103802). 

(v) Minor oxide minerals 

Magnetite occurs rarely in the ores as micron-sized irregular to 

subhedral inclusions in cassiterite, and as 20-200 µm diameter euhedra 

embedded in pyrrhotite, where it is usually extensively replaced by 

siderite (103692B). Hematite was reported by Groves (1968) but was not 

observed by the author in ore samples. Both magnetite and hematite 

occur in ferruginous cherts and elastic sediments of the Red Rock Member 

and are replaced by pyrrhotite in altered sediments (104202). 

Ilmenite and rutile/anatase are widely distributed accessory 

minerals in Stages 2 and 3, and show a variety of relationships. Ilmenite 

occurs as rounded grains of platy euhedra up to 200 µm diameter 

(e.g. 104270) and may be replaced by microcrystalline anatase, in several 

samples with alternatively inclusions or partial rims of ilmenite 

(e.g. 104127). Both ilmenite and rutile may occur as inclusions in 

cassiterite, sulphides and quartz. In addition to its occurrence as an 

alteration product of ilmenite, anatase may also occur as well-developed 

disseminated euhedra, but the distribution of Ti02 polymorphs has not 
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Plate 3- 5 . Specimen 103692. Euhedral cassiterite 
(grey) intergrown with pyrrhotite (white), a nd 
concentrated mainl y along pyrrhotite grain boundaries, 
whi ch are marked by plucked zones (black) . Cassiterite 
grain near centre of p l ate has an irregular core of 
rutile . Scale bar (lower right) is 100 µm. Reflected 
light , dry , l polar . 

Plate 3- 6 . Specimen 103993. Intergrown euhedral 
arsenopyrite (white) and cassiterite (darker grey) . 
Cassiterite is extensively replaced by chalcopyri te (mid
grey) with sporadic development of stannite rims (pale 
grey). Black patches are holes. Scale bar (lower right) 
is 100 µm. Reflected light , dry , 1 polar . 



been examined in detail, and much of the "rutile" observed in 

polished sections may in fact be anatase. 
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Wolframite is a rare component of the ores, occurring as sporadic 

inclusions in cassiterite or as polyhedral grains up to 500 µm diameter 

intergrown with cassiterite, quartz and arsenopyrite (104226). 

(iv) Native bismuth occurs sporadically in Stage 2 and 3 ores, 

and two principal modes of occurrence may be recognised. Native bismuth 

occurs alone or intergrown with galena in grain boundaries and triple 

points of pyrrhotite,in Stage 2 ores. Bismuth in these occurrences is 

typically polycrystalline with polyhedral internal grain boundaries. 

There is no evidence of an original liquid form for native bismuth, but 

the enclosing pyrrhotite is typically at least weakly kinked and may be 

partly recrystallized, and original native bismuth fabrics are likely 

to have been destroyed. Bismuthinite is absent from these occurrences. 

Small amounts of native bismuth also occur in carbonate veinlets 

with galena, sphalerite, chalcopyrite and rare sulphosalts, as described 

above. 

(vii) Carbon has been rarely observed in Stage 2 ores, and two 

types may be distinguished. Carbon-I occurs as anhedral fragments of 

very low reflectivity material which takes a very poor polish, and is 

isotropic or shows a very weak, patchy anisotropism. Carbon-II has 

strong bireflectance and anisotropism, although less so than well

crystallized graphite, and occurs as isolated flakes up to 5 µm long 

in talc, and as fragments of botryoidal, spherulitic or tabular material 

with a radial-fibrous microstructure (104147, Plate 3-7). Where 

Carbon-I occurs as fragments in massive pyrrhotite, it may be rimmed by 

Carbon-II (104158). No carbon was observed in the metasomatic siderite 

zone or in Stage 3 veins. 



Plate 3-7. Specimen 104147. Fr agments of tabular to 
botryoidal Carbon-II (white) showing very strong 
bireflectance at A, intergrown with siderite (grey) in 
interstices of subhedral vein quartz (mid- grey) cutting 
massive pyrrhotite of Stage 2. Scale bar (lower right) 
is 100 µm. Reflected light, dry , 1 polar. 

Plate 3- 8. Specimen 103685. Coarse-grained quartz 
intergrown with strings of acicular green to yellow- brown 
tourmaline and disseminated euhedral cassiterite (C) . 
Quartz grainsize outside the centre quartz vein is 
approximately 3 mm. Scale bar (lower right) is 
1 millim e tre . Transmitted light , 1 polar. 
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(viii) Quartz is the major non-sulphide component of the Stage 2 

and 3 mineralization and the dominant component of sulphide-deficient 

mineralization in the Central Bassett and 2.5 orebodies. In the latter 

cases quartz occurs as anhedral to subhedral interlocking grains inter

grown with and containing inclusions of tourmaline, cassiterite, minor 

arsenopyrite and pyrrhotite (Plate 3-8), and contains inclusions of 

the characteristic well-rounded bright pink detrital zircon of the 

Success Creek Group. Quartz in Stage 2 and 3 ores forms chiefly 

interlocking subhedral grains with occasional crystal faces forming the 

walls of vugs, and aggregates of columnar euhedral crystals 0.5-3 cm 

long, occasionally doubly terminated,intergrown with pyrrhotite, 

arsenopyrite, cassiterite etc. Inclusions of euhedral cassiterite and 

tourmaline are relatively common, and euhedral inclusions of pyrrhotite 

and/or arsenopyrite occur sporadically and may be intergrown with or 

co-zonal with cassiterite (e.g. 103692, 104158). 

(ix) Tourmaline is a ubiquitous minor component of Stage 2 and 3 

ores, occurring as acicular crystals intergrown with and included in 

cassiterite, quartz, tremolite, phyllosilicates, pyrrhotite and arseno

pyri te. Veinlets and disseminations of tourmaline are also extensively 

developed in the siliceous elastic wallrocks adjacent to the orebodies, 

and minor veinlet and disseminated tourmaline occurs in Crimson Creek 

Argillite graywackes in the hangingwall of the Bassett-Federal Fault 

Zone. Quartz and tourmaline are the major components of mineralization 

in the 2.5 and parts of the Central Bassett ore zones. 

Tourmaline exhibits a variety of colours, being predominantly 

green with minor yellow, brown and blue variants. Colour zoning is 

common and is typically of the form yellow and/or blue cores ~ green 

rims. In contrast to the behaviour of cassiterite there is no systematic 

variation in tourmaline colour between different mineralization types. 
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(x) Tremolite occurs in stratabound and fault-controlled Stage 2 

ores but -has not been observed in Stage 3 veins. In stratabound 

rep~acement ores tremolite is white or very pale green (colourless in 

thin section) and occurs as clusters of acicular crystals intergrown 

with talc, pyrrhotite and minor phlogopite. In fault-controlled ores 

tremolite is deeper green (pale green in thin section) and is typically 

intergrown with phlogopite, tourmaline, quartz and pyrrhotite; similar 

material occurs in veinlets in altered Crimson Creek Argillite 

graywackes in the hangingwall of the Bassett-Federal Fault Zone, and in 

both of these cases may be partly replaced by quartz. ~efrdctive 

indices (ny) for six tremolites from both stratabound and fault

controlled replacement ores are in the range 1.627-1.649, corresponding 

to a maximum ferroactinolite component of about 30% (Deer et aZ., 1963, 

p.257). 

(xi) Phyllosilicates 

Phlogopite is a widespread minor mineral in Stage 2 and 3 mineral

ization, where it occurs intergrown with quartz, tourmaline, cassiterite 

and sulphides, and may be also associated with talc or muscovite in 

stratabound replacement ores, and with muscovite and tremolite in 

fault-bound replacement ores. 

Phlogopite in thin section is pale yellow-brown to red-brown in 

colour, and in Stage 3 veins in particular is extensively altered to a 

pale green chlorite. The X-ray diffraction pattern closely resembles 

that of synthetic fluorphlogopite. Intensity ratios for (004) and (005) 

reflections for six samples range between 0.25 and 0.5, corresponding 

to approximately 0-20% iron group metals in the octahedral layer 

(Rimsaite, 1967); they are thus phlogopites rather than biotites. 

Intensity ratios lower than the end-member value of 0.29 for Mg-phlogopite 

may indicate a small amount of aluminium substitution in the octahedral 

layer (Rimsaite, 1967). 
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Muscovite is much less common than phlogopite but occurs in 

Stage 2 and 3 mineralization in trace amounts, and is locally common 

in sulphide-poor mineralization in the Central Bassett and 2.5 orebodies. 

In the latter it is intergrown with quartz, tourmaline and cassiterite, 

and in Stage 2 and 3 mineralization is typically intergrown with these 

minerals in addition to pyrrhotite and phlogopite. Minor amounts also 

occur as veinlets carrying disseminated cassi~erite in the carbonate 

alteration zone peripheral to stratabound replacement ores. All 

material examined by the author has X-ray diffraction patterns corres-

ponding to 2M muscovite. 

Talc is widely distributed in the stratabound replacement Stage 2 

ores, and is particularly developed in the northern (Penzance, 

Murchison) and southern (Howard, South Stebbins) ends of the mine, with 

some tendency for greater development of talc in No.2 Horizon orebodies. 

It occurs in only minor to trace amounts in fault-controlled replacement 

ores and is absent from Stage 3 veins. 

Talc associated with mineralization is off-white to dark grey in 

colour, and easily distinguished from the pale green metamorphic talc 

described in Chapter 3. Spacings of (003) planes in hydrothermal talc 

samples are in the range 3.117R-3.127R (12 samples, mean 3.122R), and 

the deviation from the ideal value of 3.llSR is thought to be due to 

limited iron substitution. The effect of iron substitution on lattice 

parameters of talc is temperature and oxygen fugacity dependent 

(Forbes, 1969); at the inferred oxygen fugacity and temperature 

conditions of cassiterite mineralization of log f ~ lo- 31 • 5 atm., 
02 

T ~ 35o?c (Section 6.1), measured basal spacings correspond to a range 

in Fe/(Fe+Mg) of approximately 2-12%. 

Talc occurs typically as massive or foliated material with abundant 

disseminated pyrrhotite, passing gradationally into near-massive 

pyrrhotite with irregular patches and foliated seams of talc. It may be 



intergrown with phlo~opite and quartz, and contains disseminated 

cassiterite, ilmenite, rutile, arsenopyrite and minor sulphides, and 

rarely micron-sized flakes of Carbon-II. 
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Chlorite is a widespread minor mineral in Stage 3 veins and 

occurs sporadically in Stage 2 ores. In most cases it is apparently a 

pseudomorphous alteration product of phlogopite, the resulting chlorite 

being mid- to dark green and with compositions determined by X-ray 

diffraction in the ripidolite field of Hey (1954). Minor amounts of a 

deep red-brown, highly bireflectant oxidised chlorite (thuringite?) 

also occur intergrown with porous or lamellar pyrite-marcasite after 

py~rhotite in Stage 2 and 3 ores (104258) and in calcite-grossular

axinite veins cutting hornfelsed Success Creek Group sediments beneath 

Renison Mine (103881). 

Montmorillonite occurs in trace amounts in quartz crystal-lined 

vugs in Stage 3 veins in the Federal orebody, and clearly postdates 

cassiterite mineralization. 

(xii) Carhonates 

Siderite is a significant component of Stage 2 stratabound 

replacement ores, and is present in minor to trace amounts in Stage 2 

fault-controlled replacement ores and in Stage 3 veins, where it occurs 

as 0.1-10 mm veinlets carrying minor pyrrhotite and chalcopyrite and 

traces of sphalerite and galena. In stratabound replacement ores it 

occurs sporadically as interlocking irregular to polyhedral grains 

intergrown with pyrrhotite, and as irregular residuals in talc, 

phlogopite etc. (e.g. 104118). Siderite increases in abundanc~· towards 

the periphery of the stratabound replacement orebodies. Later veinlets 

of siderite-sulphides as described above are widespread, and pyrrhotite 

disseminated in wallrock sediments and in sulphide-deficient ore zones 

may be rimmed by siderite. Compositions of siderite are discussed in 

Section 3.4.1. 
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Calcite and possible ankerite occur in sporadic veinlets carrying 

minor amounts of sphalerite, galena, chalcopyrite, native bismuth, 

bismuthinite and rare sulphosalts in both Stage 2 and Stage 3 

assemblages. 

(xiii) ~inor gangue minerals 

Fluorite occurs sporadically in Stage 2 ores as anhedral, colour

less to pale grey grains intergrown with quartz, pyrrhotite etc. It 

has not been observed in Stage 3 veins. Sellaite has been reported 

from similar mineralization at Mount Bischoff (Groves, 1968) and was 

sought but not found in samples from Renison Mine. 

Apatite is a widely distributed minor to trace component of 

Stage 2 and 3 ores, occurring as rounded to subhedral colou7less grains 

10-200 µm in diameter intergrown with quartz, pyrrhotite, tourmaline, 

phlogopite etc. Trace amounts of topaz occur in a similar habit and 

association. 

3.3.3 Deformation Textures in Cassiterite-bearing Ore Stages 

Samples from Stage 2 stratabound replacement and fault-controlled 

replacement ores, and from Stage 3 veins, show a variety of deformati~n 

textures developed mainly in the sulphide minerals, which can in some 

cases be related to late mineralization events in these stages. 

Deformation textures are best developed in pyrrhotite. Samples 

exhibiting little or no post-depositional modification consist of 

irregular interlocking grains, typically 0.2-2+ mm diameter with 

distinctly curved or subplanar boundaries. Occasional grains may show 

weak undulose extinction or development of weak kinking, usually with 

one or both boundaries diffuse. More deformed samples consist of 

irregular polyhedral grains with well-developed kink bands, usually 

approximately parallel but occasionally intersecting at shallow angles. 

Monoclinic lamellae may terminate on kink boundaries or show inflections 
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across them (Plates 3-2, 3-9). Grain boundaries are commonly serrated, 

with inflection points between linear grain-boundary segments occurring 

at ~he intersection of kink bands with the grain boundary. 

In more intensely deformed samples, pyrrhotite grains are cut by 

intersecting flame-like kink bands (Plate 3-10). Original grain shapes 

are eventually obscured or obliterated, and the aggregate consists of 

highly elongate subparallel ribbons. Irregular to approximately 

lenticular twins may occur in intensely kinked pyrrhotite, and where 

present typically occur in two conjugate sets, with kink bands bisecting 

the angle between the two sets (Plate 3-11). 

Various degrees of recrystallization and possibly grain growth 

may be superimposed on these deformation structures. Large weakly 

kinked grains commonly show a development of polyhedral subgrains of 

very slightly different optical orientation. Ore samples which are 

finely laminated in hand specimen consist of aggregates of equant or 

subparallel elongate polygonal grains, with grain triple points approx-

imating closely to 120° (Plate 3-12). In samples with a well-defined 

dimensional preferred orientation strings of silicates may parallel 

the pyrrhotite foliation, and disseminated sulphides and silicates are 

concentrated in pyrrhotite grain boundaries. Such samples may also 

show an optical preferred orientation in approximately parallel bands 

up to several millime-.:res long within which almost all grains have their 

0 extinction positions within a range of about 10-20 • These probably 

represent recrystallization of originally strongly sheared pyrrhotite, 

as ?relict coarse lenticular grains have well-developed kinking 

approximately at right angles to the matrix foliation, and kinking 

superimposed on recrystallized material is approximately at right angles 

to the foliation, if present. 



Plate 3- 9. Specimen 104147. Broad kink bands in 
coarse-grained hexagonal pyrrhotite. Monoclinic lamellae 
(light grey) may terminate on kink boundaries or show 
inflections of 5°-10° . Scale bar (lower right) is 
100 µm . Reflected light, oil immersion, polars partly 
crossed . 

Plate 3-10. Specimen 104061. Strained granular 
pyrrhotite. Intense kinking is confined to the central 
grain, which has well - developed serrated boundaries . 
Outer grains have only a few broad kink bands , presumably 
due to the orientation of these grains being less 
favourable for development of kinking. Scale bar 
(lower right) is 100 µm. Reflected light, dry, polars 
partly crossed . 



Plate 3-11. Specimen 104068 . Portion of lenticular 
deformation twin sets (white) superimposed on intense 
kinking in predominantly hexagonal pyrrhotite. The 
deformation twin directions are subparallel to the 
edges of the plate and are approximately symmetrically 
disposed about the kink band direction. Scale bar 
(lower right) is 500 µm. Reflected light, dry , 
polars partly crossed. 

Plate 3-12. Specimen 104164. Fine-grained polygonal 
pyrrhotite with weak dimensional preferred orientation . 
Nearly all grains extinguish within 20° stage rotation, 
and the texture is interpreted as due to strain and re
crystallization of originally coarse- grained pyrrhotite. 
Scale bar (lower right) is 100 µm . Reflected light, dry , 
polars partly crossed. 
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In monomineralic pyrrhotite samples, moderate to intense kinking, 

and twinning if present, may occur evenly distributed through the 

sample or may be concentrated in approximately linear or sinuous zones 

0.1-1 mm wide. In polymineralic aggregates, which includes most of 

the Stage 2 and 3 ore samples, kinking may be preferentially developed 

at contacts with quartz, cassiterite, arsenopyrite etc., or less 

commonly may be preferentially absent in these situations, the degree of 

localization of deformation presumably depending on local mechanical 

effects. Kinking may also be preferentially developed in pyrrhotite at 

contacts with coarse chalcopyrite,which may indicate a greater strength 

for the latter under the conditions of deformation. 

In the majority of weakly deformed samples examined, chalcopyrite 

is present in small grains which are generally untwinned. Larger areas 

of chalcopyrite are either untwinned or contain intersecting sets of 

planar or lenticular twins of uncertain, but probably non-deformational 

origin. They may correspond to the inversion twins of Ramdohr (1969) 

or the lensatic twins of Kelly & Clark (1975). Coarse chalcopyrite in 

samples containing intensely kinked and twinned chalcopyrite may show 

polysynthetic lamellar twinning superimposed on this coarser twinning. 

Arsenopyrite has behaved in a brittle manner, with weak fracturing 

developed in samples where pyrrhotite is weakly to moderately kinked. 

In samples where pyrrhotite is intensely kinked arsenopyrite may show 

moderate to intense fracturing, rarely accompanied by curved poly

syn~hetic twins possibly of deformational origin (Plate 3-13). Intense 

fracturing in arsenopyrite is generally confined to narrow zones and 

may be accompanied by rounding of fragments, although as the fractures 

are typically filled with chalcopyrite and/or pyrrhotite this is 

difficult to distinguish from replacement. 

Observed deformational effects in sulphides are summarised in 

Table 3-4. All degrees of deformation observed are present in both the 



Plate 3- 13. Specimen 104119. Fine polysynthetic 
twinning in arsenopyrite , brecciated and healed by 
pyrrhotite (very dark and very light grey) and chalco
pyrite (mid- grey). This twinning is thought to be due 
to deformation as the twin lamellae are curved , are 
developed in this crystal only where it is strongly 
brecciated, die out towards the interior (left) of the 
crystal , and do not resemble the common growth twins 
seen in arsenopyrite from elsewhere in the deposit. 
Scale bar (lower right) is 100 µm. Reflected light , 
oil immersion, polars partly crossed. 

Plate 3- 14. Specimen 103732 . Polyhedral maqnesian 
siderite, with minor interstitial pyrrhotite (lower 
left) and sporadic inclusions of chl orite (centre) . 
Scale bar (lower right) is l millimetre . Transmitted 
light, l polar . 



Table 3-4 

PYRRHOTITE 

ARSENOPYRITE 

CHALCOPYRITE 

TALC 

QUARTZ, 
TOURlv'ALINE 
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Relationships of deformation textures in sulphides 
and gangue minerals in Renison Mine cassi teri te
sulphide ores. 

Undulose 
extinction. 
Rare sub
grains. 

increasing deformation 

Weak kinking. 
May show sub
gr ains. 

Strong 
kinking. 

May be recrystallized to equigranular or 
elongate polyhedral aggregates. 

Nil or 
weak 
fracturing. 

Nil 

Nil or 
weak 
fracturing. 

Nil 

Weak to 
moderate 
fracturing. 

Nil 

Irregular granular aggregates ± 
"lensatic" twinning. 

Slight 
foliation. 

Nil or weak 
fr ac tur ing. 

Anastomosing 
foliae. 

Nil or weak 
fracturing. 

Not 
observed. 

Weak 
fracturing. 

Tourmaline may show extension parallel 
to foliation, if present. 

Intense 
kinking ± 
deformation 
twins. 

Moderate to 
intense frac
turing. 
Rounding of 
fragments? 
Rare ?deform
ation twinning. 

Polysynthetic 
deformation 
twins super
imposed on 
"lensatic" 
twins. 

Not 
observed. 

Weak 
fracturing. 



stratabound and fault-controlled replacement orebodies and in Stage 3 

vein samples. The distribution of sulphide deformation fabrics has 
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not been examined in detail, but in general it appears that deformation 

textures are less well-developed in the stratabound replacement ore

bodies than in the fault-controlled replaceineut orebodies and Stage 3 

veins. This is expected as the fault zones are interpreted to have 

been open, and probably active, during mineralization, but may also be 

influenced by the bulk mineralogy of the ores, as pyrrhotite in talc

rich samples from the stratabound replacement orebodies is seldom more 

than weakly kinked, and in samples composed essentially of interlocking 

quartz in fault-controlled replacement orebodies generally shows only 

slight deformation compared to adjacent massive pyrrhotite samples. 

Deformation textures observed in pyrrhotite correspond precisely 

to those described by Clark & Kelly (1973) from experimentally deformed 

samples, and the apparent greater strength of chalcopyrite is consistent 

with the experimentally determined strengths of these minerals at 

elevated temperatures. The strength of arsenopyrite has not been 

experimentally investigated but it is expected to behave similarly to 

pyrite, which has been investigated by Atkinson (1975), and which behaves 

in a brittle manner under conditions investigated by that author. 

Confining pressures during mineralization are estimated to be 

about 1-2 kbar (Section 4.4.1), and consequently the pyrrhotite deform

ation textures present in the ores may be used to provide an approximate 

estimate of temperature conditions during deformation, using the 

experimental data of Clark & Kelly (1973) and Atkinson (1974). Samples 

from Renison Mine with the greatest development of deformation textures 

are intensely kinked and have sporadic to locally abundant deformation 

twinning. Sudbury pyrrhotite (predominantly monoclinic) examined by 
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Clark & Kelly (1973) deforms by kinking below 200°c and predominantly 

by twinning above 3oo0 c, with both kinking and twinning occurring 

between 200 and 3oo0 c. Araca pyrrhoti<te (predominantly he}:agonal) 

examined by the same authors deforms by kinking and twinning at 

' temperatures up to 400°c. Renison Mlne pyrrhotite is generally 

predominantly hexagonal and could be expected to behave more like 

0 Araca pyrrhotite, so that deformation at temperatures of 250-350 C 

would be consistent with the observed pyrrhotite textures .. The wide-

spread occurrence of more weakly deformed pyrrhotite may be due to 

lower-temperature deformation, lower degrees of strain, variation in 

bulk mechanical properties throughout the orebodies, or some combination 

of these effects. 

The timing of deformation is uncertain but was probably at least 

in part contemporaneous with mineralization. This is suggested by the 

similarity of inferred temperatures of deformation and of mineralization, 

by the irregular distribution of deformed and undeformed material in 

the stratabound replacement orebodies, the areas of deformed and/or 

annealed pyrrhotite possibly being deposited earlier than undeformed 

areas, by the common occurrence of minor sulphides in veinlets cutting 

def~rmed sulphides and by the general lack of fracturing of pyrite 

formed as a probable high-temperature alteration product of pyrrhotite. 

3.3.4 Outlying Cassiterite Orebodies 

Outlying cassiterite orebodies in the vicinity of Renison 

Mine have similar mineralogical assemblages and associations to those in 

Renison Mine. Stillwell & Edwards (1943) described material from the 

Battery mine, and this and mineralization in the No.l Horizon (103807-

103815, South Montana), No.2 Horizon (103819-103834, North Montana) and 

No.3 Horizon (103835-103840, North Montana) consist essentially of 

massive, kinked and weakly twinned hexagonal + monoclinic pyrrhotite 



intergrown with quartz, tourmaline, siderite and phlogopite and 

containing minor to trace amounts of arsenopyrite, cassiterite, 

chalcopyrite etc., and are similar in most respects to the Stage 2 

stratabound replacement orebodies in Renison Mine. 

3.3.5 Microparagenesis of Cassiterite-bearing Stages 

Sequences of mineral deposition within stratabound and fault

controlled replacement orebodies and Stage 3 veins are complicated by 

the effects of deformation and partial recrystallization present in 

most of the samples examined. The three mineralization types have a 

similar generalized microparagenetic scheme, summarized in Table 3-5. 

The later, minor veinlet sequences are connnon to both replacement and 

Stage 3 vein assemblages and it is not clear whether they represent 

separate late-stage events in the formation of each mineralization 
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type or single episodes affecting both mineralization types and post

dating formation of Stage 3 veins. In particular the minor sphalerite

galena-carbonate-sulphosal t etc. veinlet assemblage developed in both 

replacement and Stage 3 vein assemblages may be temporally related to 

Stage 4 sphalerite-galena-carbonate vein formation. 

Interpretation of early events differs slightly between replacement 

and Stage 3 mineralization. In the latter case, essentially simultaneous 

deposition of cassiterite, quartz, phlogopite, muscovite, pyrrhotite ~nd 

arsenopyrite, and possibly also of chalcopyrite, can be inferred from 

hand specimen and microscopic evidence. In the replaceI'\ent ores however, 

while contemporaneity of pyrrhotite, arsenopyrite, cassiterite and 

silicates can be inferred in a number of samples, it appears that 

extensive crystallization of quartz, tourmaline, cassiterite + minor 

oxides may have occurred prior to the extensive formation of sulphides, 

and was accompanied by only minor amounts of arsenopyrite and pyrrhotite 

now preserved as euhedral inclusions mainly in quartz. This sulphide-



Table 3-5 Generalized microparageneses for cassiterite
bearing stages. 

STRATABOUND AND FAULT-CONTROLLED REPLACEMENT ORES 

quartz 
tourmaline 

Early 

cassiterite + minor oxides 
phlogopite 
muscovite 
minor pyrrhotite 
minor arsenopyrite 
minor pyrite? 

assemblage tentatively 
attributed to Stage 1 

STAGE 3 VEINS 

Early 

quartz 
cassiterite + minor oxides 
arsenopyrite 
pyrrhotite 
phlogopite 
muscovite 
chalcopyrite? 

quartz 
tourmaline 
cassiterite etc. 
arsenopyrite 
pyrrhotite 
chalcopyr i te 
talc 
tremolite 
phlogopite 
muscovite 
siderite 
minor fluorite 
minor apatite 
minor bismuth? 

major part of Stage 2 
mineralization 

quartz 
pyrrhotite 
chalcopyrite 
sphalerite 
stannite 

chalcopyrite 
pyrrhotite 
sphalerite 
stannite 
siderite 
quartz 

Late 

Late 

sphalerite 
galena 
chalcopyrite 
pyrite 
calcite 
sulphosalts 
bismuth 
bismu thini te 
chlorite 

sphalerite 
galena 
chalcopyrite 
pyrite 
calcite 
sulphosalts 
bismuth 
bismuthinite 
chlorite? 
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deficient assemblage occurs in siliceous metasediments in the 2.5 and 

parts of the Central Bassett orebodies, and has been tentatively 

attributed to an early stage of sulphide-deficient mineralization 

predating the sulphide-rich mineralization of Stage 2. The textural 

evidence for the existence of this Stage 1 as a separate stage in the 

main replacement orebodies is based largely on the apparent replacement 

of minerals attributed to this stage by pyrrhotite, and is rather 

equivocal, but is supported by the general differences in colour of 

cassiterite between sulphide-rich and sulphide-poor assemblages. The 

two stages cannot be reliably discriminated in the majority of samples 

of sulphide-rich ore and the extent of development of the inferred 

Stage 1 mineralization cannot be determined. 

3.3.6 Mineralogy of Stage 4 Lead-Zinc Veins 
I 

The mineral constitution of Stage 4 lead-zinc veins has be.en 

outlined in Section 3.2.4 and Table 3-1. Sphalerite occurs as anhedral 

grains up to 3+ cm diameter, intergrown with galena, minor chalcopyrite 

and gangue minerals. Exsolution bodies of chalcopyrite are common in 

Stage 4 sphalerites, and minor amounts (<< 1%) of monoclinic pyrrhotite 

also occur as apparent exsolution bodies. Compositions of Stage 4 

sphalerites determin~d by energy-dispersive electron microprobe analysis 

are shown in Table 3-6. Analytical details are given in Appendix 2. 

Galena occurs .as coarse anhedral grains intergrown with sphalerite, 

rhodochrosite etc. No sulphosalts were observed in the materials 

examined, but minor amounts of canfieldite, franckeite and jamesonite 

reportedly associated with galena (Stillwell & Edwards, 1943) may be 

attributable to this stage. 

Rhodochrosite is a characteristic gangue mineral of this stage, 

occurring in coarse anhedral to rhombic grains 1-5+ cm diameter inter-

grown with sulphides, muscovite, chlorite, quartz and occasionally calcite. 
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Table 3-6 Compositions of Stage 4 sphalerites. 

Sample mole % FeS mole % MnS mole % CdS 

104219 12.3 n.d. 0.3 

104017 7.9 1.2 0.2 

104021 11.0 1.0 0.2 

104167 17.5 0.5 0.1 

103797 13.9 0.2 0.2 

n.d. - not detected (less than 0.1 mole %) . 
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Samples examined by the author have X-ray diffraction patterns close to 

pure Mnco3; similar material analyzed by Stillwell & Edwards (1943) has 

the following composition: 
,' • I 

FeC03 

MnC03 

MgC03 

C~03 

26.4 mol.% 

67.4 

5.6 

0.9 

100.3 mol.% 

3.4 WALLROCK ALTERATION AROUND THE RENISON MINE OREBODIES 

3.4.l Alteration in Carbonate Beds 

Replacement orebodies in dolomite beds at Renison Mine are rimmed 

by a continuous zone of rather coarsely crystalline carbonate, varying 

in width from approximately 10 cm in parts of the Colebrook orebody in 

the No.3 Dolomite to 100+ metres in parts of the No.l Dolomite. 

Unreplaced blocks of dolomite in the orebodies (e.g. Upper Dreadnought 

and Upper North Stebbins) are likewise rimmed by coarsely crystalline 

carbonate. Bulk chemical analyses and X-ray diffraction studies, dis-

cussed below, indicate that the carbonate in these zones is a magnesian 

siderite (pistomesite-sideroplesite) and not a recrystallized dolomite. 

Hand specimen and thin section textures indicate the siderite zone 

formed by replacement of metamorphosed but otherwise unaltered sedimentary 

dolomite, and was in turn replaced by ore assemblages, usually near-

massive pyrrhotite. Contacts between the siderite zone and massive 

sulphides, and between the siderite zone and unreplaced dolomite, are 

commonly knife-sharp in hand specimens and underground exposures. The 

continuous siderite zone passes outwards into a zone up to several 

hundred metres wide of sporadic transverse and bedding-plane veinlets of 

magnesian siderite in dolomites and dolomitic shales, which are inter-

preted as due to hydrothermal solutions associated with development of 

the continuous siderite zone. 
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Samples from the siderite zone consist of irregular to polyhedral 

granular magnesian siderite, with grain sizes typically in the range 

0.25-3 mm (Plate 3-14). Unoriented inclusions of talc, tremolite, 

muscovite or magnesian chlorite are common, and in some samples (103686, 

103687) appear to be inherited from the host dolomite. Inclusions of 

dolomite, as isolated grains or as polycrystalline clumps, are locally 

abundant. In some samples (e.g. 103722, 103725, 103728) siderite 

grain boundaries are irregular and occupied by sporadic patches and 

veinlets of talc, muscovite or quartz, each of which may be accompanied 

by traces of cassiterite (Plate 3-15). Sulphides, principally 

pyrrhotite, occur as disseminated grains in siderite or associated with 

grain-boundary silicates, or in sinuous grain-boundary veinlets, and 

isolated crystals of pyrrhotite may be extensively replaced by siderite. 

Contacts with unaltered c.,olomite are sharp on the hand specimen 

scale. In thin section (e.g. 103686, 103687) fine-grained dolomite 

adjacent to the dolomite-siderite contact is microveined by siderite, 

and millimetre-sized blocks of unreplaced dolomite may occur in the 

adjacent siderite. Where replacement appears to have proceeded on a 

broad front the contact zone is marked by a concentration of talc, 

tremolite or muscovite on the dolomite side of the contact, and 

inclusions of these minerals occur in the adjacent siderite. 

Quartz grains in the dolomiBes were apparently dissolved during 

siderite replacement. Siliceous laminae in the dolomites show a rapid 

decrease in thickness within the siderite zone, and seldom persist for 

more than a few metres, while disseminated silt-grade quartz is absent 

within a few millimetres of the dolomite-siderite boundary. 

Similar geometrical relationships are observed at the siderite

sulphide contact. Intergranular silicate ± cassiterite ± sulphide 

veinlets increase in abundance towards the sulphide zone contact, and 



Plate 3-15. Specimen 103725. Coarse magnesian 
siderite, partly replaced by talc (white) carrying 
minor euhedral cassiterite (C). Scale bar (lower 
right) is 1 millimetre. Transmitted light, crossed 
polars . 



96 

centimetre-sized vei~lets of pyrrhotite + talc ± cassiterite may occur 

in the siderite, while residual blocks of polycrystalline siderite may 

occur in sulphide-silicate ore assemblages. Talc and/or tremolite with 

disseminated pyrrhotite and cassiterite may be extensively developed. 

Bulk X-ray fluorescence analyses of siderite-zone samples listed 

in Table 3-7 indicate that the carbonate is a magnesian siderite with 

significant content of manganese, and minor calcium (analytical details 

given in Appendix 2) • Analyzed samples occupy an approximately linear 

field in a triangular MgC03-FeC03-MnC0 3 diagram (Figure 3-5). 

Manganese concentrations increase with increasing iron concentration in 

these metasomatic carbonates and they could be regarded as a linear 

mixture between hypothetical end-members of MgC03 and a carbonate with 

approximate composition (Fea.sMno.2)C0 3• Siderites occur in outlying 

replacement orebodies, presumably with similar geometrical relationships 

to ore and dolomite as those in Renison Mine, but may not show a 

comparable linear variation in composition; for example siderites from 

the Cable orebody analyzed by Stillwell & Edwards (1943) are enriched in 

manganese by comparison with Renison Mine siderites (Figure 3-5). 

An estimate of the variability of siderite compositions was obtained 

by .neasurement of (10.4) lattice spacings by X-ray diffraction, for 56 

siderites from No.l, No.2 and No.3 Dolomite ore zones, using a quartz 

internal standard. Results are summarized in Figure 3-6. Measured 

d10.4 values form a negatively skewed distribution about a mean value of 

2.783 ~,with maximum and minimum values 2.799 ~and 2.754 ~respectively. 

Assuming the$e carbonate solid solutions have a negligible CaC03 

component, as indicated by the bulk analyses, the range of d10.4 values 

would correspond to a range in composition of 35-95% (Fea.sMno.2)C03 in the 

hypothetical solid solution series. There are no significant differences 

in the ranges of d10.4 between samples from the No.l, No.2 and No.3 

Dolomites, and lateral and vertical variations are apparently random. 



Figure 3-5. Bulk compositions of sedimentary and hydrothermal 
sideritic carbonates from Renison Mine and outlying 
orebodies in the CaC03-MgC03-FeC03 and MgC03-FeC03-
MnC03 systems. Tie lines connect each sample in 
the two systems. 

Solid circles - dolomites, Reniso~ Mine (black is 
envelope of dolomite compositions 
in MgC03-FeC03-MnC03 system). 

Solid triangles - hydrothermal sideritic carbon
ates, Renison Mine. 

Open triangle - hydrothermal siderite, Battery 
Mine (Groves, 1968, sample 
100216). 

Open squares - hydrothermal carbonates associated 
with pyrrhotite mineralization, 
Cable workings (Stillwell & 
Edwards, 1943). 
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Figure 3-6. Histogram of d10.4 spacinqs for hydrothermal 
s~derites in the No.l, No.2 and No.3 Dolomite 
horizons, Renison Mine. 



Table 3-7 Composition of hydrothermal carbonates, Renison 
Mine. 

103720 103723 103725 103726 103732 103722 103728 

Si Oz 2.73 7.38 5.20 5.32 1.21 7.34 2.97 

Alz.03 0.11 0.33 0.06 0.37 0.04 4.10 1.61 

FeO* 36.59 34.98 35.57 36.80 36.56 25.42 24.46 

MnO 8. 71 8.54 8.64 8.83 10.64 1.92 5.43 

MgO 16.03 16.51 19.89 14.21 11. 79 10.52 10.14 

cao 1.50 2.60 1.31 1.81 1.96 13.33 17 .11 

KzO 0.05 0.10 0.32 0.06 0.04 1.33 0.54 

Ti Oz 0.03 0.04 0.03 0.04 0.01 0.60 0.12 

P205 0.05 0.25 0.04 0.06 0.13 0.47 1.12 

Loss 36.59 31. 71 30.46 34.40 35.85 34.66 37.82 

102.39 102.44 101.51 101.90 98.23 99.69 101.32 

* total iron as FeO. 
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103729 

27.63 

1.35 

20.52 

4.38 

14.15 

9.89 

0.07 

0.07 

0.07 

24.84 

102.97 
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3.4.2 Alteration in Success Creek Group Sediments 

Alteration in the siliceous elastic sediments of the Success Creek 

Group, and the siliceous elastic and cherty rocks of the Red Rock 

Member, is feebly developed and may not be reliably distinguished from 

thermal metamorphic effects. Quartzose sediments are locally recrystall

ized and veined by quartz + minor pyrrhotite, arsenopyrite, cassiterite 

and blue-green tourmaline, and carry minor to abundant disseminated 

tourmaline, muscovite and sulphides. Pyrrhotite is typically mantled 

by siderite. elastic feldspars are altered to sheaf-like aggregates of 

muscovite. 

Thoroughly recrystallized sediments in the 2.5 orebody and in the 

Bassett-Federal Fault Zone (e.g. 103685, 104231) consist of an anhedral 

mosaic of quartz with abundant disseminated tourmaline, minor disseminated 

cassiterite and sulphides (pyrrhotite and arsenopyrite). Tourmaline may 

be concentrated in layers crudely pseudomorphing the original lamination 

of the sediments, but outlines of original elastic grains are obliterated. 

3.4.3 Alteration in ~olcaniclastic Dreadnought Hill Member Sediments 

Samples of graywacke from the Dreadnought Hill Member in the 

hangingwall of the Bassett-Federal Fault Zone show extensive development 

of biotite and ferrotremolite in the graywacke matrix, sporadic tourmalin

ization and veining by quartz + ferrotremolite + pyrrhotite ± tourmaline ± 

cassiterite, and local development of coarsely crystalline sphene or Ti02 

(anatase or rutile). These mineralogical changes may be due to 

progressive metamorphism or to pervasive mineralization-related 

alteration. On the assumption that the latter would be reflected in 

chemical gradients away from the fault-bounded mineralization, two drill 

hole intervals adjoining mineralized areas of the Bassett-Federal Fault 

Zone were selected for examination. Drill holes DDH S228, intersecting 

the North Bassett segment, and DDH 8307, intersecting the South Bassett 
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segment, were each sampled over a 100 metre interval adjoining the 

fault zones for thin section examination and major element analyses. 

Sample intervals were 2-5 metres adjacent to the fault zones, increasing 

to approximately 20 metres away from the fault zones. In addition, 

drill hole DDH S345, intersecting the North Bassett segment to the north 

of the.main mineralized area, was sampled over a 350 metre interval to 

provide an estimate of the variability of major element chemistry in an 

area of insignificant mineralization, and where mineralogical changes 

were minor or absent. 

The general nature of the Dreadnought Hill Member sediments has 

been described in Section 2.4.2. Samples most distant from the Bassett

Federal Fault Zone in DDH S345 (103983-103987) show very slight alter

ation, with preservation of detrital clinopyroxene and ?clay minerals 

associated with chlorite in structureless (originally glassy?) fragments. 

Samples adjacent to the fault zone show extensive development of green 

ferroan chlorite and sporadic development of granular epidote. Veining 

throughout this section is predominantly quartz + calcite + chlorite, 

occasionally with albite or adularia. Samples from DDH's S307 and S228 

most distant from the Bassett-Federal Fault Zone contain abundant 

chlorite and sporadically developed disseminated biotite and ferro

tremolite, which vary in concentration but in general become more 

abundant on approaching the Bassett-Federal Fault Zone. The rocks are 

sporadically veined by quartz + calcite + chlorite and quartz + ferro

tremolite + biotite ± albite ± chlorite, the latter assemblage apparently 

pre-dating the former where time relationships can be established. 

Tourmaline (generally blue or green) occurs sporadically in these veins 

and as isolated porphyroblastic grains or aggregates in the sediments, 

usually associated with development of disseminated pyrrhotite, and 

heavy disseminations may also occur as a 1-2 mm halo around quartz + 

ferrotremolite + biotite etc. veinlets. 



Major element analyses were made by X-ray fluorescence spectro

metry, and analytical details are given in Appendix 2. Results of 

individual analyses are given in Table 3-8 and summarized as composite 

drill hole profiles in Figures 3-7 to 3-9 for major element oxides 

other than 5i02 1 MnO and P205. 

Profiles for DDH 5228 and DDH 5307 show large but apparently 

random fluctuations in concentrations of FeO, Al203, Cao, MgO, Na20 

and K20 and minor fluctuations in Ti02. There is no indication of a 

sy~tematic sp~tial variation in any of the major elements in these 

drill hole profiles, and the fluctuations which are present are 
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generally comparable with those in DDH 5345, where there is little or no 

mineralogical modification. Analyses of Dreadnought Hill Member 

sediments from within the Bassett-Federal Fault Zone (104233, 104234, 

104236, 104237) shown in Table 3-8 do not differ significantly from 

those in the hangingwall sediments, although extensively recrystallized 

to actinolite + phlogopite, except for a possible increase in PzOs which 

may reflect crystallization of hydrothermal apatite. It must be concluded 

that the mineralogical modification of the Dreadnought Hill Member 

sediments in the hangingwall of the Bassett-Federal Fault Zone is unlikely 

to be due to pervasive mineralization-related alteration, and is' probably 

due to approximately isochemical thermal or regional metamorphism, 

possibly promoted by fluids associated with mineralization, without 

significant chemical transfer. 

3.4.4 Time Relationships of Metamorphism and Alteration/Mineralization 

Mineralization in Renison Mine occurs in the outer part of the 

ther:mal metamorphic aureole of the Pine Hill Granite, where metamorphic 

recrystallization of the country rocks is slight, except in the 

Dreadnought Hill Member adjacent to the Bassett-Federal Fault Zone. 



Table 3-8 Major element analyses of Dreadnought Hill Member 
sediments, Bassett-Federal Fault Zone and 
hangingwall. 

DDH S307 

103653 103654 103655 103656 103657 103658 

101 

Depth 
414.1 m 425.4 m 440.0 m 451. 2 m 458.9 m 466.5 m 

(down-hole) 

Si Oz 52.19 51.36 47.44 48.61 49.44 45.25 

Alz03 15.50 15.38 13.95 17.21 14.37 16.33 

FeO* 10.04 13.35 16.03 11.46 12.85 15.31 

MnO 0.17 0.24 0.27 0.23 0.32 0.94 

MgO 8.61 4.86 6.15 3.84 5.63 6.46 

cao 2.73 5.15 4.07 9.33 10. 75 1.26 

Na2o 1.41 2.81 1.47 1.64 1.88 1. 70 

K20 4.50 2.16 3.93 2. 31 0.70 1.23 

Ti Oz 2.05 3.01 4.34 3.29 2.47 3.08 

PzO!J 0.30 0.33 0.33 0.38 0.27 0.09 

Loss 1.64 0.63 0.81 1.40 0.39 6. 77 

99.14 99.28 98.79 99.70 99.07 98.37 

DDH S307 

103659 103660 103661 103662 103663 103664 

Depth 
477.1 m 481.5 m 487 .8 m 490.0 m 497.5 m 500.2 m 

(down-hole) 

SiOz 50.54 47.87 46.97 49.07 54.33 52.81 

Al203 11.28 14.98 15.23 13 .86 15.31 13.21 

FeO* 12.73 11. 77 11.92 12.94 11. 31 13.26 

MnO 0.37 0.35 0.43 0.34 0.22 0.26 

MgO 9.29 8.34 4.10 6.93 5.36 6.66 

cao 11.31 8.84 3.65 9.88 1. 72 0.64 

Na2o 1. 22 2.17 1.27 1.97 2.78 0.12 

KzO 0.58 1.51 2.64 1.09 4.04 1.62 

TiOz 2.14 3.06 3.46 2.84 2.49 1.93 

PzOs 0.28 0.34 0.34 0.33 0.38 0.26 

Loss 0.59 o. 71 9.88 1.03 1.34 8.30 

100.33 99.94 99.89 100.28 99.28 99.07 

* total iron as FeO. 
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Table 3-8 cont. 

DDH S307 DDH 8228 

103665 103666 103667 103668 103669 103670 

Depth 
517.8 

1435' 1435'4" 1514' 1546' 1604'6" 
(down-hole) 

m 
(437. 4mo). (437.Sm) (461. Sm) (471. 2m) (489. lm) 

Si02 58.73 61.96 66.73 49.32 59.58 51.19 

Al203 17.07 13.05 12.25 13.12 12.84 15.34 

FeO* 10.97 8.87 6.74 14.75 11.15 14.34 

MnO 0.26 0.03 0.09 0.20 0.12 0.15 

MgO 3.06 2.25 1.90 4.02 4.10 5.01 

cao 0.27 3.43 3.93 9.27 4.38 3.88 

Na20 0.15 3.39 3.98 2.08 2.33 3.93 

K20 4. 71 1.58 1. 76 0.89 2.15 1. 74 

Ti02 0.66 1.96 1.53 2.24 1.91 2.35 

P205 0.10 0.33 0.23 0.43 0.32 0.40 

Loss 3.34 2.25 1.41 2.94 o. 77 1.32 

99.32 99.10 100.55 99.26 99.65 99.65 

DDH S228 

103671 103672 103673 103674 103675 103676 

Depth 1629'6" 1645' 1658' 1674' 1688' 1705'2" 
(down-hole) (496.7m) (501.4m) (505. 4m) (510.2m) (514.Sm) (519. 7m) 

Si02 50.51 48.11 51.16 50.04 55.18 51.08 

Al203 13.67 12.28 14.59 13.67 13.36 9.27 .. 
FeO* 12.57 13 .80 13.28 12.11 10.76 15.27 

MnO 0.14 0.32 0.18 0.38 0.17 0.31 

MgO 8.15 9.33 6.48 6.09 I 4.90 6.41 

cao 3.94 6.28 4.46 6.92 5.59 9.21 

Na20 1.91 2.18 4.23 3.65 5.29 1.31 

K20 3.46 2.74 0.39 1.40 1.02 1.25 

Ti02 2.79 2.83 2.79 2.50 2.34 1. 79 

P205 0.33 0.31 0.35 0.30 0.27 0.25 

Loss 1.30 0.82 1. 71 1.46 0.41 2.50 

98.77 99.00 99.62 98.52 99.29 98.65 

* total iron as FeO. 
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Table 3-8 cont. 

DDH S228 DDH S345 

103677 103678 103679 103987 103986 103985 

Depth 1718' 1733' 1743' 
153 m 234 m 256 m 

{down-hole) (523. 6m) {528.2m) {531.3m) 

Si02 47.93 43.70 50.25 55.07 57.46 47.49 

Alz03 14.16 15.00 13.50 14.98 15.36 14.97 

FeO* 14.71 10.65 14.30 13.20 11.00 12.70 

MnO 0.23 0.26 0.39 0.05 0.18 0.01 

MgO 5.55 4.90 5.24 5.05 4.46 6.59 

cao 6.99 11.24 5.39 1.63 1.22 6.12 

Na20 2.20 1.98 2.07 4.37 4.30 3.01 

KzO 2.51 1.60 2.94 0.09 1. 25 0.34 

Ti02 2.96 3.83 3.24 2.46 2.05 2.24 

P205 0.33 0.34 0.29 0.13 0.24 1. 63 

Loss 0.75 5.84 0.84 4.79 2.61 3.77 

98.32 99.34 98.45 101.82 100.13 98.87 

DDH S345 

103984 103983 103982 103977 103976 103975 

Depth 
296 m 322 m 371 m 413 m 414 m 433 m 

{down-hole) 

Si02 46.66 44.09 51.68 45.48 51.59 48.99 

Al203 15.06 10.52 16.54 16.38 16.11 15.54 

FeO* 12. 72 12. 71 12.72 13.01 13.22 12.69 

MnO 0.13 0.09 0.07 0.28 0.17 0.17 

MgO 7.79 13.34 4.53 8.80 6.99 8.49 

cao 7.53 7.23 1.97 2.83 2.90 2.70 

Na20 2.81 1.13 1.66 0.06 1.85 2.02 

K20 0.85 0.28 2.78 2.15 1.85 0.96 

Ti02 1.47 2.47 2.42 2.47 2.44 2.28 

P205 1.22 1.26 0.16 0.21 0.21 0.20 

Loss 3.28 5.67 4.27 7.05 4.36 4.26 

99.52 98.79 98.80 98. 72 101.69 98.30 

* total iron as FeO. 
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Table 3-8 cont. 

DDH S345 

103974 103972 103970 103969 103968 

Depth 
453 rn 467 rn 481 rn 496 rn 504 rn 

(down-hole) 

Si02 51. 78 47.59 52.64 56.98 55.05 

Al203 12.90 14.18 14.53 14.89 16.64 

FeO* 12.76 12.87 13.14 11.78 10.53 

MnO 0.07 0.21 0.21 0.10 0.30 

MgO 7.95 7.00 6.15 5.72 4.38 

CaO 5.62 6.01 4.28 1.56 2.03 

Na20 2.71 3.76 3.66 0.13 0.21 

K20 0.09 0.14 0.12 2.13 2.96 

Ti02 2.45 2.46 2.42 1.68 1. 70 

PzOs o. 77 0.82 0.65 0.11 0.16 

Loss 3.65 4.80 3.69 5.22 6.12 

100.75 99.84 101.49 100.30 100.08 

DDH U797 

104233 104234 104236 104237 

Depth 
151. 9 rn 162 rn 177.2rn 182.2 rn 

(down-hole) 

Si02 55.58 46.98 48.09 49.74 

Al203 10.44 14.15 13.34 12.51 

FeO* 11.07 12.84 12.30 12.37 

MnO 0.27 0.42 0.35 0.19 

MgO 6.14 6.99 7.09 7.75 

cao 4.64 7.44 4.22 4.87 

Na20 1.84 1.92 1.01 1.63 

KzO 0.88 2.06 1.43 1.28 

Ti02 2.50 2.51 2.57 1.96 

P205 1.95 1. 32 1.12 1.93 

Loss 4.57 2.52 6.76 5.53 

99.88 99.15 98.28 99.76 

* total iron as FeO. 
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Time relationships of metamorphism and alteration/mineralization are 

difficult to establish unequivocally. The occurrence of metamorphic 

talc, originally formed in sedimentary dolomites, as inclusions in 

metasomatic siderite suggests that metamorphism at least in part pre

dated mineralization, as does the occurrence of quartz-tourmaline

sulphide veinlets cutting hornfelsed and boron-metasomatised quartzites 

in the Dalcoath Quartzite beneath Renison Mine. Conversely the 

extensive development of boron-bearing minerals in thermally meta

morphosed rocks suggests a link with mineralization, and the deformation 

and partial annealing of pyrrhotite in parts of the replacement 

orebodies may be related to therma~ metamorphism in the district. It 

seems likely that mineralization and related alteration was partly 

contemporaneous with, and partly later than, thermal metamorphism. 



Chapter 4 

FLUID INCLUSIONS IN THE ORE ZONES 

4.1 DISTRIBUTION AND MORPHOLOGY OF FLUID INCLUSIONS 

Fluid inclusions are generally abundant in quartz from Stage 3 

veins, and are present but less abundant in Stage 2 gangue min~rals. 

Cassiterite is rarely sufficiently coarse-grained to permit handling 

in a heating stage, and rarely contains inclusions larger than 1 µm 

diameter. The majority of fluid inclusions in quartz are less than 

10 µm diameter, with occasional inclusions reaching 25 µrn. Quartz 

and fluorite in Stage 2 replacement ores are relatively poor in fluid 

inclusions, and those present are usually of sul:micron size. Stage 4 

fluorites contain abundant fluid inclusions up to 50 µm diameter. 

Of several thousand fluid inclusions examined microscopically, 

over 99% are simple two-phase inclusions, containing liquid and a gas 

bubble. Apparent liquid/gas ratios are about 3 to 10. Gas-rich 

inclusions were not observed in situations where the possibility of 

leakage du~ing sarnpl9 preparation could be excluded, and no evidence 

of more than one fluid phase (such as liquid co2) was seen. 
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Daughter minerals are conspicuously rare. A single, apparently 

primary 5 µrn inclusion in Stage 2 fluorite contained a clear, cubic 

isotropic daughter phase, probably halite, about 0.5 µm in diameter. 

Probable halite daughter crystals were also observed in some ?secondary 

inclusions in Stage 3 quartz, and in rare submicron inclusions in 

Stage 2 cassiterite. An anisotropic rhornbohedral phase, probably a 

carbonate, was also observed in some secondary inclusion zones in 

Stage 3 quartz and Stage 4 fluorite, making up less than 1% (estimated) 

of the inclusion volume. 



Fluid inclusion shapes are generally simple ovoids, rarely with 

one or two negative cry~tal faces partly developed in inclusions in 

quartz. Attenuated ovoids, cones and highly irregular shapes are 

common in some zones of secondary inclusions. 

Identification of primary inclusions in Renison Bell material is 

difficult. Faceting of inclusions ("negative crystals"), although 
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found useful in discriminating inclusion generations in Storeys Creek 

samples (Patters::>n,1968) is considered to be generally unreliable in 

identification of primary inclusions (Roedder, 1967). The relationships 

of inclusions to crystallographic planes in Renison Bell material are 

difficult to determine, as the host minerals are generally poly

crystalline with little or no development of crystal faces or internal 

growth zones to which irregular or planar arrangements of fluid 

inclusions could be related. For example, fluid inclusions in the green 

Stage 4 fluorites are almost invariably arranged in planar zones parallel 

to the octahedral cleavage of fluorite, but it is :impossible to determine 

whether this is due to trapping of inclusions during growth on octahedral 

faces or to later rehealing of cleavage-controlled fractures. In quartz 

from Stages 2 and 3 strings of fluid inclusions may be copl.:;i.nar with 

solid inclusions of muscovite, tourmaline, pyrrhotite or cassiterite 

which were probably trapped during growth of the host. In this case, 

and in the case of isolated inclusions or isotated groups of a few 

inclusions, it seems likely that the inclusions are primary, and only 

inclusions of this type were used for measurement of homogenization 

temperatures. 



4.2 HCMOGENIZATION TEMPERATURES OF FLUID INCLUSIONS 

Homogenization temperatures of 113 fluid inclusions regarded as 

primary using the criteria outlined above were determined on a Chaix

Meca heating and freezing stage, for two samples of Stage 2 fluorite, 

three samples of Stage 3 vein quartz, and one specimen of quartz

tourmaline-pyrrho~ite vein material from thermally metamorphosed and 

boron-metasomatised sediments in the footwall of the ore zones. 

Experimental homogenization temperatures for Stage 2 and 3 specimens 

range from 147 to 301°c, with a mean value of 205°c (Figure 4-la). 

The heating stage was calibrated to soo0
c by Eastoe (1979), and 

homogenization temperatures are accurate to ± 3°c. Inclusions in a 

quartz-tourmaline-pyrrhotite vein sample homogenized over the range 

150-207°c, with a mean value of 170°c (Figure 4-lb). Collins (1972) 

recorded mean homogenization temperatures of about 185°c, with a range 

of 120-180°c, for three specimens of green fluorite from the Renison 
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Bell mine, although these results probably include a number of secondary 

inclusions. The known distribution of fluorite varieties in the para

genetic sequence suggests that these green fluorites should be attributed 

to Stage 4. 

As there is no evidence of boiling during trapping of inclusions 

in the samples studied, pressure and salinity corrections are required 

to obtain an estimate of formation temperatures. These will be 

discussed in Section 4.4. Attempts to· measure freezing points of 

individual fluid inclusions were defeated by their small size, but 

estimates of salinity were obtained from analyses of bulk inclusion 

extracts, described below. 
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Histograms of homogenization temperatures of 
apparently primary fluid inclusions. 

T,°C 

A: From cassiterite-bearing ore stages, Renison Mine. 
Diagonal shading - inclusions in clear to grey 
fluorite nodules in massive pyrrhotite, Stage 2 
replacement ores (103771,104006). Unshaded - inclusions 
in quartz from Stage 3 quartz + cassiterite + sulphide 
veins (104010, 103990, 103704). 

B: In quartz from quartz + tourmaline + pyrrhotite 
vein in hornfelsed Success Creek Group sediments (104134A, 
DDH U861, 484.7 m) beneath Renison Mine. Similar 
veins elsewhere contain minor cassiterite. 
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4.3 BULK ANALYSES OF FLUID INCLUSIONS 

Fourteen bulk samples representative of the identified paragenetic 

stages were selected for bulk extraction and analysis of released 

gases and salts, and hydrogen isotopic analyses of the liberated 

waters. Details of sample handling and analytical technique are given 

in ~ppendix 2-2. Gases and water were liberated by crushing under 

vacuum, and gaseous species identified by mass spectrometry. Water was 

converted to hydrogen for isotopic analysis, and water yields calculated 

from hydrogen yields. Distilled water leaches of the crushed residue 

were analyzed for Li, Na, K, Ca, Mg, Cl, Fe, Cu and Zn, and average 

compositions of inclusion fluids calculated from leachate vollll!les and 

inclusion water yields. Results of bulk extract analyses are given in 

Table 4-1. 

4.3.1 Isotopic Analyses 

There is a general increase in oD values of extracted waters, from 

early to late paragenetic stages, of about 30%c, with a scatter of 

approximately the same amount in the sulphide samples from Stage 2. 

I 
The scatter of oD values in Stage 2 specimens may possibly be an ar1j'fact 

induced by incomplete extraction of water from the crushed samples, 

although if the oD values of these waters were actually about -75%a an 

incomplete extraction of only about 30% of the water present would 

have to have occurred. This can probably be excluded as 

{a) the samples were extracted using the same e~perimental 

technique as all other samples, and 

{b) those samples with low oD values do not show any systematic 

differences in concentrations of cations, anions or gases, from relatively 

deuterium-enriched samples from the same or other cassiterite-bearing 

stages. 



Sample 

Stage 

HzO(rng) 

oDH20' %0 

olBo 
quartz, %0 

Dilution 

Na1 

Kl 

Li 1 

cal 

Mgl 

Fe 2 

cu2 

zn2 

c11 

Cl/Na+K 

COz3 

CH43 

Nz3 

Ar 

Table 4-1 Bulk Fluid Inclusion Analyses 

104398 104399 103707 104279 104281 104183 104282 104278 104280 104297 104272 104273 104274 103706 

1 

0.4 

-82 

+14.3 

2 

11. 6 

-97 

n.a. 5 

139000 4800 

2.1 o. 9 

0.1 0.1 

n.d. 0.02 

45 2. 5 

1.5 3.4 

50260 n.a. 

n.a. 6 490 

1490 1370 

n.d. 0. 7 

0.7 

0.11 

0.05 

0.08 

n.d. 

4.0 

9.3 

n.d. 

n.d. 

2 

2.9 

-77 

n.a. 

2 

3.5 

-75 

n.a. 

2 

4.0 

-107 

n.a. 

19800 18100 14000 

2.4 

0.4 

0.10 

1.5 

0.6 

n.a. 

n.d. 

3720 

3.5 

1.25 

1.1 

9.3 

n.d. 

n.d. 

1.1 

0.2 

0.06 

0.9 

0.6 

n.a. 

n.d. 
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1.4 

1.08 

1.2 

2.0 

n.d. 

n.d. 

1.2 

0.2 

0.01 

2.1 

1.5 

n.a. 

n.d. 

4560 

0.6 

0.43 

1.7 

1.1 

0.5 

tr. 7 

2 

3.1 

-103 

n.a. 

3 

3.2 

-78 

+13. 2 

4 

3.7 

-63 

+9.2 

4 

6.0 

-64 

+9.0 

4 

5.1 

-65 

n.a. 

5 

7.4 

-54 

+16.8 

5 

5.1 

-61 

+17.7 

5 

9.8 

-56 

+17.1 

22600 18000 15100 9500 10600 7200 10800 5300 

2.2 

0.4 
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Table 4-1 cont. 

104398 104399 103707 104279 104281 104283 104282 104278 104280 104297 104272 104273 104274 103706 

Gas/water 
x 100 1.1 2.1 6.5 1. 7 1.5 1.8 2.3 0.47 2.9 0.63 2.6 0. 7 5 0.85 3.5 
(molal) 

COz/CH4 2.2 0.43 0.12 0.60 1.6 0.61 1. 7 1.0 0.18 1. 2 1.8 2.3 1.9 1.9 (molal) 

x 
HzO 

0.989 0.980 0.939 0.984 0.985 0.983 o. 978 0.996 0.971 0.994 0.97 5 0.993 0.992 0.966 

x 
COz 

0.005 0.006 0.006 0.006 0.008 0.006 0.014 0.002 0.004 0.003 0.014 0.003 0.004 0.022 

XCH4 0.002 0.014 0.054 0.010 0.005 0.010 0.008 0.002 0.024 0.003 0.008 o. 001 0.002 0.012 

x 0.004 0.002 0.001 0.0001 0.004 0.003 0.002 
Nz 

Tl, 0 c4 173 231 294 278 252 287 214 271 304 230 231 175 199 200 

T2, OC4 225 259 323 297 281 320 253 314 304 259 269 210 228 230 

Notes: 1 N, K, Li, Ca, Mg, Cl molal concentrations. 
2 Fe, Cu, Zn micrograms/gram water. 
3 Gas concentrations in micromoles. 

4 Tl = Na-K-Ca temperature using cation geothermometer of Fournier & Truesdell (1973) and 
measured N, K, Ca concentrations. 

T2 Na-K-Ca temperature using cation geothermometer of Fournier & Truesdell (1973) ' measured 
Na, K concentrations, lowest observed Ca concentration. 

5 n.a. not analyzed. 
6 n.d. not detected. 
7 tr. trace 

I-' 
I-' 
I-' 
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It is concluded that these low cD values indicate the occasional 

involvement of a relatively deuterium-depleted water during formation 

of the Stage 2 massive pyrrhotite bodies. This will be discussed 

further in Chapter 5. 

4.3.2 Ion Analyses 

'!'he crushed residues after liberation of water and gases were 

leached with distilled water, and the leachates analyzed for Li, Na, K, 

Mg, Ca, Fe, Cu, Zn (atomic absorption spectrophotometry) and Cl (chlorine 

specific ion electrode). Dilution factors [Ctotal leachate volume)/ 

(extracted water volume)] and analytical results are given in Table 4-1. 

Stage 2 samples were not analyzed for iron, as they consisted essentially 

of massive pyrrhotite. 
1 

The extracted solutions are Na-K-Ca-Mg chloride brines. There is 

a cpnsiderable imbalance between cations and anions, due probably to 

the large ~in chloride analyses in such dilute solutions. 

If these errors are taken into account, Na and K at least are approx-

imately balanced by Cl in most samples. 

The calcium and magnesium results are difficult to interpret. 

On a diagram showing molar Na-K-Ca proportions (Figure 4-2), the samples 

fall into two approximately linear groups; Stages 1-4 about a line 

corresponding to a Na/K ratio of approximately 7, and Stage 5 samples 

rather more-scattered about a mean Na/K ratio of about 22. Magnesium 

shows similar relationships with sodium and potassium but with rather 

less linear groupings (Figure 4-3). These linear arrangements are 

suggestive of addition of calcium, and less importantly magnesium, to 

fluids of approximately constant Na/K ratio. 

Possible explanations for these calcium and magnesium relationships 

are contamination from soluble minerals during sample leaching, and 

addition of calcium and magnesium during hydrothermal reactions during 
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Figure 4-2 Summary of relationships of molar proportions of 
Na, K, Ca in fluid inclusion leachates. 
Solid circles are for samples from Stages 1-4, 
open squares are for samples from Stage 5. Numbers 
adjacent to each sample point are dilution factors 
for leachate extraction. 
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Figure 4-3 Summary of relationship of molar proportions of Na, 
K, Mg in fluid inclusion leachates. 
Solid circles are for samples from Stages 1-4, 
open squares represent samples from Stage 5. 
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ore formation. Most of the samples analyzed contain relatively soluble 

calcium-bearing phases, chiefly calcite or late-stage ankeritic 

siderite, which could contribute calcium during leaching, and magnesium 

could be derived from similar sources or from magnesian silicates or 

carbonates. The 45 molal calcium concentration recorded for sample 

104398 is clearly due to contamination, exaggerated by the extremely 

high dilution factor for this sample. There is however no simple 

relationship between calcium contents and dilution factors, as might 

be expected if this sort of contamination were the sole contributing 

factor. 

"Contamination" of the ore fluids with calcium and magnesium may 

also occur during ore deposition. Several million cubic metres of 

dolomite were removed during formation of the replacement ore bodies, 

with calcium liberated to the fluid and magnesium partly stabilized 

in hydrothermal silicates and transiently in magnesian siderite. In 

this case one would expect the reacted ore fluid to have elevated 

calcium and magnesium contents, with calcium concentrations greater 

than magnesium concentrations; this is the case for 12 of the 14 samples 

analyzed. 

Iron and zinc were detected in all analyzed samples; iron concen

trations range from 560 to 72600 µg/gram water, and zinc concentrations 

from 15 to 9890 µg/gram. Samples from earlier paragenetic stages are 

generally enriched in zinc, and possibly also in iron, relative to later 

stages. The anomalous iron and zinc concentrations of sample 103706 are 

probably due to contamination from finely disseminated marcasite (after 

pyrrhotite?) and sphalerite. 

Copper was below the limit of detection for all but three samples, 

whose copper concentrations range from 100 to 490 µg/gram. No conclusions 

can be drawn from these results on variation of copper concentration 

during ore deposition. 
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4.3.3 Gas Analyses 

Gas compositions of the liberated inclusion fluids are given in 

Table 4-1. The dominant gas species is water and mole fractions of 

water range from 0.939 to 0.996, with a mean value of 0.98. Average 

mole fractions of water are essentially constant through the paragenetic 

sequence. 

Carbon dioxide and methane are the dominant non-aqueous gas 

species present, and were detected in all samples. Carbon dioxide/ 

methane molar ratios range from 0.12 to 2.3 with a mean value of 1.25, 

ana do not vary significantly through the paragenetic sequence, although 

Stage 5 samples have a slightly higher average carbon dioxide/methane 

ratio than the av~rages for earlier stages. 

Nitrogen is the next most abundant gas, and was detected in half 

the samples analyzed. A weak argon peak was observed in most of the 

nitrogen-bearing samples, but was of too low intensity for calculation 

of argon content. 

Hydrogen was not observed in any of the samples, and calibration 

of the mass spectrometer with low-pressure gases indicated that amounts 

of less than 5% of the non-condensable fraction would not have been 

reliably detected. 

4.4 INTERPRETATION OF FLUID INCLUSION DATA 

Data on homogenization temperatures, salt ratios and gas compositions 

can be used to put broad limits on temperature and oxygen fugacity 

conditions during ore deposition, in conjunction with a limited amount 

of mineral stability data. 



4.4.1 Homogenization Temperatures 

The mean homogenization temperatures obtained are 195°c for 

Stage 2 fluorite, 210°c for Stage 3 quartz and 185°c for probable 

Stage 4 fluorite (Collins, 1972). Temperatures during Stage 1 and 2 

mineralization were probably not greatly different from Stage 3 

temperatures, as discussed in Chapter 6. Neglecting the possibly 

contaminant calcium and magnesium contents, mean salinities for 

Stage 1-3 samples are 1.9 molal (10.5 wt.% NaCl equivalent), and for 

Stage 4 1.3 molal (7 wt.% NaCl equivalent). The absence of any 

evidence for boiling indicates minimum pressures of approximately 

115 

18 bars, corresponding to hydrostatic column depths of about 180 metres 

(Haas, 1972). 

Estimates of maximum pressure during ore deposition at Renison 

Bell are rather more unreliable. Groves (1968) estimated maximum 

sediment thicknesses of 7468 metres (24,500 feet) overlying the Success 

Creek Group at Renison Bell by the end of the Early Devonian, but these 

figures may be corsiderably overstated due to the rapid variations in 

thickness of the Lower Palaeozoic formations on the West Coast, the 

very poorly known structure of the Crimson Creek Formation and the 

unknown effects of pre-Middle Devonian faulting. The indicated thickness 

corresponds approximately to a lithostatic load of 2 kbar, 

or a hydrostatic load of 750 bars. 

Metamorphic assemblages indicate rather a broad range of possible 

pressures; the occurrence of andalusite and absence of sillimanite in 

the contact metamorphic rocks beneath the mine indicate maximum pressures 

of approximately 3.8 kbar, using the Al2Si05 triple point of Holdaway 

(1971), which has recently received thermodynamic support from 

Anderson et al. (1977) The apparently stable coexistence of muscovite, 

orthoclase and quartz in laminae immediately adjacent to andalusite-bearing 

beds indicates maximum fluid pressures of about 2.5 kbar (Greenwood, 1977). 
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Varlamoff (1975) has attempted to classify tin deposits according 

to their mineralogy, style of mineralization and approximate depth of 

formation; the style of mineralization at Renison Bell corresponds 

broadly to his types 5 to 6, suggesting depths of formation of the 

order of 2 to 4 km, and corresponding pressures of 500-1000 bars litho-

static, or 200-400 bars hydrostatic. The estimates of Varlamoff seem 

slightly low for Renison Bell, for which fluid pressures of 1-2 kbar 

seem reasonable. 

From the data of Potter (1977) pressure corrections of 80°C/kbar 

are required for Stage 2 and 3 homogenization temperatures (this study) 

and Stage 4 temperatures (data of Collins, 1971), yielding ~ean 

formation temperatures of -

1 kbar 2 kbar 

Stage 2: 275° 355° 

Stage 3: 290° 370° 

Stage 4: 265° 325° 

Temperatures of about 300-350°c are indicated by other methods 

for Stage 1-3 mineralization as discussed in Chapter 6, indicating 

that the pressure estimates above are reasonable. 

4.4.2 Temperature Estimates from Cation Ratios 

Cation ratios have been used by a number of workers to estimate 

temperatures of natural ground waters (White, 1968; Orville, 1963; 

Hemley, 1967; Fournier & Truesdell, 1973). The most reliable 

relationship seems to be that of Fournier & Truesdell (1973), who take 

into account the effects of calcium concentrations on the temperature 

dependence of sodium/potassium ratios. Equivalent temperatures for 

Renison Bell samples using this relationship are shown in Table 4-1. 

Column Tl contains equivalent temperatures calculated using the analyzed 

sodium, potassium and calcium concentrations and column T2 equivalent 

temperatures calculated with the analyzed sodium and potassium 
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concentrations, and the lowest recorded calcium concentration 

(0.2 molal). Average equivalent temperatures are -

Tl ' T2 

Stages 1-4: 

Stage 5: 

The effects of calcium "contamination" are more clearly shown 

in Figure 4-4, which is a triangular plot of Na, Kand ~molal 

concentrations, with isotherms calculated using Fournier & Truesdell's 

expression. Data points for Stages 1-4 and 5 are also plotted, 

together with the best-fit lines of constant Na/K ratio from 

Figure 4-2. Stage 5 samples lie close to the 200°c isotherm, and 

major additions of calcium are unlikely to significantly affect their 

apparent equilibration temperature, except at extremely low original 

calcium concentrations. As these samples contain calcite, such low 

calcium concentrations are unlikely to have been present. 

The situation is rather different for Stage 1-4 samples. Except 

for the Stage 1 sample, which is grossly unreliable due to the high 

sample dilution factor, the sample points span the area between 200° 

and 300°c isotherms. If this spread is due to variable calcium 

addition to fluids of constant Na/K ratio, and assuming all samples 

show some calcium addition, temperatures of fluid equilibration between 

300° and 400°c are indicated. For original calcium concentrations of 

10-1 to 10-2 molal, which would probably be reasonable for granite-

derived fluids, mean temperatures for Stage 1-4 samples would be in 

0 
the range 300-350 C. These temperatures are in reasonable agreement 

with the corrected fluid inclusion homogenization temperatures. 

4.4.3 Interpretation of Gas Ratios 

Ratios of gaseous species in fluid inclusions can be used to 

indicate temperature and oxygen fugacity conditions prevailing during 



Figure 4-4 

Vca 

Fluid inclusion leachate molal concentrations for Na, 
K, Ca plotted on a Na-K-~ diagram. Solid square is 
2.5 Horizon Stage 1 (?) sample, solid circles are 
Stages 2-4 samples, solid triangles Stage 5 samples. 
Dashed lines are average Na/K ratios for Stages 1-4 
and Stage 5 samples from rigure 4.2. 
Isotherms in the Na-K-Ca system were calculated from 
the expression of Fournier and Truesdell (1973) 

10 3/TK ~ log (Na/K) + S(log v'°Ca/Na) 

using S = 1/3 for temperatures above l00°c. The line 
quoted by Fournier and Truesdell, passing through 
selected data points, is not significantly different 
from a linear regression of all their data, and the 
quoted line has been used to calculate isotherms 
in this figure. 



mineralization (e.g. Ohrnoto, 1970), provided there has been no 

significant re-equilibration of gases during cooling after trapping, 
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and provided tne gases analyzed are in fact released from the inclusions 

and not generated during sample extraction. Both conditions can be 

tested by comparison with f
02

-T conditions deduced by other means, 

for example Ohrnoto, (1970) was able to show that f
02

-T conditions 

calculated from H20/H2/C02/CH4 ratios in the Bluebell mine agreed well 

with the ore mineralogy and fluid inclusion thermometry for gases 

liberated by crushing, but gases liberated by decrepitation gave 

excessively high temperatures, presumably due to re-equilibration of 

gases catalysed by hot freshly broken mineral surfaces. Similarly, 

calculated temperatures from the gas analyses of Zimmerman (1974), 

who used decrepitation for gas liberation, are in poor agreement with 

mineralogical and fluid inclusion temperature_estimates. Reports of 

associations of incompatible gases such as CH4 + N20 after sample 

liberation by ball milling or decrepitation indicate that these are 

unsatisfactory techniques. 

Figure 4-5 is a simplified log f
02

-T diagram showing molal 

concentration contours in the C02-CH4 and H20-H2 systems, for a to~al 

pressure of 1 kbar. The effect of C02-CH4 reactions on the concentrations 

of water and hydrogen have been neglected, as has the existence of CO, 

which is a minor species under normal ore-formation conditions. The 

shaded field is the indicated log f
02

-T range for Stage 1-3 samples from 

Renison Bell, determined by the following constraints: 

(a) Mean C02/CH4 ratios are close to 1 

(b) The maximum possible undetected hydrogen, about 5% of the 

non-condensable fraction, corresponds to a water/hydrogen ratio of 

approximately 2000. 
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Log fo - T diagram for gaseous species in fluid inclusions. 
Solid fines are contours of equal molar ratio of H20/H2 at 
indicated molar ratio. Dashed lines are contours of equal 
molar ratio of C02/CH4 at indicated molar ratio. Pyrite
pyrrhotite-magnetite triple point calculated from data in 
Robie & Waldbaum (1968). Assumed Pfluid = 1 kbar. 
Reqion in solid black is the log fo 2-T field within which 
analyzed gaseous species from Stages 1-3 would be at equil
ibrium, with lower-temperature boundary limited by the 
pyrite-pyrrhotite-magnetite triple point. Magnetite-siderite 
boundary calculated from data in Holland (1965) and average 
C02 content of fluid inclusions. 
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(c) Maximum oxygen fugacities are limited by the siderite/ 

magnetite boundary, ;;hown here using the bhermochemical data of 

Holland (1965) and the average C02 content of the fluid. 

' (d) Minimum oxygen fugacities at any given temperature are 

limited by the pyrite-pyrrhotite-magnetite buffer, as pyrrhotite is 

the stable iron sulphide in these stages. 

Free ehergies of formation of gas species were taken from 

Robie & Waldbaum (1968), and fugacity coefficients from Ryzhenko & 

Volkov ( 1972) • 

0 The indicated temperature range for Stages 1-3 is 250-360 C, and 

the indicated oxygen fugacity range l0-31-10-38 atm. The indicated 

temperatures are in excellent agreement with estimates from cation 

ratios and fluid inclusion homogenization temperatures, and with 

mineralogical estimates. Oxygen fugacity ranges are likewise in good 

agreement with mineralogical estimates, as discussed in Chapter 6. 

This agreement suggests that the liberated gases are representative of 

the ore-depositional environment, and have not re-equilibrated during 

cooling and subsequent release. 

Temp~rature-oxygen fugacity conditions for later stages cannot 

be assessed from gas ratios, except for the constraint of near-unity 

C02/CH4 ratios, due to the absence of detected hydrogen and the 

general appearance of pyrite as the stable iron sulphide. 
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Chapter 5 

STABLE ISOTOPE STUDIES IN THE ORE SYSTEM 

5.1 SULPHUR ISOTOPES 

Rafter & Solomon (1967) performed 21 sulphur isotope analyses for 

sulphides from the Renison Bell area, principally from outlying ore

bodies and adjacent rocks, and reported values ranging between +2.2%o 

and +8.l%o. In view of the limited number of samples from the main 

mine area, a number pf additional samples from most paragenetic stages 

were analyzed by the author. Results are shown in Table 5-1 and 

diagrammatically in Figure 5-1. Analytical details are given in 

Appendix 2. 

Samples from Stages 1-3 show a small range of o3 4s values, being 

generally in the range +6.3 ± 1%0 • Pyrrhotites from Stage 2 ores in 

the Bassett-Federal Fault Zone show a rather larger scatter than those 

in the sill horizons, with extreme values of +3.7%o and +10.4%o. This 

scatter is not related to spatial position in the fault zone, and may 

be related to post-depositional sulphurization of pyrrhotite with 

development of grain-boundary rims of monoclinic pyrrhotite, as described 

in Chapter 3, or to variations in fluid o34s values during mineralization. 

There is a general lack of sulphide pairs suitable for temperature 

estimates by sulphur isotope fractionation measurements. Arsenopyrites 

in Stage 3 samples coexist in apparent textural equilibrium with chalco

pyrite and pyrrhotite, but enrichment factors for arsenopyrite are not 

known, and the non-systematic sulphur isotope partitioning between 

coexisting arsenopyrite and pyrrhotite (samples 104040, 104183) 

indicates that isotopic equilibrium was not always attained between these 

minerals. 
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Table 5-1 Sulphur isotope data, Renison Mine. 

Sample Mineral Stage o34s %.1 

104036 pyrite 1? +6.0 
104072 pyrite l? +6.4 

l04116 pyrrhotite 2r2 +6.2 
104118 II +6.3 
104125 II +6.0 
104127 +5.8 
104130 +6.6 
104147 +6.4 
104155 +6.3 
104158 +6.1 
104162 +6.2 
104165 +6.4 
104166 +7.1 
104168 chalcopyrite +6.9 
104171 pyrrhotite +6.2 
104172 II +6.5 

104034 pyrrhotite 2f2 +6.1 
104052 +5.6 
104056 +4.9 
104061 +10.4 
10407 5 +5.9 
104078 +5.9 
104087 +6.7 
104095 +6.2 
104098 +3.7 
104099 +5~5 

104104 +6.7 
104106 +6.9 
104107 +6.6 
104108 +6.1 
104110 +7.3 

103~91 chalcopyrite 3 +6.6 
103993 II +6.5 
103993 arsenopyrite +7.2 
104000 II +7.4 
104040 pyrrhotite +6.6 
104040 arsenopyrite +7.2 
104045 II +6.6 
104053 II +5.7 
104109 II +6.3 
104183 pyrrhotite +5.8 
104183 arsenopyrite +5.4 

103713 galena 4 +4.0 
103713 sphalerite II +6.0 
104070 II II +4.9 
104035 II II +5.6 
103693 pyrite II +6.4 

10427 5 pyrite 6 +12.0 

Notes: l All values are in per rnil relative to Canyon Diablo Troilite. 

2 2r - replacement ores in dolomite horizons. 
2f - replacement ores in Bassett-Federal Fault Zone. 
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Sphalerite and galena from Stage 4 veins are slightly 34s-depleted 

relative to the sulphides of Stages 1-3. A single sphalerite-galena 

pair was separated for isotopic analysis (103713), and the fractionation 

of 2.0%a indicates a temperature of 328°c (±45°c approx.) for this 

stage, using the ~alibration curve of Ohmoto & Rye (in press). 

The single late-stage sulphide sample analyzed, a Stage 6 vug

lining pyrite (104275), is comparatively enriched in 34s (o 34s = +12%0). 

The range of sulphur isotope values for the Renison mine 

(majority between +4.9%o and +7.4%o, average +6.3%o) is similar to that 

for samples from outlying orebodies at the Battery mine and on Renison 

Bell Hill, as determined by Rafter & Solomon (1967) (majority between 

+4.0%o and +8.1%0 , average +6.6%0 ). Pyrite in siltstones of the 

Renison Bell Shale analyzed by the same authors ranged from +5.0%o to 

+7.6%0, however the relationship of this pyrite to pyrrhotite mineral

ization is uncertain. 

5.2 OXYGEN ISOTOPES IN THE ORE SYSTEM 

In addition to the sulphur isotope investigations, a study of 

other light stable isotopes was carried out within the ore system. 

Oxygen isotope analyses of hydrothermal minerals are listed in Table 5-2 

and summarized in Figure 5-2. Analytical details are given in 

Appendix 2. As with the sulphur isotope data, there is no significant 

spatial variation in o18o values of quartz within one paragenetic stage; 

talc and tremolite values cannot be directly compared as they are in 

general restricted to sill horizons and Bassett-Federal Fault Zone 

replacement ores respectively. 

Two quartz-cassiterite pairs were analyzed, 104398 from the 

2.5 Horizon mineralization which is tentatively attributed to Stage 1 
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Table 5-2 Oxygen isotope analyses of hydro-
thermal minerals. 

Sample Mineral Stage 
0180%0 

(SMOW) 

104398 quartz 1 +15.3 
104398 cassiterite 1 +5.5 

104076 quartz 2 +15.5 
104083 quartz 2 +13. 5 
104086 quartz 2 +14. 3 
104117 quartz 2 +14.1 
104122 quartz 2 +14.5 
104169 quartz 2 +13.8 
104182 quartz 2 +14.9 

quartz 2 +15.7* 
104113 cassiterite 2 +3.7 
104113 quartz 2 +13. 9* 
104177 talc 2 +10.3 
104263 talc 2 +10.3 
104264 talc 2 +7.3 
104253 tremolite 2 +9.8* 
104254 tremolite 2 +10. 7 
104255 tremolite 2 +11.8 
104261 tremolite 2 +8.8 
104265 tremolite 2 +10.0 
104267 tremolite 2 +11.4 

103999 quartz 3 +13.2 
104003 quartz 3 +10. 7* 
103996 quartz 3 +13. 9* 
104005 quartz 3 +14.9 
104041 quartz 3 +13.3 
104042 quartz 3 +10.9 
104045 quartz 3 +14.1 
104049 quartz 3 +9.6 
104054 quartz 3 +12.7 
104094 quartz 3 +15.0 
104163 quartz 3 +14.7* 
104282 quartz 3 +13.2 
104247 phlogopite 3 +6.8 
104270 chlorite 3 +3.8 

104278 quartz 4 +9.2 
104280 quartz 4 +9 .0 

104272 quartz 5 +16.8 
104273 quartz 5 +17.7 
104274 quartz 5 +17.1 
103706 microcrystalline 5? +14. 7 

quartz 

* Average of two analyses. 
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(see Chapter 3), and 104113 from Stage 2 replacement ores in the 

Bassett-Federal Fault Zone. Observed quartz-cassiterite fractionations 

were 9.8%o and 10.2 %0 respectively. The quartz-cassiterite oxygen 

isotope fractionation has not been calibrated experimentally, and 

empirical fractionations with good temperature control are lacking. 

Order-of-magnitude calculations using the technique outlined by 

Broecker & OVersby (1971, Ch.7) suggest that fractionations of the 

order of 8-12%0 would be reasonable at temperatures of 300°c to 400°c. 

More accurate calculations could not be performed owing to lack of 

suitcible force constant data for cassiterite. The cassiterite-water 180 

fractionation would also be expected to be comparable with the rutile-

water fractionation which has been determined by Addy & Garlick (1974). 

Extrapolation of their data to lower temperatures indicates ~ .
0 

-water ~ 
Ti 2 

-8%0 to -10%a at 350°c with a large potential error due to the expected 

flattening of the fractionation curve at lower temperatures, corres-

ponding to a quartz-rutile fractionation of approximately +14.5%o to 

+16.5%0. Cassiterite-water fractionation should be roughly comparable 

as rutile and cassiterite are isostructural, and the observed cassiterite-

quartz fractionations appear to be of reasonable magnitude for low-

temperature precipitation of cassiterite. 

5.3 HYDROGEN ISOTOPES IN THE ORE SYSTEMS 

Hydrogen isotope analyses for hydrothermal minerals are listed in 

Table 5-3 and summarized in Figure 5-3. Analytical details are given 

in Appendix 2. A reasonable number of samples was available only from 

Stage 2, in the talc-rich sill horizon ores and tremolite-rich fault 

zone replacement ores. Chlorite and phlogopite are common Stage 3 

accessories, and phlogopite and muscovite are not uncommon in talc-rich 

zones, but are typically intergrown with other hydrous silicates and in 

most samples could not be reliably separated for analysis. 



Table 5-3 

Sample 

103769 

104149 

104160 

104161 

104163 

104177 

104246 

104263 

104264 

104251 

104253 

104254 

104255 

104256 

104260 

104261 

104265 

104267 

104247 

104248 

104270 

Hydrogen isotope ratios of hydrothermal 
minerals. 

Mineral Stage oD %0 (SMOW) 

talc 2 -97 

talc 2 -89 

talc 2 -87 

talc 2 -95 

talc 2 -78 

talc 2 -102 

talc 2 -79 

talc 2 -82 

talc 2 -87 

tremolite 2 -84 

tremolite 2 -94 

tremolite 2 -90 

tremolite 2 -99 

tremolite 2 -103 

tremolite 
' 

2 -94 

tremolite 2 -79 

tremolite 2 -99 

tremolite 2 -108 

phlogopite 3 -108 

chlorite 3 -106 

chlorite 3 -86 
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Figure 5-3. Summary of hydrogen isotope data for hydrous 
hydrothermal silicates in Renison Mine. 



Stage 2 hydrous silicates exhibit a range in oD values of 

approximately 30%0 1 with no systematic spatial variation. Part of 

this spread may be due to compositional variations in the tremolites, 

which contain up LO 30% of the ferroactinolite end-member, but a 

similar explanation is unlikely for the tales, which are generally 

iron-poor, although having a comparable oD range to the analyzed 

tremolites. The spread of oD values may reflect a real variation in 

the isotopic composition of Stage 2 waters, or some pos~-depositional 

re-equilibration with late-stage waters. 
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5.4 CARBON AND OXYGEN ISOTOPES OF SEDIMENTARY AND HYDROTHERMAL CARBONATES 

Carbon and oxygen isotope analyses were performed on four sedi

mentary dolomites, one Stage 2 siderite replacing dolomite, two calcites 

from Stage 5 calcite-quartz veins and one Stage 6 calcite. Results are 

listed in Table 5-4 and summarized in Figure 5-4. carbon dioxide was 

liberated with 100% H3Po4 (see Appendix 2 for analytical details). 

Adequate yields were obtained from calcite and dolomite, but hydrothermal 

siderites showed little or no reaction with H3P04, the analyzed sample 

being the only one of ten attempted which yielded sufficient co2 for 

analysis. This lack of reaction is probably related to the large amounts 

of MgC03 incorporated in tht~se siderites (see Chapter 2), as magnesite is 

inert to H3P04. 

The sedimentary dolomites have compositions in the range 

-2.8 %0 to +1.3 %oPDB' o18o = +11.4 %0 to +21.3 %oSMOW' which are 

within the range of Precambrian to Palaeozoic marine carbonates (Keith & 

Weber, 1964; Hudson, 1977). The ranges for carbon and oxygen are both 

towards the light isotope-enriched end of the ranges for Late Precambrian 

and Cambrian dolomites in the compilations of Veizer & Hoefs (1976). 



Table 5 4 carbon and oxygen isotope analyses of 
sedimentary and hydrothermal carbonates. 

Sample al3c %0 a also %0 b 

103735 sedimentary dolomite -2.8 -9.2 

103768 II II -1.9 -10.3" 

103772 II II -1.1 -18.5 

104129 II II +l. 3 -8.8 

104128 Stage 2 siderite -6.0 -17.2 

104272 Stage 5 vein e,alcite -4. 2 - -15.0 

104273 Stage 5 vein calcite -4:4 -14. 7 

104276 Stage 6 vug calcite +4.3 -6.2 

a Carbon analyses referred to PDB standard. 
b Total carbonate analyses referred to PDB standard. 

Acid fractionation factors used in calculation were 
calcite 1.01025 
dolomite 1.01110 
siderite 1.01169 

(values quoted by Becker & Clayton, 1976). 
c Total carbonate analyses referred to SMOW standard. 
d Coexisting quartz has o18oSMOW = +16.8 %0. 
e Coexisting quartz has o18osMOW = +17.7 %o. 

also %0 

+20.9 

+19.8 

+11.4 

+21. 3 

+12.7 

+14.9 

+15.3 

+24.0 
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Figure 5-4 Summary of carbon and oxygen isotope data for 
sedimentary and hydrothermal carbonates. 
Solid squares represent unaltered sedimentary dolomites. 
Solid circle is Stage 2 siderite. 
Open circles are Stage 5 calcites. 
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The stable isotope ratios of the 'Renison Bell dolomites are in agreement 

with their petrographic interpretation as marine sedimentary, probably 

diagenetic, dolomites. 

Siderite 104128 is slightly depleted in 13c by comparison with 

the sedimentary dolomites. Sample 104129 is a residual block of 

unreplaced dolomite embedded in the replacing siderite 104128, suggesting 

an oxygen shift of about +8.6%a and a carbon shift of about -7.3%0 during 

dolomite replacement (or a carbon shift of about -4.9%0 from the mean 

value for analyzed dolomites). 

Calcites from massive calcite-quartz veins (Stage 5) in the 

hangingwall of the Bassett-Federal Fault Zone are also depleted in 13c 

relative to sedimentary dolomites, while a vug-lining calcite from 

Stage 6 is enriched in 13c by about +5.5%o. 

The low carbon isotope ratios for these hydrothermal carbonates are 

difficult to explain.· Pinckney & Rye (1972) noted an analogous effect 

in the Hill Mine, Illinois, where hydrothermal recrystallization of 

limestone resulted in a lowering of o18o and o13c by up to 8%0 and 6%0 

respectively. They explained the lBo depletion by re-equilibration of 

the limestone with oxygen of the hydrothermal fluid involved, and implied 

a similar mechanism for 13c depletion. Early hydrothermal carbonates 

in a number of deposits discussed by Rye & Ohmoto (1974) have o13c values 

as low as -10%0, although in many cases hosted by marine limestones or 

their dolomitized equivalents, and show a general trend towards more 

positive a13c values in late hydrothermal carbonates. Th~ limited data 

available for Renison Bell suggest a similar temporal trend of 13c 

enriched in hydrothermal carbonates. 

Two limiting hypotheses for production of isotopically light 

hydrothermal carbonates are -



(a) Derivation of carbon entirely from isotopically light 

carbon transported to the site of deposition via a hydrothermal fluid. 

This may be "deep-seated" carbon (o 13c -5%o to -10%0; Hoefs, 1973) or 

carbon derived from an organic precursor (o 13c as low as -34%0; Hoefs, 

1973). 

(b) Derivation of carbon entirely from the host dolomite, with 

light values derived from l3c partitioning between aqueous and gaseous 

carbon species. 
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The isotopic ratios of precipitated carbonates will depend in both 

cases upon the carbon species budget and the inferred depositional 

conditions (Ohmoto, 1972). This will be discussed further in Chapter 6, 

but in summary there are some difficulties in deriving isotopically 

light siderites from the carbon of the dolostones with any plausible 

carbon species budget. 

5.5 ISOTOPE GEOCHEMISTRY OF COUNTRY ROCKS 

5.5.1 Sediments 

Reconnaissance oxygen isotope analyses of the sediments hosting 

the Renison Bell deposits were performed to establish a framework for 

discussion of the oxygen isotope geochemistry of the ore system. 

Results for non-carbonate rocks are listed in Table 5-5 and summarized 

in Figure 5-5. Data for carbonate rocks are listed in Table 5-4. 

180 values for volcaniclastic rocks in the Red Rock Member and 

Dreadnought Hill Member are between +9.l%o and +10.9%0, somewhat 

heavier than those expected for their original basaltic to andesitic 

parents,of about +5%0 (Taylor, 1974); this is probably related to their 

moderate to extensive alteration and variable admixtures of metamorphic 

quartz and ?diagenetic carbonate. As described in Section 5.4 the oxygen 



Table 5-5 

Rock Unit 

Dreadnought Hill 
Member 

Red Rock Member 

No. 2 Dolomite 
footwall chert 

Renison Bell Shale 

Dalcoath Quartzite 

Whole-rock oxygen isotope analyses 
of sedimentary rocks, Renison Bell. 

Sample Rock Type 

104296 graywacke 
104295 shale 
104294 graywacke 

104291 hematitic quartzite 
104290 volcaniclastic 

graywacke 

104293 chert 
104292 chert 

104289 quartz siltstone 
104288 quartz siltstone 

104285 quartzite 
104286 quartz siltstone 
104287 quartz-biotite-

rnuscovite hornfels 
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0180 %0 

(SMOW) 

+9.1 
+10.9 
+10.1 

+13.9 
+9.3 

+19.9 
+16.8 

+14.6 
+13.1 

+13.1 
+10.2 

+7.3 
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Summary of oxygen isotope data for country rocks 
and granites near Renison Mine. Scale applies to 
upper part of diagram only. 
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isotope ratios of the carbonate beds are consistent with diagenetic 

dolomitization, and 8 180 ratios of +16.8%o and +19.9%o for cherts in 

the immediate footwall of the No.2 Dolomite are also consistent with 

a diagenetic origin. 

Clastic silica-rich sediments in the upper levels of the mine 

have 5l80 values in the range of metamorphic siliceous rocks (Taylor, 

1967), as expected from their petrographic features (Chapter 2). 

Samples of the Dalcoath Quartzite from DDH U861 (104285-104287) show 

a decrease in 8180 towards the granite-sediment contact, which may be 

due to thermal metamorphism at progressively increasing teniperatures. 

At temperatures of approximately 500-600°c, as suggested by the 

mineralogy of hornfelses near the granite contact, bulk rock-water 180 

fractionations will be close to 0 ± l%a for rocks rich in biotite 

and/or muscovite such as 104287, indicating an approximate 8180 value 

of +6%0 to +7%0 for the fluids responsible for recrystallization and 

boron metasomatism in the inner contact aureole. This would in turn 

0 suggest approximate metamorphic temperatures of 450-500 C for 104286 

and ~400°c for 104285 if water of the same isotopic composition was 

involved throughout. This is in reasonable agreement with the mineralogy 

of metamorphosed rocks towards the outer edge of the contact aureole, 

as discussed in Chapter 2, and would imply a thermal gradient of about 

200-250°c/km during ther:nal metamorphism. 

5.5.2 Granites and Derivatives 

Oxygen, hydrogen and sulphur isotope for fresh and altered 

granitic rocks are listed in Table 5-6. Fresh granites (103953, 103957, 

103959, 103960) have 8180 values in the range +9.3%o to +10.6%o. 

Varieties with varying degrees of sericitic alteration have 8180 values 

of +9.2%a to +9.3%o, not significantly different from those of the fresh 



Sample 

103953 

103957 

103959 

103960 

103954 

103958 

103962 

103963 

103964 

103965 

103961 

Table 5-6 Stable isotope data for Renison 
Bell granites. 

Rock Type oD%o 2 

fresh granite +9.7 -95 

fresh granite +9.3 -95 

fresh microgranite +10.l n.a. 

fresh granite +10.6 -98 

very weak muscovite alteration +9.3 n.a. 

muscovite alteration +9.3 -77 

weak greisen alteration +10. 7 n.a. 

greisen +10.4 -63 

greisen +11. 2 n.a. 

greisen +11.0 -69 

sericite/clay alteration +9.2 -45 
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n.a. 

n.a. 

n.a. 

n.a. 

+3.8 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

Notes: 1 o18o whole-rock values referred to SMOW standard. 
2 oD measured on hydrous mineral concentrates with minor 

quartz etc. contamination. Values referred to SMOW standard. 
3 o34s measured on separated pyrite. Whole-rock extractions of 

approximately 200 g of other samples yielded insufficient 
sulphur for analyses. Value referred to CDT standard. 



granites. Varieties from Pine Hill·showing incipient tourmalinization 

(103962), and wholly greisenized varieties (103963,103964, 103965) 
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have ol8o values of +10.4%o to +ll.2%o, however as the latter samples 

are essentially quartz-tourmaline rocks their o18o values are comparable 

with those of quartz in the fresh granites, which would be expected to 

be 1-2% heavier than the whole-rock values (Taylor, 1974). These 

values are towards the 180-enriched end of the range for normal granites 

(Taylor, 1977). 

Hydrogen isotope ratios show rather more divergent trends. Fresh 

to slightly chloritized biotites separated from fresh granites are 

tightly grouped at -95%<> to -98%<> OD, while well-crystallized 

muscovites from greisens have OD values of -63%0 and -69%0, similar to 

well-crystallized white mica from 103958, with OD = -77%0. By contrast, 

poorly crystallized white mica, possibly mixed with kaolinite, from 

103961 has oD = -45%0 • 

White mica in this sample has different petrographic relationships 

to that in "normal" sericite-altered granites, described in Chapter 2, 

as it occurs as finely felted material with 1-5 µm average grainsize 

imperfectly pseudomorphous after plagioclase, and appears to represent 

a different phase of alteration. 

Discrete sulphide material was separable from only one sample, 

103954, and digestions of finely crushed rock powder of the remaining 

granite samples with reducing agent failed to yield sulphur in 

sufficiently large amounts for analysis. The sole sulphide available 

has o34s = +3.8%0. Petrographic relationships suggest that pyrite in 

this sample, occurring as sparsely disseminated cubes about 0.1 nun 

diameter, may be a primary mineral phase, although the weak sericitic 

alteration of the sample introduces an element of doubt into this inter

pretation. 
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O'Neil et al. (1977) and O'Neil & Chappell (1977) have investi-

gated the oxygen and hydrogen isotope compositions of granitic rocks 

in the New England and Berriedale Batroliths of eastern New South Wales, 

and reported moderately successful discrimination between the 

"S-type" and "I-type" categ_ories of Chappell & White (1974) using o18o 

values, but a general lack of systematic behaviour of oD values. 

Oxygen isotope ratios of Renison Bell granites fall in the region of 

overlap of o18o values of s- and I-type granites of these batholiths. 

5.6 DISCUSSION OF ISOTOPE DATA 

5.6.1 Composition of a Magmatic Hydrothermal Fluid 

Assuming a solidus temperature for the Renison Bell granites of 

about 700°c at 2 kb P 
0 

the isotopic composition of an exsolved 
H2 

magmatic aqueous phase can be calculated from the oxygen and hydrogen 

isotope analyses of the fresh granites. Whole rock-water 18 0 fraction-

ations at this temperature will be close to 0%a to 0.3%o (Taylor, 

1974) indicating aqueous o18 o values in the range +9%0 to +l0.6%0. 

Biotite-water hydrogen isotope fractionations are dependent on the 

composition of the biotite (Suzuoki & Epstein, 1976), which is not 

known accurately. Granitic biotites typically have intermediate Fe/Mg 

ratios, e.g. biotites from the Late Devonian Blue Tier Batholith in 

north-east Tasmania have average Fe/Mg ratios of 2 (Groves et al., 1977), 

and comparable values are likely for biotites in the Renison Bell 

granites. The experimental calibrations of Suzuoki & Epstein indicate 

biotite-water deuterium fractionations in the range -20%0 to -35%0, 

which yield oD values in the range -60%a to -73%a for the magmatic 

aqueous phase associated with the Renison Bell granites. 



5.6.2 Composition of Hydrothermal Fluids in the Ore System 

The isotopic composition of hydrothermal fluids associated with 

the various paragenetic stages can be calculated in a similar manner 

from the isotopic canpositions of hydrothermal minerals and fluid 

inclusion waters. Estimated mean temperatures (see Chapter 6) for the 

various paragenetic stages are: 

Stage 1-2 350°c 

Stage 3 350°C 

Stage 4 300-350°c 

Stage 5 150-200°c 

Calculated oxygen isotope compositions of waters coexisting with 

hydrothermal minerals are shown in Figure 5-6. Quartz-water fraction-

ations were calculated using the expression 

ty, 
quartz-water = 2.73 (Taylor, 1974) 

Chlorite-water fractionation was estimated at approximately 0%o at 

35o
0
c, using the data of Wenner & Taylor (1971), and phlogopite-water 
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fractionation was assumed to be the same as biotite-water, for which a 

value of -2.l%o was used, derived from extrapolation of the estimates 

of Sheppard et al. (1971). 

Oxygen isotope fractionation factors for tremolite-water and talc-

water are not well known. Assu.~ing an approach to isotopic equilibrium 

between the hydrothermal minerals, application of mineral-water 

fractionations of approxpnately +2.0%o and -0.5%0 for tremolite-water 

and talc-water respectively would produce water a18o compositions 

concordant with those calculated from the quartz-water fractionation 

equation. Talc-water fractionations could be expected to be comparable 

to serpentine-water, and the inferred value of -0.5%0 for !Y. 
talc-water 



o180, %a 
-3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7 +8 +9 +10 

1,2 H I II I 111----i 

3 11 I m II Ill 
300°c Jso•c 

4 H H 
5 I I 11 I 

1so •c 200 •c 

Figure 5-6 Calculated o1Bo values of waters coexisting with 
hydrothennal quartz (solid bars) and hydrous silicates 
(dashed bars) for Stages 1-5. No estimates were made 
for water coexisting with tremolite owing to uncertainty 
of tremolite-water fractionation factors. See text for 
estimates of other mineral-water fractionation factors. 
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at 350°c is in reasonable agreement with the empirical serpentine-

water fractionation of Wenner & Taylor (1971). 

The f:i 1 . t t value used above is more doubtful. Extra-tremo i e-wa er . 

polation of the theoretical isotope fractionation data of Bottinga & 

Javoy (1975) to 350°c, and using the f:i equation used a~ove, 
quartz-water 

suggests a value of f:ih nbl d t of about -l.6%0, which is of or en e-wa er 

comparable magnitude to the value derived above but of the wrong sign. 

This may be due to structural and compositional differences between 

these hydrothermal trernolites and the igneous and higher-temperature 

metamorphic amphiboles used by Bottinga & Javoy (1975) for derivation 

of their fractionation equations. 

Estimated hydrogen isotope values for hydrothermal fluids are 

shown in Figure 5-7, using data from fluid inclusion water analyses and 

analyses of hydrous hydrothermal minerals. Fractionation factors for 

tremolite-water, talc-water, chlorite-water and phl~gopite-water are 

not known, but the experimental data of Suzuoki & Epstein (1976) 

combined with lower-temperature data (summarized by Taylor, 1974) suggest 

values at 350°c of the order of 

f:i ~ -25%0 
talc-water 

f:i l" tremo ite-water 
~ -30%o 

f:ichlorite-water 
~ -30%0 

f:iphlogopite-water 
::::: -30%0' 

which have been used to derive the estimates in Figure 5-7. 

The estimated oxygen and hydrogen isotopic compositions derived 

above for the hydrothermal fluids have assumed the aqueous phase to be 

pure water. Truesdell (1974) demonstrated a salinity effect on the 

oxygen isotope fractionation between C02 and H20 at elevated temperatures, 

necessitating a correction to calculated water compositions derived from 

mineral-water fractionations. For the hydrothermal fluids at Renison Bell, 
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extrapolation of the data of Truesdell (1974) indicates o18o correction 

factors of approximately +l.0%o to +2.0%o for Stages 1-4, and 0%o to 

+l.0%o for Stage 5 mineralization. 

The structural model used by Truesdell (1974) to explain the 

salinity effect on oxygen isotope fractionation requires an analogous 

effect on hydrogen isotope fractionation. Experiments by Sofer & Gat 

(1975) demonstrate a small salt effect for NaCl solutions at 25°c, 

with much larger effects for KCl, MgCl·2 and CaCl2 solutions. If the 

proportionality of the oxygen isotope and hydrogen isotope salt effects 

at 25°c were maintained at elevated temperatures, OD correction factors 

of the order of -10%0 to -40%0 at 350°c would be required for the 

Renison Bell fluids. A correction of this size would bring the 

oD d and oD 1 1 t d values for Stage 1-2 fluids into good measure · ea cu a e 

agreement. 

Ranges and mean values of oD and o18o calculated for hydrothermal 

fluids are summarized in Figure 5-8, together with the calculated range 

of a magmatic hydrothermal phase derived from the Renison Bell granites. 

A salinity correction of +2.0%o has been applied to the calculated mineral-

water o18o values, but calculated mineral-water OD values have not been 

so corrected. 

Considering initially the mean values for the different stages 

shown in Figure 5-8, it is apparent that the isotopic composition of the 

waters responsible for cassiterite-sulphide mineralization in Stages 1-3 

are consistent with derivation from a magmatic aqueous phase associated 

with the subjacent granites, while the Stage 4 and 5 waters represent 

water from another source, possibly a contemporary groundwater. The 

inferred presence of two water sources is consistent with the differences 

in mineralogy between the cassiterite-bearing Stages 1-3 and the quartz-

carbonate ± sphalerite ± galena mineralization of Stages 4 and 5. 
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The inadequacy of the temperature data for Stage 5 means that it is not 

pos$ible to determine whether Stage 5 waters had a comparable isotopic 

composition to those of Stage 4, or were significantly 180-depleted. 

The large inferred oD range for Stage 1, 2 samples is difficult 

to explain. The oD values of waters equilibrated with hydrous minerals, 

and three of the six fluid inclusion analyses, are fairly tightly 

clustered -49%0 to -82%0, while the remaining three fluid inclusion 

analyses form a separate group between -97%0 and -107%o . As was pointed 

out in Chapter 4, there is no intrinsic reason to disqualify these 

analyses from consideration. Also, the magnitude of the variation in 

fluid inclusion OD values (32%0) is comparable to the magnitude of the 

variation in water OD values calculated from hydrous mineral analyses 

(29%0), suggesting that the variation is real and not an analytical 

effect. A plausible explanation of this spread in OD values is by 

mixing of a magmatic aqueous phase with variable amounts of a deuteriurn

depleted water from some other source, either from a contemporary 

formation water or from processes connected with hydrogen diffusion and 

oxidation in the rocks adjacent to the crystallizing pluton (D.L. Shettel 

Jr., pers. comm., 1976). 

Estimates of the o18o values of Stage 3 fluids are concentrated in 

the range +8.3%o to +10.5%o (with salinity correction), but have 

occasional values to as low as +5.2%o (with salinity correction), and 

nearly overlap the probable range of Stage 4 fluids. This .may be 

explained by incorporation of small amounts of heated meteoric water 

during Stage 3 mineralization, prior to the meteoric water-dominated 

late vein stages. 

Estimates of the Late Devonian palaeo-latitude of Tasmania indicate 

that the Renison Bell area did not occupy high latitudes at this time. 

Plate tectonic reconstructions by Kanasewich et aZ. (1978) place 

Tasmania at approximately 32°s in the mid-Devonian (370 m.y.). 
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Calculations using the Late Devonian pole for south-east Australia 

(58°s, 320°E; McElhinny & Embleton, 1974) place Tasmania within approx

imately 10° of the equator at this time. Calculations using a 

palaeomagnetic pole position for the Housetop Granite in north-east 

Tasmania, which is approximately the same age as the Renison Bell 

Granite,indicate a palaeo-latitude of approximately so0 s. This pole 

is assigned a lower reliability than the south-east Australian pole by 

McElhinny & Enibleton (1974), and the best estimate of t11e Late 

Devonian palaeo-latitude of Tasmania is probably between the quoted 

values. This would permit a wide range of oD values of contemporary 

meteoric waters assuming the latitudinal variation of oD was comparable 

to that of the present day. 
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Chapter 6 

THERMODYNAMIC MODELLING OF DEPOSITIONAL CONDITIONS OF MINERALIZATION STAGES 

Data from mineral parageneses, fluid inclusions and stable isotope 

ratios, combined with available thermochemical data, enable the 

modelling of physicochemical conditions for deposition of tin-bearing 

and subsequent paragenetic stages in the Renison Bell deposit, and their 

integration into a general model for development of mineralization in 

the district. 

6.1 TIN-BEARING STAGES 

6.1.1 Basic Data for Calculations 

Inferred temperatures and solution compositions for tin-bearing 

stages are shown in Table 6-1 for Stages 1-2 and 3. Temperatures derived 

from fluid inclusion data summarized in Chapter 4 and mineralogical data 

0 summarized in Chapter 3 indicate a mean temperature of ~350 C for 

Stage 2 and 3 ore deposition. Temperatures for Stage 1 ore deposition 

were probably also approximately 3S0°c. Solution compositions are 

averages from fluid inclusion analyses discussed in Chapter 4 and are 

similar for both Stages 1-2 and Stage 3. The average of sodium and 

potassium concentrations for Stages 1, 2 and 3 have been used in subsequent 

calculations, and have been assumed to be balanced by Cl. Calcium and 

magnesium concentrations have been ignored in initial calculations as the 

higtl inferred concentrations in fluid inclusions are probably due to 

contamination, and the high ionic strength of concentrated Ca and Mg 

solutions makes the calculation of high-temperature activity coefficients 

highly unreliable. 



Table 6-1 Inferred temperatures and solution 
compositions for tin-bearing ore stages. 

TEMPERATURE, 0 c 
- fluid inclusion 

homogenization 
(pressure corrected) 

- fluid inclusions 
gas compositions 

- fluid inclusion cation 
balance (extrapolated 
to low Ca concns.) 

- coexistence of 
pyrrhotite + 
chalcopyr i te 

- maximum range for 
analyzed arsenopyrites 
in pyrrhotite field 

1 kbar 

2 kbar 

- value taken for calculations 

CATION CONCENTRATIONS, molal 

Stage 1-2 

227°-351° 
(mean 275°) 

307°-431° 
(mean 355°) 

250°-360° 

< 330° 

350° 

(averages from fluid inclusion analyses) 

Na 1. 7 

0.25 

Mean 

1. 7 

0.24 

Stage 3 

231°-385° 
0 (mean 290 ) 

311°-465° 
(mean 370°) 

250°-360° 

< 330° 

300°-490° 

350° 

1.8 

0.2 K 

Cl assumed to balance Na + K 

GAS CONCENTRATIONS 
(averages from fluid inclusion analyses) 

0.006 

0.016 

----------------------------------
METAL CONCENTRATIONS, ppm 
(averages from fluid inclusion analyses) 

Fe 
Cu 
Zn 

33500 
(n. d. - 490) 

1900 

0.014 

0.008 
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6.1.2 Solution pH and Gangue Silicate Relationships 

The maximum pH for Stage 1-3 ore deposition can be approximately 

calculated from analyzed C02 concentrations. Crerar et al. (1978) used 

the following expression to approximately calculate in situ pH of 

experimental systems from C02 partial pressures; 

= 

2
KH2C03°KHCl

0

PC02 ] 

[2KHCl-KNaCl+(~aC1+4~aCl.ENa)~J 
x 

r l 1.0 + 

-KNaCl+(~aC1+4KNaCl"LNal~ l 
2~aHC03 j 

(1) 

aH+ 0 aHco3 
where K 

H2C03 a 
H2C03 

(2) 

KHCl 
aH+·ac::1-

aHCl 
(3) 

KNaCl 
aNa+·ac1-

= 
~acl 

(4) 

~aHC03 = 
aNa+·aHC03 
a 

NaHcp3 
(5) 

p 

Kg COz 
a' , 

H2C03 
(6) 

~aHC0 3 is not known and was approximated by ~acl· Activities of aqueous 

species were approximated by concentrations. 

Methane was assumed to be absent by Crerar et al. (1978) and 

equation (1) used to derive a uni~ie pH from measured partial pressures 

of C02. However methane is a major carbon species in Stage 1-3 fluid 

inclusions at Renison Mine and the application of equation (1) using 
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measured C02 contents of fluid inclusions will yield only the approx-

imate maximum pH of the ore solution. Using experimental fugacity 

0 
coefficients tabulated by Ryzhenko & Volkov (1971) for C02 at 350 C 

and 1000 bars total pressure, average fc
02 

6.7 bars for Stages 1-3. 

Approximating the ore solution by a 2 molal NaCl solution and 

substituting fc
02 

for PC
02 

in (1) yields a maximum pH of 5.5 for 

Stage 1-3 mineralization (equilibrium constants are listed in Appendix 3). 

The pH range during mineralization can also be estimated from the 

sporadic presence of muscovite in both Stage 1-2 and Stage 3 ores. 

The stability field of muscovite in the Na-K-Al-Si-0-H system can be 

defined by the following reactions: 

Orthoclase-muscovite 

(7) 

Muscovite-kaolinite 

(8) 

Muscovite-paragonite 

(9) 

Albite-muscovite 

(10) 

With the addition of the boundaries for 

Albite-orthoclase 

(11) 

and paragonite-kaolinite 

(12) 

the stability fields of these minerals can be represented on an isothermal 

plot of log (aNa+/aH+) vs. log (aK+/aH+), after Helgeson (1967). 

Figure 6-1 is such a diagram drawn for 350°c using equilibrium constants 
I 
I 

for the above reactions listed in Appendix 3. Paragonite is apparently 

the stable sodium phyllosilicate although sodium montmorillonite may form 
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as a metastable precursor of paragonite (Montoya & Hemley, 1975). 

There is also some uncertainty as to whether kaolinite or pyrophyllite 

is the stable hydrous aluminosilicate at this temperature, but the 

size of the mineral stability field-as shown will not be affected. 

Sodium and potassium activities may be calculated using the 

stoichicmetric individual ion activity coefficients tabulated in 

Appendix 3, thus 

LNa.yNa+ 

EK.yK+ 

Corresponding values for average Stage 1-3 solutions are 

0.21 

0.024 

The average calculated aNa+/aK+ ratios for Stage 1-3 solutions fall on 

the indicated line in Figure 6-1, which passes through approximately 

the entire width of the rnuscovite stability field. The pH limits of 

(13) 

(14) 

the muscovite field for the K+ activity calculated above are 3.9 and 5.4 

for the kaolinite-muscovite and muscovite-microcline boundaries res

pectively, in good agreement with the maximum pH calculated above from 

average COz contents. 

Muscovite however is not the major gangue mineral. The stability 

of tourmaline can not be treated thermodynamically, but phlogopite, 

talc and tremolite stability fields can be calculated in terms of the 

major ionic species and pH. The inter-relationship of phlogopite and 

muscovite can be expressed by the reaction 

and analogous reactions can be written for reactions between phlogopite 

and kaolinite, and phlogopite and microcline. 
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The free energy of formation of hydroxyl phlogopite at 25°c is 

not well known and for calculation of the above reactions may be 

approximated using the methods of either Nriagu (1975) or Tardy & 

Garrels (1974) . Estimates by these authors are considerably different, 

being -1388 kcal.mol- 1 using Nriagu's method and -1400.7 kcal.mol- 1 

using the method of Tardy & Garrels, and compared to a preferred value 

of -1410.9 kcal.mol- 1 cited by the latter authors. The value estimated 

by Nriagu (1975) has been used in subsequent calculations, as the larger 

magnitude values imply unrealistically low magnesium concentrations for 

stabilization of phlogopite relative to muscovite at elevated tempera-

tures. 

Relationships between phlogopite, potassium feldspar, muscovite 

and kaolinite are shown in a plot of log (aK+faH+> vs. log (aMg2+/a~+) in 

Figure 6-2, which is drawn for conditions of quartz saturation. For 

solution aK+'aH+ compositions within the muscovite stability field, the 

coexistence of muscovite + phlogopite in some Stage 2 and Stage 3 

2 assemblages implies values of 4.3 and 3.95 for log (~g2+/aH+> at the 

lower and higher pH limits respectively. As magnesium and calcium are 

not significantly chloride-complexed at these temperatures (Helgeson, 

1969) and neglecting the minor contribution from MgS04°, Mgco 3° and 

MgHC03~ at the inferred low pH and low f
02 

conditions, magnesium 

concentrations can be calculated using the individual ionic activity 

coefficient listed in Appendix 3, yielding Mg concentrations of 0.015 

molal and 6.8 x 10-6 molal at the lower and higher pH limits respectively. 

Similarly the coexistence of phlogopite + talc + quartz in some Stage 2 

assemblages implies Mg concentrations of 0.05 molal and 5 x 10-5 molal 

at the lower and higher pH limits respectively. 
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Tremolite-phyllosilicate relationships in Stage 2 assemblages 

may be represented in an analogous manner on a diagram of 

log (aca2+/a~+> vs. log (aMg2+I~+>• the relevant equations being: 

Talc-tremolite 

(i6) 

Tremolite-diopside 

Ca2Mg5Si9022(0H)2 + 2Ca2+ = 4CaMgSi206 + Mg2+ + 2H+ (17) 

Stability fields for these minerals are shown in Figure 6-3 together 

with saturation limits for calcite, dolomite and quartz, and the 

minimum stability of phlogopite from Figure 6-2. For talc + tremolite + 

quartz assemblages ca2+ activities vary from 10-1 " 6 to 10-4 "6 for the 

lower pH and higher pH limits respectively, corresponding to Ca 

concentrations of 3 molal to 0.003 molal respective!~ again neglecting 

the minor contribution from sulphate and carbon species complexing to 

calcium partitioning. For quartz-free talc + tremolite + phlogopite 

assemblages the minimum value of log (acaz+/a!+> is 5.7 [s.2 using 

~Gf0 . of Tardy & Garrels] corresponding to Ca concentrations · phlogopite 

of 0.93 molal [o.3] and 7.9 x 10-4 molal [3 x 10-4] at the lower and 

higher pH limits respectively. Tremolite-free talc + phlogopite 

assemblages imply lower Ca concentrations at any specified pH. 

It is apparent from the above discussion that the spatial 

variations in gangue silicate assemblages in Stage 1-2 ores may be 

generated by spatial variations in cation concentrations, particularly 

ea and Mg which are presumably derived from dissolution of dolomite. 

Assuming that the solution pH remained in the muscovite stability field 

+ for average K activities, the maximum calculated Ca and Mg concentrations 

in equilibrium with the observed assemblages vary between: 
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low pH limit 

high pH limit 

Ca 

3 molal 

3 x 10- 3 molal 

Mg 

5 x 10-2 molal 

5 x 10- 5 molal 

As the solution composition during dolomite replacement probably 

commenced near the muscovite/kaolinite boundary and finished near 

the muscovite/microcline boundary, average maximum Ca and Mg concen

trations probably lie between the above extremes, and average values 

of 10- 1 molal ea and 10- 3 molal Mg are probably reasonable. These are 

rather lower than average Ca and Mg concentrations inferred for 

inclusion fluids in Stage 1-3 samples (Table 4-1), a~d it is likely 

that the latter values are inflated by contamination during leaching 

of the crushed samples. 

6.1.3 Oxygen Fugacity 

Because pyrrhotite is the stable iron mineral during Stage 2 

and 3 mineralization, oxygen fugacities must lie below the pyrite

pyrrhotite-magnetite triple point, defined by the reaction: 

= 6FeS + 202 

corresponding at 3S0°c to a maximum oxygen fugacity of 10-30·l atm. 

Oxygen fugacities may also be estimated from carbon dioxide/methane 

ratios in fluid inclusions, using the reaction: 

= 

(18) 

(19) 

Carbon dioxide/methane ratios for Stage 1-3 samples range between 0.12 

and 2.2, corresponding to an oxygen fugacity range of lo-31 · 3 to l0- 31 ·8 

atm., assuming a total fluid pressure of 1000 ba£s and using the equil

ibrium constant for reaction (19) and fugacity coefficients for co2 

and CH4 listed in Appendix 3. This range is in good agreement with the 

maximum oxygen fugacity calculated above. 
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6.1.4 Sulphur Fugacity 

Because pyrrhotite is the stable iron sulphide during Stage 2 

and 3 mineralization, sulphur fugacities must be below the pyrite-

pyrrhotite boundary, according to the reaction: 

Fes + ~s FeS (20) 

corresponding to an s2 fugacity of 10-906 atm. at 3S0°c. The para-

genetic position of native bismuth in Stage 2 ores is uncertain; if 

contemporaneous with cassiterite, pyrrhotite, arsenopyrite etc. a 

sulphur fugacity below the bismuthinite-native bismuth boundary is 

implied, according to the reaction: 

= (21) 

corresponding to an S2 fugacity of 10- 10 • 2 atm. at 3S0°c. 

Sulphur fugacities may also be calculated from the composition of 

arsenopyrites, using the experimental data of Kretschmar & Scott (1976). 

Compositions of Stage 3 arsenopyrites range between 32.3 and 33.0 

atomic% As, corresponding to a range in S2 fugacity of lo- 11 to lo-ll·6 

atm. at 3S0°c. Stage 2 arsenopyrites are slightly more sulphur-rich, 

with compositions between 32.9 and 34.3 atomic % As, corresponding to a 

range in s 2 fugacity of lo- 11 "4 to l0-12 ' 3 atm. The difference between 

arsenopyrites from the two stages may be due to deposition of Stage 2 

ores at slightly higher temperatures and/or slightly lower sulphur 

fugacities compared to Stage 3 ores. 

6.1.5 Total Sulphur Content of the Ore Fluids 

The total sulphur content of the ore fluids for Stages 1-3 has 

been estimated by plotting various mineral stability fields on a 

log f vs. log LS djagram for a pH value towards the middle of the 
02 

inferred range (Figure 6-4). The precise pH value used is unimportant 

as the position of mineral boundaries in the reduced sulphur field are 

insensitive to variations in pH. The generalized depositional field 
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lies in the mutual stability field of arsenopyrite, pyrrhotite and 

cassiterite (and possibly also of native bismuth) and is defined in 

detail by the intersection of the log f
02 

and log fs
2 

ranges deduced 

above. Inferred log LS values lie between -2.2 and -2.6 molal and a 

value of ES = 10-2 "4 molal has been used in subsequent calculations. 

The inferred depositional field in Figure 6-4 can be checked 

with the observed distribution of titanium minerals. Both ilmenite 

and Ti02 (anatase) occur in Stage 2 and 3 ores, with ilmenite + anatase 

and anatase +ilmenite reactions observed as described in Chapter 3. 

In the presence of ubiquitous pyrrhotite, the relationship between 

ilmenite and anatase may be written as: 

= FeS + 12o2 + Ti02 

The boundary between ilmenite and anatase based on reaction (22) is 

shown in Figure 6-4, taking account of the variation in ~es across the 

pyrrhotite field, and passes approximately through the centre of the 

independently inferred depositional field. 

6.1.6 Generalized Conditions of Ore Deposition 

The above results are combined in Figure 6-5 to illustrate the 

generalized region of cassiterite-stage ore deposition in log f
02

-pH 

space, drawn for a total sulphur content of 10-2"4 molal at 35o0 c. 

The major depositional process is believed to be an increase in pH of 

the initially ~cid hydrothermal solutions, caused by reaction with the 

host dolomites. This evolutionary trend in ore solution chemistry 

would be sufficient to cause precipitation of pyrrhotite, chalcopyrite 

and arsenopyrite if concentrations of iron, copper and arsenic were 

(22) 

adequate. For material transported as chloride complexes, a decrease in 

temperature under conditions of £
02 

and pH buffering or near-buffering 

would also cause precipitation of pyrrhotite and chalcopyrite but would 
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be a less efficient method of precipitating arsenopyrite, arsenic 

probably being transported as H3As03°. In situ oxidation of the ore 

fluid would cause precipitation of chalcopyrite but not of pyrrhotite, 

in the absence of an accompanying increase in pH, as solubility 

contours of pyrrhotite are independent of log f
02

• 

6.1.7 Metal Solubility Relationships 

The inferred region of ore deposition in Figure 6-5 can be checked 

by comparison of calculated and analyzed trace metal contents from 

fluid inclusions as ~ function of f
0 

and pH. Contours of concentrations 
' ' ' 2 

of Feel+ in equilibrium with pyrite or pyrrhotite, of cuc1° in equil

+ 
ibrium with chalcopyrite and an iron sulphide, and of ZnCl in 

equilibrium with sphalerite,in the reduced sulphur field, are shown in 

Figure 6-6, together with the inferred depositional conditions from 

Figure 6-5. Predicted concentrations of Cucl0 and ZnCl+ are in 

reasonable agreement with fluid inclusion values listed in Tables 4-1 

and 6-1 for conditions tuwards the high-pH end of the inferred range, 

but predicted Feel+ concentrations in this region are approximately 

an order of magnitude lower than analyzed iron concentrations. Recent 

experiments by Crerar et al. (1978) suggest that the experimental iron 

and copper solubilities of Crerar & Barnes (1976), which were used to 

calculate the Feel+ and cuc1° contours in Figure 6-6, may be incorrect, 

giving predicted concentrations higher than expected, and the reverse 

conditions in the case of the present samples may be due to leaching 

of iron from disseminated pyrrhotite in the two samples for which iron 

analyses were carried out. The analytical values should be regarded as 

absolute maxima for the inclusion fluids and are in this case not 

inconsistent with the inferred log f
02

-pH field for deposition of 

Stage 1-3 ores. 
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6.1.8 Sulphur Isotope Ratio of Total Sulphur in_the Ore Fluid 

53 4s values for total sulphur in the ore fluid may be estimated 

using the inferred f 02-pn range of ore deposition and analyzed 534s 

values of Stage 1-3 sulphides. Figure 6-7 shows contours of 534s 
H2S 

at 350°c where the 5345 value of the total sulphur in the ore fluid 

is 0%o. Inferred depositional conditions for Stage 1-3 ores fall in 

the region where 5 34sHzS = 5 34s~s' and moderate changes in f 0 z or pH 

have negligible effect on 534s 5 . 
Hz 

Pyrrhotite is depleted in 34s by 1%0 relative to HzS at 350°c 

(Robinson & Ohrnoto, 1973), and in Stage 2-3 ores has an extreme range 

of 534s of +3.7-+10.4%0. 
. 

Most values fall between +4.9-+7.3%P with a 

mean value of +6.3%o (Table 5-1). From this data a mean 534s value of 

+7.3%o for the total sulphur of the cassiterite-depositing ore fluids 

can be calculated. As the sulphur isotope ratios of sulphides are 

insensitive to variations in f or pH within the inferred region of 
Oz 
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deposition the average variations in sulphide 534s values of approximately 

± 1.5%• about the mean must reflect variations in 534s of the fluids 

arriving at the sites of ore deposition, rather than variations in 

physicochernical conditions during ore deposition. 

6.1.9 Relationships of Tin Minerals 

Cassiterite and chalcopyrite in Stage 2 and 3 ores shows a variety 

of relatioaships, described in Chapter 3, ranging from apparently stable 

coexistence to corrosion of cassiterite and development of a reaction 

rim of stannite against chalcopyrite. Stannite and chalcopyrite, or 

stannite alone, also occur without any evidence of the prior existence 

of cassiterite. 
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Relationships of tin minerals in copper sulphide present and 

copper sulphide absent assemblages are clearly shown in log f
02

-log f
82 

diagrams such as Figure 6-8, where two isothermal sections are shown. 

Stannite boundaries were calculated using the free energy values for 

stannite of Gorbachev & Nekrasov (1976), which were published without 

details of the supporting experiments and whose accuracy therefore 

cannot be assessed. 

In copper-free Fe-Sn-S-0 systems the relevant boundaries are 

caooiterite-herzenbe~gite, cassiterite-ottemanite, cassiterite-berndtite 

and those between the simple tin sulphides. In the temperature range_ 

of Figure o-8 cassiterite will be the most common phase, the occurrence 

of simple tin sulphides requiring either very low oxygen fugacities 

or very high sulphur fugacities (corresponding to very hig9 total 

sulphur contents in the hydrothermal fluids - refer to Figure 6-4). 

In syste~s where a copper-iron sulphide is stable the relevant 

boundaries are those between cassiterite + Cu,Fe sulphide and 

stannite + Fe sulphide, and the simple tin sulphides will not appear. 

In hydrothermal systems where copper concentrations are insufficient 

to precipitate chalcopyrite the stability field of cassiterite will be 

enlarged relative to that of stannite. 

In systems containing a stable copper-iron sulphide the stability 

fields of pyrrhotite and cassiterite show increasing overlap at 

progressively lower temperatures. This has several interesting 

implications. The first is that pyrrhotite-chalcopyrite-cassiterite 

assemblages in cassiterite-sulphide ores are unlikely to form at 

temperatures greatly in excess of 350-400°c, giving way to pyrrhotite

stannite ± Cu,Fe sulphide assemblages at higher temperatures. This may 

explain the observed increase in stannite content with depth in the 

Bassett-Federal Fault Zone. Secondly, the inferred depositional 



Figure 6-8. Log fs 2-log f 02 diagrams showing regions of stability 
of cassiterite, stannite and Sn sulphides. 

A. T = 3S0°c. Box represents depositional conditions 
for Stage 1-3 mineralization at Renison Bell. 

B •. T = 300°c. Box represents depositional conditions 
for Stage 4 mineralization at Renison Bell. 

Dashed boundary labelled "S" is for the reaction 

cassiterite + Cu,Fe sulphide = stannite + Fe sulphide 
(oxide), 

cassiterite bein~ the stable Sn-bearing phase at higher 
f 02 or lower fs

2
• 
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conqitions shown in Figure 6-BA are very close to the stannite-

cassiterite boundary, and minor syn- or post-depositional fluctuations 

in f f or cuc1° concentrations could generate the observed 
02' S2 

cassiterite-stannite relationships. The progressive overlap of the 

cassiterite and pyrrhotite stability fields suggest that high sulphur 

fugacities would be required for low-temperature alteration of 

cassiterite to stannite; as shown in Figure 6-SB the depositional 

conditions for Stage 4 mineralization fall close to the stannite 

stability field, and part of the alteration of cassiterite to stannite 

may have occurred during this stage. 

Projection of the calculated phase relationships to lower 

temperatures suggests that at temperatures below about 2S0°c the simple 

tin sulphides will have narrow stability fields between the cassiterite 

and stannite fields, and consequently could form from low-temperature 

solutions under suitably low f
02 

conditions, either as primary minerals 

or as alteration products of primary cassiterite or stannite. 

6.1.10 Formation of the Siderite Zone 

The distribution and contact relationships of the siderite zone 

around replacement orebodies in Renison Mine, described in Chapter 3, 

suggest that it has been formed as a metastable reaction zone between 

the host dolomites and the zone of cassiterite-sulphide deposition, 

the leading edge advancing by replacement of the host dolomite and the 

trailing edge being replaced by cassiterite-sulphide-silicate 

assemblages. This in turn suggests that the siderite zone was formed by 

reaction of the host dolomites with the spent solutions responsible for 

cassiterite-sulphide-silicate deposition, and three main processes may 

have been operative, either independently or in some combination. 
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(a) Deposition of siderite instead of pyrrhotite due to a 

decrease in temperature of the mineralizing fluids; 

(b) Deposition of siderite due to a major increase in carbon 

content of the fluid, by addition of carbon from dolomite undergoing 

replacement; or 

(c) Deposition of siderite caused by decrease in sulphur content 

of the fluid by prior precipitation of pyrrhotite etc. 

Physicochemical conditions during formation of the siderite zone 

are difficult to reliably estimate quantitatively due to the lack of 

data on temperatures and solution chemistry in this zone, but the 

relative importance of the processes outlined above can be discussed 

qualitatively. 

Siderite zone formation as a consequence of simple cooling of a 

fluid of similar chemistry and under similar physicochemical conditions 

to that responsible for cassiterite-sulphide ore deposition would 

requ~re the dolomite~ undergoing replacement to be a lower temperature 

than that est.imated for cassiterite-sulphide ore deposition, i.e. in 

the vicinity of 3S0°c. Metamorphic mineral assemblages in the dolomites 

described in Chapter 2 indicate a peak metamorphic temperature in the 

range 350-4S0°c for genesis of talc-bearing assemblages. Mineralization 

is thought to partly 1post-date thermal metamorphism, but the t.ime 

interval, if any, is unknown, and country rock temperatures during 

mineralization cannot be estimated. If mineralization occurred shortly 

after the peak of thermal metamorphism there may have been no 

significant temperature difference between the country rocks and the ore-

forming hydrothermal solutions. 

Assuming the existence of a temperature gradient between mineral-

izing solutions and country rocks, the stabilization or otherwise of 

siderite relative to pyrrhotite would depend on the f -pH trajectory 
02 

of the fluid on cooling, with paths towards higher pH and/or higher f
02 
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relative to the pyrite-pyrrhotite-magnetite triple point being required 

to stabilize siderite at lower temperatures. These changes cannot be 

demonstrated with the evidence available, and the role of simple 

cooling of the ore-forming fluids in the formation of the siderite 

zone must be regarded as uncertain. 

The second alternative, of addition of carbon from the dolomites 

undergoing replacement, is thought unlikely for two reasons. If 

solution f
02

-pH conditions remain within the range inferred for formation 

of the cassiterite-sulphide ores, very large additions of carbon would 

be required to stabilize siderite, and graphite should then appear as 

a significant component of the siderite zone. However graphite has not 

been observed in the siderite zone, and occurs only rarely in talc-

pyrrhotite assemblages which replace this zone. In addition the very 

limited carbon isotope data for this zone suggest there may be no major 

addition of locally-derived sedimentary carbon to the mineralizing 

solutions. The single isotopically analyzed siderite is depleted in 13c 

by 7.2%o relative to the dolomite which it is replacing, and by 4.9%o 

relative to analyzed sedimentary dolomites from the area, which have an 

average composition of o13c = -l.l%o (Table 5-4). Assuming a temperature 

of 350°c and f
02 

conditions such that fc
02 

~ fCH
4

, as for formation of 

the sulphide zone, the approximate carbon isotopic composition of a fluid 

in isotopic equilibrium with this carbonate may be calculated. 

At 350°c the H2C03(ap)-HC03 boundary is at a pH of 10.2, so we 

may consider H2C03 and CH4 as the sole relevant <lqueous carbon species 

in solution. At this temperature, 

~13c ~13c = 21.8%0 
u H2C03-u CH4 

(Bottinga, 1969, cited by Ohmoto, 1972). Assuming the carbon isotope 

partitioning behaviour of siderite to be approximately the same as that 

of dolomite, siderite with o13c = -6%0 will be in equilibrium with a 

solution having o13c ~ -5%o, and coexisting aqueous reduced carbon 
H2C03 



will have o13 cCH
4 
~ -27%o. The inferred isotopic composition of the 

total carbon in the fluid will depend on the oxidized/reduced carbon 

ratio, being approximately -16%0 for equal concentrations of HzC03 and 

This suggests that an isotopically light carbon may have been 

introduced in the hydrothermal fluid. However Sackett & Chung (1979) 
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have demonstrated that isotopic equilibrium may not be attained between 

co2 and CH4 at elevated temperatures, which may permit derivation of 

a significant part of the siderite carbon from the adjacent dolomite. 

In view of these results, sulphur depletion appears to offer the 

best explanation for the formation of the.siderite zone. Removal of 

sulphur from the hydrothermal fluids by precipitation of sulphides 

would cause a sepnration of the stability fields of pyrite and 

pyrrhotite (Figure 6-4). In carbon-free solutions a field of magnetite 

will intervene betwee'n the pyrite and pyrrhotite fields. The presence 

of carbon may stabilize siderite in this region at carbon concentrations 

too low to cause precipitation of graphite although some carbon was 

probably added during dolomite dissolution. This process would be 
l 

consistent with the observed mineralogy and geometrical relationships 

of the siderite zone, and would also be a plausible explanation for the 

widespread occurrence of siderite veinlets and stringers distant from 

the main ore zone. 
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6.2 DEPOSITIONAL CONDITIONS DURING STAGE 4 MINERALIZATION 

6.2.1 Basic Data for Calculations 

Inferred temperatures and solution compositions for the lead-zinc 

mineralization of Stage 4 are shown in Table 6-2. Fluid inclusion 

temperatures from Collins (1972) are from green fluorite believed to be 

attributable to Stage 4 calcite-fluorite veins, whose relationship to 

the lead-zinc veins is not accurately known (see Chapter 3). A single 

sphalerite-galena pair has a sulphur isotope fractionation of 2.0%0, 

indicating a temperature of 328° ± 45°c using the calibration curve of 

Ohmoto & Rye (in press). A temperature of 300°c has been assumed in 

subsequent calculations. Solution compositions are from fluid inclusion 

analyses discussed in Chapter 4. As with the modelling of Stage 1-3 

mineralization, the effect of calcium and magnesium concentrations has 

been ignored because of the likelihood of contamination during leachate 

extraction. 

6.2.2 Solution pH 

The maximum pH for Stage 4 can be approximately calculated from 

the analyzed C02 concentrations, assuming a total pressure of 1000 bars, 

using equations (1)-(6), experimental fugacity coefficients tabulated 

by Ryzhenko & Volkov (1971), and a co2 partial pressure of 4 bars, 

yielding a maximum pH of approximately 5.2. 

Approximate pH limits for Stage 4 mineralization may also be set 

using the observed occurrence of muscovite in this stage. The stability 

of muscovite in the Na-K-Al-Si-0-H system is shown in Figure 6-9, a 

0 
diagram of log (aNa+/aH+) vs. log (aK+/aH+) for 300 C, calculated in the 

same manner as Figure 6-1. 

Sodium and potassium activities at 3oo0 c calculated from 

equation (13) and (14) are 



Table 6-2 Inferred temperatures and solution 
compositions for Stage 4 mineral
ization. 

TEMPERATURE 

Fluid inclusion homogenization 
(corrected to 1 kbar pressure): 

Sphalerite-galena sulphur 
isotope fractionation: 

Value taken for calculations: 

CATION CONCENTRATIONS (molal) 

Na 

K 

104278 
---

1.1 

0.2 

0 Approx. 200-360 C 
(mean 265°c) 

0 Approx. 328 C 

300°c 

Average of all 
samples 

1.1 

0.17 

Cl assumed to balance Na + 

GAS CONCENTRATIONS (mole fractions) 

0.002 

0.002 

----------------------------------
METAL CONCENTRATIONS (ppm) 

Fe 

Cu 

Zn 

2790 

100 

340 

0.003 

0.01 

28850 

130 

265 

158 

Stage 4 

K 
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Figure 6-9. Log (aK+/aH+) vs. log (aNa+/aH+) diagram showing 
stability fields of Na-aluminosilicates, K-alurnino
silicates and kaolinite at 300°c. Dashed line represents 
average Na/K ratio from Stage 4 bulk fluid inclusion 
analyses. 
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0.30 

0.04 

Calculated aNa+/aK+ ratios fall on the indicated line in 

Figure 6-9, which passes through approximately the entire width of 

the muscovite stability field, whose pH limits for the indicated K+ 

activity are 3.9 and 5.5 for the kaolinite-muscovite and muscovite-

microcline boundaries respectively, in good agreement with the 

maximum pH calculated from C02 contents. 

6.2.3 Oxygen Fugacity 

Oxygen fugacities may be calculated from observed carbon dioxide/ 

methane ratios in fluid inclusions, as in Section 6.1.3. Carbon 

dioxide/methane ratios for all Stage 4 samples range between 0.2 and 1.2, 

an intermediate value being recorded for the single lead-zinc sample 

analyzed. This corresponds to an oxygen fugacity range of l0- 34 " 4 to 

Because pyrite is the stable iron mineral in this stage 

oxygen fugacity limits cannot be estimated mineralogically. 

6.2.4 Sulphur Fugacity 

Because pyrite is the stable iron sulphide during Stage 4 

mineralization, sulphur fugacities must be above the pyrite-pyrrhotite 
! 

boundary, defined by reaction (20), corresponding to a sulphur fugacity 

Sulphur fugacities may also be calculated from the composition of 

sphalerites. Analyzed Stage 4 sphalerites contain 7.9-17.5 mole% FeS. 

FeS activities calculated using the relationship 

~es 0.0257(mole % FeS)-0.00014(mole % Fes) 2 

from Craig & Scott (1974), range between 0.19-0.41, corresponding to a 

sulphur fugacity range of 10-1 0· 2 to 10- 10 • 9 atm. (Barton & Skinner, 

1967). 

(21) 
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6.2.5 Total Sulphur Content of the Ore Fluids 

The total sulphur content of the ore fluids for Stage 4 has been 

estimated by plotting contours of total sulphur concentration on a 

log f -log fs diagram (Figure 6-10) together with relevant mineral 
02 2 

stability fields and log f
02 

and log f
82 

ranges calculated above. 

The inferred depositional field for Stage 4 lead-zinc mineral-

ization is defined by the overlap of the calculated log f
02 

and log f
82 

ranges. An additional constraint is provided by the occurrence of 

rhodochrosite. A rhodochrosite from this stage, analyzed by Stillwell & 

Edwards (1943) contains approximately 70 mole % MnC03. The stability 

of rhodochrosite in the system Mn-s-c-o can be expressed as 

(24) 

from which 

(25) 

The rhodochrosite-alabandite boundary shown in Figure 6-10 has been 

calculated for a C02 fugacity of 10°· 6 atm., assuming an activity 

coefficient of 1 for MnC03 in rhodochrosite solid solution. As required 

by the stage mineralogy the deduced depositional'conditions lie within 

the rhodochrosite field, which supports the general validity of these 

calculations. 

Contours of total sulphur were calculated for a pH of 5.5, the 

upper stability limit of muscovite for the designated solution 

compositions. Inferred total sulphur concentrations are between lo-l·S 

and 10-2 molal, and are insensitive to variations in pH within the 

limits of muscovite stability. A total sulphur content of 10-2 molal 

has been used in subsequent calculations. 
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Figure 6-10. Log fs2-log f 02 diagram for T = 300°c, showing 
depositional conditions for Staqe 4 mineralization. 
Shaded log fs 2 field represents sulphur fugacity range 
from sphalerite compositions. Shaded log f 02 field 
represents range of co2/CH4 ratios of bulk fluid 
inclusion gases, assuming a total flui~ pressure of 
1 kbar. Limits of log f 02-log fs 2 range for Stage 4 
mineralization fall within the black square. 
Dot-dash lines are contours of log mrs in the aqueous 
phase, asstnning a pH of 5.5. 



6.2.6 Generalized Conditions of Ore Deposition 

The above results are combined in Figure 6-11 to illustrate the 

generalized region of Stage 4 lead-zinc deposition in log f -pH 
02 

space, drawn for a total sulphur content of 10-2 molal at 300°c. 

As in the case of Stage 1-3 mineralization, increases in pH or 

decreases in temperature are potentially important mechanisms of ore 

deposition, but minor variations in f will have little effect, as 
02 

solubility contours for sphalerite are independent of f
02 

in the 

reduced sulphur field (figure 6-1~), as are those of galena. 

6.2.7 Metal Solubility Relationships 
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As in Section 6.1.7, the inferred region of Stage 4 ore deposition 

can be checked by comparison of calculated and analyzed trace metal 

contents from fluid inclusions as a function of f
02 

and pH. Figure 6-12 

shows contours of concentrations of FeCl+ in equilibrium with pyrite or 

pyrrhotite, of Cucl0 in equilibrium with chalcopyrite and either pyrite 

+ 
or pyrrhotite, and ZnCl in equilibrium with sphalerite, in the reduced 

sulphur region, together with inferred f
02

-pH conditions of deposition 

from Figure 6-11. Predicted concentrations of cuc1° and ZnCl+ are in 

reasonable agreement with fluid inclusion values listed in Tables 6-2 

and 4-1 for conditions towards the low pH end of the inferred range, but 

as with Stage 1-3 samples the calculated iron concentrations are 

considerably lower than the analyzed values. In this case the high 

analyzed values may be due to leaching of iron during sample preparation 

from finely divided pyrite (± marcasite) formed as an·alteration product 

of pyrrhotite in this paragenetic stage. 
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Figure 6-12. Calculated concentrations of iron, copper and zinc 
in equilibrium with pyrite or pyrrhotite, chalcopyrite 
and sphalerite respectively, in the reduced sulphur 
field. T = 300°C, log mrs = -2. 

Box representing depositional conditions for Stage 4 
mineralization, and boundaries of Fe-S-0 system 
from Figure 6-11. 

Numbers regresent concentrations (ppm} of Fe as Feel+, 
Cu as CuCl and Zn as zncl+ assuming activity 
coefficients of unity for these species. 



6.2.8 Sulphur Isotope Ratio of Total Sulphur in the Ore Fluid 

834 s values for total sulphur in the ore fluid may be estimated 

using the inferred f
02

-pH range of ore deposition and analyzed 8 34s 

values of Stage 4 sulphides. Figure 6-13 shows contours of 8 31fs S 
H2 

at 300°c where the 834s value of the total sulphur in the ore fluid is 

0%.. Inferred depositional conditions for Stage 4 mineralization fall 
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in the region where o34sH
2

S = o34sLS' and moderate changes in f
02 

or pH 

have negligible effect on o34sH
2
S. 

Analyzed Stage 4 sphalerites listed in Table 5-1 have o34s 

values of +4.9%o to +6%0 (mean +5.5%o), with single values for galena 

and pyrite, of +4%0 and +6.4%o respectively. At 300°c sphalerite is 

depleted in 34s by 2%o relative to H2S, galena by 3.8%o and pyrite by 

....___ 

0.6%• (Robinson & Ohmoto, 1973). Calculated values for o34s for LS 

Stage 4 mineralization calculated from all minerals analyzed range from 

+6.9%o to +8.0%o with a mean value of +7.5%o. The' relatively small 

spread of approximately ± 0.5%• is probably due in this case to the 

cumulative effect of errors in the analyzed values and in the isotopic 

fractionation curves. Insufficient analyses are available to estimate 

the extent of variations in o34 s of the ore fluid during this stage. 

6.3 DEPOSITIONAL CONDITIONS DURING STAGE 5 AND 6 MINERALIZATION 

Depositional c~nditions during Stage 5 and 6 mineralization cannot 

be estimated with any degree of precision due to inadequate temperature 

and mineralogical data. No fluid inclusion homogenization data are 

available, and fluid inclusion gas ratios are consistent with a wide 

range of possible temper?tures; a maximum temperature of 360°c is 

indicated by the absence of detectable hydrogen, but as pyrite is the 

' stable iron sulphide 'the minimum temperature may be either above or below 
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the temperature of intersection of the methane-carbon dioxide and 

pyrite-pyrrhotite-magnetite buffer at approximately 2S0°c (Figure 4-5). 

Temperatures calculated using the Na-K-Ca thermometer of Fournier & 

0 0 Truesdell (1973) are between 175 and 231 C and are relatively 

insensitive to calcium contamination (Figure 4-4). Oxygen isotope 

fractionations of l.9%o and 1.8%0 between quartz and calcite in samples 

104272 and 104273 respectively cannot be used for temperature estimates 

as quartz and calcite in these samples are not in textural equilibrium. 

0 Temperatures of about 200 C are probably reasonable for the Stage 5 

veins, declining to 150°c or lower during formation of the late vug 

minerals of Stage 6. 

Because carbon dioxide and methane are both present in Stage 5 

fluid inclusions, oxygen fugacities lie in the region of stable co-

existence of these gases, as shown in Figure 4-5. Sulphur fugacities 

may only be roughly esti~ated; fragments of earlier pyrrhotite in the 

veins are extensively altered to pyrite, while accompanying chalcopyrite 

is unaltered, indicating sulphur fugacity conditions between the 

pyrite + pyrrhotite ~nd chalcopyrite + bornite + pyrite boundaries. 

Theoretical trace metal contents cannot be reliably calculated due 

to the uncertainty of depositional conditions, but analyzed copper and 

zinc concentrations from bulk fluid inclusion analyses do not differ 

significantly from those of preceding stages, while analyzed iron 

concentrations are rather lower than those of preceding stages 

(Table 4-1). This may reflect in part the absence of iron sulphides 

(except in specimen 103706) to contribute iron contamination during 

leaching. 

Sulphur isotope ratios of sulphur in the mineralizing fluid likewise 

cannot be reliably estimated because of uncertainties in temperature and 

f -pH conditions of mineralization. The sole analyzed sulphide is a 
Oz 
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vug-lining pyrite from Stage 6 which has o34s = +12%o; temperatures 

during this stage,ma~ be in the vicinity of 200-150°c or lower. Pyrite 

and HzS have zero relative isotopic enrichment at 200°c, and pyrite is 

enriched in 34s by 1%0 relative to HzS at 150°c, the degree of 34s 

enrichment increasing at lower temperatures (Robinson & Ohrnoto, 1973) • 

Equivalent values for 534s for the fluids precipitating this late-
HzS 

stage pyrite are +12~o (20o0 c) to +ll%o or less (15o0 c or below). 

o3 4s for these fluids will be equal to o34s only if pyrite deposition 
Es HzS 

took place under conditions analogous to those of Stages 1-4, when:? 

H2s is the sole or dominant aqueous sulphur species. If significant 

amounts of oxidized sulphur species (H2S04, HS04 etc.) were present, 

o34sES will be greater than o34sH
28

; the values derived above for 

o34s therefore are minimum values for o34 s at the indicated 
HzS Es 

tern;?eratures. 

Carbon isotope ratios of Stage 5 and 6 hydrothermal carbonates 

suggest there has been little or no contribution of carbon from the 

local sedimentary dolomites. Stage 5 vein calcites have o 13c values of 

-4.2%0 to -4.4%o, while a late Stage 6 vug-lining calcite has o13c 

+4. 1%o (Table 5-4). 0 Assuming a temperature of 200 C for formation of 

the vein calcites, and fCOz ~ fCH
4 

as indicated by fluid inclusion bulk 

analyses, the approximate carbon isotope ratio of total carbon in the 

hydrothermal fluid may be calculated. 

At 200°c, 

~H2C03 - CH4 = -34.5%0 

(Bottinga, 1969, cited by Ohrnoto, 1972), and 

-0. 2%o 

(Bottinga, 1968, cited by Ohrnoto, 1972). 



If H2C03 is the dominant aqueous oxidized carbon species the carbon 

isotope ratios of these vein calcites indicate 

513c = -4. 5%o 
H2C03 

and al3c ~ -39%0 
CH4 

and therefore al3c ~ -21.8%0, depending on the precise 
EC 

oxidized/reduced carbon ratio. The presence of significant quantities 

of HC03 will cause minor variation in the calculated value of o13c Ee 
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but will have no qualitative effect on the argument as 6H2C03 - HCO~ = 

-4.l%o at 200°c (Bottinga, 1969, citP.n by Ohmoto, 1972). As with the 

formation of the siderite zone, an isotopically light carbon may have 

been involved, but the possibility of isotopic disequilibrium between 

C02 and CH4 (Sackett & Chung, 1979) prevents calculation of reliable 

fluid o13c values. 

6.4 HYDROTHERMAL TRANSPORT AND DEPOSITION OF TIN 

Knowledge of the physicochemical conditions of deposition of tin

bearing paragentic stages outlined in Section 6.1 enables an assessment 

to be made of likely modes of transport and deposition of tin in hydro

thermal solutions. 

A variety of forms have been suggested for transport of tin in 

hydrothermal solutions, and experimental and thecretical work on this 

problem has been recently reviewed by Mulligan (1975, pp.57-60). 

Recent Russian experimental work has concentrated on hydroxide complexes 

of sn4+, or on mixed hydroxy-fluoride complexes (Kuril'chikova & 

Barsukov, 1971; Klintsova & Barsukov, 1973; Klintsova et al., 1975) and 

have largely been directed towards highly alkaline conditions under 

which tin deposits were thought to be formed (Barsukov, 1957). Oxygen 

fugacity was not specifically controlled in these experiments, and the 



state of tin was apparently not specifically determined but assumed 

to be sn4+. 

Calculated free energies of formation for aqueous sn2+ and Sn4+ 

ions, and sn2+, sn4+, OH complexes tabulated by Burago (1972) suggest 

that tin may be transported in its lower valency state in hydrothermal 

solutions, analogous to the behaviour of copper and iron (Crerar & 

Barnes, 1976). The notional sn2+;sn4+ boundary in log f
02

-pH space 

is 15-40 log f
0 

units above the reduced/oxidized sulphur boundary at 
2 

elevated temperatures over geologically reasonable pH ranges, and 
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divalent tin complexes are consequently the likely form of tin transport 

in the reduced sulphur field at elevated temperatures. 

In the absence of high-temperature experimental data on the 

behaviour of divalent tin complexes, the stability of simple complexes 

may be predicted using the methods of Helgeson {1969). Of possible 

ligands proposed for transport of ore metals, sulphate complexing may be 

neglected because ore deposition occurred in in the reduced sulphur 

field, sulphide complexing is improbable because of the increasing 

instability of sulphide complexes at elevated temperatures and the 

indicated very low sulphur concentrations in the ore fluid, and carbonate 

complexing is unlikely because of the indicated low pH of ore deposition, 

where HzC03 will be the sole oxidized carbon species. Fluoride, chloride 

and hydroxyl ions are possible ligands, and the stabilities of simple 

divalent tin fluoride, chloride and hydroxyl complexes have been 

calculated below. 

+ 0 Dissociation constants for the complex species SnCl , sncl2 , 

- + 0 - + 0 SnCl3, Sn(OH) , Sn(OH)z, Sn(OH)3 and SnF were calculated at 25 C 

from free energies of formation of relevant ionic species tabulated by 

Naumov et al. {1975). Free energies of formation for fluoride complexes 

other than SnF+ were not available. Dissociation constants to 200°c 



167 

were calculated using equation 16 of Helgeson (1969). In Helgeson's 

notation 

where: 

log K{T) = 
~S0 (T ) 

r r r 8 

l T - - (1 - exp [exp {b+aT) 
2.303RT r w 

T 

T r 

8, 

is 

is 

w, 

the 

l 
~Ho {T ) 

- c + (T-Tr)/9] - 2.~03;T 

specified temperature in oK, 

the reference temperature, 298.15°K 

a, b, c are temperature-independent constants 

characteristic of the solvent, having the following 

values for aqueous solutions -

8: 219.0 

w: 1. 00322 

a: 0.01875 

b: -12.V41 

c: 7.84 x 10-4 

Dissociation constants calculated using equation (26) were then 

graphically extrapolated to 3S0°c. 

Entropies of dissociation of stannous chloride complexes are 

lis~ed in Helgeson (1969). Experimental entropies are not available 

for stannous hydroxide and fluoride complexes, and were estimated in 

(26) 

the manner described by Helgeson (1969, equations 18-25). In Helgeson's 

notation 

* where ~sd 
(q) 

in which ~l and a2 are coefficients characteristic of the group of 

complexes, and rf and r@( ) are respectively the radii of the cation 
(q) q 

and ligand in the qth complex. The coefficients ~l• ~2 correspond to 

the coefficients of a linear equation relating ~Sa and l/(r.-:- + rl'.) for 
1 e 

(27) 

(28) 



168 

a group of complexes of a particular ligand and of known entropies of 

dissociation. Entropies of dissociation of complexes with this ligand 

for which experimental data are unavailable may then be estimated 

from equation (27) by inserting appropriate ionic radii in equation (28). 

Helgeson (1969) has presented an entropy correlation diagram for 

chloride complexes. Entropy correlation diagrams were constructed for 

hydroxyl and fluoride complexes using standard entropies of complex 

ions tabulated by Namnov et al. (1975) and standard ionic radii 

(Figures 6-14, 6-15). As with the entropy correlation plot for chloride 

* complexes (Helgeson, 1969), ~Sd values for hydroxyl and fluoride 

complexes fall approximately in a linear array. Maximum deviations 

from linearity are 14 cal.mol.- 1deg.- 1 for Hg(OH)+ and 9 cal.mol.- 1deg.- 1 

2+ -1 -1 
for FeF , but average deviations are 7 cal.mol. deg. and 

-1 -1 
6 cal.mol. deg. for hydroxyl and fluoride diagrams respectively, 

which is within general experimental uncertainties for ionic entropy 

data. 

Predicted stepwise dissociation constants for stannous chloride, 

fluoride and hydroxyl complexes are shown in Figure 6-16 and complete 

dissociation constants are tabulated in Appendix 4. 

Predicted dissociation constants for hydroxyl complexes indicate 

that all the complex species considered may appear at elevated 

temperatures under geologically reasonable conditions. Figure 6-17 

shows predicted regions of predominance at elevated temperatures as a 

function of pH. Sn(OH)2° and Sn(OH)3- will be the dominant complex 

species over normal ge;logical pH ranges, but Sn(OH)+ may become 

0 
important at temperatures above 350 C. Predicted dissociation constants 

of chloride complexes suggest that Sncl 3 will be the dominant complex 

at elevated temperatures, with only minor contributions from SnCl+ and 

0 
SnCl2 • 
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Predicted concentrations of tin in solution in equilibrium with 

cassiterite, due to complexing of sn2 + with chloride, fluoride and 

hydroxyl ligands are-.shown in Figure 6-18'. 'l'in concentrations due to 

hydroxyl complexing are extremely low at all but very low f
02 

conditions 

or at extremes of pH, and hydroxyl complexes seem unlikely to make a 

significant contribution to hydrothermal tin transport. Predicted 

concentrations of tin due to fluoride complexing are also low except 

at low pH and/or high fl•.10rine concentrations but higher fluoride 

+ complexes may be expected to make a greater contribution than SnF , 

analogous to the behaviour of chloride complexes. However fluoride 

concentrations in hydrothermal tin-mineralizing systems are likely to 

be controlled by the solubility of fluoride, which is a common gangue 

mineral in tin deposits, and are unlikely to attain values greater 

than about 10-2 to 10- 3 molal except in highly concentrated chloride 

solutions (Striibel·& Schaefer, 1975). 

Predicted concentrations of tin due to chloride complexing, on 

the other hand, may be adequate for the formation of tin ore deposi~s 

under conditions of low pH and low f similar to those deduced for 
02 

the tin-bearing stages at Renison Bell. At the low pH end of the inferred 

log f
02

-pH range for Stage 1-3 mineralization at Renison Bell a 2 molal 

chloride solution would contain approximately 10 ppm Sn if in equilibrium 

with cassiterite, and tin would be efficiently precipitated as 

cassiterite by the same mechanisms inferred for precipitation of the 

accompanying sulphides, namely an increase in f
02

, increase in pH, 

decrease in temperature or some combination of these. Tin concentrations 

would be increased at higher chloride concentrations, lower pH and/or 

higher temperatures. 

The calculations outlined above should be treated with considerable 

caution in view of the lengthy extrapolation from the low temperature 
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beh~viour of the complexes, and the inability to assess likely error 

limits for the calculation methods. Numerical values calculated for 

tin concentrations consequently may be incorrect, but do suggest that 

stannous chloride complexes may be important in the hydrothermal 

transport and deposition of tin, and indicate general f -pH conditions 
02 

under which experimental work should be carried out. 
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Chapter 7 

DISCUSSION 

7.1 GENERALIZED MODEL FOR ORE GENESIS IN RENISON MINE 

The data and calculations in the preceding chapters can be combined 

into a generalized model for ore genesis in Renison Mine. Physical and 

chemical features of the consecutive ore stages are summarized in 

Table 7-1. There are significant differences in calculated oD and 

ol8o values between Stages 1-3 and Stage 4, coinciding with a change 

from Sn+Fe+As+Cu deposition to Pb+Zn+Cu+Fe deposition. Stage 5 differs 

from preceding stages mainly in its higher Na/K ratio and apparently 

higher salinity, although the latter may be due to contamination 

f 
(Chapter 4) . Insuficient data is available for meaningful comparison of ....::::.~ 

~ 

Stage 6 fluids with those of preceding stages. 

The oD and o18o values for Stage 1,2 and most of the Stage 3 

waters are consistent with equilibration with granitic rocks at 

temperatures of the order of 60o0 c, and these waters may have been a true 

magmatic aqueous phase. Calculated salinities of 1-2 molal are comparable 

with values quoted by Burnham (1967) for the aqueous phase of chlorine-

poor granite magmas. Sodium/potassium ratios are consistent with 

0 equilibration with granit,ic rocks at temperatures of 300-400+ C (see 

Figure 4-4), but not at temperatures as high as 6oo0 c. This equilibration 

may have occurred in the outer crystalline shell of the granite mass 

during migration of the magmatic aqueous Fhase, and is possibly related 
I 

to the development of muscovite alteration and development of tourmaline 

greisens in the Pine Hill Granite. Little modification of the initial 

oD and o18o values of the aqueous phase would be expected during alter-

ation, and the observed oD values of secondary muscovite in greisens and 



Temperature 

OD %0 
HzO' 

o 180 , %o (no 
sali~f ~y correction) 

.1'34 
u SES' average 

Na + K (molal) 

Na/K, average 

COz/CH4, average 

S, average (molal) 

Major metals 

Table 7-1 Summary of solution chemical data for paragenetic 
stages in Renison Mine. 

1,2 3 

!::! 350°c z. 350°c 

-75 to -105 (waters) -56 to -79 
-49 to -78 (minerals) 

+6.8 to +9.8 +3.1 to +8.5 

+7. 3 %0 

1.95 

7.1 

1. 04 

Sn, Fe, As, Cu 
(Pb, Zn, Bi) 

Stage 

4 

<:>! -64 

{ ~+a.a (3oo0 c> 
c:+2.5 (350°C) 

+7. 5 %0 

1. 27 

6.5 

0.8 

Fe, Cu, Pb, Zn, Mn 

5 

::>t 200-150°C? 

-53 to -61 

{
-2.7 to +0.5 (150°c) 
+1.2 to +4.7 (300°c) 

4.65 

22 

2. 0, 

6 

<150°c 

~ +11 %0 

(Fe, Cu) 
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muscovite-~ltered granite (Table 5-6) are consistent with formation from 

a magmatic aqueous phase. 

As discussed in Chapters 4 and 6, the calculated calcium contents 

of inclusion fluids from Stages 1-3 are considerably higher than would 

be expected if these fluids had last equilibrated with granitic rocks, 

and Ca (and Mg) were probably added during reaction of the fluids with 

the dolomites which host the major part of the mineralization, local 

variations in Ca and Mg concentrations giving rise to the variable 

distribution of talc, tremolite and phlogopite. Sodium/potassium 

ratios may not have changed appreciably during these reactions due to 

the simultaneous precipitation of Na in tourmaline and K in phlogopite 

and muscovite. 

The calculated average fluid 834s value of +7.3%o suggest a 

magmatic source for sulphur in the Stage 1-3 fluids. Average 834s 

values for acid igneous rocks are in the range 0 ± 3%o (Ohmoto & Rye, 

in press) but extreme values up to +30%o are known (Rice Lake Batholith, 

Shima et aZ., 1963) and some variation between granites of different 

parentage is to be expected, for example Shaw (in Coleman, 1977) found 

that S- and I-type granites in the New England batholith of south-east 

Australia had distinct and almost exclusive 834s ranges, with 834s values 

ins-type granites as high as +7.6%0. The only sulphur isotope analysis 

of Pine Hill Granite ls from a possibly primary pyrite, which has 

834s = +3.8%o (see Chapter 5). If pyrite in this sample is a primary 

crystal phase, crystallization of the granite at an oxygen fugacity above 

the pyrite-pyrrhotite-magnetite buffer is indicated, with 534s . ~ 
granite 

+3.8%0. Ohmoto & Rye (in press) have demonstrated that a magmatic 

aqueous phase exsolved under these conditions may be enriched in 34s by 

up to 5%o compared to the magma (ibid., their Fig. 6). A cooling path 

for such a fluid such_ that it becomes reduced relative to pyrite-
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pyrrhotite-magnetite, for example by reactions with basaltic or ultra-

mafic rocks, would yield a reduced fluid at about 3S0°c with o 34s 
H2S 

of up to +8.8%0. Separation of the magmatic fluid at lower f
02 

would 

result in lower o34s values at low temperatures. 
HzS 

An alternative explanation is that the original granite o34s 

value was about +7.3%o and the magmatic aqueous phase separated under 

low f
02 

conditions, remaining reduced throughout its cooling history. 

The first alternative is preferred as the scatter in sulphide o~ 4 s 

values in the ore zone may then be explained in terms of minor 

differences in f
02

-T paths during the cooling of different packets of 

fluid. , 

As pointed out in Chapter 6, a significant amount of isotopically 

light carbon, possibly of magmatic origin, may have been involved in 

formation of the siderite zone around stratabound replacement ores, but 

accurate o13c values for the fluid cannot be calculated owing to the 

uncertainty of the temperature of siderite deposition and the doubtful 

validity of assuming carbon isotopic equilibrium between methane and 

-:::arbon dioxide. 

Waters responsible for Stage 4 mineralization were significantly 

depleted in l8o compared to those of previous stages, and are also 

slightly enriched in D. The oxygen isotope character of Stage 5 fluids 

is uncertain because of the lack of adequate temperature information, but 

they may have been similar to, or somewhat lighter than, Stage 4 waters. 

These waters cannot be plausibly explained as evolved magmatic waters 

and are interpreted as contemporary Devonian groundwaters, which may 

have been heated meteoric waters. The Na/K ratios of Stage 4 waters 

are similar to those of preceding stages and may have been controlled by 

reaction with granitic rocks at 300-400°c, possibly being related to 

the alteration repres,lented by the deuterium-e~riched sericites in 103961 
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(Table 5-6). Such reactions were probably only on a small scale however, 

as petrographic features indicative of large-scale interactions with 

groundwater as described by Taylor (1977) are absent from the Pine Hill 

Granite. Calcium and magnesium contents may have been largely 

inherited from carbonate rocks in the sedimentary sequence. 

Calculated fluid o34 s values for Stage 4 lead-zinc mineralization 

are almost identical with those for preceding stages, and sulphur in 

Stage 4 fluids may have been leached from the granites, possibly with 

some contribution from sulphides in the surrounding sediments, or from 

leaching of previously deposited sulphides. The district zonation of 

lead and zinc suggests the first alternative is more likely but no 

sulphur isotope data is available for comparison from these peripheral 

deposits. 

The conceptual models of water circulation around cooling plutons, 

described by Norton & Knight (1976) and Cathles (1977), are in good 

agreement with the chemical and isotopic features of the ore fluids 

summarized above. A~cording to these models, intrusion of a granite 

pluton in water-bearing sediments will initiate a regional groundwater 

convection pattern, with tpe precise distribution of fluid flow lines 

being controlled by the permeability distribution in the surrounding 

rocks. Heated groundwaters may enter and react with the granite pluton, 

but this interaction may be of limited extent in the case of wide 

plutons or country rocks of low permeability. If an aqueous phase is 

exsolved from the cooling pluton, the flow patterns calculated by 

Cathles (1977) indicate that the sequence of events observed at some 

point 1-2 km above the pluton would be -

(a) rapid heating and initiation of convection in local 

groundwater, 
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(b) arrival of hot magmatic water plus transported constituents, 

eventually followed by 

(c) arrival of heated groundwater plus transported constituents 

gathered during its convection path. 

Applying this general model to the Renison Bell field, the 

preferred model of mineralization is as follows. 

1. Intrusion of the various phases of the Pine Hill Granite into folded 

and faulted Success Creek Group and Crimson Creek Argillite sediments, 

and initiation' of a regional groundwater convection pattern and of 

thermal metamorphism in the surrounding rocks. 

2. Exsolution from the crystallizing Pine Hill Granite of a magmatic 

aqueous phase carrying metals, sulphur, alkalis etc., and transporting 

tin primarily in stannous chloride complexes. 

3. Migration of this magmatic aqueous phase to the upper parts of the 

Pine Hill Granite, causing muscovitic and greisen alteration of the 

granites and depositing minor amounts of cassiterite. Na/K ratios 

of the fluid were modified but oD-o 18o ratios not significantly 

changed. Temperatures during this stage were probably in the range 

350-400+
0 c. 

4. Ascent of the magmatic aqueous phase via the Bassett-Federal Fault 

Zone and subsidiary faults. The solution prior to cassiterite ore 

deposition is inferred to have been at low oxygen fugacity and 

with a pH of at least 2-3 units acid, consistent with the experimental 

data of Holland (1972) on the composition of aqueous phases in 

equilibrium with granite melts. The low oxygen fugacity may have 

been locally controlled by COz-CH4 reaction, and may indicate an 

original low oxygen fugacity in the source granite or reduction of 

the fluid during migration, possibly by reactions with basaltic 

rocks such as the Crimson Creek Argillite, or with mafic rocks of the 
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Serpentine Hill Complex. Reaction with sedimentary dolomites caused 

rapid increases in pH and consequent precipitation of base metal 

sulphides, silicates and cassiterite, in the lower dolomite beds 

and adjacent faults at a temperature of about 3S0°c. Cooling 

and oxidation of the fluids may have contributed to ore deposition, 

and a stage of cassiterite-quartz-tourmaline deposition may have 

preceded the main stage of cassiterite-sulphide-silicate mineral-

ization. Addition of Ca and Mg from the dolomites caused 

precipitation of talc, tremolite and phlogopite rather than 

muscovite. Sulphur-depleted solutions reacted with dolomites to 

produce a magnesian 3iderite zone ahead of the advancing zone of 

sulphide-cassiterite-silicate replacement, and minor alteration and 

crystallization in surrounding non-carbonate sediments. Minor 

faulting and pos~ibly folding continued during mineralization and 
I 

would have helped to maintain permeability in the mineralized area. 

Fluid pressures during mineralization were approximately 1-2 kbar. 

5. Renewal of faulting in the Bassett-Federal Fault Zone allowed 

formation of Stage 3 arsenopyrite-rich cassiterite-sulphide-

silicate veins from solutions of similar composition and temperature 

to those of Stages 1, 2. 

6. After the passing of the magmatic water pulse, minor faulting was 

accompanied by formation of Stage 4 sphalerite-galena and quartz-

calcite-fluorite veins. The solutions are inferred to have been 

0 contemporary groundwaters heated to about 300 c, and may have 

undergone limited reaction with the cooling Pine Hill Granite. 

The minor sphalerite-galena-chalcopyrite mineralization zonally 

distributed around the Renison Bell district may also have been 

precipitated from heated groundwaters during this mineralizing 

cycle, although probably slightly earlier than sphalerite-galena 

veining in Renison Mine. 



7. The final recognised products of the cooling and decaying hydro,, 
thermal system are the minor quartz-calcite veins of Stage 5 and 

their vug-filling sequence. Waters involved in these stages were 

cooler groundwaters, and temperatures during mineralization 

probably connnenced near 200°c and may have been less than l00°c 

at the completion of Stage 6. 

7.2 RELATIONSHIP OF RENISON BELL DEPOSITS TO GLOBAL TIN DEPOSITS 

7.2.l General Geology of Tin Deposits 
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The general geology of tin deposits has recently been the subject 

of an excellent short review by Mulligan (1975) and only the more 

important features will be outlined here. 

Primary tin deposits are characteristically associated with acid 

igneous rocks, particularly with intrusive granites and pegmatites, and 

a direct genetic link between granites and tin deposits is clear. The 

granites associated with tin deposits are generally highly differentiated 

leucocratic varieties with elevated trace tin concentrations (e.g. 

Barsukov, 1958; Gotman & Rub, 1960; Rattigan, 1963; Durasova, 1967; 

Klominsky & Groves, 1970), although significant tin may occur in assoc-

iation with granites having very low trace tin contents, e.g. north-east 

Queensland (Olatunji et aZ., 1977), Cornwall (Hosking, 1968). It 

appears that in many cases the trace tin content of the "tin granites" 

may be related to variations in modal biotite (e.g. Rattigan, 1963} or 

to subsolidus muscovitic alteration of original biotite granites. 

Classification of tin deposits has been recently discussed by 

several authors, including Hosking (1965), Sainsbury (1969), Boyle (1974), 

Varlamoff (1975}, and Mulligan (1975). The following broad types are 

recognized by these authors: 
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(a) Deposits of direct magmatic association, including pegrnatites and 

possible primary disseminations of tin minerals in granites. Cassiterite 

is the major tin mineral in these deposits and is associated with Nb-Ta 

oxides, Mo, W and Be minerals, and minor amounts of tin may occur in 

mixed oxides such as wodginite. Examples include deposits in Western 

Australia (Ellis & Mason, 1965; Zimmerman, 1965), Brazil, and Africa 

(Varlamoff, 1972). 

(b) High temperature hydrothermal greisen deposits, which may be endo

grauilic o.r: exuy.r:c.nltlc, e.g. Blue Tier, Western Tasmania (Jack, 1965; 

Groves & Taylor, 1973), the Erzgebirge (Baumann, 1970; Sternprok, 1967) 

and minor deposits in Cornwall (Hosking, 1965, 1969b). Cassiterite is 

the major or sole tin mineral and is typically accompanied by muscovite 

(commonly Li-rich), tourmaline, topaz, fluorite and perhaps alkali 

feldspars. 

(c) Contact skarn or exoskarn deposits, with a variety of stanniferous 

minerals associated with magnetite, calc-silicates and minor sulphides 

and may also be associated with minor amounts of Be or Mo. Tin occurs 

prir,iarily as cassiterite and in skarn-restricted minerals such as 

malayaite and stokesite, and may also occur in significant (trace) 

amounts in borates such as nordenskioldine, hulsite and the ludwigite

vonsenite series. Examples are known from most continents, for example 

Alaska (Sainsbury & Hamilton, 1968; Sainsbury, 1964, 1969), Cornwall 

(Hosking, 1965, 1969b), South-East Asia (Hosking, 1969a, 1970). 

(d) Hydrothermal vein deposits, the most common and widespread type 

of primary tin deposits, which can be broadly divided into a cassiterite

silicate type and a cassiterite-sulphide type. Cassiterite-silicate 

deposits are extensively developed in the majority of stanniferous 

regions and are characterized by early development of cassiterite with 

quartz and variable muscovite, tourmaline, topaz, fluorite, etc., with 



later development of arsenopyrite and base-metal sulphides. Stannite 

may appear as a minor phase. Cassiterite-sulphide deposits are less 

widely recognized, but are significantly developed in Asiatic Russia 

(e.g. Smirnov, 1976, Chapter 9 and authors cited therein). They are 

characterized by the presence of cassiterite associated with arseno

pyrite, pyrrhotite or pyrite and minor base-metal sulphides in a 
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gangue of quartz and tourmaline with a variety of ferromagnesian 

silicates including trernolite-actinolite, phlogopite and iron-rich 

chlorite. The cassiterite-sulphide deposits of Western Tasmania show 

close affinities with this group, as do cassiterite-arsenopyrite

sulphide deposits in Malaysia (Hosking & Yeap, 1971; Hosking, 1969b) 

and southern China (Wang & Hsiung, 1935; Hsieh, 1963). Hydrothermal 

vein deposits may be markedly zoned (e.g. Cornwall - Hosking, 1968) and 

in some areas a zonation from cassiterite-quartz to peripheral 

cassiterite-sulphide areas is noted (Smirnov, 1976, pp.281-283). 

(d) Subvolcanic tin and tin-silver deposits, with cassiterite, stannite 

and stanniferous sulphosalts developed in veins and vein swarms in 

felsic volcanics and associated high-level intrusives. This type is 

developed particularly in Bolivia (Ahlfeld, 1967; Kelly & Turneaure, 

1970; Turneaure, 1971) with minor examples in Asiatic Russia and Japan. 

The Mount Pleasant deposits, New Brunswick, have been referred to this 

class by Hosking (1963) and Mulligan (1975), although Boyle (1974) 

has compared them to the furnaroie deposits described below. 

(f) Fumarole deposits which occur as vug and fracture-fillings in 

altered rhyolitic lavas, .and are characterized by the association 

cassiterite-specular hernatite. Cassiterite commonly occurs in the form 

of wood tin. They are developed chiefly in areas of Tertiary rhyolitic 

volcanism in Mexico and the southern United States of America, and in 
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Argentina (Ahlfeld, 1967; Ypma & Simons, 1969; Pan & Ypma, 1973; 

Lufkin, 1977). 

In addition to the above deposit types related to felsic igneous 

rocks, minor amounts of tin occur in fossil placer deposits (Mulligan, 

1975) and trace amounts of tin occur in massive sulphide deposits, 

usually in stanniferous sulphosalts. Production of tin from these 

deposits is insignificant in comparison with that from deposits assoc-

iated with felsic igneous rocks. 

7.2.2 Chemical Envirorunents of Cassiterite Deposition 

The variations in mineralogy and mode of occurrence of the deposits 

related to felsic igneous rocks are related to variations in the con-

temporary hydrologic environment and in the composition of the presumed 

magmatic hydrotherma~ fluids responsible for their formation. 

Varlamoff (1975) has developed a comprehensive classification of tin 

~eposits and related the occurrence of different types to different 

depths (pressures) of formation, and the systematic variations in 

gangue mineral chemistry in this classification correspond broadly with 

the pressure-dependent variations in composition of aqueous phases in 

equilibrium with granitic melts described by Burnham (1967). 

Analyses of inclusion fluids from a number of different types 
l 

of tin deposits associated with felsic igneous rocks indicate that the 

ore fluids are essentially Na-K-Cl brines (e.g. Groves & Solomon, 1969; 

Kelly & Turneaure, 1970; Sushchevskaya, 1971; Kim et al., 1972; Kelly, 

1974; Charoy & Weisbrod, 1975). In complete analyses variable contents 

of Ca and Mg, F and HC03 may occur (e.g. Sushchcvskaya, 1971) but 

chloride is usually the dominant anion. Carbon contents are variable 

with liquid co2 being reported in cassiterite from several deposits 

(e.g. Little, 1960; Groves & Solomon, 1969). Methane is reported less 

often but has been detected in bulk fluid inclusion extracts 
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(e.g. Zimmerman, 1974). Salinities show a considerable variation with 

reported equivalent NaCl concentrations of less than 3 wt.% to greater 

than 50 wt.% being reported, and in deposits showing a range of salin

ities there is a more or less linear correlation between salinity and 

homogenization temperature of inclusions (e.g. Groves & Solomon, 1969; 

Kim et al., 1972), lower salinities corresponding to lower temperatures 

and, where determined, to higher Na/K ratios. Calculated ore solution 

compositions for cassiterite mineralization at Renison Bell are quite 

comparable with published data on other tin dcpoGits. 

Rather less published data is available on the stable isotope 

geochemistry of tin deposits. Sulphide c34s values of early sulphides 

from Mount Bischoff, Tasmania (Rafter & Solomon, 1967) and Panasqueira, 

Portugal (Rye & Kelly, 1974) are close to 0%o and indicate derivation 

of sulphur from a source of average crustal or mantle composition 

(Ohmoto & Rye, in press). As discussed in Section 7.1, the sulphur in 

the cassiterite stages at Renison Mine was also derived from a granitic 

source, probably with some high temperature fractionation during 

evolution of the ore fluids. Oxygen and hydrogen isotope data for 

Renison Bell mineralization indicate a granitic source for the tin

mineralizing fluids, and the presence of magmatic fluids during 

mineralization at Panasqueira has been inferred (Rye & Kelly, 1974). 

Conversely, micas from alteration haloes about veins in and adjacent to 

the Cornubian batholith appear to have formed from heated meteoric 

waters (Sheppard, 1977), but the isotopic character of the fluids 

responsible for tin mineralization has apparently not been determined. 

Cassiterites from Bolivian deposits have c18o values in the range 

0%o to +7%0 , comparable to those from Renison Bell (Wolf & Esposo, 1972) 

but few conclusions can be drawn from these isolated observations. 
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Because the majority of tin deposits, with the possible exception 

0 
of the fumarole type, appear to have formed above 370 C, few thermo-

dyn3Itlic calculations on depositional conditions have been carried out. 

The common occurrence of muscovite in and adjacent to tin deposits 

suggests the solutions have generally high HCl/KCl ratios, and the 

data of Charoy & Weisbrod (1975) indicate a pH of approximately 3 at 

about 350°c during mineralization at Abbaretz and La Villeder, compared 

to a pH range 3.9 to 5.4 at 3S0°c inferred for cassiterite mineralization 

at Renison Bell. 

The solution chemistry inferred for Renison Bell is thus directly 

comparable with those from a number of other deposits and deposit types, 

and it appears that the spectrum of tin deposits related to felsic 

igneous rocks is generated primarily by variations in temperature and 

wallrock reactions during fluid evolution rather than by fundamental 

differences in concentrations of major solution components. The tin-

mineralizing fluids in general are acid Na-K-Cl brines of variable 

salinity, with variable carbon contents and common but not essential 

fluorine, and represent the aqueous phase exsolved from granitic melts 

corresponding in general to the S-type of Chappell & White (1974). 

In this light the possible role of stannous chloride complexing 

in the hydrothermal transport and deposition of tin, as suggested for 

mineralization at Renison Bell, has a number of interesting implications. 

The calculated stability constants for stannous chloride complexes 

suggest that tin transport in this form will be negligible below approx

imately 300°c under feasible f and pH conditions (Figure 7-1). This 
02 

may be used to explain the general absence of significant amounts of 

tin in massive sulphide deposits, except for the large, atypical deposits 

of Sullivan and Kidd Creek. Sediments and volcanic rocks similar to 
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those which host massive sulphide deposits in Japan, Canada and elsewhere 

may contain up to several tens of parts per million of tin (Hamaguchi & 

Kuroda, 1969), comparable with concentrations in some tin-poor tin 

granites, but the near-neutral solutions thought to be responsible for 

the formation of massive sulphide deposits would have oxygen fugacities 

too high for mobilization of tin in chloride-complexed form, and tin 

solubilities due to stannic hydroxide or polyanionic complexing would 

also be very low under these conditions (Kuril'chikova & Barsukov, 1971; 

Klintsova & Barsukov, 1973; Klintsova et al., 1975). 

Transport of tin as stannous chloride complexes at temperatures of 

300-3S0°c requires low pH, low f
02 

conditions. With rising temperatures, 

contours of concentration of Sn in solution in equilibrium with 

cassiterite will be displaced to higher values of pH and log f
02 

in 

log f -pH space, relative to pH buffer assemblages such as muscovite-
02 

pyrophyllite and muscovite-orthoclase, and oxygen fugacity buffer 

assemblages such as pyrite-pyrrhotite-magnetite and nickel-nickel oxide, 

but relatively low pH and f
02 

conditions would probably be required for 

stannous chloride complex transport over the likely range of formation 

temperatures of cassiterite deposits. 

As previously noted, the common presence of muscovite in 

cassiterite deposits suggests generally acid conditions for their 

formation. Estimates of oxygen fugacities in cassiterite deposits are 

hampered by a general lack of critical mineral assemblages, however 

mineralogical and fluid inclusion data for Mount Bischoff (Groves, 1968; 

Groves & Solomon, 1969) and Bolivian deposits (Kelly & Turneaure, 1970), 

using arsenopyrite compositions recalculated using internal standard 

data of Kretschmar & Scott (1976) suggest that oxygen fugacities in these 

deposits were close to the nickel-nickel oxide buffer. Stannous chloride 
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complexes would be effective tin transporting agents under these 

conditions, and the similarity of solution chemistry from a variety 

of cassiterite deposits suggests that this form of tin transport may 

occur in most cases. 

Little information is available concerning the behaviour of tin 

in granitic melts. Several authors (e.g. Rankama & Sahama, 1950; 

Rattigan, 1964; Hesp & Rigby, 1972; Hesp, 1973a; Mulligan, 1975) have 

suggested that tin occurs in granitic melts partly or wholly as Sn(IV), 

either as free sn4+ ions or in silicate complexes. In this case, the 

hydrothermal transport of tin as Sn(II) would require that partitioning 

of tin between a granitic melt and its exsolved aqueous phase 

would be dependent on the local oxygen fugacity, higher concentrations 

of Sn(II) in the melt and consequently greater partitioning of tin 

into the aqueous phase being favoured by lower oxygen fugacities. At 

higher oxygen fugacities tin would be relatively enriched in the melt, 

and in mafic phases such as biotite; the increased tin content of 

granitic biotites with high Fe 3+/Fe2+ ratios (Durasova, 1967; Hesp, 1973b) 

may be an expression of this process. Variations in water fugacity may 

also have a limited effect on tin geochemistry by suppressing or 

promoting crystallization of biotite or other tin-accommodating phases, 

and high concentrations of fluorine may stabilize Sn(IV) relative to 

Sn(II) in the melt, as observed in slags from tin-ore smelting (Pearson 

et al., 1977). 

Oxygen fugacity-dependent partitioning of this type could 
' 

explain the sporadic association of tin deposits with tin-poor granites 

described above, however no reliable data was found in the literature 

concerning oxygen fugacity conditions during the crystallization of 

granitic rocks associated with tin deposits. In addition, if oxygen 

fugacities of granite melts increase during progressive differentiation 
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(e.g. Czamanske & Wanes, 1973; Ohmoto & Rye, in press), extreme 

differentiates may retain a greater proportion of their total tin 

content as Sn(IV) upon exsolution of an aqueous phase, giving rise to 

endogranitic deposits such as those of the Bushveld and the Blue Tier 

(Groves & McCarthy, 1978, and literature cited therein); the style of 

tin deposits may then be controlled by th~ degree of differentiation 
" 

of the parent magma as well as by the initial tin content of the 

magmatic aqueous fluid and high-temperature oxidation-reduction reactions 

between the fluids and their endo- or exogranitic wallrocks. 



Chapter 8 

CONCLUSIONS 

Cassiterite-sulphide-silicate mineralization at Renison Bell 

occurs as stratabound replacements of diagenetically dolomitized 

marine limestones, as veins with limited to extensive wallrock 

replacement in major faults, and to a minor extent in silicified and 

tourmalinized quartzites. It is spatially, and presumably temporally, 

associated with intrusion of the Upper Devonian Pine Hill Granite. 
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At least two and possibly three stages of cassiterite mineral

ization are recongisable. Formation of stratabound and fault-controlled 

replacement orebodies was followed by a volumetrically minor stage of 

quartz-cassiterite-sulphide-silicate vein formation dominated by 

arsenopyrite. Equivocal microscopic evidence also suggests that an 

earlier cassiterite-silicate stage deficient in sulphides may have been 

at least locally developed prior to deposition of the major part of 

the replacement orebodies. 

Deposition of cassiterite-bearing ores took place at approximately 

3S0°c from Na-K-Cl brines of approximately 2 molal cation concentration 

~nd a sodium/potassium ratio of approximately 7. Ore localization was 

controlled primarily by the intersection of reactive dolomite horizons 

with major and minor faults, which are inferred to have been the 

channelways for migration of the hydrothermal fluids. Ore deposition 

took place in the muscovite stability field, with calculated pH between 

3.9 and 5.4. Oxygen fugacity was at or close to the methane-carbon 

dioxide boundary. 



The major cause of ore depositior was probably an increase in pH 

caused by reaction of the hydrothermal solutions with the sedimentary 

dolomites. Cooling of the solutions was probably a contributory 

factor, and mixing with contemporary groundwater may have occurred on 
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a small scale during Stage 3 mineralization. These mechanisms account 

satisfactorily for the precipitation of the base-metal sulphides which 

accompany cassiterite mineralization, and also for precipitation of 

cassiterite from stannous chloride complexes. Spatial variation in 

gangue phyllosilicate and amphibole mineralogy was probably controlled 

by local fluctuations in Ca and Mg concentrations during dolomite 

replacement. 

Calculated oxygen and hydrogen isotope ratios of cassiterite

deposi ting hydrothermal solutions are of "magmatic" character and the 

solutions may have been a true exsolved magmatic aqueous phase. Sulphur 

isotope ratios of sulphides associated with cassiterite are consistent 

with a magmatic sulphur source, and the very limited carbon isotope data 

suggest that carbon may have been depleted in l3c, and was perhaps also 

of magmatic origin. Subsequent, volumetrically minor, lead-zinc vein 

formation took place at approximately 300°c from Na-K-Cl brines of 

similar ionic strength and Na/K ratio to those which deposited 

cassiterite mineralization. Lead-zinc mineralization took place in the 

muscovite stability field, with calculated pH between 3.9 and 5.5. 

Oxygen fugacity was at or close to the methane-carbon dioxide boundary. 

Increase in pH and decrease in temperature are plausible causes of ore 

deposition for this stage. 

Calculated oxygen and hydrogen isotope ratios of waters responsible 

for lead-zinc mineral deposition are depleted in 180 and enriched in D by 

comparison with waters responsible for cassiterite mineralization, and 

indicate a second source of water, probably a contemporary groundwater. 



Calculated sulphur isotope ratios of total sulphur in the fluids of 

this stage are identical with those for cassiterite-depositing stages, 

suggesting that much of the sulphur in these fluids may have been 

leached from the subjacent granite. 
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Depositional conditions during the final late vein and vug stages, 

dominated by quartz and calcite, cannot be accurately modelled due to a 

lack of mineralogical data. Calculated oxygen and hydrogen isotope 

ratios of waters associated with these stages are very similar to 

those associal:.et.1 with leat.1-idm.: mineralization, and p.r:ubably reflect 

the same water source. Calculated carbon isotope ratios of total 

carbon in fluids associated with this stage are depleted in 13c 

compared to local sedimentary dolomites and suggest a similar source 

to carbon in tin-depositing fluids. Calculated sulphur isotope ratios 

of total sulphur in fluids of this stage are enriched in 34s by a 

minimum of 4%0 and may indicate some addition of sulphur from a sedi

mentary source. 

The patterns of spatial zoning in the Renison Bell district, 

the temporal zoning in Renison Mine and associated variation in stable 

isotope chemistry of waters responsible for the various paragenetic 

stages is consistent with the existence of a composite hydrologic 

pattern during mineralization, with a central zone of magmatic water 

responsible for cassiterite mineralization, surrounded by a system 

dominated by contemporary groundwater and responsible for lead-zinc 

and minor copper mineralization peripheral to the Renison Bell district. 

Temporal zoning in Renison Mine may be interpreted as due to the 

progressive decay and collapse of the central "magmatic" water system 

and consequent centripetal encroachment of the groundwater-dominated 

system. The differing styles of mineralization can thus be related to 

a single metallogenetic event. 
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The calculated stabilities of stannous chloride complexes suggest 

that tens to hundreds of parts per million of tin may be transported at 

low oxygen fugacities by acid, chloride-rich solutions at temperatures 

as low as about 30o0 c. Aqueous solutions exsolved from granite melts 

are expected to have the required low pH and high salinity. The role 

of fluorine in tin transport is uncertain and fluorine complexing may 

become important in solutions with high fluorine concentrations. The 

low oxygen fugacities for tin transport at low temperatures in chloride 

=omplexed form is consistent with the general lack of significant 

amounts of tin in massive sulphide deposits. Extrapolation above 3S0°c 

suggests that tin deposition at higher temperatures may also occur in 

low f conditions, and that partitioning of tin between a granite melt 
02 

and a coexisting aqueous phase may be influenced by f
02 

conditions at 

this time. The style of resulting tin deposits will be influenced by 

high temperature oxidation-reduction reactions as well as the initial 

tin content of the fluid. 
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Appendix 1 

SAMPLE LOCATIONS AND DESCRIPTIONS 

Samples are located by 

(a) Diamond drill hole number and distance from collar, in metric or 

imperial units as originally logged. Surface diamond drill holes are 

prefixed by "S", underground diamond drillholes by "U". 
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(b) Coordinates referred to Renison Ltd.'s metric grid, in metres north 

and east of grid origin, and related to rock unit or ore zone. 

(c) Approximate location in mine workings for samples which were not 

in situ or which were not accurately located after collection. 

Abbreviations used are: 

OHM - Dreadnought Hill Member 
RRM - Red Rock Member 
RBS - Renison Bell Shale 
DQ - Dalcoath Quartzite 
DI - No.l Dolomite horizon 
02 - No.2 Dolomite horizon 
03 - No.3 Dolomite horizon 
PHG - Pine H~ll Granite 
SHC - Serpentine Hill Complex 
Sl-6 Ore paragenetic stages 

Samples are stored in the collection of the Geology Department, 

University of Tasmania under the indicated UTGD catalogue numbers. 

Codes for material are: 

R 

c 
PD -
p 

D 

T 
PT -
PS -
AP -
MC -

F 

Rock specimen 
Crushed sample 
Powdered sample 
Borax-backed pressed pill for XRF analysis 
Fused glass disc for XRF analysis 
Thin section 
Polished thin section 
Polished section or slab 
Acetate peel 
Mineral concentrate - arsenopyrite concentrates for AAS 
or XRD analysis 
Doubly polished slab for fluid inclusion studies. 

Locations of surface samples and of the majority of surface and 

underground samples are shown on Figures A-1 to A-5. Locations of 

remaining diamond drill holes are given in Renison Ltd. mine plans and 

sections. 
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UTGD Description Code Location 
Cat.No. 

103648 Basalt dyke in DHM R,T,P,D,PD DDH 5309, 179.7 m 
103649 Sand-grade DHM R,T DDH 5309, 184. 8 m 
103650 Gabbro intrusive in DHM R,T DDH 5309, 3 25 .1 m 
103651 Biotite-altered sand-grade R,T DDH 5307, 328 m 

graywacke, DHM 
103652 Disseminated pyrrhotite R,PT DDH 5307, 357.3 m 

in quartz siltstone 
103653 Reduced fine sand-grade R,T,P,D,PD DDH 5307, 414.1 m 

graywacke, DHM 
103654 Oxidized fine sand-grade R,T,P,D,PD DDH 8307, 425.4 m 

graywacke, OHM 
103655 Reduced sand-grade R,T,P,D,PD DOH 5307, 440.0 m 

graywacke, OHM 
103656 Actinolite-veined oxidized R,T,P,D,PD DOH 8307, 451.2 m 

siltstone-graywacke, OHM 
103657 Reduced sand-grade R,T,P,D,PD DOH 8307, 458.9 m 

graywacke, OHM 
103658 Biotite-altered sand-grade R,T,P,D,PD DOH 8307, 466.5 m 

graywacke, OHM 
103659 Reduced sand-grade R,T,P,D,PD DDH 8307, 477 .1 m 

graywacke, OHM 
103660 Reduced siltstone, DHM R,T,P,D,PD DOH 8307, 481. 5 m 
103661 Reduced sand-grade R,T,P,D,PD DDH 5307, 487.8 m 

graywacke, DHM 
103662 Reduced sand-grade R,T,P,D,PD DOH 8307, 490.0 m 

graywacke, DHM 
103663 Oxidized sand-grade R,T,P,D,PD DDH 8307, 497.5 m 

graywacke, DHM 
103664 ?Cordierite-spotted reduced R,T,P,D,PD DOH 8307, 500.2 m 

siltstone, OHM 
103665 Biotite-altered reduced R,T,P,D,PD DOH 8307, 517.8 m 

siltstone, OHM 
103666 Reduced siltstone, OHM R,T,P,D,PD DOH 8228, 1435' 
103667 Reduced, thinly laminated R,T,P,D,PD DOH 8228, 1435'4" 

siltstone, OHM 
103668 Reduced, actinolite-altered R,T,P,D,PD DOH 8228, 1514' 

siltstone, OHM 
103669 Oxidized siltstone, OHM R,T,P,D,PD DOH 8228, 1546' 
103670 Oxidized siltstone, OHM R,T,P,D,PD DDH 8228, 1604'6" 
103671 Reduced siltstone, DHM R,T,P,D,PD DDH 5228, 1629'6" 
103672 Biotite-altered sand-grade R,T,P,D,PD DDH 8228, 1645' 

graywacke, OHM 
103673 Reduced, thinly laminated R,T,P,D,PD DDH 5228, 1658' 

siltstone, DHM 
103674 Reduced siltstone, DHM R,T,P,D,PD DDH 5228, 1674' 
103675 Reduced sand-grade R,T,P,D,PD DDH 8228, 1688' 

graywacke, DHM 
103676 Biotite-altered sand-grade R,T,P,D,PD DDH 5228, 1705' 

graywacke, DHM 
103677 Diotite-actinolite altered R,T,P,D,PD DDH S228, 1718' 

sand-grade graywacke, DHM 
103678 Actinolite-altered sand- R,T,P,D,PD DDH S228, 1733' 

grade graywacke, DHM 
103679 Biotite-actinolite altered R,T,P,D,PD DDH S228, 1743' 

sand-grade graywacke, DHM 



UTGD 
Spee.No. 

103680 

103681 

103682 

103683 

103684 

103685 

103686 

103687 

103688 

103689 
103690 

103('\91 

103692A 

103692B 
103693 

103694 
103695 

103696 

103697 

103698 

103699 

103700 
103701 

103'702 

103703 
103704 
103705 

103706 

103707 

103708 

Description 

Basalt dyke cutting 
sulphides in Upper North 
Stebbins o/b 
Thinly bedded quartz sand
stone/siltstone, RBS 
Thinly laminated quartz 
siltstone, DQ 
Pyrrhotite in thin
laminated siltstone, RBM 
Tremolite + phlogopite in 
partly replaced D2 
Tourmalinized quartz silt
stone, Central Bassett o/b 
D3 partly replaced by 
siderite 
D3 partly replaced by 
siderite 
D3 partly replaced by 
siderite, later stylolites 
S2 pyrrhotite-tremolite 
Sl? quartz-tourmaline
pyrrhotite 
Sl? quartz-pyrrhotite
cassiterite 
S2 pyrrhotite 

S2 pyrrhotite 
S2 pyrrhotite with ?early 
euhedral pyrite 
S2 pyrrhotite-talc-tremolite 
Sl? quartz-tourmaline
sulphides 
Tourmalinized DHM siltstone 

Code 

R,T,PT,P,D, 
PD 

R,T 

R,T 

R,T,PS 

R,T,PS 

R,T 

R,T 

R,T 

R,T,PS 

R,T 
R,PT 

R,PT 

R,PS 

R,PS 
R,PS 

R,PT 
R,T,PS 

R,T 

Tourmaline-pyrrhotite- R,T 
garnet vein in DHM 
Tourmalinized feldspar- R,T 
porphyry - originally 
glassy?, PHG 
Tourmaline-pyrrhotite alter- R,T 
ation in DHM 
Tourmaline-altered DHM R,T 
Quartz-feldspar-porphyry R,T 
dyke rock, PHG 
Metamorphosed DHM - bioti~e R,T 
and actinolite matrix 

" 
Central Bassett ojb, S3 
S3 quartz-arsenopyrite
pyrrhotite vein 
Fine-grained quartz with 
minor dissem. sulphides. 
Fault in Colebrook o/b, SS? 
Massive S2 pyrrhotite, 
Colebrook o/b 
Fine-grained siderite + 
spicular tremolite, 
Colebrook o/b 

R,T 
R,F 
R,MC 

R,C 

R,C 

R,T 
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Location 

Upper North Stebbins stope 
exact location unknown. 

approx. 18870mN, 16995mE 

North Bassett Decline, 
exact location uncertain. 
3 crosscut, exact 
location uncertain. 
3 crosscut, exact 
location uncertain. 
approx. 18750mN, 17150mE 

II 

II 

Federal Incline, exact 
location uncertain. 

II 

" 

II 

Upper Penzance orebody, 
exact location uncertain. 

II 

3 crosscut, exact 
location uncertain 

" 
approx. 18725mN, 17145mE 

Dalcoath Opencut, approx. 
l 7550mN, 16700mE 

" 

" 

II 

II 

II 

II 

II 

18704mN, 17J54mE 
North end Federal o/b, 
exact location uncertain. 
l8858mN, 16747mE 

18873mN, 16790mE 

18935mN, 16792mE 



UTGD 
Spee.No. 

103709 

103710 

103711 

103712 

103713 

103714 

103715 
103716 
103717 
103718 
103719 

103720 
103721 
103722 

103723 
103724 
103725 
103726 
103727 
103728 

103729 

103730 
103731 
103732 
103733 
103734 
103735 
103736 

103737 
103738 
103739 

103740 

' 
103741 
103742 
103743 

103744 

103745 
103746 

Description Code 

S3 quartz-arsenopyrite- R,MC 
pyrrhotite vein 
3 cm. basalt dyke cutting R,T 
massive talc + minor 
pyrrhotite 
Basalt dyke cut~ing massive R,T 
talc + minor pyrrhotite 
Quartz-pyrrhotite-phlogopite R,T 
talc, Colebrook o/b 
Stage 4 sphalerite-galena R 
vein + minor calcite, quartz 
Stylolitic thinly bedded D2 R, T 
dolomite 
Fresh porphyritic PHG R,T,P,D,PD 
Tourmalinized quartzite, DQ R,T,P,D,PD 
Muscovitic altered PHG R,T,P,D,PD 
Fresh porphyritic PHG R,T,P,D,PD 
Quartz-orthoclase clot in R,T,P,D,PD 
porphyritic PHG 
Dl, siderite R,T,D,PD 
D3, fine-grained dolomite R,T,D,PD 
D3 - shear P intersection, R,T,D,PD 
siderite veined by S4 
calcite 
D2 siderite 
D2 fine-grained dolomite 
D2 s.iderite 
D2 siderite 
D2 fine-grained dolomite 
D3 siderite veined by S4 
calcite 
Dl dolomite with siderite 
veining 
Dl fine-grained dolomite 
D2 fine-grained dolomite 
D2 siderite 
D2 fine-grained dolomite 
Dl fine-grained dolomite 
D2 fine-grained dolomite 
Thermally metamorphosed DHM 
graywacke - biotite matrix, 
Pine Hill 

II 

II 

Altered gabbro in SHC, 
Pine Hill 
Thermally metamorphosed DHM 
graywacke - biotite matrix 

II 

II 

Muscovite-altered quartz
feldspar porphyry 
Muscovite-altered and 
greisen veined quartz-
f eldspar porphyry, PHG 

II 

Greisen-altered quartz 

porphyry, PHG 

R,T,D,PD 
R,T,D,PD 
R,T,D,PD 
R,T,D,PD 
R,T,D,PD 
R,T,D,PD 

R,T,D,PD 

R,T,D,PD 
R,T,D,PD 
R,T,D,PD 
R,T,D,PD 
R,T,D,PD 
R 
R,T 

R,T 
R,T 
R,T 

R,T 

R,T 
R,T 
R,T 

R,T 

R,T 
R,T 
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Location 

South end, Federal o/b, 
exact location uncertain. 
Lower Dreadnought o/b, 
exact location uncertain. 

II 

approx. 18920mN, 16800mE 

South end, Federal ojb, 
exact location uncertain 
3 crosscut, exact 
location uncertain. 
DDH S323, approx. 900 m. 
DDH S323, 904.4 m 
DDH S323, 906.5 m 
DDH S323, 911.8 m 
DDH S323, 911.8 m 

19197mN, 1658lmE 
1894lmN, 16630mE 
18987mN, 16795mE 

19172mN, 16737mE 
1917QmN, 16743mE 
19248mN, 16752mE 
19288mN, 16757mE 
19313mN, 16719mE 
18954mN, 1677lmE 

18852mN, 16945mE 

18837mN, 16956mE 
18457mN, l 7169mE 
18412mN, l 7150mE 
l,8377mN, l 7138mE 
approx. 19100mN, 16700mE 
approx. 19130mN, 16750ItlE 
approx. 16520mN, 17200mE 

II 

II 

approx. 15850mN, 16800mE 

DDH S276, 64' 

DDH S276, 68' 
DDH S276, 77' 
DDH S276, 82 1 6 11 

DDH S276, 99' 

DDH S276, 103 1 6 11 

DDH S276, 113' 



UTGD 
Spee.No. 

103747 

103748 
103749 
103750 
103751 
103752 
103753 
103754 
103755 
103756 
103757 
103758 
103759 
103760 
103761 
103762 
103763 

103764 
103765 

103766 
103767 
103768 

103769 

103770 

103771 

103772 
103773 

103774 
103775 
103776 
103777 
103778 
103779 
103780 
103781 
103782 
103783 
103784 

103785 

103786 
103787 
103788 
103789 
103790 
103791 

Description 

Thermally metamorphosed SHC 
adjacent to PHG, Pine Hill 

Thermally metamorphosed 
SHC adjacent to PHG, Pine 
Hill 

II 

Greis~n-altered quartz 
porphyry, PHG, Pine Hill 

II 

II 

Fine-grained dolomite in 
RBS approx. 15 m below D2 
Fine··grained dolomite 
partly replaced by talc D3 
Fine-grained dolomite 
partly replaced by siderite 
D2 
Massive S2 pyrrhotite with 
grey fluorite nodules 
Fine-grained D2 dolomite 
Massive sulphide ore, 
Colebrook o/b 

Siliceous metasiltstone, 
Colebrook o/b 
Massive sulphide Colebrook 
o/b 

Code 

R,T 

R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 

R,T 
R,T 

R,T 
R,T 
R 

R,AP 

R,AP 

R,F 

R 
R,PS 

R,PS 
R,PS 
R,PS 
R,PS 
R,PS 
R,PS 
R,PS 
R,PS 
R,PS 
R,PS 
R,PS 

R,PS 

R,PS 
R,PS 
R,PS 
R,PS 
R,PS 
R,PS 

Location 

DDH S285, 38' 

DDH S285, 53 1 6 11 

DDH S285, 73' 
DDH S285, 80' 
DDH S285, 146' 
DDH S285, 187' 
DDH S285, 190' 
DDH S285, 354' 
DDH S285, 510'6" 
DDH S285' 54,3 I 

DDH S285, 556' 
DDH S285, 567'6" 
DDH S285, 591 1 6 11 

DDH S285, 616' 
DDH S285, 621' 
DDH S285, 644'6" 
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approx. 16280mN, 17050mE 

approx. 16260mN, 17020mE 
approx. 16110mN, 16900mE 

II 

II 

19194mN, 16715mE 

approx. 1894lmN, 16635mE 

Upper Dreadnought stope, 
exact location uncertain. 

II 

Upper Dreadnought stope 
DDH S313, 139.1-139.4,m 

DDH S313, 139. 4-139. 7, 1m 
DDH S313, 139.7-140.0 m 
DDH S313, 140.0-140.3 m 
nDH S313, 140.3-140.6 m 
DDH S313, 140.6-140.9 m 
DDH S313, 140.9-141.2 m 
DDH S313, 141.2-141.5 m 
DDH S313, 141.5-141.8 m 
DDH S3l3, 141.8-142.l m 
DDH S313, 142.1-142.4 m 
DDH S313, 142.4-142.7 m 

DDH S313, 142.4-142.7 m 

DDH S313, 142.7-143.0 m 
DDH S313, 143.0-143.3 m 
DDH S313, 143.3-143.6 m 
DDH S313, 143.6-143.9 m 
DDH S313, 143.9-144.2 m 
DDH S313, 144.2-144.5 m 
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UTGD 
Description Code Location 

Spee.No. 

103792 Massive sulphide, Colebrook R,PS DDH S313, 144.5-144.8 m 
o/b 

103793 II R,PS DDH S313, 144.8-145.1 m 
103794 " R,PS DDH S313, 145.1-145.4 m 
103795 " R,PS DDH S313, 145.4-145.7 m 
103796 " R,PS DDH S313, 145.7-146.0 m 
103797 " R,PS DDH S313, 146.0-146.3 m 
103798 Massive sulphide, South R,PS,T DDH S316, 124.8-125.1 m 

Stebbins o/b 
103799 R,PS,T DDH S316, 125.1-125.4 m 
103800 R,PS,T DDH S316, 125.4-125.7 m 
103801 R,PS,T DDH S316, 125.7-126.0 m 
103802 R,PS DDH S316, 126.0-126.3 m 
103803 R,PS,T DDH S316, 126.3-126.6 m 
103804 R,PS,T DDH S316, 126.6-126.9 m 
103805 R,PS DDH S316, 126.9-127.2 m 
103806 R,PS DDH S316, 127.2-127.5 m 
103807 No.l Dolomite horizon R,PS DDH S324, 80.8-81.l m 

mineralization, South 
Montana area 

103808 R,PS,T DDH S324, 81.1-81.4 m 
103809 R,PS DDH S324, 81.4-81. 7 m 
103810 R,PS DDH S324, 81. 7-82.0 m 
103811 R,PS DDH S324, 82.0-82.3 m 
103812 R,PS DDH S324, 82.3-82.6 m 
103813 R,PS DDH 5324, 82.6-82.9 m 
103814 R,PS,T DDH S324, 82.9-83.2 m 
103815 R,PS,T DDH S324, 83.2-83.5 m 
103816 Gabb::-o in DHM, North R, T, P:,,o., PD DDH U814, 189 m 

Bassett segment 
103817 Axinite-actinolite altered R,T DDH U814, 196 m 

gabbro in DHM, North 
Bassett segment 

103818 Bimodal chert pellet R,PS,T DDH S313, 138 .3 m 
sandstone in basal RBS 

103819 No.2 Dolomite horizon min- R,PS DDH S336, 47.4-47.7 m 
eralization, N. Montana area 

103820 R,PS,T DDH S336, 47.7-48.0 m 
103821 R,PS DDH S336, 48.0-48.3 m 
103822 R,PS DDH S336, 48.3-48.6 m 
103823 R,PS DDH S336, 48.6-48.9 m 
103824 R,PS DDH S336, 48.9-49.2 m 
103825 R,PS DDH S336, 49.2-49.5 m 
103826 R,PS DDH S336, 49.5-49.8 m 
103827 R,PS DDH S336, 49.8-50.1 m 
103828 R,PS DDH S336, 50.1·~50.4 m 
103929 R,PS DDH S336, 50.4-50.7 m 
103830 R,PS DDH S336, so. 7-51.0 m 
103831 R,PS DDH S336, 51. 0-51.3 m 
103832 R,PS DDH S336, 51.3-51.6 m 
103833 R,P8 DDH 8336, 51.6-51.9 m 
103834 R,P8,T DDH S336, 53.1-53.5 m 
103835 No.3 Dolomite horizon R,PS,T DDH S336, 102.9-103.0 m 

mineralization, North 
Montana area 

103836 " R,P8 DDH 8336, 106.4-106.7 m 
103837 " R,P8 DDH S336, 106.7-107.0 m 



UTGD 
Spee.No. 

103838 

103839 
103840 
103841 
103842 
103843 

103844 

103845 

103846 

103847 

103848 
103849 

103850 
103851 

103852 

103853 
103854 
103855 
103857 

103858 

103859 

103860 

103861 

103862 

103863 
103864 
103865 

103866 
103867 

103868 
103869 
103870 
103871 
103872 
103873 
103874 

103875 

Description 

No.3 Dolomote horizon 
mineralization, North 
Montana area 

II 

II 

Sheared shale breccia, RRM 
Sheared shale breccia, RRM 
Dolomite breccia near top 
of No.2 Dolomite 
Sheared siltstone breccia, 
RRM 
Sheared brecciated silt
stone, RRM 
Massive hematite conglom
erate, RRM 
Hematitic chert pellet 
sandstone, RRM 

Code 

R,PS 

R,PS 
R,PS 
R,T 
R,T 
R,T 

R,T 

R,T 

R,T 

R,T 

Chert pellet sandstone, RRM R,T 
Grey chert pellet sandstone, R,T 
RRM 

II 

Quartz-veined hematitic 
chert, RRM 
Biotite-altered siltstone, 
RRM 
Chert pellet sandstone, RRM 

II 

Nodular chert, RRM 
Biotite-veined siltstone 
breccia, RRM 
Dolomite, quartzite breccia 
RRM 
Reduced siltstone
graywacke, RRM 
Spotted reduced siltstone
graywacke 
Microfaulted hematitic 
siltstone, RRM 
Quartz-sulphide nodule in 
hematitic siltstone, RRM 
Hematitic siltstone, RRM 

II 

Siderite-veined dolomite 
near top of D2 
Pale quartzite, DQ 
Fine-grained micaceous 
quartzite, DQ 
Grey-green siltstone, DQ 
Brecciated siltstone, DQ 
Fine-grained quartzite, DQ 

II 

Pyritic quartzite, DQ 
Micaceous quartzite, DQ 
?tuffaceous conglomerate, 
RRM 
Dolomitic quartz 
siltstone, RBS 

R,T 
R,T 

R,T 

R,T 
R,T 
R,T 
R,T 

R,T 

R,T 

R,T 

R,T 

R,T 

R,T 
R,T 
R,T 

R,T 
R,T 

R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 

R,T 

213 

Location 

~DH S336, 107.0-107.3 m 

DDH S336, 107.3-107.6 m 
DDH S336, 107.6-107.9 m 
DDH S360, 83.l m 
DDH S360, 83.0 m 
DDH S360, 84.7 m 

DDH S360, 83.5 m 

DDH S360, 80.7 m 

DDH S360, 79.7 m 

DDH S360, 76.3 m 

DDH $360, 74.9 m 
DDH S360, 72.2 m 

DDH S360, 70.2 m 
DDH S360, 69.2 m 

DDH S360, 68.0,m 

DDH S360, 67.9 m 
DDH S360, 67.0 m 
DDH S360, 65.2 m 
DDH S312, 79.l m 

DDH S312, 85.9 m 

DDH S312, 92. 2 m 

DDH S312, 95.3 m 

DDH S312, 102.5 m 

DDH S312, 103.6 m 

DDH S312, 108.8 m 
DDH S312, 110.8 m 
DDH S312, 111.4 m 

DDH S361, 336.4 m 
DDH S361, 349.7 m 

DDH S361, 351.0 m 
DDH S361, 383.2 m 
DDH S351, 45.7 m 
DDH S351, 35.8 m 
DDH S351, 21.7 m 
DDH S351, 11.4 m 
DDH S352, 66.0 m 

DDH S352, 104.l m 
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UTGD 
Description Code Location Spee.No. 

103876 Fine-grained dolomite, RBS R,T DDH S352, 108.9 m 
103877 Laminated quartz siltstone, R,T DDH S352, 117 .9 m 

RBS 
103878 Interlaminated shale/ R,T DDH S352, 127. 2 m 

quartzite, RBS 
103879 Grey quartzite, RBS R,T DDH S352, 127.4 m 
103880 Grey siltstone, RBS R,T DDH S352, 150. 6 m 
103881 Calcite-garnet-axinite R,T DOH S362, 147. 5 m 

vein in DHM 
103882 No.l Dolomite hor •. cuttings c DDH 6319, 77.4-78.9 m 
103883 c DDH S319, 78.9-80.4 m 
103884 c DDH 8319, 80.4-81. 9 m 
103885 c DDH S319, 81.9-83.4 m 
103886 c DDH 8319, 83.4-84.9 m 
103887 c DDH 8319, 84.9-86.4 m 
1-3888 c DDH S319, 86.4-87.9 m 
103889 c DDH 8319, 87.9-89.4 m 
103890 c DDH 8319, 89.4-90.9 m 
103891 c DDH 8319, 90.9-92.4 m 
103892 c DDH 8319, 92.4-93.9 m 
1-3893 c DDH 8319, 93.9-95.4 m 
103894 c DDH 8319, 95.4-96.7 m 
103895 c DDH S264, 550-555' 
103896 c DDH 8264, 555-560 1 

103897 c DDH 8264, 560-565' 
103898 c DDH 8264, 565-570' 
103899 c DDH 8264, 570-575' 
103900 c DDH 8264, 575-580' 
103901 c DDH S264, 580-585' 
103902 c DDH S264, 585-590' 
103903 c DDH S264, 590-595' 
103904 c DDH S264, 595-600' 
103905 c DDH S264, 600-605' 
103906 c DDH S264, 605-610' 
103907 c DDH 8264, 610-615' 
103908 c DDH S264, 615-620' 
103909 c DDH 8264, 620-625' 
103910 c DDH S264, 625-630' 
103911 c DDH 8264, 630-635' 
103912 " c DDH 8264, 635-640' 
103913 No.2 Dolomite hor. cuttings c DDH 8309, 513. 5-515 m 
103914 c DDH 8309, 515-516.5 m 
103915 c DDH 8309, 516. 5-518 m 
103916 c DDH 8309, 518-519.5 m 
103917 c DDH 8309, 519.5-521 m 
103918 c DDH 8309, 521-522. 5 m 
103919 c DDH 8309, 522.5-524 m 
103920 c DDH 8309, 524-525.5 m 
103921 c DDH 8249, 484-489' 
103922 c DDH 8249, 489-494' 
103923 c DDH 8249, 494-499' 
103924 c DDH 8249, 499-504' 
103925 c DDH 8249, 504-509' 
103926 c DDH S249, 509-513' 
103927 c DDH 8249, 513-516' 
103928 c DDH 8308, 486.2-487.7 m 
103929 c DDH 8308, 487.7-489.2 m 
103930 " c DDH 8308, 489.2-490.7 m 
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103931 No.2 Dolomite hor. cuttings c DDH 5308, 490.7-492.2 m 
103932 c DDH 5308, 492.2-493.7 m 
103933 c DDH 5308, 493.7-495.2 m 
103934 c DDH 5308, 495.2-496.4 m 
103935 c DDH 5248, 147-152' 
103936 c DDH 5248, 152-157' 
103937 c DDH 5248, 157-161' 
103938 c DDH 5248, 161-164' 
103939 No.3 Dolomite hor. cuttings c DDH 5308, 507.7-509.2 m 
103940 c DDH 5308, 509.2-510.7 m 
103941 c DDH 5308, 510.7-512.2 m 
103942 c DDH 5308, 512 • 2- 513 . 7 m 
103943 c DDH 5308, 513.7-514.7 m 
103944 c DDH 5315, 91-92.5 m 
103945 c DDH 5315, 92.5-94 m 
103946 c DDH 5315, 94-95.5 m 
103947 c DDH 8315, 95.5-97 m 
103948 c DDH 8315, 97-98. 5 m 
103949 c DDH 8315, 98. 5-100 m 
103950 c DDH 5315, 100-101. 5 m 
103951 c DDH 5315, 101. 5-103 m 
103952 c DDH 8315, 103-104.5 m 
103953 Fresh porphyritic PHG R,P,D,C,PD DDH 5342, 1075.3-1075.8 m 

& 1072.2-1073.0_m 
103954 Muscovitic altered PHG R,P,D,C,PD DDH 5342, 1074.5-1075.0 m 

& 1062.7-1063.5 m 
103955 Incipiently altered PHG T DDH 8342, 1074.5 m 
103956 Muscovitic altered PHG T DDH 5342, 1063.5 m 
103957 Fresh porphyritic PHG R, T Ip , D I c ,, DDH 5339, 565.7-566.9 m 

PD 
103958 Muscovitic altered PHG R,T,P,D,C, DDH 5339, 567.7-568.8 m 

PD 
103959 Microgranite dyke in R,T,P,D,C, DDH 5339, 547.2-547.5 m 

hornfelsed DQ PD 
103960 Fresh porphyritic PHG R,T,P,D,C, DDH 5323, 910.5-911.4 m 

PD 
103961 8ericite-?clay bearing R,T,P,D,C, DDH 8323, 906.8-909.2 m 

altered PHG PD 
103962 Greisen-altered PHG R,T,P,D,C, DDH 5276, 396-400' 

PD 
103963 Greisen-altered R,T,C DDH 8276, 901-905' 

porphyritic PHG 
103964 Greisen-altered fine- R,T,C DDH 8279, 658-662' 

grained PHG 
103965 Greisen-altered PHG y.rith R,T,C DDH 8279, 673-675' 

green tourmaline-II & 693-696' 
103966 Fluorite-bearing greisen- R,T DDH 8279, 667 1 6 11 

altered PHG 
103.,967 Grey quartzite in DQ R,T,C DDH 5372, 179.8-182.4 m 
103968 Grey-green reduced R,T,P,D,PD DDH 5345, 504-504.6 m 

siltstone, DHM 
103969 II R,T,P,D,PD DDH 5345, 496-497 m 
103970 Reduced fine sand-grade R,T,P,D,PD DDH 5345, 481.4-482.4 m 

graywacke, pHM, 
103971 II R,T DDH 5345, 477.2m 
103972 Reduced fine sand-grade R,T,P,D,PD DDH 8345, 466.8-467.8 m 

graywacke, DHM 



UTGD 
Spee.No. 

103973 

103974 

103975 

103976 

103977 

103978 

103979 
103980 
103981 

103982 

103983 

103984 

103985 
103986 
103987 
103988 

103989 
103990 

103991 
103992 
103993 

103994 
103995 
103996 
103997 

103998 
103999 

104000 
104001 
104002 

104003 
104004 
104005 

104006 

104007 
104008 
104009 

Description 

Quartz-chlorite-carbonate 
vein in reduced siltstones, 
DHM 
Reduced sand-grade 
graywacke, DHM 
Oxidized sand-grade gray
wacke, minor siltstone, DHM 
Oxidized siltstone breccia, 
DHM 
Reduced siltstone, around 
103976, DHM 
Altered biotite granite 
Mount Lindsay prospect 

II 

II 

Quartz-orthoclase clot in 
103980 
Oxidized sand-grade 
graywacke, DHM 
Reduced sand-grade 
graywacke, DHM 
Reduced sand-grade gray
wacke, minor siltstone, DHM 
Reduced siltstone, DHM 

II 

II 

Altered fine-grained 
gabbro, DHM 
S2 pyrrhotite, Federal o/b 
S3 qtz-ccp-arsenopyrite, 
Federal o/b 
S3 qtz-ccp-py, Federal o/b 
S2 pyrrhotite, Federal o/b 
S3 qtz-sulphides, Federal 
o/b 

II 

II 

S2 pyrrhotite, ~th Bassett 
Pyrite after S2 pyrrhotite 
Nth Bassett 
S2 pyrrhotite, Nth Bassett 
S3 qtz-sulphides, Federal 
o/b 

II 

S2 p~rrhotite, Federal o/b 
S3 qtz-sulphides, Federal 
o/b 

II 

S2 pyrrhotite, Federal o/b 
S3 qtz-sulphides, Federal 
o/b 
S2 pyrrhotite + fluorite, 
Federal o/b 

II 

II 

S3 q~z-sulphides, Federal 
o/b 

Code 

R,T· 

R,T,P,D,PD 

R,T,P,D,PD 

R,T,P,D,PD 

R,T,P,D,PD 

R,T,P,D,C, 
PD 
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Location 

DDH 5345, 464.6 m 

DDH S345, 453.2-454.2 m 

DDH S345, 433-434 m 

DDH 8345, 414.3-415.3 m 

DDH 8345, between 413.1-
418.4 m 

DDH ML2/2, 203-207' 

R,T,P,D,C,PD DDH ML2/6, 232-236' 
R,T,P,D,C,PD DDH ML2/7, 281-286' 
R,T DDH ML2/7, approx. 283' 

R,T,P,D,PD 

R,T,P,D,PD 

R,T,P,D,PD 

R,T,P,D,PD 
R,T,P,D,PD 
R,T,P,D,PD 
R,T,P,D,PD 

R,PS 
R,PS,F 

R 
R,PS 
R,PS,MC 

R,P8 
R,P8 
R,P8 
R,P8 

R,PS 
R,P8 

R,PS,MC 
R,P8 
R,MC 

R,MC 
R,P8 
R,P8,MC 

R,PS,F 

R,PS 
R,P8 
R,P8,MC 

DDH S345, 371.5-372.5 m 

DDH S345, 322.4-323.4 m 

DDH 8345, 295.5-296.4 m 

DDH 8345, 256.1-257.0 m 
DDH 8345, 234.4-234.5 m 
DDH 8345, ·152.8-153.8 m 
DDH 5345, 146.4-147.0 m 

DDH U826, 145.7 m 
DDH U826, 145.8 m 

DDH U826, 147.0 m 
DDH U826, 149.7 m 
DDH U826, 137.6 m 

DDH U826, 136.6 m 
DDH U826, 139.4 m 
DDH U829, 128.8 m 
DDH U829, 129.8 m 

DDH U837, 26.8 m 
DDH U825, 73.7 m 

DDH U825, 74.6 m 
DDH U825, 72.5 m 
DDH U825, 69.0 m 

DDH U816, 150 m 
DDH U816, 155.8 m 
DDH U816, 156.l m 

DDH U816, 155.5 m 

DDH U816, 153 m 
DDH U812, 49.4 m 
DDH U812, 96.5 m 
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Spee.No. 

104.010 S3 qtz-sulphides, 2.5 ore R,PS,F DDH U815, 41. 7 m 
zone 

104011 S2 qtz + pyrrhotite, R,PS DDH U815, 43.4 m 
2.5 ore zone 

104012 II R,PS DDH U815, 36.4 m 
103013 S2 pyrrhotite, Nth Bassett R1;.ps DDH U792, 81.l m 
104014 II R,PS DDH U792, 82.5 m 
104015 S2 pyrrhotite, Federal o/b R,PS DDH U793, 66.2 m 
104016 S2 qtz-sulphide.s, Federal R,PS,MC DDH U793, 67.5 m 

o/b 
104017 S4 carbonate-SFpalerite R,PS,MC DDH U793, 68.7 m 

vein, Federal o/b 
104018 S2 pyrrhotite, Federal o/b R,PS DDH U798, 87.9 m 
104019 II R,PS DDH U773, 19.8 m 
104020 carbonate from S4 carbonate- R,P8 DDH U776, 90.8 m 

sulphide vein, Federal o/b 
104021 pyrite from 84 carbonate- R,P8 DDH U776, 91.0 m 

sulpl).ide vein, Federal o/b 
104022 82 pyrrhotite, Federal o/b R,P8 DDH U776, 94.1 m 
104023 82 pyrrhotite, Nth Bassett R,P8 DDH U777, 93.0 m 
104024 II R,P8 DDH U777, 103.4 m 
104025 II R,P8 DDH U777, 106. 7 m 
104026 83 qtz-sulphides, Federal R,P8 DDH U769, 55.8 m 

o/b 
104027 82 pyrrhotite, Federal o/b R,P8 DDH U769, 59.6 m 
104028 84 carbonate-sphalerite- R,PT DDH U769, 60.3 m 

galena vein, Federal o/b 
104029 S3 qtz-sulphides, Federal R,PS DDH U769, 60.9 m 

o/b 
104030 82 pyrrhotite, Central R,P8 DDH U763, 32.6 m 

Bassett o/b 
104031 II R,P8 DDH U763, 33.1 m 
104032 83 qtz-sulphides, Nth R,P8 DDH U748, 23.7 m 

Bassett 
104033 S2 pyrrhotite, Nth Bassett R,PS DDH U748, 29.'4 m 
104034 II R,P8 DDH U748, 30.0 m 
104035 82 pyrrhotite cut by S4 R,P8 DDH U749, 39.9 m 

sulphides-carbonate, Central 
Bassett o/b 

104036 83 qtz-sulphides, Central R,P8 DDH U749, 40.9 m 
Bassett o/b 

104037 82 pyrrhotite, Central R,PS DDH U749, 43.7 m 
Bassett o/b 

104038 83 qtz-sulphides cut by 84 R,PS DDH U749, 46.2 m 
carbonate-fluorite, Central 
Bassett o/b 

104039 82 pyrrhotite, Federal o/b R,P8 DDH U742, 69.7 m 
104040 83 qtz-sulphides, Federal R,P8 DDH U742, 73.l m 

o/b 
104041 II R,P8,MC DDH U741, 81.0 m 
104042 II R,MC DDH U741, 82.4 m 
104043 II R,P8 DDH U741, 82.5 m 
104044 82 pyrrhotite, Federal o/b R,P8 DDH U741, 59.0 m 
104045 S3 qtz-sulphides, Federal R,MC DDH U713, 123.4 m 

o/b 
104046 II R,P8 DDH U713, 126.1 m 
104047 II R,P8 DDH U713, 126.4 m 
104048 82 pyrrhotite, Federal o/b R,PS DDH U713 I 127.7 m 
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104049 S3 qtz-sulphides, Federal R,MC DDH U721, 78.9 m 
o/b 

104050 S2 pyrrhotite, Federal o/b R,PS DDH U721, 83.2 m 
104051 S3 qtz-sulphides, Central R,PS DDH U721, 13.2 m 

Bassett o/b 
104052 S2 pyrrhotite, Central R,PS DDH U721, 14.1 m 

Bassett o/b 
104053 S3 qtz-sulphides, Nth R,PS,MC DDH U823, 147.0 m 

Bassett 
104054 S3 qtz-sulphides, Federal R,PS,MC DDH U723, 91.0 m 

o/b 
104055 S2 pyrrhotite, Federal o/b R,PS DDH U723, 94.0 m 
104056 II R,PS DDH U723, 102.5 m 
104057 II R,PS DDH U723, 109.0 m 
104058 II R,PS DDH U717 I 52.0 m 
104059 II R,PS DDH U717, 55.8 m 
104060 S3 qtz-sulphides, Federal R,PS DDH U701, 59.5 m 

o/b 
104061 S2 pyrrhotite, Federal o/b R,PS DDH U696, 90.2 m 
104062 II R,PS DDH U696, 93.0 m 
104063 II R,PS DDH U696, 98.0 m 
104064 II R,PS DDH U696, 105. 7 m 
104065 S3 qtz-sulphides, Federal R,PS DDH U695, 105.6 m 

o/b 
104066 S2 pyrrhotite, Federal o/b R,PS DDH U695, llO. 2 m 
104067 II R,PS DDH U695, ll0.4 m 
104068 II R,PS DDH U695, lll.l m 
104069 S2 pyrrhotite veined by S4 R,PS DDH U695, 117.l·m 

sphalerite, Federal o/b 
104070 S4 sphalerite-carbonate R DDH U695, ll7.6 m 

Federal o/b 
104071 S2 pyrrhotite, Federal o/b R,PS DDH U809, 95.4 m 
104072 II R,PS DDH .U809 I 104.8 m 
104073 S3 arsenopyrite, Federal o/b R,PS DDH U809, 106.9 m 
104074 S2 pyrrhotite, Nth Bassett R,PS DDH U797, 114.0 m 
104075 II R,PS DDH U772, 47.8 m 
104076 . " R,PS DDH U772, 46.1 m 
104077 S2 pyrrhotite, Federal o/b R,PS DDH U860, 139. 3 m 
104078 II R,PS DDH U860, 140.3 m 
104079 S3 qtz-sulphides, Federal R,PS,MC DOH U860, 144.4 m 

o/b 
104080 S2 pyrrhotite, Federal o/b R,PS DDH U863, 213.0 m 
104081 S3 arsenopyrite, Federal o/b R,PS DDH U863, 214.1 m 
104082 S2 pyrrhotite, Nth Bassett R,PS DDH U848, 63.9 m 
104083 II R,PS DDH U848, 67.3 m 
104084 II R,PS DDH U848, 72.0 m 
104085 S3 qtz-sulphides, Federal R,PS,MC DDH U854, 25.4 m 

o/b 
104086 S2 pyrrhotite, Federal o/b R,PS DDH U854, 38.8 m 
104087 S2 pyrrhotite, Nth Bassett R,PS DDH U844, 213 .o m 
104088 S3 qtz-sulphides, Nth R,PS,MC DDH U844, 214.6 m 

Bassett 
104089 II R,PS DDH U844, 215.2 m 
104090 S2 pyrrhotite, Nth Bassett R,PS DDH U844, 230.0 m 
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Spee.No. 

104091 
104092 
104093 
104094 
104095 
104096 
104097 
104098 
104099 
104100 
104101 

104102 
104103 
104104 
104105 
104106 
104107 
104108 
104109 
104110 
104111 
104112 

104113 
104114 
104115 

104116 
104117 
104118 

104119 
104120 
104121 
104122 
104:...23 
104124 

104125 
104126 
104127 
104128 
104129 

104130 
104131 
104132 
104133 
104134 

104135 

104136 

Description 

S2 pyrrhotite, ·Federal o/b 
S3 qtz-sulphides, Federal o/b 
S2 pyrrhotite, Nth Bassett 

S3 qtz-sulphides, Nth Bassett 
Pyrite after S2 pyrrhotite, 
Nth Bassett 
S3 qtz-sulphides, Federal o/b 

" 
S2 pyrrhotite, Federal o/b 
S2 pyrrhotite, Nth Bassett 

" 
" 
" 

S3 qtz-sulphides, Nth Bassett 
S2 pyrrhotite, Nth Bassett 
S3 qtz-sulphides, Nth Bassett 
S2 pyrrhotite, Central Bassett 
o/b 

" 
" 

53 qtz-sulphides, Central 
Bassett o/b 
52 pyrrhotite, Penzance o/b 

" 
52 pyrrhotite-talc, Penzance 
o/b 
52 pyrrhotite, Penzance o/b 

" 
52 pyrrhotite, Murchison o/b 

" 
" 

52 pyrrhotite-trernolite 
Murchison o/b 
52 pyrrhotite, Murchison o/b 
52 pyrrhotite, Penzance o/b 

II 

52 siderite, Penzance o/b 
Unreplaced D3 dolomite, 
Penzance o/b 
52 pyrrhotite, Murchison o/b 
Thermally metam0rphosed DQ seds. 

"· 
" 

Quartz-tourmaline-pyrrhotite 
vein in hornfelsed DQ silt
stones 
Thermally metamorphosed DQ 
sediments 

" 

Code 

R,PS 
R,PS 
R,P5 
R,PS 
R,PS 
R,PS 
R,P5 
R,PS 
R,PS 
R,P5 
R,P5 

R,P5,MC 
R,P5 
R 
R,PS 
R,PS 
R,PS 
R,PS,MC 
R,MC 
R,PS 
R,MC 
R,PS 

R,PS 
R,PS 
R,PS 

,R,PS 
R,PS 
R,PS 

R,PS,MC 
R,PS 
R,PS 
R,PS 
R,PS 
R,PS 

R,PS 
R,PS 
R,PS 
R 
R 

R,PS 
R,T 
R,T 
R,T 
R,T,F 

R,T 

R,T 

Location 

DDH U855, 42.5 m 
DDH U855, 42.7 m 
DDH U851, 91.8 m 
DDH U851, 81.5 m 
DDH U849, 58.5 m 
DDH U849, 61.8 m 
DDH U864, 30.7 m 
DDH U864, 55.1 m 
DDH U843, 32.0 m 
DDH U843, 34.2 m 
DDH U843, 34.5 m 

DDH U835, 44.8 m 
DDH U835, 58.2 m 
DDH U835, 60.2 m 
DDH U856, 50.1 m 
DDH U847, 31.6 m 
DDH U862, 70.5 m 
DDH U862, 78.7 m 
DDH U862, 59.7 m 
DDH U790, 55.6 m 
DDH U814, 148.2 m 
DDH. U626, 153.5 m 

DDH U626, 157.4 m 
DDH U626, 155.0 m 
DDH U626, 123.4 m 

DDH U757, 29.9 m 
DDH U757, 30.7 m 
DDH U754, 86.9 m 

DDH U754, 75.5 m 
DDH U754, 81.2 m 
DDH U752, 37.6 m 
DDH U752, 40.6 m 
DDH U752, 102.5 m 
DDH U752, 105.3 m 

DDH U752, 108.5 m 
DDH U702,· 76.8 m 
DDH U702, 78.4 m 
DDH U702, 80.0 m 
DDH U702, 84.7 m 

DDH U808, 66.7 m 
DDH U861, 450.5 m 
DDH U861, 467.3 m 
DDH U861, 481.4 m 
DDH U861, 484.7 m 

DDH U861, 486.5 m 

DDH U861, 503.4 m 

219 
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104137 Thermally metamorphosed DQ R,T DDH U861, 516.3 m 
sediments 

104138 II R,T DDH U861, 529.6 m 
104139 II R,T DDH U861, 555.4 m 
104140 " R,T DDH U861, 560.1 m 
104141 " R,T DDH U861, 568.0 m 
104142 S4 sphalerite-galena-pyrite R,T,PS DDH U861, 589.3 m 

vein 
104143 Thermally metamorphosed DQ R,T DDH U861, 592.8 m 

sediments 
104144 II R,T DDH U861, 609.3 m 
104145 II R,T DDH U861, 610. 0 m 
104146 II R,T DDH U861, 615.3 m 
104147 S2 pyrrhotite, Murchison o/b R,PS DDH U808, 58.6 m 
104148 S2 pyrrhotite-siderite, R,PS DDH U808,, 44.1 m 

Murchison o/b 
104149 S2 pyrrhotite-talc, Murchison R,PS DDH U808, 47.9 m 

o/b 
104150 S2 pyrrhotite, Penzance o/b R,PS DDH U746, 43.0 m 
104151 II R,PS DDH U743, 21.9 m 
104152 S2 pyrrhotite, Murchison o/b R,PS DDH U685, 17.7 m 
104153 S2 pyrrhotite-phlogopite, R,PT DDH U685, 20.4 m 

Murchison o/b 
104154 S2 pyrrhotite-talc, Murchison R,PS DDH U685, 88.5 m 

o/b 
104155 S2 pyrrhotite, Murchison o/b R,PS DDH U685, 94.0 m 
104156 " R,PS DDH U685, 81.8 m 
104157 S2 pyrrhotite, Penzance o/b R,PS DDH U663, 20.8 m 
104158 II R,PS DDH U663, 22.0 m 
104159 II R,PS DDH U677, 50.5 m 
104160 S2 pyrrhotite-talc, Penzance R,PS DDH U677, 51.0 m 

o/b 
104161 S2 talc-pyrrhotite, Penzance R DDH U677, 53.8 m 

o/b 
104162 S2 siderite- pyrrotite, R DDH U859, 67.0 m 

Murchison o/b 
104163 S2 talc-pyrrhotite, Murchison R,PS DDH U846, 53.8 m 

o/b 
104164 S2 pyrrhotite, Murchison o/b R,PS DDH U846, 59.3 m 
104165 II R,PS DDH U846, 62.2 m 
104166 Pyrite after S2 pyrrhotite, R,PS DDH U846, 67.0 m 

Murchison o/b 
104167 S2 pyrrhotite cut by S4 R,PS DDH U848, 24.6 m 

carbonate-sphalerite, 
Murchison o/b 

104168 S2 pyrrhotite, Murchison o/b R,PS DDH U848, 29.0 m 
104169 " R,PS DDH U848, 34.8 m 
104170 S2 pyrrhotite-siderite, R,PS DDH U848, 41.4 m 

Murchison o/b 
104171 S2 pyrrhotite-talc, Murchison R,PS DDH U632, 0.2 m 

o/b 
104172 S2 pyrrhotite, Penzance o/b R,PS DDH U632, 79.7 m 
103173 II R,PS,MC DDH U632, 82.0 m 
104174 II R,PS DDH U632, 86.5 m 
104175 S2 py~rhotite, Murchison o/b R,PS,MC DDH U657, 2.2 m 
104176 " R,PS DDH U657 1 8.5 m 
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Spee.No. 

104177 S2 pyrrhotite-talc, Murchison R,PS DDH U657, 10.5 m 
o/b 

104178 S2 pyrrhotite-talc pod in R,PS DDH U659, 8.9 m 
siderite, Murchison o/b 

104179 S2 pyrrhotite, Penzance 9/b R,PS DDH U641, 5~.o m 
104180 II R,PS DDH U641, 82. 5 m 
104181 S2 siderite, Penzance o/b R,PS DDH U641, 84.2 m 
104182 S2 pyrrhotite, Penzance o/b R DDH U627, 71.0 m 
104183 S3 qtz-sulphides, Federal o/b R,PS,PT DDH U638, 54.0 m 
104184 Andalusite-bearing altered R,T DDH U861, depth 

microgranite dyke uncertain. 
104185 Thermally metamorphosed DQ R,T DDH U861, 646.1 m 

elastic and carbonate sediments 
104186 R,T,PS DDH U861, 659.1 m 
104187 R,T DDH U861, 670.2 m 
104188 R,T DDH U861, 671.2 m 
104189 R,PT DDH U861, 676.5 m 
104190 R,T,PS DDH U861, 693.4 m 
104191 R,T DDH U861, 700.4 m 
104192 R,T DDH U861, 706.4 m 
104193 R,T,PS DDH U861, 710.0 m 
104194 Fresh porphyritic PHG R,T DDH U861, 716.4 m 
104195 Altered Success Creek Gp and R,PT DDH U826, 1.5 m 

Crimson Creek Argillite sedi-
ments between Central Bassett 
and Federal ore zone 

104196 Basalt dyke in altered' R,PT DDH U826, 5.7 m 
sediments 

104197 Altered Success Creek Gp and R,PT,PS DDH U826, 11.1 m 
Crimson Creek Argillite sedi-
ments between the Central 
Bassett and Federal ore zones 

104198 R,PT DDH U826, 16.7 m 
104199 R,PT DDH U826, 21.6 m 
104200 R,PT ,PS DDH U826, 25.9 m 
104201 R,PT DDH U826, 26.7 m 
104202 R,PT DDH U826, 34.7 m 
104203 R,PT DDH U826, 41.6 m 
104204 R,PT DDH U826, 47.6 m 
104205 R,p,PT DDH U826, 56.9 m 
104206 R,PT DDH U826, 66.7 m 
104207 R,PS DDH U826, 71.0 m 
104208 R,PT DDH U826, 73.7 m 
104209 R,PT DDH U826, 80.7 m 
104210 R,PS DDH U826, 83.3 m 
104211 R,PS,PT DDH U826, 86.0 m 
104212 R,PT DDH U826, 90.7 m 
104213 R,PT DDH U826, 94.8 m 
104214 R,PT DDH U826, 98.8 m 
104215 R,PS,PT DDH U826, 105.7 m 
104216 R,PT DDH U826, 110.8 m 
104217 R,PT DDH U826, 115. 7 m 
104218 R,PT DDH U826, 118. 7 m 
104219 R,PS DDH U826, 120.9 m 
104220 R,PT DDH U826, 122.9 m 
104221 R,PT DDH U826, 127.6 m 
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UTGD Description 
Spee.No. 

Code Location 

104222 Altered Success Creek Gp and R,PT DOH U826, 129.7 m 
Crimson Creek Argillite sedi-
ments between the Central 
Bassett and Federal ore zones 

104223 II R,PS DOH U826, 130. 2 m 
104224 R,PT DOH U826, 143.9 m 
104225 R,PT DOH U826, 150. 1 m 
104226 R,PT DOH U826, 153.9 m 
104227 R,PT DOH U826, 155.0 m 
104228 R,PT DOH U826, 155.7 m 
104229 R,T,PT DOH U826, 156. 7 m 
104230 R,T DOH U826, 159.6 m 
104231 Actinolitic sediments (OHM) R,T DDH U797, 130 m 

in the North Bassett segment 
104232 R,T DDH U797, 143.5 m 
104233 R,T,P,D,PD DOH U797, 151.9 m 
104234 R,T,P,D,PD DOH U797, 162.0 m 
10423 5 R,T DOH U797, 170.0 m 
104236 R,T,P,D,PD DDH U797, 177.2 m 
104237 R,T,P,D,PD DOH U797, 182.2 m 
104238 R,T DOH U797, 191.0 m 
104239 R,T DDH U797, 134.8 m 
104240 S2 pyrrhoti t;:e-tremoli te·, R,PT DDH U887, 33.0 m 

Federal o/b 
104241 II R,PT DOH U887, 34.4 m 
104242 S2 carbonate-pyrrhotite- R,PT DOH U887, 34.6 m 

tremolite, Federal o/b 
104243 S2 pyrrhotite-tremolite-talc R,PT DOH U880, 96.6 m 

Colebrook o/b 
104244 S2 qtz-pyrrhotite + chlorite R,PT DDH U872, 59.7 m 

after phlogopite?, Upper 
Dreadnought o/b 

104245 S2 siderite, Upper R,PT DDH U872, 59.9 m 
Dreadnought o/b 

104246 S2 talc-pyrrhotite, Lower R,PT DDH U840, 24.6 m 
Dreadnought-Nth Bassett 

104247 S3 quartz-phlogopite-pyrrho- R,PT DDH U833, 109.8 m 
tite, Nth Bassett 

104248 S3 quartz-chlorite-sulphides, R,PT DOH U827, 83.0 m 
Federal o/b 

104249 S2 pyrrhotite-tremolite, R,PT DDH U827, 102.8 m 
Federal o/b 

104250 S2 tremolite-pyrrhotite, R,PT DOH U826, 89.8 m 
Federal o/b 

104251 S2 pyrrhotite-tremolite- R,PT DDH U822, 42.0 m 
carbonate, Federal o/b 

104252 S2 pyrhotite, talc-tremolite- R,PT DDH U822, 49.2 m 
carbonate, Federal o/b 

104253 S2 pyrrhotite-tremolite- R,PT DOH U817, 43.9 m 
carbonate, Colebrook o/b 

104254 S2 pyrrhotite-tremolite- R,PT DOH U793, 32.7 m 
carbonate, Federal o/b 

104255 S2 tremolite-pyrrhotite vein, R,PT ·DOH U793, 34.2 m 
Federal o/b 

104256 S2 tremolite-pyrrhotite, R,PT DDH U793, 44.7 m 
Federal o/b 



UTGD 
Spee.No. 

104257 

104258 

104259 

104260 

104261 

104262 

104263 

104264 

104265 

104266 

104267 

104268 

104269 

104270 

104271 

104272 

104273 

104274 

104275 

104276 

104277 

104278 

104279 

104280 

104281 
104282 

104283 
104284 

104285 

Description 

S2 tremolite-pyrrhotite
carbonate, Murchison o/b 
qtz-chlorite-sulphides, 
Federal o/b 
S3 arsenopyrite veined by 
carbonate, Federal o/b 
S2 tremolite-pyrrhotite, 
Federal o/b 
S2 tremolite-pyrrhotite, 
Federal o/b 
Adularia-calcite-chlorite 
vein ·in DQ 
S2 talc-phlogopite-sulphides, 
Penzance o/C. 
S2 talc-cassiterite-sulphides, 
Penzance o/b 
S2 tremolite-pyrrhotite, 
Federal o/b 
S2 tremolite-pyrrhotite, 
Federal o/b 
S2 pyrrhotite-tremolite, 
Federal o/b 
S3 quartz-chlorite-sulphide, 
Federal o/b 
S3 quartz-chlorite-sulphide, 
Federal o/b 
S3 quartz-chlorite-cassiterite
sulphides, Federal o/b 
S3? quartz-tourmaline-sulphide 
vein, Federal o/b 
S4 quartz-calcite-chlorite 
vein in DHM, Nth Bassett 
segment 
S4 quartz-chlorite-calcite 
vein in DHM, Nth Bassett 
segment 
S4 quartz-chlorite vein in 
DHM, Nth Bassett segment 
S6 pyrite lining vug in fault 
zone 
S6 calcite coating dolomite 
and pyrite, vug in fault zone 
S3 arsenopyrite vein material 

galena-sphalerite-Mnco3 vein 
in Dq, base of Renison Decline 
S2 pyrrhotite-quartz 

S4 green fluorite in quartz
calcite vein + minor sl, gn 
S2 pyrrhotite-quartz 
S3 quartz-arsenopyrite
pyrrhotite vein 
S2 massive pyrrhotite 
S3 quartz-arsenopyrite
pyrrhotite vein 
quartz sandstone, DQ 

Code 

R,PT 

R,PT 

R,PT 

R 

R 

R,T 

R,PT 

R,PT 

R,PT 

R,PT 

R,PT 

R,PT 

R,PT 

R,PT 

R,PT 

R,C 

R,C 

R,C 

R 

R 

R 

R,C 

R,C 

R,C 

R,C 
R,C 

R,C 
R 

R,T 

Location 

DDH U792, 107.5 m 

DDH U778, 63.7 m 

DDH U769, 35.4 m 

DDH U769, 45.5 m 

DDH U768, 62.9 m 

DDH U767, 91.8 m 

DDH U766, 57.2 m 

DDH U764, 60.0 m 

DDH U760, 72.3 m 

DDH U760, 76.2 m 

DDH U683, 11.0 m 

DDH U713, 24.4 m 

DDH U713, 114.0 m 

DDH U713, 116.2 m 

DDH U695, 28.4 m 

approx. 19370 mN, 
16825 mE 

approx. 19395 mN, 
16860 mE 

approx. 19355 mN, 
16800 mE 
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North end 2000 sill, 
Federal o/b 
South end 2000 sill, 

South end 2000 sill, 
Federal o/b 
approx. 18800 mN, 
17100 mE 

South end of 2000 sill, 
Federal o/b 

II 

II 

II 

II 

North end 2000 sill, 
Federal o/b 
DDH U861, 5.7 m 



UTGD 
Spee.No. 

104286 
104287 
104288 
104289 
104290 
104291 
104292 
104293 
104294 

104295 
104296 

104297 

104298 

104299 

Description 

Hornfelsed siltstone, DQ 
Biotite-muscovite hornfels, DQ 
Quartz siltstone, RBS 

II 

Volcaniclastic graywacke, RRM 
Hematitic quartzite, RRM 
Chert at base of D3 

II 

Interbedded graywacke
sil tstone, DHM 
Laminated siltstone-shale, DHM 
Interbedded graywacke-
sil tstone, DHM 
Green fluorite nodules in 
S4 carbonates, Shear D 
Recrystallized, tourmalinized 
quartzite + minor sulphides, 
2.5 o/b 
Massive S2 pyrrhotite, Upper 
North Stebbins o/b 

Code 

R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 
R,T 

R,T 
R,T 

R,C 

R,C 

R,C 

Location 

DDH U861, 300.4 m 
DDH U861, 649.7 m 
DDH U890, 9.8 m 
DDH U890, 33.3 m 
DDH U890, 82.0 m 
DDH U890, 84.2 m 
DDH U893, 16.6 m 
DDH U893, 18.2 m 
DDH S307, 226.8 m 

DDH S307, 263.0 m 
DDH S307, 292.2 m 

approx. 18990 mN, 
16780 mE 
approx. 18675 mN, 
17175 mE 
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Upper North Stebbins 
stope, exact location 
uncertain. 



Appendix 2 

ANALYTICAL TECHNIQUES 

A2.l WHOLE-ROCK CHEMICAL ANALYSES 

Samples of granites, sediments and minor basic intrusives were 

pulverised in a Colmonoy allo~ ring grinder, and major elements 

analyzed by X-ray fluorescence acco.rding to the method of Norrish & 

Hutton (1969). NazO was determined using pressed powder pills backed 

with boric acid; all other major elements were determined using 

lithium metaborate-lanthanum oxide fused glass discs. 

Calibration curves for each major element oxide prepared using 

the University of Tasmania Geology Department natural rock standards 

Tas-Granite-1, Tas-Dol-1 and Tas-UM-1, were used to determine nominal 

oxide percentages for all samples e~cept siderite, for which a series 

of synthetic high Mn,Fe standards were prepared. The loss on ignition 

was calculated from the loss in mass after ignition for 3 hours at 

l000°c. Analyses were corrected for absorption etc. effects using 
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a computer program supplied by the Department Analyst, Mr. P. Robinson. 

A2.2 STABLE ISOTOPE ANALYSES 

A2.2.l Sulphur Isotope Analyses 

Sulphides for isotopic analysis were separated by a combination 

of selective acid dissolution to remove pyrrhotite, magnetic separation 

on a Frantz Isodynamic Separator and hand-picking under a binocular 

microscope. Pyrrhotite was concentrated by repeated magnetic separation 

of finely crushed material, except for massive pyrrhotite samples free 

of other sulphides, which were sampled with a small dental drill. 
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Sulphur dioxide for analysis was produced by heating the 

sulphide sample with an excess of cupric oxide at l000°c under vacuum, 

with subsequent purification using dry ice-acetone and ethanol-

liquid nitrogen cold traps. 

Sulphide isotope compositions are reported as per mil values 

relative to Canyon Diablo Troilite. Results were generally 

reproducible to better than ± O.l%o. 

A2.2.2 Oxygen Isotope Analyses of Whole Rocks, Silicates and Cassiterite 

Silicate minerals and cassiterite were separated for analysis by a 

combination of selective acid dissolution to remove sulphides and 

carbonates from quartz and cassiterite, magnetic and heavy liquiq 

separation and hand-picking under a binocular microscope. Whole rock 

samples were prepared by repeated quartering of a sample of minus-80 

mesh rock powder. Oxygen was liberated by reaction of'the sample with 

0 BrF5 in nickel vessels at 600 C (Clayton & Maye?a, 1963). Oxygen was 

then converted to C02 for isotopic analysis by reaction with a heated 

graphite disc. 

Oxygen isotopic compositions are reported as per mil values 

relative to Standard Mean Ocean Water. Results were generally 

reproducible to better than ± O.l%o. 

A2.2.3 Oxygen and Carbon Isotopic Analyses of Carbonates 

Carbonate samples were reacted with 100% phosphoric acid to 

liberate carbon dioxide for isotopic analysis (Mccrea, 1950). !calcite 

was reacted for one day, and dolomites for two to three days. Yields 

from siderite samples were very small after up to one week of reaction 

and in only one case was sufficient C02 generated for reliable analysis. 



Carbon isotopic compositions are reported as per mil values 

relative to the PDB standard; results were generally reproducible to 

better than ± O.l%o. Oxygen isotope compositions are reported as 

per mil values relative to SMOW. Total oxygen isotope ratios were 

calculated as described by Sharma & Clayton (1965) using a-values 

quoted by Becker & Clayton (1976). 

A2.2.4 Hydrogen Isotope Analyses of Minerals and Inclusion Fluids 

Hydrous minerals were separated using combinations of gravity 

and magnetic separation and hand picking under a binocular microscope. 

Minor impurities of anhydrous minerals (mainly quartz) were present 

in some samples. Water was released from hydrous minerals by heating 

to approximately 130o0 c in vacuum using an induction furnace, and 

collected in a liquid nitrogen trap. Traces of H2 produced were 

converted to H2o by reaction with cupric oxide at approximately 

soo0 c. 

Water removed from rn~nerals, and water extracted from fluid 

inclusions was reacted with metallic uranium at approximately 750°c 

to produce H2 for isotopic analysis. Results are reported as per rnil 

values relative to SMOW; results were generally reproducible to ± 2%o. 

A2.3 BULK FLUID INCLUSION ANALYSES 

227 

Samples for bulk fluid inclusion analysis were crushed to 

approximately 5 mm, and then cleaned by a variety of methods according 

to their mineralogy. Sulphide-free samples were cleaned by boiling in 

several changes of deionised water, and subsequently electrolytically 

cleaned for 1-2 days. Samples of sulphide ore, consisting essentially 

of massive pyrrhotite, were rinsed several times in diluted distilled 

HN03 and subsequently several times in deionised water. Stainless steel 
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tubes used to contain the samples during extraction were cleaned with 

deionised water in an ultrasonic cleaner. 

Appro:dmately 20 g of sample were loaded into a stainless steel 

tube, which was evacuated and degassed for 10-12 hours at so0 c. The 

tubes were than sealed, removed" from the vacuum line and crushed under 

a hydraulic press, then returned to a vacuum line on the inlet system 

of a 3" Nuclide mass spectrometer. 

Gases were sep~rated into non-condensable, and liquid nitrogen-

condensable fractions. The amounts of the two fractions were determined 

using a McLeod gauge, and the gases identified by mass spectrometer 

scans. Synthetic mixtures of standard gases were also scanned to 

calibrate mass peak ratios of the observed gas mixtures. Water which 

condensed in a dry ice-acetone trap was converted to hydrogen for 

isotopic analysis as described above, and masses of water calculated 

from hydrogen yields. 

Crushed samples were leached with deionised water as described 

by Ripley (1976). Leachates were analyzed for Na, K, Li, Ca, Mg, Fe, 

Cu and Zn by atomic absorption spectrophotometry, and chlorine was 

measured with an Orion chloride selective ion electrode. Because of 

the low chloride levels analyses were performed in a 50% sample/50% 

acetone mixture. Estimated uncertainties are ± 10% for cation analyses 

and ± 40% for chloride. 

A2.4 SEMI-QUANTITATIVE X-RAY DIFFRACTION MODAL ANALYSES OF DOLOMITES 

Samples of crushed dolomite, generally bulked over 5 feet or 

1.5 metres, were reduced by quartering of a scoop sample of approximately 

50 g, then ground by hand in an agate mortar and pestle. X-ray 

diffraction charts were run using CuK radiation, scan speed 1 deg/nun, 
a 

chart speed 400 mm/hr. All diffraction peaks were identified and 



intensities of major peaks corrected for overlaps where necessary, and 

mineral abundances classified as major, minor or trace using peak 

intensity ratios referred to the dominant phase, usually dolomite or 

siderite. Accurate mineral abundances cannot be measured by this 

method in the absence of an internal standard or some external 

calibration, and class boundaries will differ between minerals because 

of differences in X-ray scattering power, but boundaries between major 

and minor, and between minor and trace classes are estimated to be 

approximately 20 vol.% and 5 vol.% respectively for carbonates. 

A2.5 ELECTRON MICROPROBE ANALYSES OF SPHALERITES 
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Electron microprobe analyses of sphalerites were performed on a 

JEOL JXA-50A electron microprobe using an accelerating voltage of 20 kV, 

and beam current of approximately 5 x 10-9 amps. Metallic Fe, Mn, Cd 

and pure ZnS were used as standards. Emitted X-rays were measured 

using an EDAX energy-dispersive spectrometer, and ZAF corrections were 

performed on-line using a program adapted by Mr. B. Griffin. No 

elements other than Zn, Fe, Cd, Mn and S were detected in the analyzed 

samples. Analyses with totals outside the range 100 ± 0.5 wt.% were 

rejected, as were those with significant apparent excess or depletion 

of sulphur. Uncertainties in FeS, CdS abd MnS abundances are estimated 

to be± 0.5 mol.%. 



Appendix 3 

THERMOCHEMICAL DATA USED IN CONSTRUCTION OF PHASE DIAGRAMS 

Log f -pH-ES diagrams were calculated using a FORTRAN computer 
02 

program kindly supplied by Dr. E. Ripley while at Pennsylvania State 

University, and subsequently modified and adapted to Burroughs FORTRAN 

by the author. CalcuJation procedures used in this program were 

outlined by Ohmoto (1972). Remaining diagrams were hand-calculated. 

Equilibrium constants and other data used are listed below. 

Table A3-l Equilibrium constants for reactions used in 
construction of phase diagrams. 
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Reaction Log K (T°K) Source 

H+ + HS 

2. HS 

3. 

4. 
- + 2-

HS04 H + S04 

5. 

6. Ca
2+ 2-

+ S04 

7. 

-21.8359 + 1.4447 x (104/T) 
- 0.02119 x (104/T)2 

-21.4021 + 0.8979 x (104/T) 
- 0.01949 x (l0 4/T)2 

51.0971 - 6.2207 x (10 4/T) 
+ 0.02950 x (104/T)z 

-19.0477 + 1.0026 x (104/T) 
- 0.01494 x (104/T)2 

-14.7076 + 0.9469 x (104/T) 
- 0.01640 x (104/T)2 

-16.2092 + 0.9106 x (104/T) 
- 0.01504 x (104/T)2 

-14.3396 + 0.6748 x (10 4/T) 
- 0.00939 x (104/T)2 

-3.9973 + 1.0278 x (10 4/T) 
- 0.00060 x (104/T)2 

7.1628 - 0.7617 x (10 4 /T) 
+ 0.00103 x (104/T)2 

14.8401 + 1.0443 x (104/T) 
- 0.00176 x (104/T)2 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 



Table A3-l cont. 

Reaction 

17. 2Sn + S2 = 2SnS 

18. 4SnS + S2 = 2Sn2S3 

19. 2Sn2S3 + S2 = 4SnS2 

20. 3FeC03 + ~02 = Fe304 + 3C02 

21. 2Ni0 = 2Ni + 02 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

C02 + 2Hz0 = CH4 + 202 

sno2 + 2CuFeS2 + S2 = 

Cu2FeSnS4 + FeSz + 02 

FeTi03 + ~SL = FeS + Ti02 + ~02 

MnS + COz + ~02 = MnC03 + ~S2 
+ -CuFeSz + H + ~Oz + Cl = 

Fes 2 + ~H2o + cuc19 
+ -

FeS2 + 2H + H20 + ~l = 
2H 2s (aq) + Feel + ~o2 

- + 2-
ZnS + Cl = ZnCl + S 

Mg3SizO~(OH)4 + 6H+ = 
. 3Mg

2 
+ 2H4Si04 + HzO 

+ 2+ 
CaC03 + 2H Ca + HzO + COz (g) 

CaMg(C03)2 + 4H+ = ca2+ + Mg2+ 
+ 2Hz0 + 2COz (g) 

SiOz + 2Hz0 = H4Si04 

KAl3Si301o(OH)2 + lOH+ 
K+ + 3Al 3+ + 3H4Si04 

KMg3~lSi301o~OH)2 ++lOH+ = 
K + 3Mg2 + Al 3 + 3H4Si04 

Log K (To K) 

5.5042 + 1.3466 x (10 4/T) 
- 0.00376 x (10 4/T)2 

-7.6752 + 3.3988 x (10 4/T) 
- 0.00192 x (l04/T)2 

14.8948 - 2.6110 x (104/T) 
+ 0.00175 x (l0 4/T)2 

12.560 - 1.1067 x (10 4/T) 

-9.3109 + 1.2150 x (104/T) 

6.2119 - 2.1606 x (10 4/T) 
+ 0.00022 x (104/T)2 

-10.1004 + 1.8481 x (10 4/T) 

-10.4413 + 1.2238 x (10 4/T) 

-10.7232 + 1.1626 x (10 4/T) 

21.6343 - 0.1639(104/T) 

9.36 - 2.4930(104/T) 

Log K (To C) 

300°c 350°c 

-36.47 

-24.50 

10.4 

9.9 

-42.86 

-12.17 

15.53 

8.73 

19.68 

-1.94 

-3. 31 

16. 26 
( 7. 53) 

-33. 54 

-21. 75 

10.66 

9.9 

-39 .13 

-10.45* 

14.07* 

8.65* 

23.70* 

-1. 74* 

-5.09* 

13.85 
(5. 82/ 
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Source 

a 

a 

a 

a 

b 

c 

a 
a 
a 
b 

e 

c 

f 

c 

c 

a 

a 

g 

g 

g 

g 

g 

g 

h 
j 
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Table A3-l cont. 

Log K (To K) 
Reaction Source 

35. CaMg(Si03)2 + 4H+ + 2H20 8.85 
Ca2+ + Mg2+ + 2H4Si04 

7.92* 

Ca2Mg5Si9022(0H)2 + 14H+ + 8H20 25.27 
2Ca2+ + 5Mg2+ + 8H4Si04 

36. 22.57* 

Mg3Si40+o(OH)2 + 6H+ + 4H20 8.45 
3Mg2 + 4H4Si04 

37. 7.53* 

38. 3KA1Si309 + 2H+ 8.15 
KAl3Si301o(OH)2 + 6Si02 + 2K+ 

7.6 

2KA13Si301o(OH)2 + 2H+ + 3H20 = 5.05 
3Al2Si205(0H)4 + 2K+ 

39. 4.6 

3NaA1Si309 + 2H+ = NaAl3Si301o(OH)2 9.28 . + 
+ 6S102 + 2Na 

40. 8.8 

2NaA13Si301o(OH)2 + 2H+ + 3H20 = 7.35 
3A12Si205(0H)4 + 2Na+ 

41. 7.0 

42. H20 (1) + H + OH -11. 39 -11.6* 

43. HCl H+ + Cl -1. 24 -1. 75* 

Sources: 

a. From Ripley (1976) ~nd Ripley & Ohmoto (1977) 
b. Calculated from Holland (1965) 
c. Calculated from data in Robie & Waldbaum (1968) 
d. Calculated from Vaughan & Craig (1978) 
e. Huebner (1971) 
f. Calculated from data in Robie & Waldbaum (1968) and Vaughan & 

Craig ·(1978), using b.G~ . = -155430 + 75. 75T (°K) cal.gfw-1 
stannite 

obtained by least-squares fitting to the data of Gorbachev & 
Nekrasov (1976). 

g. From Helgeson (1969) 
h. Calculated using free energy estimate of Nriagu (1975) and 

estimated data for OH-phlogopite in Table A3-2. 
j. Calculated using free energy estimate of Tardy & Garrels (1974) 

and estimated data for OH-phlogopite in Table A3-2. 
k. Calculated from data of Montoya & Hemley (1975). 

* extrapolated 

g 

g 

g 

k 

k 

k 

k 

g 

g 



Table A3-2 Thermochemical data for OH-phlogopite. 

~G~, 25°c 

kcal.mole- 1 

-1388 (a) 

-1410. 9 (b) 

s0
, 2s0 c 

a 

76.98 (c) 96.21 

(a) preferred value of Tardy & Garrels (1974) 
(b) estimated by Nriagu (1975) 

c0 
(d) 

p 

b x 10 3 

31.23 16.73 

(c) calculated by summation of entropies of oxide components 
using data of Kelley (1960) and Helgeson (1969), using 
entropy of ice for H20 component 

(d) calculated by summation of heat capacity power functions 
of oxide components using data of Kelley (1960) and 
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Helgeson (1969) using heat capacity of ice for H2o component. 



Activity coefficients of charged aqueous species were approximated 

by third-order trend surface expressions fitted to calculated activity 

coefficients between 25° and 300°c, calculated from equation (43) of 

Helgeson (1969) with the following g values from Kielland (1937). 

Species 

+ K , Cl 

OH , HS 
+ Na , HC03 
2-

504 
2-

C03 
2-s 

Ca2+ 

Mg 
2+ 

~ x 10 8 

3.0 

3.5 

4.0 

4.0 

4.5 

5.0 

6.0 

8.0 

Activity coefficients are listed below as values of log y as functions 

of temperature in degrees C (T) and stoichiometric ionic strength (I). 

Activity coefficients of neutral species were taken to be the same as 

that of aqueous C02 1 and were approximated by a third-order trend 

surface expression fitted to the data of Helgeson (1969) for log y 
0 

• 
c 2 
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Table A3-3 Activity coefficients for aqueous species. 

+ K , Cl 

log y = -0.14808 - 0.0011653.T - 0.063452.I + 0.67313 x l0-5 .T2 

+ 0.18412 x 10- 3T.I + 0.0235.I 2 - 0.19402 x l0- 7 .T3 -
0.17173 x l0-5 .T2I + 0.31143 x l0-4 .r2 .T -

OH , HS 

log y 

+ Na , HC03 

log y 

2-
.§2L 

log y 

2-
~ 

log y 

2-s 

0.25010 x l0-2 .r3 

-0.03666 - 0.00111.T - 0.24140.I + 0.65068 x l0- 5 .T2 

+0.20128 x 10-3T.I + 0.12508.I2 - 0.18661 x l0-7 .T3 

- 0.16539 x l0- 5 .T2I + 0.26269 x l0-4 .r2T 
- o. 01970. r 3 

-0.18393 - 0.00107.T + 0.05170.I + 0.63240 x l0-5 .T2 

+ 0.21370 x 10-3T.I - 0.03123.I 2 - 0.18028 x l0-7 .T3 

- 0.16038 x lo-s.T2 r + 0.22542 x lo-4 .r2T + o.62048 x 
l0-2r 3 

-1.02408 - 0.002872.T + 0.56488.I + 0.13940 x l0-4 .T2 

- 0.16661 x l0-5T.I - 0.3J485.I 2 - 0.47834 x 10-7T3 

- 0.25402 x l0- 5T2I + 0.95461 x l0- 4r 2T + 0.06650.I3 

-1.02228 - 0.002716.T + 0.64325.I + 0.13258 x l0-4T2 
+ 0.39451 x 10-4T.I - 0.40627.I2 - 0.45490 x 10-7.T3 
- 0.23774 x l0-5 .T2 I + 0.82889 x lo-4r2T + 0.07125.I3 

log y = -0.90582 - 0.002579.T + 0.50228.I + 0.12667 x 10-4T2 

Ca2+ 

log y 

log y 

+ 0.72255 x l0-4T.I - 0.32014.I 2 - 0.43410 x l0- 7 .T3 
- 0.22440 x 10-5T2I + 0.72571 x lo-4r 2T + 0.05648.!3 

-0.85999 - 0.0023511.T + 0.54204.I + 0.11678 x 10-4.T2 
+ 0.12325 x l0- 3T.I - 0.32808.!2 - 0.39846 x 10-7.T3 
- 0.20449 x 10-5T2I + 0.56528 x l0-4 r2T + 0.05717.!3 

-0.16736 - 0.002006.T - 0.54308.I + 0.10201 x 10-4.T2 
+ 0.17937 x 10-3T.I + 0.28103.I2 - 0.34436 x l0-7.T3 
- 0.17928 x l0- 5T2I + 0.37404 x l0-4 r2T - 0.04516.!3 
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log y = 0.02181 - 0.69573 x 10- 3 .T + 0.11587.I + 0.17411 x l0-6.T2 
+ 0.25220 x l0-3T.I - 0.02341.!2 + 0.57100 x 10-8.T3 
+ 0.75234 x l0-6T2I - 0.12803 x l0-3I2T + 0.56803 x lo-2r3 
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Acti•1ity of water was also approximated by a thirC.-order trend 

surface expression fitted to the data of Helgeson (1969). 

-0.02786 + 0.17010 x 10-4 .T + 0.03682.I + 0.23568 x 10-7T2 

- 0.36168 x l0-4 T.I - 0.02773.!2 - 0.17522 x 10-9 T3 

+ 0.10468 x l0-6 T2 I + 0.63125 x 10-5I2T + 0.004384.! 3 

Stoichiometric individual ion activity coefficients of aqueous 

+ + 0 
Na and K were taken from Helgeson (1969), extrapolated above 300 C. 

+ Na 

* extrapolated 

300°c 

-0.68 

-o. 71 

log Yi 

350°c 

-0.95* 

-1.0* 
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Table A3-4 Fugacity coefficients for gaseous species. 

Ptotal = 1000 bars. 

From Ryzhenko & Volkov, 1971. 

T°C C02 CH4 H2 H20 

200 0.824 1.475 1.529 0.0213 

300 0.984 1.525 1.437 0.109 

400 1.108 1.516 1.372 0.269 

500 1.197 1.484 1.316 0.482 

600 1.249 1.452 1.269 0.656 

700 1. 275 1.423 1.230 o. 765 



Appendix 4 

CALCULATED THERMOCHEMICAL DATA FOR Sn(II) CHLORIDE, 

HYDROXYL AND FLUORIDE COMPLEXES 

Methods of calculation of dissociation constants for the aqueous 

+ 0 - + 0 - + species SnCl , SnClz , SnCl3, Sn(OH) , Sn(OH)z , Sn(OH)3 , SnF were 

described in Section 6.4. Individual ion activity coefficients for 

sn2+ and stannous chloride complexes were calculated from Equation 43 

of Helgeson (1969) using values nor 108 x g of 6 for Sn
2

+ (Kielland, 

1937) and 6.5 for SnCl+ and SnCl3- (estimated from data for cations 

and CdCl in Kielland, 1937). Individual ion activity coefficients 

0 for SnC12 and for stannous hydroxyl and fluoride complexes were taken 

as 1. Stoichiometric individual ion activity coefficients for sn2+ 

due to chloride complexing were calculated using Equation 49 of 

Helgeson (1969), and graphically extrapolated to 3S0°c. 
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Table A4-l 

A. snc1+, SnCl3 

0 
mtNaCl/T C 25 

1 0.76 

2 0.80 

3 0.86 

B. sn2+ 

0 
mtNaCl/T C 25 

1 0.23 

2 0.21 

3 0.21 

Individual ion activity coefficients for 
sn2+ and stannous chloride complexes. 

50 100 150 200 250 

0.75 0.72 0.69 0.64 0.56 

0.80 0.77 0.73 0.67 0.56 

0.86 0.84 0.79 0. 71 0.58 

50 100 150 200 250 

0.21 0.18 0.15 0.11 0.07 

0.20 0.17 0.13 0.10 0.06 

0.20 0.17 0.13 0.09 0.05 
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300 

0.45 

0.42 

0.41 

300 

0.04 

0.03 

0.02 
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Table A4-2 Thermochemical data for Sn(II)-Cl complexes. 

T
0 c log S1 log S2 

25 -1.50 -2.26 

50 -1. 73 -2.49 

100 -2.21 -2.99 

150 -2.76 -3.58 

200 -3.41 -4.30 

250 -4.4 -5.4 

300 -5.2 -6.3 

350 -6.l -7.3 

Equilibrium constants are 
constant for the reaction 

sncif-i 

a extrapolated. 

log Ysn2+ 
log S3 

lM,T NaCl 2m,t NaCl 3m,t NaCl 

-2.06 -2.18 -2.86 -3.36 

-2.36 -2.43 -3.14 -3.64 

-3.00 -2.93 -3.66 -4.18 

-3.72 -3.43 -4.14 -4.61 

-4.59 -4.04 -4.73 -5.16 

-5.9 -5.01 -5.66 -6.05 

-7.0 -5.75 -6.40 -6.78 

-8.2 -6.9a -7.4a -8.0a 

given as log Si where Si is the equilibrium 

= sn2+ + i.Cl -



Table A4-3 

25 
50 

100 
150 
200 
250 
300 
350 

Thermochemical data for Sn(II)-OH complexes. 

log S1 log S2 log S3 

-11. 90 -21.36 -25.84 
-11.38 -20.45 -24.93 
-10.66 -19.26 -23.85 
-10.35 -18.72 -23.58 
-10.35 -18.78 -24.07 
-10.6 -19.0 -24.7 
-11.1 -19.2 -25.9 
-11.6 -20.3 -27.2 

Equilibrium constants are given as log Si where Si is 
the equilibrium constant for the reaction 

= 

Table A4-4 Thermochemical data for Sn(II)-F complexes. 

T0 c log S1 

25 -4.85 
50 -4.68 

100 -4.51 
150 -4.49 
200 -4.62 
250 -4.8 
300 -5.0 
350 -5.4 

Equilibrium constants are given as log Si where Si is 
the equilibrium constant for the reaction 

Sn2+ + i.F 
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