
CHAPTER 7: SULPHUR ISOTOPE GEOCHEMISTRY . . 

7.1 INTRODUCTION ••• 

Sulphur isotope geochemistry has greatly assisted interpretations of ore deposit genesis, 

and in many instances has been integral to the development of ore deposit and exploration 

models. Comprehensive reviews of the principles of sulphur isotope geochemistry are 

presented in Faure (1977), Valley eta/. (1986) and Kyser (1987). Sulphur isotope analyses 

can provide information on: (a) the source(s) of sulphur; (b) temperature of mineral 

deposition; (c) physico-chemical conditions in the mineralised environment; (d) mechanism 

of mineral deposition and (e) spatial and temporal variations in mineralising fluid 

compositions. Sulphur isotope variations may also be used as guides to exploration (Taylor, 

1987). This sulphur isotope investigation was undertaken to assess the isotopic 

composition and source for sulphur in the Renison deposit and to ascertain both the spatial 

and temporal variations in the physico-chemical conditions associated with sulphide 

deposition. 

7.2 PREVIOUS ISOTOPES INVESTIGATIONS 

Detailed sulphur isotopic investigations have been performed by several researchers in the 

Renison area. Rafter and Solomon (1967), and Groves (1968) documented twenty one 

analyses from samples collected from a range of environments which included the 

stratabound carbonate replacement deposits, the Federal orebody, and disseminated 

sulphides in the Renison Bell Shales. o34s values for pyrrhotite and pyrite ranged from 

4.0%o to 8.1~oo while a single galena grain yielded a value of 2.2~oo. These authors 

considered the heavy sulphur isotope values to reflect the distance of mineralisation from 

the granitic source rocks, where increased distance from the main centre of mineralisation 

correlated with heavier sulphur. Patterson (1979) extended the stable isotope database with 

a further forty-eight samples from the various paragenetic stages at Renison. Values ranged 

from 3.n'oo (pyrrhotite) to 12.0roo (late stage pyrite). The majority of sulphides had o34s 
values between 4.9%o and 7.4%o (average 6.3%o). Patterson (1979) concluded that the 

sulphur was derived from a granitic source, associated with high temperature fractionation 

during evolution of the ore fluids. Ward (1981) obtained ten additional sulphur isotopic 

analyses from vein mineralisation in the Pine Hill Granite which yielded values from -0.2%o 

(galena) to +8.6~oo (molybdenite). Sulphur was considered to have a magmatic origin. 
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Holyland (1987) obtained an additional forty-eight analyses from most paragenetic stages at 

Pine Hill and Renison, and concluded that early-stage magmatic fluids were enriched in 34s 

(o34s - 6%o), prior to depletion by meteoric fluids during the late base metal stage (o34s -

4%o). Barber (1990) obtained eleven analyses on pyrite and pyrrhotite from the Polaris 

orebody, with a range of o34s values from S.O,oo to 8.3%o, and considered the values to 

reflect magmatic sulphur sourced from the underlying Pine Hill Granite. 

7.3 THIS STUDY ••• 

To determine the spatial and temporal evolution of mineralisation along fault structures at 

Renison, a detailed investigation of sulphur isotope compositions for each paragenetic 

stage has been undertaken. Sulphide minerals from the first order Federal-Bassett Fault, 

second order Transverse Faults ('Shear L' and 'Shear P') and the Renison-Dundas district 

have been analysed to evaluate: (i) the isotopic composition of the hydrothermal fluids from 

each paragenetic stage; (ii) establish the source of the mineralising fluids; and (iii) 

substantiate temporal and/or spatial isotopic variations associated with mineralisation. 

Minerals analysed include arsenopyrite, pyrite, pyrrhotite, chalcopyrite, sphalerite, galena, 

and jamesonite (Fig. 7.1A-G; Table 7.1; Appendix VII). Because of difficulties in establishing 

isotopic equilibrium between mineral pairs no attempt was made at sulphur isotope 

geothermometry. 

7.4 ANALYTICAL TECHNIQUES ••• 

Conventional analytical techniques, together with laser ablation of fine grained sulphides, 

were employed to determine the isotopic composition of the sulphide minerals. 

Conventional sulphur isotope analyses were performed on drilled sulphide mineral 

separates. These were combusted with excess Cu20 in vacuo to produce S02 (Robinson & 

Kusakabe, 1975), and the sulphur gas separated to determine the 34st32s ratios. The 

results are expressed in standard ~per mil ("oo) notation relative to the Canyon Diablo Troilite 

(COT), and calculated as: 

0348 = {(34S/32S)samp/e -e4 S/32S)standard} * 1 OOO%o 
sample (34 S/32S) 

standard 

The analytical uncertainty is estimated to be± 0.2 per mil ("oo). Internal standards used in the 

Central Science Laboratory are homogenous galenas from Broken Hill (o34S = 3.2,oo), 

Rosebery (o34s = 12.4,oo) and Tullah (o34s = 15.2%o), together with an S02 reference gas 

(o34s"" COT). All standards were calibrated against the international sphalerite standards 

IAEA NZ1 and NBS 123 (o34s values of 1.83"oo & 4.34"oo respectively). Conventional and 

laser ablation sulphur isotope ratio measurements were performed using a VG Micromass 
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Table 7.1 Summary of conventional sulphur isotope statistics for each paragenetic stage associated with fault 
controlled mineralisation at Renison. Sulphur isotope analyses for sulphide minerals from a number of the Renison-
Dundas prospects are included at the bottom of the table. 

PARAGENETICSTAGE MINERAL FAULT NAME No. of ANALYSES &34smln (X.) &34s,..x(X.) &34smean (X.) 

Oxide-silicate Stage Arsenopyrite 'ShearL' n= 11 2.4 7.2 6.3 
'ShearP n=5 6.3 7.2 6.7 
Polaris n=l 6.6 6.6 6.6 
Federal-Bassett Fault n=8 4.9 8.0 6.8 

Main Sulphide Stage Pyrite 'ShearL' n=8 4.8 11.2 6.5 
'ShearP n=4 5.0 6.3 5.7 
Polaris n=7 2.4 6.4 4.5 
Federal-Bassett Fault n=48 4.9 13.4 6.4 

Pyrrhotite 'ShearL' n=27 5.0 9.2 6.1 
'ShearP n= 21 5.2 12.1 6.3 
Polaris n=6 0.3 5.9 3.9 
Federal-Bassett Fault n= 143 3.7 13.2 6.5 

Chalcopyrite 'ShearL' n=1 6.2 6.2 6.2 
Federal-Bassett Fault n=9 5.8 7.0 6.4 

Sphalerite 'ShearL' n=1 5.3 5.3 5.3 
Polaris n=1 5.2 5.2 5.2 
Federal-Bassett Fault n=2 6.1 7.2 6.6 

Base Metal Stage Arsenopyrite 'ShearL' n=1 5.6 5.6 5.6 
'ShearP n=1 5.9 5.9 5.9 
Federal-Bassett Fault n=3 6.2 7.2 6.7 

Pyrite Federal-Bassett Fault n=2 4.6 5.9 5.3 

Chalcopyrite Federal-Bassett Fault n=4 5.1 5.1 5.3 

Sphalerite 'ShearL' n=3 3.1 4.7 4.0 
Federal-Bassett Fault n= 17 5.3 10.6 6.1 

Galena 'ShearL' n=1 3.6 3.6 3.6 
Federal-Bassett Fault n=5 3.0 4.1 3.4 

Vug-6ll Carbonate Stage Pyrite Federal-Bassett Fault n=1 6.2 6.2 6.2 

Supergene? Greigite Federal-Bassett Fault n=7 -26.6 6.4 5.9* (1.3) 

Regional Mineralisation Pyrite Prospects n= 10 8.1 12.0 9.9 
Pyrrhotite Prospects n=4 1.9 9.8 6.4 
Chalcopyrite Prospects n=2 5.0 7.9 6.5 
Sphalerite Prospects n=8 5.8 10.8 8.6 
Galena Prospects n=7 4.2 10.2 7.2 
Jamesonite Prospects n=5 5.4 9.1 7.6 

L=385 

•s34Smean value for melnikovite from Federal-Bassett Fault without the anomalous s34Smin value of -26.6'Yoo. 



6020 mass spectrometer and a VG Sira 10 mass spectrometer, respectively. Both 

instruments are housed in the Central Science Laboratory, University of Tasmania under the 

supervision of M. Power {Sr). 

Laser ablation analysis of sulphur isotopes were performed according to the procedure of 

Huston eta/. {1993) using a Nd:YAG laser. 150 (.lm thick, 10 mm x 10 mm polished chips 

containing sulphide grains larger than 70 (.lm were prepared for analyses. Ablation pits 

typically ranged in size from 1 00 (.lm to 250 (.lm, and the sulphur dioxide gas passed directly 

to an automatic clean-up line on the VG Sira 10 mass spectrometer. The fractionation factors 

and analytical uncertainty for pyrite/marcasite, chalcopyrite, sphalerite, galena, and pyrrhotite 

are estimated to be 6.75 ± 0.15roo, 3.80 ± 0.33%o, 0.19 ± 0.41%o, 3.90 ± 0.40roo and 2.92 ± 

0.38roo respectively {Huston eta/., 1993). 

7.5 SYLPHUR ISOTOPE RESULTS 

7.5.1 Oxide-silicate Stage •.. 

Arsenopyrite was the only sulphide analysed for o34s in the oxide-silicate stage of 

mineralisation at Renison. A total of twenty-five conventional sulphur isotope analyses were 

performed on arsenopyrite from the Federal-Bassett Fault {4.9roo to 8.0roo, mean 6.8%o; n = 
8), 'Shear L' {2.4%o to 7.2roo, mean 6.3%o; n = 11 ), 'Shear P' {6.3%o to 7.2roo, mean 6.7%o; n = 

5), and Polaris {6.6roo; Table 7.1; Fig. 7.1A; Appendix VII). Four laser ablation analyses 

across a single arsenopyrite grain from the Melba 1985 orebody yielded a wide range of 

o34s values {3.5roo, 4.7roo, 5.8roo, & 6.8roo). These analyses have not been corrected for 

fractionation effects during ablation, as appropriate arsenopyrite standards are currently 

unavailable for the laser ablation technique. However, the results demonstrate that 

arsenopyrite crystals from Renison are not internally homogeneous in their isotopic 

composition and that conventional drilling techniques on this mineral produce an average 

isotopic value for individual crystal~. The heterogenous nature of arsenopyrite geochemistry 

was suspected, prior to isotopic studies, when zoned arsenopyrite crystals were identified 

by etching with saturated chromic acid {see Chapter 5; Plate 5.8h). 

7 .5.2 Main Sulphide Stage ••. 

Within the major faults at Renison, the main sulphide stage minerals {pyrite, pyrrhotite, 

chalcopyrite, and sphalerite) were analysed for their o34s values {Table 7.1; Appendix VII). 

Pyrite occurs as pyrite euhedra, or associated with sulphide stage deformation and 

replacement of pyrrhotite. A total of sixty seven conventional sulphur isotope analyses were 

performed on pyrite from the Federal-Bassett Fault {4.9roo to 13.4roo, mean 6.4roo; n = 48), 

'Shear L' {4.8roo to 11.2roo, mean 6.5roo; n = 8), 'Shear P' {5.0roo to 6.3roo, mean 5.7roo; n = 4), 
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and Polaris (2.4%oto 6.4~oo, mean 4.5~oo; n = 7; Table 7.1; Fig. 7.1B; Appendix VII). Sulphur 

isotope analyses from 'Shear L', 'Shear P', and Polaris are consistently lighter in o34s than 

the Federal-Bassett Fault, where the o34s values are tightly constrained between 5.0~oo and 

7.0~oo (Fig. 7.1 B). Along the Transverse Faults, away from the Federal-Bassett Fault contact, 

sulphur isotope values get heavier before decreasing by up to 2~oo in the carbonate

magnetite rich Polaris orebody, where 'Shear L' ramps into 'Shear P' (Chapter 3). The two 

lightest pyrite o34s analyses at Renison come from the Polaris orebody (Sample 111337; 

2.4~oo and 2.5~oo), and represent pyrite replacement of pyrrhotite and arsenopyrite from an 

earlier oxide-silicate stage assemblage. Peripheral to Rendeep mineralisation along a 

constriction in the Federal-Bassett Fault, and hosted by brecciated sediment, four 

anomalous pyrite grains (Samples 111000, 111071, 11107 4, 111 078) yielded anomalously 

heavier o34S values (> 12.0~oo). Interpretation of these o34s values in terms of fluid-rock 

interaction will be discussed in Section 7.6. 

Pyrrhotite dominates the sulphide stage at Renison. A total of one hundred and ninety

seven conventional sulphur isotope analyses were performed on pyrrhotite from the 

Federal-Bassett Fault (3.7~oo to 13.2roo, mean 6.5~oo; n = 143), 'Shear L' (5.0~oo to 9.2~oo, 

mean 6.Woo; n = 27), 'Shear P' (5.2~ooto 12.Woo, mean 6.3roo; n = 21), and Polaris (0.3~ooto 

5.9~oo, mean 3.9~oo; n = 6; Table 7.1; Fig. 7.1 C; Appendix VII). Trends in the pyrrhotite data 

are similar to those observed for pyrite. Most of the o34s values for pyrrhotite from the 

Federal-Bassett Fault are grouped between 5.0roo and 7.4~oo (Fig. 7.1C). Sulphur isotope 

analyses of main stage pyrrhotite from 'Shear L', 'Shear P', and Polaris, however, are 

consistently lighter than o34s values from the Federal-Bassett Fault (Fig. 7.1 C). Pyrrhotite 

o34s values from the Transverse Faults show a slight increase away from the contact with the 

Federal-Bassett Fault. However, this trend is reversed by up to 2roo in the carbonate

magnetite rich Polaris orebody (Table 7.1; Fig. 7.1 C; Appendix VII). A small number (n=6) of 

anomalously high pyrrhotite o34s values (~11%o) were obtained from 'Shear P' (Sample 

111466) and the Federal-Bassett Fault (Samples 111177, 111000, 111055, 111067, and 

111071; Fig. 7.1C; Appendix VII). ]"hese pyrrhotite analyses occur within fault constrictions, 

peripheral to mineralisation, and are either associated with brecciated host sediments or late 

stage vug-filled carbonate veins. 

Chalcopyrite occurs late in the main sulphide stage as an overprint on arsenopyrite, 

pyrrhotite and pyrite mineralisation. Ten conventional sulphur isotope analyses of 

chalcopyrite were performed on specimens from 'Shear L' (6.2~oo), and the Federal-Bassett 

Fault (5.8~oo to 7.0~oo, mean 6.4%o; n = 9; Table 7.1; Appendix VII) where the sulphide stage 

chalcopyrite o34s values are tightly constrained (Fig. 7.1 D). 

Sphalerite occurs as a minor phase late in the main sulphide stage of the mineral 

paragenesis at Renison. Only four conventional sulphur isotope analyses were performed 
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on sphalerite specimens from the Federal-Bassett Fault (6.1%o to 7.2'roo, mean 6.6'roo; n = 2}, 

'Shear L' (5.3'roo}, and Polaris (5.~.-'o; Table 7.1; Fig. 7.1 E; Appendix VII}. o34s values of main 

stage sphalerite from 'Shear L' and Polaris (Samples 111271 & 111305} are noticeably 

lighter than samples from the Federal-Bassett Fault. 

7 .5.3 Base Metal Stage ••• 

Base metal stage sulphide minerals analysed for o34s values include arsenopyrite, pyrite, 

pyrrhotite, chalcopyrite, sphalerite, and galena (Table 7.1 }. Sulphur isotope analyses of base 

metal stage arsenopyrite were performed by conventional techniques on five samples from 

the Federal-Bassett Fault (6.2'roo to 7.2%o, mean 6.'rk; n = 3}, 'Shear L' (5.6'roo), and 'Shear P' 

(5.9'roo; Table 7.1; Fig. 7.1A; Appendix VII). No significant variations in arsenopyrite o34s 
values are apparent from the oxide-silicate to the base metal stage of mineralisation on the 

Federal-Bassett Fault. Insufficient data is available, however, to make comparisons between 

arsenopyrite o34s values associated with the Transverse Faults. 

Two conventional sulphur isotope analyses of base metal stage pyrite have been collected 

from the Federal-Bassett Fault (Samples 111171 & 110986; 4.6".-'o to 5.9'roo; Table 7.1; Fig 

7.1B; Appendix VII). These fall within the range defined by pyrite from the main sulphide 

stage of mineralisation. 

Four analyses of base metal stage chalcopyrite from the Federal-Bassett Fault (Samples 

111175, 111207, 111212 and 111034) yielded values between 5.Woo and 5.7'roo, with a 

mean value of 5.3'roo. These values are significantly lighter than the mean value obtained 

from sulphide stage chalcopyrite for the Federal-Bassett Fault (mean 6.4%o, n = 9}. 

Conventional sulphur isotope analyses of twenty base metal stage sphalerites from the 

Federal-Bassett Fault (5.3'roo to 10.6".-'o, mean G. Woo; n = 17} and 'Shear L' (3. Woo to 4.7'roo, 

mean 4.0'roo; n = 3} indicate that the o34s values are not significantly different from the main 

sulphide stage of mineralisation. However, mineralisation associated with 'Shear L' does 

appear to have significantly lighter o34s values than the Federal-Bassett Fault (Fig. 7.1 E; 

Table 7.1; Appendix VII). A single base metal stage sphalerite associated with a cross-cutting 

carbonate -sphalerite vein from the Federal-Bassett Fault is anomalously heavy, relative to all 

other Renison sphalerite analyses, having a o34s value of 1 0.6".-'o (Sample 1111 07; Fig. 

7.1 E; Table 7.1; Appendix VII). 

Galena is only recognised in the base metal stage of mineralisation at Renison. A total of six 

conventional sulphur isotopes analyses were performed on galena from the Federal-Bassett 

Fault (3.0'roo to 4.1 'roo, mean 3.4'roo; n = 5) and 'Shear L' (3.6".-'o; Fig. 7.1 F; Table 7.1; Appendix 
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VII). Despite the limited number of galena samples analysed, o34s value from both faults 

appear tightly grouped. 

7 .5.4 V ug-fill Carbonate Stage ••• · 

A single conventional sulphur isotope analysis of pyrite from the vug-fill carbonate stage 

mineralisation was obtained on a sample from the Federal-Bassett Fault. Sample 111230 

yielded a o34s value of 6.2%o; similar to the mean pyrite o34S value of 6.4'Yoo from sulphide 

stage. 

7 .5.5 Supergene Stage ••• 

Supergene melnikovite occurs along hairline fractures in pyrrhotite (Chapter 5). 

Conventional sulphur isotope analyses of seven greigite samples from the Federal

Bassett Fault yielded o34s values of 5.2'Yoo to 6.4%o, with a mean of 5.9%o (Table 7.1; 

Appendix VII). Where greigite replaces pyrrhotite, the sulphur isotope values appear to 

reflect the original composition of the pyrrhotite host (e.g., sample 111 083). A single 

example of a 1.0 em wide zone of greigite lining a late stage vug on the Federal-Bassett 

Fault (Sample 111 056) gave an anomalously low o34s value of -26.6'Yoo. The significance of 

this analysis is uncertain, but low temperature isotopic disequilibrium is suspected. Repeat 

analyses on this sample are presently waiting to be processed. 

7 .5.6 Renison-Dundas District ••• 

A number of conventional sulphur isotope analyses were acquired from sulphide minerals 

from the Renison-Dundas district. These o34s values were supplemented by analyses 

performed by Dr Geoff Green at Mineral Resources Tasmania (Appendix VII). On a district 

scale, o34s values for pyrite (n = 1 0) range from 8.1 'Yoo to 12.0%o, with a mean value of 9.9'Yoo 

(Fig. 7.1 B; Table 7.1; Appendix VII). This range is significantly heavier than the results 

obtained from pyrites in mineralised faults at Renison. In contrast, pyrrhotite from the 

Renison-Dundas district, has o34s values (1.9'Yoo to 9.8'Yoo, mean 6.4%o; n = 4) that overlap 

the main sulphide stage data from Renison (Table 7.1; Fig. 7.1 C; Appendix VII). The lightest 

sulphur isotope analysis came from the Colebrook Hill (Sn-Cu) prospect east of Renison, 

and the heaviest sulphur isotope analysis is from the Fahl (Cu-Sb-Ag) Mine in the Dundas 

mineral field. The significance of this data will be discussed in the next section. Two 

conventional analyses of chalcopyrite from the Colebrook Hill and Curtin Davis SW prospects 

(Samples 111483 & 111488; 5.0'Yoo & 7.9'Yoo respectively) provide the upper and lower limits 

on the data for both main sulphide and base metal stage mineralisation at Renison (Fig. 

7.1 D; Table 7.1; Appendix VII). On a distri~t scale, eight sphalerite samples from various 

mines and prospects were found to have o34s values between 5.8%o and 10.8'Yoo, with a 
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mean value of 8.7%o (Fig. 7.1 E; Table 7.1; Appendix VII). These analyses overlap and 

extend the upper limit of the sphalerite data from both main sulphide and base metal stage 

mineralisation at Renison. Similarly, regional o34s values for galena are substantially heavier 

than values from the base metal stage at Renison ranging from 4.2%o to 10.2roo (mean 7.2%o; 

Fig. 7.1 F; Table 7.1; Appendix VII). Five conventional sulphur isotope analyses of 

jamesonite yielded o34s values from 5.4roo to 9. Woo, with a mean value of 7.6roo. (Fig. 7.1G; 

Table 7.1; Appendix VII). 

7.6 DISCUSSION OF SULPHUR ISOTOPE RESULTS 

Spatial variations in sulphur isotope values have been determined by plotting the results on 

longitudinal projections of the Federal-Bassett Fault. As stated in Chapter 5, each 

paragenetic mineral assemblage represents a 'snap-shot' in time associated with the 

evolution- of a complex hydrothermal system. Fluid inclusion studies have shown that fluid 

temperatures decreased away from an apophysis in the underlying granite during each 

paragenetic stage (Chapter 6). With time, the amount of overpressured hydrothermal fluid 

supplied to the system has waned and the thermal anomalies have collapsed, allowing 

overprinting of lower temperature mineral phases upon inner, high temperature 

assemblages. Consequently, each of the fault controlled paragenetic stages represents a 

single point in time at which the physico-chemical conditions associated with mineral 

precipitation can be estimated. For example, the Federal-Bassett Fault oxide-silicate stage 

isotherms determined from fluid inclusion studies (see Chapter 6; Fig. 6.8), represent a 

distinct epoch of mineral deposition where spatial considerations of physico-chemical 

conditions during ore deposition can be considered. In the following section, isotopic 

evolution of hydrothermal. fluids associated with a particular paragenetic stage of 

mineralisation is determined in a similar manner, by assuming simultaneous deposition of all 

mineral phases in a given paragenetic stage. 

To assist the interpretation of isotopic data, the following assumptions concerning the 

composition of the ore fluids are estimated: (i) H2S dominated magmatic system; (ii) acid ore 

fluids (pH = 4); and (iii) log f 02 "" -33.5 at 350°C. These estimates are based on studies of 

mineral equilibria, fluid inclusions, stable isotope, and thermodynamic modelling. A complete 

discussion of the thermodynamic constraints on ore deposition at Renison will be presented 

in Chapter 9. 

7 .6.1 Oxide-silicate Stage •.• 

A longitudinal projection of the Federal-Bassett Fault showing o34s contours for 

arsenopyrite from the oxide-silicate stage of mineralisation is presented in Figure 7.2. o34s 
values range from less than 6roo in the lower Federal to aroo toward the top of the mine 
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workings. Although data is limited (n = 11 ), the inferred zonation closely parallels the oxide

silicate stage isotherms (>400°C to <300°C) determined from fluid inclusion investigations 

(see Chapter 6, Fig. 6.8). The small apparent shift to heavier o34s values in oxide-silicate 

stage arsenopyrite from the Federal-Bassett Fault can be explained by: (i) declining 

temperatures and (ii) a depletion of H2S in the hydrothermal fluid (o34sLs < 6%o; Ohmoto & 

Rye, 1979) during ascent along the Federal-Bassett Fault. Similar depositional conditions for 

arsenopyrite are thought to have operated along the Transverse Faults during the oxide

silicate stage, but fluid inclusion data is presently unavailable to test this hypothesis. 

An anomalously low o34s value of 2.4'Yoo obtained on arsenopyrite from 'Shear L' is 

significant, as it is the only sample associated with the early carbonate-magnetite 

assemblage. Interaction between the carbonate-magnetite assemblage and later 

hydrothermal fluids may have caused a local shift to increased pH conditions (and probably 

higher -tog f 0 ) during arsenopyrite deposition, resulting in lighter o34s values (Ohmoto, 

1972). A single o34s value for arsenopyrite (Sample 111337; 6.6'Yoo) from the Polaris 

orebody, associated with early pyrite does not support this interpretation and further work is 

obviously warranted. 

7.6.2 Main Sulphide Stage ••• 

Sulphide stage o34s values for pyrite, pyrrhotite, chalcopyrite and sphalerite from the 

Federal-Bassett Fault show systematic spatial variations away from the Pine Hill Granite 

(Pyrite - Fig. 7.3; Pyrrhotite - Fig. 7.4). Sulphur isotope contours for both pyrite and 

pyrrhotite highlight the two dilational zones along the fault occupied by the Federal and 

Rendeep orebodies, and also closely match the sulphide stage isotherms (>300°C to 

<200°C} delineated by fluid inclusion studies (see Chapter 6, Fig. 6.9). The isotopic shift 

from lightest to heaviest o34s values in sulphide minerals (pyrite, pyrrhotite, chalcopyrite, 

sphalerite) from the base of the Federal-Bassett Fault to the top of the mine workings is 

consistent with isotopic fractionation due to declining temperature of an original H2S 

dominated hydrothermal fluid. Estimates of fluid o34sLs for the sulphide stage of 

mineralisation from the Federal-Bassett Fault, based on pyrite, pyrrhotite, chalcopyrite and 

sphalerite are S.O'Yoo, S.O'Yoo, S.S'Yoo, and S.O'Yoo respectively using the equations of Ohmoto & 

Rye (1979). 

The shift to heavier o34s values in pyrite and pyrrhotite along the second order Transverse 

Faults are interpreted to reflect decreasing temperatures away from the main upflow zone 

(the Federal-Bassett Fault). Fluid inclusion homogenisation temperatures are not available, 

however, to test this interpretation. In the Polaris orebody, lighter o34s values from pyrite 

and pyrrhotite could have resulted from an increase in pH, and possibly log f 02 values, in the 

mineralising fluid as it reacted with earlier carbonate-magnetite mineralisation (e.g., Ohmoto, 
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1972). Alternatively, Holyland (1987) suggests that in the Up-dip regions, mineralisation 

passed out from the thermal aureole dominated by pyrrhotite into the pyrite-dominated field. 

This transition could drive fluids to more oxi!=lised conditions during mineral deposition, 

resulting in a shift to lighter sulphur isotopes values (Ohmoto, 1972). Insufficient data is 

available to critically assess the single sulphur isotope analyses of chalcopyrite and 

sphalerite from the Transverse Faults, except to note that their o34s values are close to, or 

slightly lighter, than mean values for the Federal-Bassett Fault, indicating that similar physico

chemical conditions may have operated in both regions. 

Heavy o34S values from four pyrite (> 12"k), and six pyrrhotite (> 11 roo) samples in constricted 

regions of the Federal-Bassett Fault, adjacent to Rendeep, were associated with brecciated 

sediments, and may reflect an input of sedimentary sulphur. Sulphur isotope values for 

pyrite in Precambrian and Cambrian sediments from western Tasmania range from 15.Tk to 

19.4roo (Yaxley. 1981; Hajitaheri, 1985; Jack, 1989) suggesting that elevated o34s values in 

the Rendeep area have been caused by mixing of sedimentary and hydrothermal sulphur 

sources in the brecciated sediments peripheral to major styles of mineralisation at Renison. 

Laser ablation analysis of three heavy o34s (8. Woo to 9.0roo) euhedral pyrites from the Pine 

Hill Granite beneath Renison, and their association with altered feldspars megacrysts, may 

indicate the presence of late stage remobilised sedimentary sulphur. This interpretation 

necessitates the leaching of sulphur from ttie host sediments by circulating meteoric fluids 

that subsequently entered the Pine Hill Granite late in the history of sulphide deposition at 

Renison. The presence of a late meteoric-dominated hydrothermal fluid in the mineral 

paragenesis at Renison has previously been proposed by Patterson (1979) and Holyland 

(1987) and would support this interpretation. 

7 .6.3 Base Meta I Stage ... 

Temporally, the base metal stage o34s values of arsenopyrite, together with pyrite, 

chalcopyrite and sphalerite from the Federal-Bassett Fault, do not differ significantly from 

values obtained from the oxide silicate stage and sulphide stages respectively (Table 7.1; 

Appendix VII). Spatially, the base metal stage sphalerite and galena o34S values define a 

broad isotopic zonation along the Federal-Bassett Fault (Sphalerite - Fig. 7.5). Sulphur 

isotope contours for sphalerite outline two dilational zones occupied by the Federal and 

Rendeep orebodies that are similar to the zones highlighted by the base metal stage 

isotherms (>200°C to <150°C) from fluid inclusion studies (see Chapter 6; Fig. 6.9). A 

notable exception to this pattern occurs adjacent to the Federal region from 65200N to 

65400N where the 5.5roo sulphur isotope contour transgresses the 200°C and 150°C 

isotherms (Fig. 7.5 & Fig. 6.9). The isotopic shift from lightest (5.5%o) to heaviest o34s 
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(7.0roo) values in sphalerite and galena from the base of the Federal-Bassett Fault to the top 

of the mine workings represents isotopic fractionation, with declining temperature, of an 

original H2S dominated hydrothermal fluid (o34S.I;s = 5.0roo; Ohmoto & Rye, 1979). If this 

interpretation is correct, o34S.I;s appears to have remained constant, near 5.0roo, throughout 

most of the life time of the Renison hydrothermal system. 

A small number of base metal stage sphalerite and arsenopyrite analyses for the Transverse 

Faults show lighter o34s values relative to samples from the Federal-Bassett. This could 

indicate a transition to more oxidised conditions along the Transverse Faults (e.g., Ohmoto, 

1972) due to the incursion and/or mixing of meteoric fluids with a metalliferous brine at the 

site of mineral deposition (Patterson, 1979; Holyland, 1987). The o34s value from a galena 

sample from 'Shear L' (o34s.I:s = 3.6"k) suggests deposition under similar physico-chemical 

conditions to those in the Federal-Bassett Fault. Further o34s analyses, together with fluid 

inclusiorr studies are required before the physico-chemical conditions associated with 

mineral deposition in the Transverse Faults are adequately explained. 

7.6.4 Renison-Dundas District •.. 

Pyrrhotite o34s values (1.9roo to 9.8roo, mean 6.5roo; n=4; Fig. 7.1 C) from mines and 

prospects within the Renison-Dundas district overlap the Renison data set. These deposits 

occur within 1.5 kms of the underlying Pine Hill Granite and are therefore probably within the 

thermal aureole of the Pine Hill Granite, dominated by pyrrhotite mineralisation and 

associated with cassiterite deposition. As such, sulphur isotope fractionation during 

pyrrhotite precipitation would have occurred over a considerable temperature range from a 

probable homogeneous source and resulted in the observed o34s values. The Fahl Mine 

(o34s = 9.8roo). may be an exception, as it occurs furthest from the underlying granite. 

Instead, it may have had a significant input of sedimentary sulphur due to increased fluid

rock interaction in the distal regions of the system. 

Base metal stage mineralisation occurs peripheral to the central tin zones in the Renison

Dundas district (Chapter 5, Fig. 5.9), at distances greater than 1.5 km away from the 

underlying Pine Hill Granite. Precipitation of the base metal sulphides (pyrite, chalcopyrite, 

sphalerite, galena, and jamesonite) would have occurred from a probable homogenous 

source, over a greater temperature range than for mineralisation at Renison. Such 

conditions would allow greater o34s fractionation to occur in the district. In addition, 

sedimentary sulphur is more likely to been incorporated into the hydrothermal fluids with 

increased distance from the granite source, due to decreased fluid-rock ratios. Either one, or 

both of these processes could have played a significant role in causing the observed 

increase in o34s values of base metal sulphides associated with the prospects peripheral to 

tin mineralisation in the Renison-Dundas district. 
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7.7 SUMMARY AND CONCLUSIONS 

Along the major faults at Renison, the majoritY of sulphide minerals from each paragenetic 

stage have o34s values within the range 5.0'Yoo to 7.5'Yoo. The relatively tight range of o34s 

values suggests that the sulphides were derived from a single sulphur source, and from a 

solution that was either H2S dominated, or tightly constrained in its physico-chemical 

conditions (i.e., T, pH, & f02 ; e.g., Kelly & Rye, 1979). Carbonate dissolution over a range 

of temperatures for each stage of the paragenesis (oxide-silicate stage: >400° to -300°C; 

main sulphide stage: >300° to -200°C; base metal stage: >200° to -150°C), and the 

presence of pyrrhotite within each of the paragenetic stages (Chapter 5) indicates that the 

H2S'was.the dominantS-species in solution (Ohmoto & Rye, 1979). Under equilibrium 

conditions in an H2S dominated hydrothermal fluid o34Sr.s == o34SH2S == o34Ssulphides 

(Ohmotc; 1986). In the Federal-Bassett Fault, above the Pine Hill Granite, the calculated 

o34SH2s (or equivalent o34sr.s) for the hydrothermal fluids associated with the various 

sulphide stages have values of approximately 5.0%o (Table 7.2). With the exception of 

arsenopyrite, for which isotopic fractionation factors between fluid and mineral are 

unavailable, the o34sr.s values for the sulphide minerals have remained remarkably 

constant. Kubilius (1983; cited in Ohmoto, 1986) observed a strong correlation between 

constant o34s values in a mineral paragenesis and total sulphur contents above 1 00 ppm in 

granitoids. This interpretation is supported at Renison where geochemical analyses of the 

Pine Hill Granite consistently record sulphur contents above 100 ppm (Bajwah eta/., in 

press), and o34s values remain constant throughout the mineral paragenesis. 

Ohmoto (1986) states that " ... it has become apparent that igneous rocks with 634s values 

outside 0 ± 5%o are quite common, and that regional variations exist in the 634 S of igneous 

rocks." .... "For example, lf34s values of S-type granitoids are >5.0%o in Australia .. " Although 

this generalisation may not be true for western Tasmania, it does highlight the fact that 

magmatic fluids can have o34s va~ues greater than O.O'Yoo (e.g., Shelton et at., 1986, 1987 & 

1988; So & Shelton, 1987). The ranges of calculated o34sH2s values in Table 7.2 suggest 

the H2S dominated fluid had an homogeneous o34s source, and a o34sH2s value of 5.0'Yoo. 

Ohmoto and Rye (1979) have shown that a magmatic fluid phase in equilibrium with a 

hydrous melt of granitic composition at 800°C and with an initial o34Smelt value near O.O'Yoo will 

have a o34Stluid value near 4 to 5 per mil. It is likely, therefore, that the homogeneous source 

of sulphur in the Renison deposit is magmatic, originating from the Devonian Pine Hill 

Granite. The granite itself has been derived originally from the anatexis of shallow 

Proterozoic sedimentary rocks (Chapter 4). 
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Table 7.2 Calculated a34si.s for the hydrothermal fluids associated with the sulphide 

stages within the Federal-Bassett Fault. 

PARAGENETIC STAGE MINERAL 

Oxide-silicate Stage (400°C) Arsenopyrite 

Main Sulphide Stage (300°C) Pyrite 

Pyrrhotite 

Chalcopyrite 

Sphalerite 

Base Metal Stage (200°C) Arsenopyrite 

Chalcopyrite 

Sphalerite 

Galena 

a34S__ys FLUID 

<6.0'Yoomineral 

S.O'Yootluid 

S.O'Yoottuid 

-S.S'Yoottuid 

-S.O'Yootluid 

<6.0'Yoomineral 

5.0%otluid 

S.O'Yootluid 

S.O'Yootluid 

Recent investigations by Halley and Walshe (in press) and Walshe and Halley (1994) on the 

Mt. Bischoff Tin Mine in western Tasmania have shown that the sulphur isotopic composition 

of the Devonian Meredith Granite was close to zero and that isotopically heavier sulphur in 

sulphide mineralisation was derived from the country rock. Their work indicates that the 

sulphur source at Mt. Bischoff was not homogeneous throughout the mineral paragenesis, 

and that the sulphur budget was dominated initially by residual magmatic sulfur in the granite, 

and later by country rock sulphur. These workers have taken data from previous isotope 

studies at Renison (Patterson, 1979; Ward, 1981) without spatial or temporal considerations 

to suggest that the Renison data reflects a well homogenised country rock source of sulphur 

rather than a magmatic source. They consider that the hydrothermal fluids associated with tin 

deposition were externally derived and that tin was leached from the apical zones of the Pine 

Hill Granite. Mixing of the magmatic fluids and external fluids was thought to occur within, 

rather than above the granite. 

Although their model is interesting, it is difficult to envisage the maintenance of an 

homogenous a34Sfluid value of S.O'Yoo at Renison during the lifetime of the system. Fluid 

inclusion studies (Chapter 6) also indicate that the salinity of the mineralising fluids remained 

constant during cassiterite deposition, and that meteoric fluids only became important in the 

late base metal and carbonate stages of mineralisation. Furthermore, Patterson (1979) and 

Patterson eta/. ( 1981) demonstrated that oxygen and deuterium in the fluids responsible for 

cassiterite deposition were magmatic in origin. Meteoric groundwater only became important 

in the late base metal stages of mineralisation. Oxygen isotope results from this study 

217 



(Chapter 9) also show that cassiterite deposition was associated with magmatic fluids. Finally, 

the sulphur budget from a highly fractionated ilmenite series granite (<3.2 wt.% FeO, <316 

ppm S; Poulson & Ohmoto, 1990) required to supply the Renison deposit (<4.5 mt 

sulphur), by the removal of 100 ppm sulphur from the magma necessitates -32 km3 of 

granite. The alteration zone in the Pine Hill Granite at the base of the Federal-Bassett Fault, 

and the associated bulge in the wall of the intrusion (Fig. 7.6; for a simple approximation a 3 x 

3 x 3 = 27 km3 cube is shown) would easily satisfy this requirement. Therefore, based on the 

available evidence from the Renison deposit, a Devonian magmatic source for sulphur is 

preferred as the simplest and most logical explanation. 

7.8 FUTURE AREAS FOR 334S RESEARCH 

Considerable work is still required to answer a number of unresolved problems associated 

with sulphur isotope interpretations. On-going research in and around Renison as part of a 

project to investigate fluid migration and mineral zonation patterns around mesothermal 

granitic intrusions in the Renison-Zeehan-Granite Tor regions of western Tasmania should 

provide some of these answers. The most obvious sulphur isotope problems still to be 

resolved are: 

(i) The o34s value for sedimentary sulphur in the Renison-Dundas district. 

(ii) The o34s value of magmatic sulphides in the Pine Hill Granite. 

(iii) Evidence for meteoric fluid circulation and its role in sulphur transport. 

(iv) Detailed isotope and fluid inclusion studies along the Transverse Faults at Renison 

to provide spatial and temporal constraints on mineralisation. 

(v) Detailed isotope and fluid inclusion studies in the Renison-Dundas district to provide 

spatial and temporal constraints on mineralisation associated with the Pine Hill 

Granite. 
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CHAPTER 8: OXYGEN AND CARBON ISOTOPE 
GEOCHEMISTRY 

8.1 INTRODUCTION .•. 

Oxygen isotope analyses of quartz were undertaken to define spatial and temporal 

interpretations on fault controlled mineralisation and to trace fluid sources at Renison. A 

review of published carbon and oxygen isotope data from carbonates at Renison was 

undertaken to assist interpretation of: (i) the source of the hydrothermal fluids involved in 

fault mineralisation, and (ii) the extent of fluid-rock interaction associated with stratabound 

carbonate replacement mineralisation. Comprehensive reviews of the principles of stable 

isotope geochemistry are presented in Faure (1977), Valley et al. (1986) and Kyser (1987). 

More specific reviews relevant to this study include: 0 and H (Taylor, 1974, 1979); C and 0 

(Rye and Ohmoto, 1974; Ohmoto and Rye, 1979); H, C, 0 and S (Ohmoto, 1986); and 

magmatic volatiles (Taylor, 1986). 

8.2 OXYGEN ISOTOPES IN QUARTZ 

Oxygen isotope geochemistry, in association with other investigative techniques (i.e., C, S, 

Rb/Sr and Pb isotopes, fluid inclusions and mineragraphy) is an excellent tool for 

investigating hydrothermal mineralisation. Oxygen isotope data can give valuable 

information on the temperature of mineral deposition, the source(s) of hydrothermal fluids 

and the extent of water-rock interaction (e.g. Taylor, 1967, 1974, 1979). In particular, 

oxygen isotopes have been used successfully to investigate the origin and evolution of 

fluids in a variety of settings such as volcanic-hosted massive sulphide deposits (e.g., 

Green, 1983; Munha eta/., 1986), tungsten and lead-zinc skarns (e.g. Bowman eta/., 1985; 

Shimazaki and Kusakabe, 1990), mesothermal Ag-Pb-Zn districts (Lynch et al., 1990) and 

modern geothermal systems (e.g. Truesdell, 1984). 

Previous oxygen isotope studies of mesothermal systems have concentrated mainly on 

testing for evidence of fluid-mineral interaction, or deciphering the source(s) of the 

hydrothermal fluids (e.g. Campbell eta/., 1984; Paterson et at., 1981). Although attempts 

have been made to relate oxygen whole rock and mineral isotopic systematics to granitic 

bodies and associated mineralisation (Pollard eta/., 1990; Sun and Eddington 1987; 
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Andrew and Heinrich 1984). no attempts have been made to interpret oxygen isotopic 

variations on a broader scale, i.e. from the mine scale to a major zoned mineral district. 

Many zoned mineral districts appear to be intimately associated with mesothermal granitic 

intrusions, with the expelled magmatic-hydrothermal fluids evolving in response to spatial 

and temporal changes in physico-chemical conditions (Park, 1955; Both eta/., 1969; Both & 

Williams, 1968a, b; Stone & Exley, 1985; Anderson, 1990). Mineral deposition occurs in 

nested, concentric zones at increasing distances from the granite source, as the 

overpressured hydrothermal fluids cool and return to hydrostatic pressure. In the 

overpressured regime, infiltration of cool meteoric fluids into the magmatic reservoir is 

prevented, except perhaps in the waning stages of ore deposition when pressures fall to 

hydrostatic (i.e., in the late vug-fill stages of deposition; Higgins, 1990). Oxygen isotope 

values of quartz associated with the early paragenetic stages in the Renison-Dundas district 

should therefore have values that represent the physico-chemical conditions at ore 

deposition and should also show zonal changes sympathetic with observed metal zonations. 

8.2.1 Previous Investigations .•. 

Oxygen isotope analyses of silicate minerals from various paragenetic stages by Patterson 

(1979) determined the following compositions: quartz (9.0'7'oo to 17.7%o; n=28), cassiterite 

(3. 7'7'oo to 5.5%o; n=2), talc (7.3'7'oo to 1 0.3%o; n=3), tremolite (8.8%o to 11.8'7'oo; n=6), 

phlogopite (6.8%o), and chlorite (3.8'7'oo). No spatial variations were recognised for any of the 

paragenetic stages. Whole-rock oxygen isotope analyses of the host sediments and the 

granite at Renison by Patterson ( 1979) yielded the following values: Dreadnought Hill 

Member (9.1%o to 10.1%o; n=3), Red Rock Member (9.3'7'oo to 13.9%o; n=2), No. 2 Dolomitic 

chert (16.8%o to 19.9%o; n=2). Renison Bell Member (13.1'7'oo to 14.6%o; n=2). Dalcoath 

Member (7.3%o to 13.1%o; n=3), fresh granite (9.3%o to 1 0.6%o; n=4), sericitised granite 

(9.2'7'oo and 9.3%o), and greisenised granite (1 0.4'7'oo to 11.3%o; n=3). Patterson (1979) 

estimated the oxygen isotope composition of the magmatic fluids associated with cassiterite 

deposition ranged between 8.3 and 10.5 per mil. Barber ( 1990) analysed three quartz 

(16.0%o to 17.0%o: mean 16.6%o) and two magnetite (7.3%o & 8.3%o) samples from the Polaris 

Orebody but failed to draw any meaningful conclusions from the data. Oxygen and carbon 

analyses of carbonates are reviewed in Section 8.3. 

8.2.2 Analytical Techniques •.. 

Conventional procedures were employed to analyse the oxygen isotope values in 

hydrothermal quartz samples. Preparation of quartz separates for oxygen isotope analysis 

was undertaken in the Geology Department. University of Tasmania. The quartz was 

sonically cleaned in a water bath and then baked in an oven for 12 hours at 1 00°C. Samples 
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were then reacted for 12 hours with BrFs at 520°C in evacuated nickel reaction vessels using 

the technique of Clayton and Mayeda (1963). The liberated oxygen was converted to co2 

by reacting the gas with heated graphite- (Taylor & Epstein, 1962). Isotope ratio 

measurements were carried out on a VG Micromass 6020 mass spectrometer housed in the 

Central Science Laboratory, University of Tasmania. Results are expressed in the standard o 

('Yoo) notation relative to Standard Mean Ocean Water (SMOW). An internal standard, UT 

quartz, was run at regular intervals and has been calibrated against the international isotope 

standard NBS-28. Duplicate samples show a precision of± 0.2%o. 

8.2.3 Results ..• 

Oxygen isotope analyses were conducted on quartz from mineralised fault structures at 

Reniso!!_and the Renison-Dundas district. Quartz occurs in every paragenetic stage with the 

exception of the supergene stage at Renison, and is most abundant in the oxide-silicate 

stage (see Chapter 5). Figure 8.1 presents results for fifty five oxygen isotope analyses 

from: (i) quartz separates from the Pine Hill Granite (n=5); (ii) oxide-silicate/sulphide stage 

quartz from the Federal-Bassett Fault (n=22), 'Shear L' (n=5). and 'Shear P' (n=7); and (iii) 

quartz associated with main stage mineralisation from a number of mines and prospects in 

the Renison-Dundas district (n=16). 

8.2.3.1 Pine Hill Granite ... 

Oxygen isotope analyses of quartz separates were performed on granite samples from Pine 

Hill and beneath the Renison Mine. Granites were selected from the rock collection of Ward 

(1981 ). Results indicate that o180qz values are constrained between 1 O.O%o and 11.2'Yoo 

(mean 1 0.5%o; n = 5; Fig. 8.1 ). o180qz values from the granite were the lightest obtained 

during this study (Tables 8.1, 8.2, 8.3, & 8.4). The heaviest o1BOqz values associated with 

the granite came from unaltered porphyritic granite beneath Renison (Samples 61705 = 

11.2%o, 61706 = 1 0.7"/c,o), and from a tourmalinised dyke 1 km south of Renison (Sample 

61694 = 1 0.6%o}. 

8.2.3.2 Oxide-silicate Stage ... 

o180qz values for oxide-silicate/sulphide stage mineralisation within the Federal-Bassett 

Fault are heavier than quartz from the Pine Hill Granite, ranging from 11.2%o up to 17.1 %o, 

with a mean of 14.1'Yoo (n = 22; Kitto, 1993a & 1993b; Fig. 8.1; Table 8.2). Within the 

Transverse Faults, oxide-silicate/sulphide stage quartz overlaps the heavier o180qz values 

from the Federal-Bassett Fault (Fig. 8.1). In 'Shear L', o180qz values range from 14.1%o to 

18.4%o, mean 15.4%o (n = 5; Fig. 8.1; Table 8.3) and in 'Shear P', o180qz values range from 

14.9%o to 18.0%o, mean 15.9%o (n = 7; Fig. 8.1; Table 8.3). 
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Figure 8.1 Histogram of oxygen isotope values for quartz separates from the Renison
Dundas area. All values reported relative to Standard Mean Ocean Water. 
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TABLE 8.1 o1 BOqz for Pine Hill Granfte samples, Renison. 

CAT. No. DESCRIPTION MINERAL o1801sMoWl 

61694" Quartz-tourmaline dyke Quartz 10.6%. 

61700" Fine-medium grained granfte Quartz 10.0%. 

61703" Coarse grained granfte Quartz 10.2"-'o 

61705" Feldspar porphyry Quartz 11.2"-'o 

61706" Feldspar porphyry Quartz 10.7"-'o 

• Analyses perfonmed on samples from Ward (1981): Geology Department, University of 

Tasmania collection. 

TABLE 8.2 o1 BOqz for oxide-silicate (sulphide) stage mineralisation on the Federal Bassett 

Fau~. Renison. 

CAT. NO. DOH. SAMPLE NO. MINERAL 0tBo1sMOWl 

110978 FBF $309(i): 496.0m Quartz t5.3 

110982 FBF 5310(i): 807.5m Quartz . 14.6 

110989 FBF 5342A(iii): 1061.0m Quartz 11.2 

110990 FBF 5342(iv): 1057.5m Quartz 13.0 

111013 FBF 5391 (iii): 942.3m Quartz 12.6 

111023 FBF sno: 21.om Quartz 15.3 

111035 FBF 5876(iv): 809.0m Quartz 12.5 

111041 FBF 5918(i): 687.5m Quartz 13.8 

111058 FBF S1400: 1263.5m Quartz 14.0 

111062 FBF 51450A(Iii): 1086.8m Quartz 13.8 

Itt on FBF 5 1455B(ii): 678.5m Quartz 14.9 

111119 FBF U817(iiij: 104.1m Quartz 12.3 

111154 FBF U943(ii): 53:2m Quartz 17.1 

111200 FBF U1118(ii): 37.0m Quartz 15.3 

111244 FBF U1361: 106.tm Quartz 14.5 

111248 FBF Ut3n(ii): 72.5m Quartz 14.5 

111257 FBF U1414: 206.2m Quartz 16.0 

111277 FBF U1647(i): 45.0m Quartz 13.5 

111283 FBF U1786(i): 42.8m Quartz 14.7 

111293 FBF U1892(ii): 39.7m Quartz 14.9 

103999" FBF U825: 737m Quartz 12.5 (13.2) 

104045" FBF U713: 123.4m Quartz 14.0 (14.1) 

I 
• Analyses perlonmed on samples from Patterson (1979): Geology Department, Universfty of 

Tasmania collection. Numbers in brackets refer to Patterson's staoqz values for the same 

sample. 

224 



.--

, I 

TABLE 8.3 o180qz for oxide-silicate (sulphide) stage mineralisation on the Transverse 

Fauns, Renison. 

CAT. No. DOH. SAMPLE NO. MINERAL &180(SMOWl 

111392 Shear 'L' S876: 886.8m Quartz 14.1 

1 t 1396 Shear 'L' S1141 (i): 84.7m Quartz 15.7 

111400 Shear 'L' S 1188: 152. 9m Quartz 18.4 

111406 Shear 'L' U766: 64.7m Quartz 14.7 

111408 Shear 'L' U802(ii): 18.5m Quartz 14.3 

111445 Shear 'P' S 1260: 72.5m Quartz 15.0 

111466 Shear 'P' U976(iii): 23.0m Quartz 18.0 

111466 Shear 'P' U976(iii): 23.0m Quartz (repeat) 18.0 

111467 Shear 'P' U1114(i): 26.2m Quartz 14.9 

111472 Shear 'P' U1258(iQ: 48.0m Quartz 15.2 

111475 Shear 'P' U1716(i): 39.5m Quartz 16.3 

111475 Shear 'P' U1716(i): 39.5m Quartz (repeat) 16.1 

TABLE 8.4 &1 e~z for main stage mineralisation, Renison-Dundas district. 

CAT. No SAMPLE NO. MINERAL li180sMOW MINERAL ASSEM. 

111482 Wallaces Prospect Quartz NA Otz-jam-th. 

111483 Colebrook Hill opencut Quartz 15.7 Otz-ax-asp-py-act. 

111487 South Comet Mine Quartz 14.4 Sph-gal-carb-qtz(vug). 

111488 Curtain Davis SW Mine Quartz 18.3 Qz-asp-cpy-carb-sph. 

111489 Evendon Prosped Quartz 17.7 Qz-carb-py. 

111490 Grand Prtze Mine Quartz 15.5 Po-qz-py. 

111491 Maestries-Comet Mine Quartz t9.6 Qz-carb. 

111492 FIIKM Mine Quartz 18.9 Otz-carb+asp-jam-py. 

111493 Karlsen-RIIey Prospect Quartz 13.1 Qz-carb-lim. 

101383 Fahl Mine Quartz 18.8 Qz-py-gal. 

101384 KapiMine Quartz 16.0 Qz-gal-carb. 

101386 Rarnsdale Prosped Quartz 18.2 Qz-py. 

101389 Curtain Davis Mine Quartz 18.5 Qz-asp-cpy. 

102003 Ainslie Prospect Quartz 18.4 Qz-sph-gal. 

102756 Razorback Mine Quartz 15.3 Qz-po-lim. 

102647 Red Lead Mine Quartz 18.3 Qz+pyrolus~e. 

Key to abbreviations: cass. cass~er~e. qz =quartz, po = pyrrhot~e. asp. arsenopyrite, 

cpy • chalcopyr~e. carb =hydrothermal carbonate, sph = sphaler~e. gal= galena, 

jam • jameson~e. th = tetrahedrite, lim= limon~e. act • actinolite, ax. axin~e. 
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8.2.3.3 Renison-Dundas District ... 

Mineralisation within the Renison-Dundas district has been discussed in detail in Chapter 5. 

The heaviest oxygen isotopes values obtained in this study are associated with quartz

sulphide specimens collected from fault controlled mineralisation within mines and 

prospects from the Renison-Dundas mineral field {Fig. 8.1; Table 8.4). o180qz values from 

the district range from 13.1%o to 19.6"k, wijh a mean value of 17. w~ {n = 16). These values 

overlap and extend the range of o1BOqz values obtained for Renison. 

8.2.4 Discussion •.. 

8.2.4.1 Pine Hill Granite ... 

The tight range in o1BOqz values for the Pine Hill Granite {1 O.O%o to 11.2%o, mean 1 0.5'1~; n 

= 5; Fig. 8.1) obtained in this study, overlap the range in whole-rock o18o values obtained 

from greisenised granite {9.2%o to 11.3'1~) by Patterson {1979), and are similar to 

greisenised whole-rock o1Bo values from the Heemskirk Granite {9.8%o to 1 0.9%o, mean 

10.5%o; n = 9; Hajitaheri, 1985). Fractionation factors relating o1Boqz with o180whole-rock are 

approximately one per mil, indicating that the o1BQ results represent primary magmatic 

values from the o1Bo-enriched range for granites {Taylor, 1977; Taylor, 1986; Sheppard, 

1986). The heaviest o1Boqz values for the Pine Hill Granije came from the feldspar porphyry 

beneath Renison, and from a tourmalinised dyke next to the Murchison Highway. The 

elevated greisen values may have resulted from fluid-buffering of the granite at sub-solidus 

temperatures, and may therefore be associated with hydrothermal mineralisation {Pollard & 

Taylor, 1986; Pollard eta/., 1991). 

Assuming a solidus temperature for the granite of between 700°C- 600°C {Bajwah, in press), 

and a quartz-water oxygen isotope fractionation of 0.22'1~ to 1.07'roo {Matsuhisha eta/., 

1979) the oxygen isotope composition of .the fluid is in the range 9.0%o to 11.3%o for 

unaltered granite; slightly heavier than the 'magmatic box' of Taylor {1974), but consistent 

with the Heemskirk Granite {Hajitaheri, 1985), and Cornish and Hercynian Sn-granites 

{Sheppard, 1977). 

8.2.4.2 Oxide-silicate Stage ... 

A longitudinal projection of the Federal-Bassett Fault depicting oxygen isotope contours for 

the oxide-silicate stage quartz is presented in Figure 8.2. o1BOqz values range from 11.2'1~ 

in the lower Federal area to 17.1%o toward the top of the mine workings away from the 

underlying Pine Hill Granite. The lightest o1Boqz values were obtained from two dilational 
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jogs associated with Sn mineralisation in the Federal and Rendeep orebodies. The heaviest 

o 180qz values occur toward the top of the Federal-Bassett Fault, peripheral to the major 

upflow zones, in regions associated with base metal accumulations (see Chapter 5, Fig. 

5.21). Oxygen isotope contours for quartz mimic the oxide-silicate stage isotherms 

delineated by fluid inclusion studies (see Chapter 6, Fig. 6.9). Calculated o18oH20 value 

range from 8.0%o to 1 0.5%o (mean 9.3,oo; n = 21 ), using the oxygen isotope fractionation 

equation of Matsuhisa eta/. (1979), 

~ 180(Quartz-H20) = 3.34(1 06r-2) - 3.31 

and estimated isotherms for the oxide-silicate stage mineralisation based on fluid inclusions 

(Fig. 6.9). o1BoH20 values appear to increase with decreasing temperature (e.g. 9'oo at 

400°C; 10%o at 350°C). The one per mil increase in o1Bofluid values up the Federal-Bassett 

Fault may represent isotopic exchange via water-rock interaction between the fluid and 

dolomite horizons adjacent to the fault in the upper levels of the system. Anomalously low 

o18oH20 values (-8.0%o) occur on the periphery of the major upflow zones (Samples 

111119, 111283, and 111293). Estimates of homogenisation temperatures from primary 

fluid inclusions hosted by these samples, rather than estimates from isotherm contours may 

resolve the ambiguity associated with these samples. 

Dissolved salts are reported to effect oxygen isotope fractionation between C02 and H20 at 

elevated temperatures (Truesdell, 1984) necessitating a correction to the calculated 

o180H20 values derived from water-mineral fractionations. Recent investigations by Horita et 

a/. (1992) and Kendall eta! (1983) have questioned the validity of such corrections to 

oxygen isotope fractionation calculations, therefore, the Renison o1Bofluid values remain 

uncorrected for salinity effects. 

Systematic increases in o180qz values illustrate hydrothermal palaeoflow directions, and 

outline the sites of economic Sn mineralisation. The correlation noted between o180qz 

values and telescoped mineral zonation :(Chapter 5) was caused by cooling of the 

mineralising fluids during migration along the Federal-Bassett Fault distal to the underlying 

Pine Hill Granite intrusion (Kitto, 1993a & 1994b). 

Along the Transverse Faults, o180qz values from the oxide-silicate stage are marginally 

heavier than o180qz values from the Federal-Bassett Fault. o 180qz values increased along 

the Transverse Faults away from the Federal-Bassett Fault contact. o180tluid values cannot 

be calculated for the Transverse Fault data until fluid inclusion studies are conducted. 

Increases in o180qz values may reflect decreasing temperatures away from the Federal-

Bassett Fault. 
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8.2.4.3 Renison-Dundas District .•• 

Spatial variations in 8 1BOqz values from the main sulphide stages of mineralisation 

associated with mines and prospects in the Renison-Dundas are shown in Figure 8.3. The 

nature of metal zonation around the Pine Hill Granite in the Renison-Dundas district has 

been described in Chapter 5. Fault-controlled mineralisation occurs in nested concentric 

zones at increasing distances from the underlying Pine Hill Granite. In the central tin zone, 

o180qz values range from 13.0'Yoo to 15.0%o. In the second, smaller tin zone at Razorback

Grand Prize, o180qz values are slightly heavier (15.0'Yoo to 15.3%o). An annular shaped 

copper halo surrounds the Sn zones for which limited data indicate that o1Boqz values range 

from 15.3'Yoo to 18.8'Yoo. The outer-most silver-lead-zinc zone has o180qz values that range 

from 17. 7%o to 19.6%o. Increasing o180qz values away from the Pine Hill Granite reflect 

progressive cooling, possibly in conjunction with water-rock interaction. Fluid inclusion data 

and isotopic analyses of the host stratigraphy are required to test this hypothesis. 

In general, o1Boqz values associated with cassiterite or wolframite mineralisation are 

associated with isotopically heavy magmatic fluids (Landis & Rye, 1974; Kelly & Rye, 1979; 

Collins, 1981; Patterson eta/., 1981; Campbell eta/., 1984; Higgins et al., 1985; Sun & 

Eadington, 1987; Lynch et a/., 1990). At Renison, oxygen isotope analyses confirm the 

presence of a isotopically heavy fluid (9.0'Yoo ± 0.5%o). This fluid is believed to be associated 

with metal zonation in the Renison-Dundas district. The Renison-Dundas district is a large 

(200 km2) hydrothermal system centred on the Pine Hill Granite. Contours of 8180qz values 

for the early-main stage mineralisation outline broad paths of overpressured fluid migration 

away from the granitic source. Physical constraints on the formation of vein systems 

associated with mesothermal granitoids preclude the involvement of meteoric water until the 

late vug-fill stages of mineralisation (Higgins, 1990). Where meteoric fluids are known to mix 

with magmatic fluids in the outer edge of zoned mineral districts, o180qz values decrease 

(Lynch eta/., 1990). No evidence for a decrease in o180qz values on the outer edges of this 

mineral district have been observed, suggesting that meteoric fluid involvement during main 

stage mineralisation was minimal. 

8.2.5 Summary and Conclusions ..• 

Oxygen isotope data support the hypothesis that Sn - Cu - Pb - Zn - Ag mineralisation in the 

Renison-Dundas district is intimately associated with and centred on the Pine Hill Granite. 

Highly fractionated, volatile-rich magmatic intrusions have been proposed as the source of 

both ore-forming fluids and ore metals for a variety of magmatic-hydrothermal deposits 

(Burnham, 1967; Whitney, 1975; Taylor et al., 1984; Pollard & Taylor, 1986). The zonation 

of tin and base metals could therefore result from a systematic change in the physico-
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chemical conditions affecting an ore fluid as it migrates out from a granitic source. 

Alternatively, because mesothermal intrusions provide the heat required to circulate 

externally derived hydrothermal fluids (Burnham, 1967; Lehmann, 1990), metal zonation 

could also result from the mixing of magmatic fluids and peripheral waters (e.g., meteoric, 

metamorphic, seawater or connate; Kelly & Turneaure, 1970; Kelly & Rye, 1979; Jackson et 

at., 1982; Campbell et at., 1984; Sun & Eadington, 1987; Lehmann & Mahawat, 1989). 

Campbell et at. (1984) note that it is difficult to differentiate magmatic fluids from meteoric 

fluids that have been equilibrated at high temperature with a granite and/or granitic melt. 

However, Heinrich (1990) and Higgins (1990) have pointed out similar isotopic 

characteristics require low meteoric water-granite ratios. This is unlikely based on the 

intensity of alteration in the granite and host rock sequence. Additionally, fluid inclusion 

studies (Chapter 6) and oD - o18o measurements of Patterson (1979) indicate that infiltration 

of meteoric fluids into the hydrothermal system did not take place until late in the evolution of 

the Renison system. 

In this study, several traditional investigative techniques (petrology, mineralogy, fluid 

inclusions, stable isotopes) have been integrated to evaluate the genesis of cassiterite

sulphide mineralisation at Renison. Oxygen and sulphur isotopes and fluid inclusion studies 

have demonstrated that oxide-silicate stage ore fluids ascending along the Federal-Bassett 

Fault underwent minimal interaction and isotopic exchange with the host sediments prior to 

reacting with the host dolomite horizons. Oxygen isotope contours for the oxide-silicate 

stage highlight regions of focussed fluid flow in the hydrothermal system where the largest 

economic ore bodies were deposited (Fig. 8.2; Kitto, 1993a). 

8.2.6 Future Areas For o180qz Research ... 

The Renison-Dundas district is a classic example of a zoned mineral field. On-going research 

will utilise detailed o180qz analyses in conjunction with petrology, mineralogy, fluid 

inclusions, stable and radiogenic isotopes in and around the Pine Hill Granite to further 

define the physico-chemical conditions of or;e deposition, and help determine the origin of 

metal zonation associated with mesothermal granitic intrusions. The areas of research 

needing further attention are: 

(i) o180qz analyses of all paragenetic stages from the Renison system; 

(ii) Detailed o180qz analyses from mines and prospects in the Renison-Dundas district; 

(iii) o180whole-rock analyses of host sedimentary sequences in the district; 

(iv) Detailed fluid inclusion studies of the mineral deposits in the Renison-Dundas field; 

(v) Deuterium isotope analyses in conjunction with o180qz to evaluate the role of 

meteoric fluids. 
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8.3 OXYGEN AND CARBON ISOTOPES: Fluid-rock interaction in 
the Renison carbonates ••• 

8.3.1 Introduction ••• 

Stratabound carbonate replacement mineralisation at Renison is characterised by massive 

pyrrhotite replacement of the dolomitic mine sequence. Detailed descriptions of the 

orebodies and the replacement processes have been given by Patterson (1979), Davies 

(1985) and Holyland (1987). A summary of the typical mineral assemblages and the zonation 

patterns was presented in Section 5.4.1.1. The host carbonates at Renison range from 

unalter.e.d dolomites to hydrothermal siderites and ankerites adjacent to the massive 

pyrrhotite orebodies (see Chapter 5; Plate 5.1). The following section reviews the existing 

literature on carbon and oxygen isotope data from the carbonates at Renison. The data has 

been reassessed in terms of fluid-rock interactions using fluid infiltration models, and 

preliminary interpretations from this study have been included in Adabi et al. (submitted). 

8.3.2 Previous Investigations ••• 

Several carbon and oxygen isotope investigations at Renison have been undertaken to 

detect isotopic variations caused by fluids associated with carbonate replacement by 

massive cassiterite-rich pyrrhotite orebodies (Patterson, 1979; Jones and Evans, 1985; 

Holyland, 1987; Adabi et a/., submitted). Patterson (1979) provided a brief overview of 

isotope systematics in the faults and the dolomite horizons. Jones and Evans (1985) 

attempted to recognise isotopic variations in the carbonate horizons up to 3 km from the 

orebodies, but their results were inconclusive because they ignored the structurally

controlled nature of fluid flow. Holyland (1987) undertook a preliminary study at the 

mesoscopic scale, and recognised large isotopic shifts in the carbonates adjacent to 

cassiterite-rich massive pyrrhotite orebodies: This isotopic shift was interpreted in terms of 

diffusion/dispersion mechanisms and was accounted for by changes in fluid-rock ratios, 

composition of the ore-fluids and temperature variations. 

8.3.3 Results ••• 

A total of one hundred and forty six carbonate analyses from Patterson (1979), Jones and 

Evans (1985) and Holyland (1987) have been combined to form the data base for this 

discussion (Appendix VIII). The carbonates consist of dolomites (n = 85), hydrothermal 

siderites (n =58) and vein calcites (n = 3). Dolomites range in o13Cpos and o180sMOW from 
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-6.4 to +5.6%o (mean = +0.6%o) and +11.4 to +28.1%o (mean = +20.7'roo) respectively; 

siderites range in o13Cpos and o1 80sMOW from -7.9 to +1.6"k (mean= -4.3%o) and +9.4 to 

+25.0'roo (mean= +14.~k) respectively; and vein calcites range in o13Cpos and o1BosMOW 

from -4.4 to +4.3%o (mean= -1.4%o) and +14.9 to +24.0%o (mean= +18.1%o) respectively. 

Unaltered dolomites at Renison have an average o1BosMow value of +28 o/oo and a o13cpos 

value of +4.5 o/oo, overlapping the isotopic fields of unaltered dolomicrites of Late Proterozoic 

age from California (Zempolich eta/., 1988), Proterozoic dolomites of Australia (Williams, 

1979) and other Proterozoic provinces (Schidlowski eta/., 1975; Veizer & Hoefs, 1976). 

Some recrystallisation is recognised in the dolomites with lowest o1BosMow and o13cp08 

values (Adabi et a/., submitted) but more typically the lightest isotopic analyses are 

associated with hydrothermal siderites from the reaction front between the massive 

pyrrhotite orebodies and the unreplaced sedimentary dolomite. 

8.3.4 Fluid-Rock Interaction ... 

In the carbonate horizons at Renison, a complex array of fault structures has been 

recognised by many workers down to the millimetre scale (Patterson, 1979; Davies, 1985; 

Holyland, 1987; Kitto, 1992). These structures have been crucial for fluid infiltration, 

advection and dispersion/diffusion mechanisms associated with carbonate replacement. 

Traditional studies in fluid-rock interaction have relied on mixing models developed for either 

open or closed systems (e.g., Taylor, 1974, 1977), and this section evaluates the extent of 

fluid-rock interaction in the Renison carbonates using this approach. On a C/O isotopic plot, 

the shape of the mixing curves associated with fluid-rock interaction can be used to interpret 

the initial isotopic compositions of the infiltrating hydrothermal fluid and the host carbonates; 

the extent of mixing in a closed versus open system; the temperature of isotopic exchange; 

and the C02 concentration in the mineralising fluid. 

All carbon and oxygen isotopic data for carbonates from Renison are shown on a 

o180(SMOW) versus o13c(PDB) plot in Fi_gure 8.4. The composition of the "Unaltered 

Proterozoic Dolomite" in this diagram has been chosen to represent the host dolomite 

horizons, and the composition of the "Magmatic Fluid" represents the sulphide stage 

hydrothermal magmatic fluid in equilibrium with the Pine Hill Granite. The o1BosMOW value of 

+ 7 o/oo for this fluid was estimated using the fractionation factors from Matsuhisa eta/. (1979) 

on o180qz from main sulphide stage mineralisation (Patterson, 1979), together with 

temperature estimates from fluid inclusions (Chapter 6). This estimate may be slightly low, 

based on the oxide-silicate stage studies where o180sMOW = 9%o. The o13Cpos value of -6 

%-o (PDB) for the magmatic fluid is an approximate average igneous carbon value based on 

Faure (1977), Hoefs (1980), Ohmoto (1986), and Taylor (1987). The "Magmatic 

Hydrothermal Carbonate" curve is the theoretical dolomite-fluid o180sMOW - &13Cpos 
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fractionation curve for dolomites formed from, or in equilibrium with the hydrothermal 

magmatic fluid, of constant composition, and at a range of temperatures from 450°C to 1 oooc 

(Rye & Williams, 1981 ). The o1BosMOW values for this line were calculated from the 

fractionation factors of Land (1983), after Sheppard & Schwarcz (1970), and the o13Cpos 

values were calculated using the fractionation factors of Ohmoto & Rye (1979). 

11180(oolomite-H20) = 3.23(106r 2)- 3.29 

Land (1983), after Sheppard & Schwarcz (1970) 

1113C(Oolomite-C02) = (-8.914T-3) 108 + (8.737T-2) 106 + (-18.11T"1 )1 o3 + 8.44 

Ohrnoto & Rye (1979) 

Hydrothermal carbonates with compositions that plot on the "Magmatic Hydrothermal 

Carbonate" line would have precipitated in the Federal-Bassett Fault from the sulphide stage 

fluid without significant isotopic exchange during water-rock interaction. 

To use the theoretical dolomite-fluid fractionation curve shown in Figure 8.4, it must be 

assumed that all carbon is present in the +4 oxidation state, and that CH4 is absent. Bulk 

extraction analyses of fluid inclusions by Patterson and Ohmoto (1976) revealed the 

presence of methane, with C02/CH4 ratios between 1.0 and 0.5 in late stage fluids (?) 

associated with vein calcites at 200°C. Patterson & Ohmoto ( 1976) incorrectly reported that 

o13Cpos values ranged from +5o/oo to -14o/oo. These values were used by Ohmoto and Rye 

(1979) as the best example of variations in o13Cpos values due to changing C02/CH4 ratio 

of fluids near the C02/CH4 boundary. However, the true carbonate o13Cpos values at 

Renison are +5o/oo to -8o/oo (Fig. 8.4); discounting the interpretation of Ohmoto and Rye 

(1979). The presence of CH4 in the late stage (?) 200°C hydrothermal fluid at Renison is 

therefore not considered the major cause of variations in the o13Cpos values of the 

carbonates associated with the main sulphide stage of cassiterite mineralisation at the 

Renison Tin Mine. Instead, the systematic variation in carbon and oxygen isotopes is 

thought to be due to water-rock interaction during the formation of the carbonate 

replacement orebodies. 

The data in Figure 8.4 demonstrates the progressive interaction of Proterozoic dolomites 

with a fluid derived from the Devonian granite. The fluids responsible for carbonate 

replacement mineralisation were apparently in equilibrium with an igneous rock prior to 

entering the Federal-Bassett Fault. Decarbonation is not considered an important process in 

the distal skarn environment, as the development of talc and tremolite assemblages was 

restricted to an irregular zone less than 0.5 ·m thick, which formed at the interface between 

massive pyrrhotite and the siderite reaction front in the host dolomite horizons. 

Decarbonation would cause large shifts in o13cpos values compared to o1BosMOW values 
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(Brown et at., 1985; Bowman et at., 1985; Taylor & Bucher-Nurminen, 1986), which are not 

observed. 

Sverjensky (1981) calculated theoretical isotopic compositions of host-rock calcites during 

hydrothermal isotopic alteration as a function of increasing water-rock ratios at constant 

temperature, and applied this technique to the Upper Mississippi Valley-type Pb-Zn district. 

The same technique was applied by Shelton (1983; Table 8.5) to the Mines Gaspe porphyry 

copper and skarn deposit to explain the isotopic alteration observed in calcites as a function 

of water-rock ratio. Isotopic alteration in the Renison carbonates as a function of increasing 

water-rock ratios is discussed below. 

TABLE 8.5 Equations used to calculate isotopic alteration of Renison carbonates as a 

function of progressively increasing water to rock ratio (modified from Shelton, 1983; after 

Sverjensky, 1981). 

( w) 813c:x,1 _813c~~ 
- XH2C03 = 13 13 ; 13 f 
R !::,. CDo/-H2C03 +8 CH2C03 -8 COol 

W/R = mole ratio of water to host dolomite, 813C~1 and. 813Cfx,, are the initial and final 

carbon isotopic compositions of host dolomites, 813C~2co3 is the initial carbon isotopic 

composition of H2C03(aq)• and !:J.13
CDo,-H 2co3 is the carbon isotopic fractionation between 

dolomite and aqueous H2C03. 

(w IR) 8180 , _8180 i 
IF _ 0o1 0o1 

....:.......;.~.:..- 18
0 

~180i ~180, 
3 !l Doi-H20 +u H20 -u Dol 

W/R = mole ratio of water to host dolomite, 8180~1 and 8180fx,1 are the initial and final 

oxygen isotopic compositions of the host dolomites, 8180~20 is the initial oxygen isotopic 

composition of the fluid, and !:J.18
0Do,-H2o: is the oxygen isotopic fractionation between 

dolomite and water. 

- =In - +1 (w) [(w) J 
R open R dosed 

Isotopic alteration paths for carbonate host-rocks are shown in Figure 8.4 as a function of 

water-rock ratios. The equations shown in Table 8.5 have been used to calculate the 

changing isotopic composition of the host-rock dolomites with increasing water to rock ratios. 
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The following parameters were specified: initial o13Cpos and o1BosMOW values of the host 

dolomites were 4.5%o and 28%o respectively; H2C03 is the dominant carbon bearing species 

in solution; H2C03 = 0.01 to 0.10 molal; o13Ctruid = -6.0%o; o180nuid = 7.0roo. ~ 13C(Oolomite

C02) and ~ 180(0olomite-H20) values were calculated for the temperatures of mineralisation. 

The fractionation factors of Land (1983), after Sheppard & Schwarcz (1970), and Ohmoto & 

Rye (1979) were used to calculate the o1BosMow and o13Cpos values, respectively. The 

mixing lines in Figure 8.4 are drawn assuming fluid-rock interaction with dolomite: the 

equivalent lines for siderite are almost identical (33°C to 197°C; Carothers eta/.; 1988). As a 

consequence, all fluid-rock calculations have been made for dolomite and applied to the 

siderite data from Renison. 

Three mixing lines showing fluid-rock ratios as a function of Xco2 at 400°C are shown in 

Figure 8.4. The curvature of the lines primarily depends on the concentration of C02 in the 

hydrothermal fluid. Values of 0.01, 0.05 and 0.10 molal were chosen for the major carbon

bearing species, representing successive increases or gradients in C02 concentrations in 

the hydrothermal fluid during replacement-style sulphide stage mineralisation (Patterson, 

1979; Davies, 1985; Holyland, 1987). Isothermal fluid-rock curves at XH2C03 (apparent)= 

0.10 molal are also shown for 300°C, 200°C, 150°C and 1 00°C. 

The calculated curves for fluid-rock interaction shown in Figure 8.4 encompass the field of 

isotopic data for Renison carbonates and explain the shift to lighter isotopic values with 

increased fluid-rock interaction. The mixing curves suggest that for an open system, an initial 

water-rock ratio .. 6 in association with decreasing temperatures (~ 400°C) can explain the 

extent of isotopic exchange in the carbonate-bearing host rocks. Fluid inclusion data from 

the major fluid conduits, the Federal-Bassett Fault and the Transverse Faults, support this 

interpretation (Chapter 6; Davies, 1985). The concentration of C02 in the hydrothermal fluid 

during carbonate replacement is predicted to increase from 0.01 to 0.10 molal, consistent 

with fluid inclusion studies for the stratabound carbonate replacement mineralisation (Davies, 

1985). 

This simple model of fluid-rock interaction is consistent with the geology at Renison and 

adequately explains chemical and isotopic systematics associated with carbonate 

replacement orebodies. The fluid-rock interaction model supports the hypothesis that 

Devonian granite-derived magmatic-hydrothermal fluid (main sulphide stage) had initial 

o1BosMOW and o13Cpos value of +7 %o and -6.0 o/co, respectively. These values remained 

unmodified during ascent along the Federal-Bassett Fault, while temperatures decreased to 

300°C. Isotopic evolution occurred during reactions with the dolomite horizons, which had 

initial o1So and o13C values qt/+28'7'oo and +4.5%o, respectively. In the carbonate horizons, 

the complex array of fault structures (down to the millimetre scale) were crucial for fluid 

infiltration, advection and dispersion/diffusion, which were all equally important for fluid-rock 
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interaction. Fluid-rock ratios were around 6 (open system) close to the replacement 

orebodies, and decreased in conjunction with decreasing temperatures away from 

mineralisation along the carbonate horizons (Holyland, 1987). XH2C03 increased from around 

0.01 to 0.10 molal during dolomite dissolution. 

8.3.5 Fluid Infiltration Mechanisms 

Fluid-rock models that envisage a finite amount of water equilibrating with a finite amount of 

rock are clearly unrealistic for a Renison-style system, where overpressured magmatic

hydrothermal fluids were focussed along fault-controlled fluid conduits until they reacted 

with carbonates. Fluid flux models, which consider chromatographic-style isotopic fronts that 

are displaced through a column of rock by infiltrating fluids, are potentially more applicable to 

distal skarn-style mineralisation. The simplicity of such models, however, may still not be 

applicable to the large, structurally complex Renison deposit. This section evaluates the 

potential of such fluid flux models to satisfactorily explain the observed isotopic data 

associated with carbonate alteration at Renison. 

Fluid flux models predict that carbon versus oxygen isotopic plots for large scale flow 

systems, where infiltration processes dominate, should produce sharp isotopic fronts with 

perfect "L" shaped curves (Baumgartner & Rumble, 1988; Baker et al., 1989). Holyland 

(1987) has shown for specific sites at Renison that on a centimetre scale, the isotopic fronts 

in the carbonates are sharp, with distinct "infiltration-type" isotopic shifts of up to 14'Yoo in 

o18osMOW and 8'Yoo in o13cpos over distances less than 15 em. On a broader scale, the 

geometry of isotopic exchange fronts depend on the interplay of additional processes 

associated with infiltration, such as advection, dispersion/diffusion, and isotopic exchange 

processes, which serve to smooth and round out the isotopic fronts (Bickle & McKenzie, 

1987; Blattner & Lassey, 1989; Bowman et al., 1994). These smoothed isotopic fronts are 

characteristic of the Renison data (Figure 8.4). 

Considerations of isotopic profiles resulting from infiltration accompanied by dispersion and 

diffusion have been discussed in detail by Baumgartner & Rumble (1988) for a kinetic 

continuum model. They define a scaled reaction progress variable ( ~) for o13Cpos and 

o180sMOW that would have values of 0.0 for the initial unaltered dolomite and values of 1.0 

for the dolomite in equilibrium with the hydrothermal fluid at zero distance. The progress 

variable represents, therefore, the fraction of the reaction progress attained towards 

equilibrium with the initial infiltrative fluid. The unit advancement along the reaction co

ordinates for both o180sMow and o13Cpos are defined by: 

5:180 5;.'18oi 
,_ U sample -u Dol 
~1a0 = 5;.'180 , _0180 i 

u Dol Dol 

5;.'13c 813ci 
_ U sample - Dol 

~ 13c - 013C' _ 013C; 
Dol Dol 
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8180~01 and 8180~1 are the initial and final oxygen isotopic compositions of the host 

dolomites, and 818
0sample is the oxygen isotopic composition of the sample. Similarly, 

813C~01 and 813C~01 are the initial and final carbon isotopic compositions of the host 

dolomites, and 813
Csamp/e is the carbon isotopic composition of the sample. Figure 8.5 

illustrates two reaction progress plots using multi-box "PATH-CALC" models from 

Baumgartner & Rumble (1988) calculated for Xco2 =0.1 and 0.9 respectively and overlain on 

the Renison carbonate data. Although their calculations have been performed for 500°C and 

1000 bars (an unrealistic situation for Renison and used only for illustrative purposes), a 

number of conclusions can be made. Figure 8.5 illustrates that increasing fluid-rock ratios (up 

to 1 0) occur in a direction approaching equilibrium for the isotopic composition with the 

infiltrative fluid; a situation that encompasses the majority of the isotopic data from Renison. 

Those carbonate samples most intensely altered by infiltration plot on the extremities of the 

limiting box shaped curves ('25' curves), and those samples that are dominated by diffusion 

and dispersion plot within the central region. 

From Figure 8.5, it can be inferred that diffusion and dispersion mechanisms were important 

in 'rounding out' the isotopic shifts in the carbonates surrounding the massive replacement 

orebodies, whereas fluid infiltration mechanisms were less important. The high Xco2 

concentrations inferred in the fluid associated with dolomite isotopic shifts, although not 

recorded in fluid inclusions associated with the main stage of mineralisation, are likely to be 

produced by dissolution processes at the replacement front, which should have liberated 

considerable quantities of C02. 

Thermodynamic considerations of the reaction processes occurring adjacent to the massive 

pyrrhotite-quartz-cassiterite replacement fronts, where talc ± tremolite haloes give way to 

hydrothermal siderite and isotopically shifted dolomite, suggest that at 350°C and pressures 

of 250 -1000 bars, Xco2 varies between 0.2 and 0.8 (Berman, 1988; Brown eta/., 1988). 

These Xco2 values are similar to the values predicted in Figure 8.5. 

8.3.6 Finite Difference Models For Fluid-Rock Interaction 

The infiltration models discussed in the previous sections do not adequately explain 

isotopic variations in the Renison carbonates. This is because a number of assumptions are 

likely to have been violated by such models, including: 

Q Constant temperatures were maintained throughout the carbonate zone during 

isotopic re-equilibration. 

iQ Xco2 remained constant throughout the reaction zone (i.e., no chemical reactions). 
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iv) 

Fluid focussing was assumed to be 100% efficient (i.e., all of the fluid continued 

along the carbonate layer and saw the complete column of rock). 

Diagrams are drawn assuming complete isotopic equilibration between the infiltrating 

fluid and the rock. 

In order to more closely investigate the effects associated with isotopic variation during fluid

rock reactions, a one-dimensional finite difference program has been used to test the effect 

of varying the above parameters (Berry, unpublished; Appendix IX). The program was based 

on equilibration equations for bulk rock-fluid reactions (e.g., Rumble, 1982). The standard 

reaction volume was 1 m3 of rock and the input condition were: 

The initial temperature of the hydrothermal fluid (400°C), and the initial temperature 

of the host rock (150°C). (It was assumed for temperature calculations that the rock 

(dolomite) had a heat capacity of 1.05 j/gm/°C and the fluid had a heat capacity of 

75.9 j/rni°C. These heat capacity values are only approximates as no correction was 

made for changes in temperature, composition of the fluid, enthalpy associated with 

reactions, or diffusive heat loss.) 

The reaction capacity of the fluid. (The reaction capacity equals the number of moles 

of carbonate released by a reaction of the form given below per batch of fluid.) 

CaC0:3 + 2H+ = ca++ + c~ + H20 

An estimate of the proportion of isotopic re-equilibration between fluid and rock. 

(Isotopic re-equilibration was calculated using a simple model for the effects of 

diffusion in delaying complete re-equilibration at each step. A value of 1.0 

corresponds to total isotopic re-equilibration. For a value of 1-x , the value x is the 

proportion of rock which is isolated from the fluid at that step. This whole rock volume 

was homogenised before the next fluid volume was added.) 

The focusing factor (or dispersion factor), which estimates the amount of fluid that 

continued on in the carbonate in the next incremental step (1-x: where x = 

proportion of fluid which escapes into the surrounding rocks for each metre of fluid 

infiltration). 

Fractionation factors:-

~ 180(Dolomite-H20) = -3.23 • 1 061T2 + 3.29 

Land (1983), after Sheppard & Schwarcz (1970). 

~ 18o(H2o-co2) = 9.8 • 1 o5tT2 + 10.611 • 1o3fT- 5.67 

Calculated from Friedman & O'Neil (1977) and Land (1983). 

~ 13C(Dolomite-C02) = -8.737 • 1061T2 +8.914 * 108/T3 + 18.11 • 103/T- 8.44 

Ohmoto & Rye (1979). 

The numerical finite difference model considers three types of reaction zones: 

(i) A depleted zone - where complete carbonate dissolution has taken place by 

reaction with the hydrothermal fluid, and in which only thermal re-equilibration can now occur. 
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(ii) A reaction zone - where Xco2 increases as the reacting capacity of the fluid is 

reduced, and both o13c and o1So isotopic re-equilibration occur. 

(iii) A neutral zone -where the reacting capacity of the fluid is zero, but both thermal and 

isotopic re-equilibration occur. 

The important outcomes from numerical modelling of fluid-rock interaction between the 

sulphide stage magmatic fluid (o180fluid = 7 ,-oo, o13Ctluid = -6 ,-oo) and the host dolostones 

(o180oolomite = 28 ,-oo, o13Coolomite = +5 ,-oo) associated with stratabound carbonate 

replacement mineralisation at Renison are: 

1. Xco2 is not substantially increased by the dissolution of the dolomite, given any 

reasonable reacting capacity for that fluid. The upper limit for any reasonable 

magmatic fluid is an increase of 0.05 Xco2 (see Chapter 9). 

2. Thermal effects associated with cooling of the fluid to rock temperatures can 

produce small jumps in the isotopic profile (Fig. 8.6, Fig. 8.7, & Fig. 8.8). 

3. The shape of the curved co-variance reaction lines on o13c- 151so graphs are 

effected by a number of parameters which include the levels of (i) Xco2. (ii} fluid 

equilibration, (iii} fluid infiltration, and (iv) fluid dispersion. 

The level of Xco2 has a profound effect on the shape of co-variance reaction lines on o13c -

8180 graphs, as can be seen in Figure 8.6. Increasing Xco2 values in the hydrothermal fluid 

during carbonate replacement mineralisation were predicted to be important in explaining 

the spread in the Renison carbonate isotopic data (Fig. 8.4). Figure 8.6 shows that with 

increasing Xco2. the co-variance reaction lines for o13c - o 1So change from rectangular 

shaped plots (Xco2 = 0.01) to a straight line (Xco2 = 0.5}. The higher levels of Xco2 more 

closely match the isotopic data profile observed for the Renison carbonates. More precise 

numerical fits for the Renison data (Fig. 8.4) would have been obtained for a hydrothermal 

fluid with a heavier o180tluid value more near the oxide-silicate stage of 9 .0,-oo. 

Fluid equilibration profiles for the co-variance reaction lines on a o13c- o1So graph (Fig. 8.7), 

indicate that total equilibration produces s~arper profiles uncharacteristic of the Renison 

data. The best fit to the data is obtained by low levels of fluid equilibration, nearer to values of 

0.1. 

High levels of fluid infiltration totally reset the carbonate o13c and o1So values for tens of 

metres away from the pyrrhotite replacement fronts, such that isotopic compositions of the 

host carbonates are reset to fluid values (Fig. 8.8). This situation clearly does not occur at 

Renison adjacent to the carbonate replacement orebodies, suggesting that fluid infiltration 

into the dolomites away from the orebodies is greatly diminished. Figure 8.8 also indicates 

that at Xco2 = 0.1, the oxygen isotopic front should move approximately one and a half times 

as far as the carbon isotopic front. Thus, at high levels of infiltration, the oxygen isotopic front 
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Figure 8.6 Covariance reaction lines on a a13Cpso- a1BOsMOW plot for a finite 
difference reaction model of fluid-rock interaction using variable Xco2 (0.01, 0.05, 

0.1, 0.25, 0.5) and calculated for a Renison sulphide stage fluid (a13Cpso = -6%o, 

a180sMOW = rYoo) and an unaltered dolomite (a13Cpso = 5croo, a180sMOW = 28%o). 
A fluid input temperature of 400°C and host-rock input temperature of 150°C were used. 
The plot indicates that for increasing val~es of Xco2 in the hydrothermal fluid the co-
variance lines change from rectangular plots to a straight line. Higher values of Xco2 
more closely reflect the isotopic profiles of the Renison data (Fig. 8.4), and also indicate 
that perhaps higher a180fluid values (-9.0croo), more near to the oxide-silicate stage estimates, 
would better explain the isotopic distribution for the carbonate analyses from the Renison 
data base. 
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Figure 8.7 Fluid equilibrium profiles (0.11 0.5, 1.0) for 513Cpoe- distance and a18QSMOW- distance 
for a finite difference reaction model of fluid-rock reaction using Xc02 = 0.1 and calculated for a Renison 

sulphide stage fluid (513Cpoe = -S"k., a1soSMOW = Tk.) and an unaltered dolomite (513Cpoe = 5%o, 

a1aosMOW = 28'Yoo). A fluid input temperature of 400°C and host-rock input temperature of 150°C were 
used for the initial starting conditions. The lowest levels of fluid equilibration (0.1) most nearly approximate 
the Renison data set (Fig. 8.4). 
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will be separated by greater distances from the carbon isotopic front. Measurement of the 

separation distances between carbon and oxygen isotopic fronts at Renison could therefore 

give reasonable estimates of the extent of· fluid infiltration into the dolomite horizons 

adjacent to replacement orebodies. 

High levels of fluid loss, or dispersion, have similar effects on the isotopic profiles for carbon 

and oxygen to low levels of fluid infiltration, because only minor amounts of fluid are 

transmitted along the dolomite horizons. Figure 8.8 indicates that for higher levels of 

dispersion, the isotopic fronts are steepest and close to the replacement front. 

Low levels of total infiltration are unlikely at Renison, based on the size of the deposit and 

the extent of the sulphide replacement fronts, which occur tens of metres from the fault 

source:_!! no water is lost to the surroundings during mineralisation related to infiltration, then 

numerical modelling suggests there should be large zones of modified dolomite, extending 

tens of metres out from mineralisation. Given a reasonable reaction capacity, the o1Bo halo 

should be twenty times wider than the massive sulphide zone. In reality, dramatic isotopic 

shifts are limited to less than one metre from the ore zones. The only model attempted here 

which can explain these observations is that of high levels of fluid loss (dispersion) from the 

reaction front. In this scenario, the depleted fluid is weakly focussed along the carbonate 

zones, and is dispersed into the surrounding lithology's. Because the focussing mechanism 

is assumed to be a result of reaction enhanced permeability (Davies, 1985), beyond the 

zone of acid depletion, the effect should decrease rapidly. At Renison, the surrounding 

meta-sandstones may have had higher permeability than the dolomite, as indicated by the 

high levels of dispersion inferred by the numerical models. 

8.3. 7 Conclusions ... 

Traditional fluid-rock interpretations for Renison carbonates, after Sverjensky (1981) and 

Shelton (1983), indicate that a Devonian magmatic fluid with a o1BosMOW value of 7%o and 

o13Cpos·value of -6%o, in equilibrium with P,ine Hill Granite, ascended the Federal-Bassett 

Fault before reacting with the Proterozoic dolomites. The averaged unaltered dolomite had a 

o1BosMOW value of 28'Yoo and o13Cpos value of 4.5'Yoo. Isotopically exchange during fluid

rock interaction reset the sedimentary carbonates toward magmatic-hydrothermal values. 

The extent of fluid infiltration is reflected by high initial fluid-rock ratios (up to 6). XH2C03 

values in the mineralising fluid associated with the main sulphide stage of cassiterite-rich 

pyrrhotite mineralisation were less than 0.1 molal. Kinetic continuum considerations of fluid 

infiltration mechanisms (after Baumgartner & Rumble, 1988), suggest that at Renison, 

diffusion and dispersion were important in rounding out the covariance in o13Cpos -

o1BosMOW isotopic shifts observed in the carbonates surrounding the massive replacement 

orebodies, and that fluid infiltration mechanisms were less important than originally 
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suggested by traditional fluid-rock interpretations. Fluid-rock values close to 10 and Xco2 

values between 0.2 and 0.8 are predicted in the fluids associated with carbonates adjacent 

to the orebodies. Thermodynamic considerations of mineral assemblages in the carbonates 

adjacent to mineralisation support the Xco2 predictions. Numerical modelling of the apparent 

isotopic shifts in the dolomites surrounding the carbonate replacement orebodies indicate 

that infiltration of the dolomites by acid-depleted fluids was minimal, and that dispersion was 

most probably accommodated by the adjacent meta-sandstones. 

In the large and complex hydrothermal system at Renison, a traditional interpretation of fluid

rock interaction supports a fluid infiltration model for the fault-controlled magmatic

hydrothermal fluid, but kinetic continuum and finite difference models confirm that low levels 

of equilibrium and/or high levels of dispersion of the fluids limited the isotopic resetting of 

the carbonates adjacent to the orebodies. Aspects of these models are, therefore, 

applicable in explaining the isotopic variability associated with the hydrothermal systems 

responsible for the Renison carbonate replacement orebodies. 

8.3.8 Areas For Future 818Q.813C Research ... 

Renison provides an excellent opportunity for detailed fluid-rock investigations based on 

o 18o-o 13c analyses of dolomitic units. The large hydrothermal system is now adequately 

documented to allow such calculations. However, with the exception of this review no 

serious attempts have been made to interpret isotopic fluid-rock interactions beyond the 

carbonate replacement fronts. Due to significant advancements in fluid-rock research in the 

last five to ten years, a detailed o18o- o13c isotopic study at Renison would add significantly 

to our understanding of these processes, and in particular assist interpretations of 

carbonate-replacement styles of mineralisation. 

Suggested areas of research that require attention and which may prove fruitful areas of 

endeavour to assist understanding of fluid-rock interactions associated with carbonate

replacement orebodies are: 

(i) Detailed profiles of isotopic changes away from replacement fronts both within the 

dolomite units and within the adjacent meta-sedimentary units. This investigation must focus 

on underground exposures, where 3-D relationships can be observed and easily 

interpreted. Drill core investigations for this type of study cannot provide the necessary 

constraints required to interpret fluid-rock interaction. 

(ii) Our knowledge of the pathways for spent hydrothermal fluids associated with 

carbonate replacement mineralisation is currently non-existent. Characterising these fluids 

(by examining their isotopic effects on the host rocks) and determining their movements 

(through the meta-sediments or dolomite horizons) may prove an extremely useful 

exploration tool for Renison-style deposits. Current exploration methods require massive 
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sulphide orebodies to be intersected by diamond drilling. Isotopic signatures in the barren 

host stratigraphy have the potential to indicate the proximity of massive carbonate 

replacement bodies. Our numerical modelling has shown that the offset of oxygen from 

carbon isotopic fronts could help quantify the approximate distance to carbonate 

replacement fronts. 

(iii) Davies (1985) recognised in the dolomite horizons adjacent to carbonate 

replacement orebodies that vein densities increase toward the replacement front. 

Measurement of vein densities in drill core and estimates of their association and distance to 

ore may prove useful exploration indicators. Isotopic studies of the carbonate veins and 

veinlets may also help predict distances to carbonate replacement orebodies. 
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