
CHAPTER 4: GEOLOGY AND GEOCHEMISTRY OF THE 
PINE HILL GRANITE 

4.1 INTRODUCTION ••• 

The primary tin and tungsten deposits of Tasmania occur within rocks ranging in age from 

Late Proterozoic to Late Devonian, and are spatially and genetically associated with 

emplacement of post-kinematic granites of Late Devonian to Early Carboniferous ages 

(McDougall and Leggo, 1965; Brooks, 1966; Brooks and Compston, 1965; Sawka, 1990; 

Fig. 4.1). Primary Sn and W deposns of Tasmania lie within two major metallogenic provinces; 

north-west Tasmania and north-east Tasmania, respectively (Collins & Williams, 1986). North

west Tasmania is dominated by tin and tungsten skarns and carbonate replacement 

deposns, where as north-east Tasmania is associated predominantly wnh tin greisens and tin 

and tungsten sheeted vein systems (Collins eta/., 1989). The granitoids occur wnhin the 

Palaeozoic Tasman orogenic belt which extends from Antarctica, through eastern Australia 

to New Zealand, and forms part of the southern extension of the Lachlan fold beH (Solomon 

et at., 1972; Solomon & Griffnhs, 1974; WMe & Chappell, 1983). 

The Devonian Pine Hill Granne has been proposed by numerous researchers as the source 

of the hydrothermal fluids responsible for stratabound carbonate replacement mineralisation 

at Renison (e.g., Patterson, 1979; Davies, 1985; Holyland, 1987; Knto, 1992a & b). This 

study reviews and re-evaluates the existing geological and geochemical data for the Pine Hill 

Granne and provides, for the first time, rare earth element analyses and geochemical models 

for the granne. Based on evidence presented, a petrogenetic mo<!el is proposed that links 

ore genesis at the Renison Mine wnh magmatic processes wnhin the Pine Hill Granne. 

4.2 GEOLOGICAL SETTING ••• · 

The intimate association of Devonian granites and tin mineralisation in Tasmania (especially 

western Tasmania), has long been recognised (Twelvetrees, 1900 & 1906; Waller, 1902; 

Loftus Hills, 1921; Reid, 1925). Two northeast-trending corridors of tin mineralisation, wnh 

Ag-Pb-Zn haloes, occur in western Tasmania along the northern and southern margins of a 

large 'batholnh' of Devonian graMe, delineated by residual gravity surveys (Fig. 4.2; inset -

Leaman et at., 1980; Leaman & Richardson, 1989). The former tin mines of Mt. Bischoff 

(Groves et at., 1972; Wright, 1986; Halley, 1987) and Cleveland (Cox, 1968; Cox & Glasson, 

1971; Jackson, 1982; Collins, 1983) occur on the northern margin of the 'batholith'. The 
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operating Renison mine (Patterson, 1979; Davies, 1985; Holyland, 1987), and the former tin 

mines of Razorback (Padmasiri, 1974), and Grand Prize (Blissett, 1962), together with tin 

prospects at Queen Hill-Severn (Lutley, 1975; Anderson, 1986) and St. Dizier (Nicholson, 

1985) occur along the southern margin. 

The 'batholith' has a number of irregularities in its upper surface that outcrop as distinct 

granite bodies, including the Heemskirk, Meredith, Granite Tor and Pine Hill bodies (Fig. 

4.2). Recent gravity investigations of these Devonian granites (Leaman, 1986; Leaman & 

Richardson, 1989; Archer, 1989) reveal that the northeast trending Heemskirk Granite- Pine 

Hill Granite - Granite Tor suite represent a partly exhumed, continuous shallow ridge of 

granite (Fig. 4.3 & Fig. 4.4). 

Prior to gravity interpretations, several workers had postulated an association between 

mineralisation and Devonian granites in the region from Granite Tor to the Heemskirk Granite 

(e.g., Solomon, 1965 & 1981; Polya eta/., 1986; Bamford and Green, 1986; Collins & 

Williams, 1986), based on the occurrence of a number of tin and tourmaline-bearing 

deposits, as well as Ag-Pb-Zn vein deposits at Zeehan, Dundas and Mount Farrell, within a 

zone now known to be defined by the northeast trending granite ridge (Fig. 4.3 & Fig 4.4). A 

number of these deposits are closely associated with major faults (e.g., Henly Fault, 

Rosebery Fault) and suggest direct involvement of the granite ridge in the formation of 

and/or mobilisation of mineralisation along pre-existing or Devonian fauH structures (Taheri & 

Green, 1990; Khin Zaw, 1991). Metal zonation associated with the granite ridge is discussed 

in Section 5.3. 

4.2.1 Morphology Of The Pine Hill Granite 

The morphology of the Pine Hill Granite was defined by a residual gravity survey (Leaman, 

1990) in conjunction with deep drill hole intersections, and has proved to be the greatest 

recent advance in the understanding of the Renison-Dundas area (Lea, 1991; Kitto, 1992a 

& b). Figure 4.5 presents a three dimensional perspective of the granite; viewed from the 

northeast and showing 500m contours. This figure provides, a glimpse of the ex1ent of the 

granite body that underlies the Renison-Dundas mineral field, but is only partially exposed 

on the summit of Pine Hill. The intrusion is approximately 10 km long x 8 km wide and has 

been modelled to 10 km below the present topographic surface. The granite morphology is 

only approximate, as drill hole information indicates an uncertainty of ± 1OOm between the 

known granite - sediment interface and that modelled by geophysics. These uncertainties 

result from a number of factors including: station spacing in the gravity survey, barometric 

elevation controls, and failure to undertake density measurements on the various rock units 

known to exist in the area. Despite these few misgivings, the overall interpretation allows for 

informative estimates to be made of: 
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Gravity interpretation of the form for the Heemskirk- Pine Hill- Granite Tor ridge with the position of mineralised sites (After Leaman & Richardson, 1989). 
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(ij the position of apophyses in the roof zone of the intrusion, 

(ii) the likely posijions of major mineralising fau~s associated wijh changes in strike of 

the granije profile, and 

(iii) the potential sites for stratabound carbonate replacement mineralisation. 

4.2.2 Petrography ... 

The Pine Hill Granne outcrops 2.5 km south of the Renison Tin Mine at Pine Hill, and has 

been intersected by up to 29 diamond drill holes across the mine lease. At Pine Hill it is 

associated wnh several quartz-porphyry dykes that radiate from the summn (Fig. 2.2). Rb-Sr 

dating of a greisenised dyke sample wtth a high innial 87Sr/S6sr ratio, collected 500m west of 

the mine on the Murchison Highway, gave an age of 355 ± 4 Ma (Brooks, 1966). 

Detailed petrographic descriptions of the Pine Hill Granite have been made by Groves 

(1968), Patterson (1979), Patterson eta/. (1981), Ward (1981), Comacho (1987) and Bajwah 

et al. (in press). Two zones of intense tourmaline a~eration are thought to represent cupolas 

associated wtth separate hydrothermal systems (Bajwah eta/., 1991 ). Figure 4.6 shows 

depth to grantte contours in the Renison area, as defined by the residual gravny survey 

(Leaman, 1990). Overlain upon this are the locations of the a~eration zones, as defined by 

Bajwah eta/. (op. cit.). The three zones of hydrothermal alteration recognised within the 

grantte, from least to most a~ered, are (Plate 4.1): 

(i) albije zone, (ii) sericite zone, and (iii) tourmaline zone. 

Kwak (1987) proposed that the cupola associated with the summit of Pine Hill was not 

associated wtth cassiterne-sulphide mineralisation at the Renison Mine, because carbonate 

replacement ore bodies occur 2.5 km north of Pine Hill, and BOOm below ijs summit. Sn-rich 

hydrothermal fluids are more likely to have been derived from the zone of intense tourmaline 

alteration at the base of the Federal-Bassett Fau~ (Section 3.5.3.4, Fig. 3.18). 

4.2.2.1 Unaltered Granite 

Several primary textural varieties of the Pine Hill Granite have been noted by previous 

investigators. The typical unaltered Pine Hill Granite consists of quartz (25 - 40%), 

plagioclase (15 - 30%), K-feldspar (25 - 40%). biotite (1 - 4%) and a range of accessory 

phases that include apatite, zircon, monazije, ilmentte, tourmaline, ± sphene, ± allanite, ± 

magnetite, ± muscovite. Readers wanting more detailed descriptions of the granite 

mineralogy should consult: Groves (1968), Patterson (1979), Patterson et al. (1981), Ward 

(1981), Comacho (1987), and/or Bajwah eta/. (in press). Listed below is the textural 

class~ication for the Pine Hill Grantte adopted by Bajwah eta/. (in press). 

(ij K-feldspar porphyry, 

(ii) fine grained porphyritic granite, 
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Figure 4.6 Location diagram of the Renison- Pine Hill area showing contours for the northwest-trending granite ridge. Alteration zones within 
the granite have been defined by Bajwah eta/. (in press). Zones of intense tourmaline alteration exist at Pine Hill and at the base of 
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Alteration in a quartz -feldspar porphyry granite from Pine Hill. A: Weak 
albitisation and sericitisation in the Pine Hill Granite. B: Alteration front of 
silicification and weak tourmalinisation in the Pine Hill Granite completely 
replacing the feldspar minerals. C: Complete tourmalinisation of the Pine 
Hill Granite leaving only a quartz- tourmaline mineral assemblage. 



(in) fine grained equigranular gran~e. and 

(iv) medium to coarse grained equigranular granite. 

Bajwah eta/. (1991) proposed that the texture variabil~y represented local variations in the 

crystallisation history of the intrusion. Earlier investigators considered each textural variation 

to represent a separate intrusive event. 

Quartz grains (1 mm) typically form the groundmass in all samples, but in the fine grained 

porphyritic gran~e they occur as rounded phenocrysts (5 mm) that crystallised as an early 

liquidus phase. Subhedral poikiolitic orthoclase phenocrysts (<4 mm) are typically weakly 

perth~ic and zoned w~h inclusions of subhedral plagioclase, biotite (±apatite ±zircon) and 

anhedral quartz. Plagioclase (<3 mm) is euhedral to subhedral in form, and commonly 

contains inclusions of quartz, biotite and apatite. Compos~ional (An3s-core to An2o-riml and 

oscillatory zoning is common, as are subsolidus albne rims. Biot~e (1 mm) typically occurs as 

subhedral flakes (ex= pale brown, y = deep reddish brown) and constnutes between 4% and 

8% of the gran~e. Inclusions of apatite, monaz~e and zircon occur w~hin the biotite and are 

surrounded by strong pleochroic haloes. Accessory minerals randomly distributed in the 

groundmass include monazite, zircon, allanite, fluor-apatite and rarely cassiterite or 

tourmaline. 

A crystallisation history (fractionation trend) for the Pine Hill Gran~e has been proposed by 

Bajwah et a/. (1991 & in press). based on their petrographic observations. The earliest 

phases to crystallise were quartz, at or near the liquidus, together w~h fine to medium grain 

orthoclase and plagioclase. Continued crystallisation resuHed in a porphyritic texture with 

fine-grained biotite, prior to water saturation near the solidus and alkali feldspar precipitation 

becoming dominant in the latter stages of crystallisation. 

4.2.2.2 Hydrothermal Alteration ••• 

Bajwah et a/. (1991) recognised that interaction of hydrothermal fluids with the Pine Hill 

Granite resulted in three distinct alteration assemblages (Fig. 4.6). An outer zone of 

albitization is characterised by albite replacement of orthoclase and plagioclase with 

preservation of the original igneous textures. Orthoclase with chessboard alb~e rims are 

considered to form at or near the solidus (Bajwah et a/., in press). Chlorite and sericite 

replacement of biotite is ubiquitous, and in the groundmass albite is intergrown with 

hydrothermal quartz and seric~e. 

The sericite zone (Fig. 4.6), between the albite and tourmaline zones, is characterised by 

texturally destructive sericite (<50%) - quartz (<35%) - tourmaline (<15%) alteration. 

Selective replacement of plagioclase cores by sericite is common. Quartz occurs as relict 

glomeroporphyr~ic aggregates and hydrothermal recrystallised mosaics (Patterson, 1979). In 
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the groundmass tourmaline occurs as randomly oriented subhedral tabular crystals together 

wtth minor cassttertte, topaz and fluortte. A late overprint of calc~e upon sericite is common. 

The central zone of intense, texturally destructive tourmaline alteration consists of 

recrystallised granoblastic tourmaline (SSO%) and quartz (S40%) with minor intergroW1hs of 

serictte, topaz, fluortte and casstteme. Tourmaline exists in a number of forms that range from 

large pale blue - brown euhedral equant crystals, to fine grained greenish - blue radiating 

columnar aggregates within the groundmass. Replacement of sericite by tourmaline is 

suggested by the abundance of sericttic inclusions in tourmaline crystals. Quartz in the 

tourmaline zone is represented by intense recrystallisalion of primary phenocrysts and 

further deposition of hydrothermal intergroW1hs. 

4.3 GRANITE GEOCHEMISTRY •.• 

A data base containing seventy-one analyses of major and trace elements for the Pine Hill 

Granite has been compiled from: Groves (1968), Patterson (1979), Ward (1981), Bajwah et 

a/. (in press) and this study (Appendix II). A subset of ten representative samples were 

selected and analysed for rare earth elements (REE) and ferrous iron. Table 4.1 contains 

representative analyses of the Pine Hill Grantte and average compositions of some felsic 

gran~es from the Lachlan Fold belt after Chappell and WMe (1992). 

Analyses of major, trace and rare earth elements were carried out at the Geology 

Department, University of Tasmania by the X-ray fluorescence technique (after Norrish and 

Hutton, 1969) using a Phillips P1410 X-ray spectrometerw~h a TRS-80 microcomputer. REE 

analyses were determined using an ion exchange-XRF technique (Eby, 1972; Fryer, 1977; 

Robinson eta/., 1986) and ferrous iron values were determined by wet chemical techniques 

(Peck, 1964; Goldich, 1984). 

4.3.1 Classification ••• 

The Pine Hill Granfte has been classHied composftionally and modally as a granfte by Ward 

(1981). Criteria to distinguish S-type granftes, derived from the melting of sedimentary 

prololiths, from Hype granites, derived from the melting of igneous rocks, have been 

compiled by Chappell and White (1974 & 1992) and Hine eta/. (1978). A list of major 

geochemical and mineralogical criteria for the classHication of gran~es is presented in Table 

4.2 (modHied from Ohmoto, 1986). Projected upon this table is a representative field for the 

unaltered Pine Hill Gran~e. 

The aluminum saturation index [A1203f(K20 + Na20 + CaO) <: 1.0; i.e. peraluminous; Avila

Salinas, 1990) and the corundum normative value (0.8 to 1.5) for the unaltered Pine Hill 
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PINE HILL GRANITE LACHLAN FOLD BELT 

UNALTERED UNALTERED ALBITISED SERICITISED TOURMALINISED UNFRACTIONATED FRACTIONATED 

UN FRACTIONATED FRACTIONATED S-TYPE S-TYPE 

Sample No. 61705· 61700(1) Z-32 61696 61694 (Chappell & White, 1992) 

5102 70.79 74.89 74.44 73.93 71.39 71.58 74.40 

Ti02 0.44 0.05 0.12 0.18 0.02 0.42 0.16 

Al203 14.23 13.25 12.98 13.18 13.53 13.83 13.50 

Fe203 0.52 0.49 0.18 6.19 0.45 0.28 

FeO 2.21 1.35 1.38 1.26 1.98 2.38 1.14 

MnO 0.03 0.03 0.04 0.04 0.05 0.05 0.04 

MgO 0.79 dl.IO 0.3 0.25 0.23 1.02 0.27 

CaO 2.09 0.63 0.84 1.04 0.06 1.74 0.67 

Na20 2.22 3.55 3.27 3.10 0.86 2.57 3.06 

1<20 5.11 4.74 4.97 5.35 0.05 4.33 4.84 

P205 ·0.14 <0.03 0.04 0.05 <0.03 0.14 0.18 

8203 0.03 6.40 

Totals 98.57 98.98 98.41 98.56 100.76 98.51 98.54 

Traces (ppm) 
Zn 12.00 19.00 14 10.00 53.00 53.00 46.00 

Cu 8.00 2.00 0 2.00 17.00 7.00 3.00 

Mo <3 <3 14.00 <3 

Nl 4.00 5.00 63 5.00 <1 10.00 2.00 

Sn 4.00 7.00 <3 21.00 8.00 23.00 

w <4 48.00 25.00 34.00 

Ba 398.00 17.00 118 233.00 3.00 512.00 150.00 

Zs 189.00 105.00 131 113.00 42.00 168.00 92.00 

y 44.00 201.00 124 70.00 14.00 34.00 28.00 

Rb 279.00 843.00 578 542.00 7.00 221.00 475.00 

Sr 123.00 18.00 36 66.00 2.00 114.00 43.00 

Nb 20.00 52.00 41 26.00 35.00 12.00 19.00 

Alumim.m Sat. Index 1.51 1.49 1.43 1.39 13.95 1.60 1.58 

Norm. Corundum 1.58 1.13 1.36 0.40 11.95 2.09 2.44 

Table 4.1 Composition of representative geochemical analyses for the Pine Hill Granite and averaged compositions for the S-type granites from the Lachlan Fold Belt. 
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SUMMARY OF GRANITE GEOCHEMISTRY: 

Australian Classification 

Norm Corundum 

AI203f(K20 + Na20 + CaO) 

~180W.R.(%o) 

Diagnostic Mineral 

Temperature inltiai(°C} 

Ishihara Classification 

Diagnostic Mineral(s) 

Magnetic Sus~ptability 

Fe3+f(Fe2+ + Fe3+) 

Redox Buffer 

Bsr (87Srf86Sr) 

BNd (143Ndf144Nd) 

Associated Mineralisation 

1- Type 

-1 0 

Metaluminous 0.9 1.0 

7 8 9 

Hornblende 

~ 1000 

Magnetite Series (OXIDISED) J 

Magnetite (<2%) +Ilmenite 

>40x1 o-3 Sl units 

0.33 

S02t~2s NNO 

0 

(0.7040) 
0 

(0.51265) 

Cu+Au 

Mo 

Scheelite 

PINE HILL GRANITE 

S- Type 

2 3 

1.1 1.2 
Peraluminous 1.3 

10 11 

Muscovite 

~ 700 

Ilmenite Series (REDUCED) 

.Ilmenite (<0.1%) (No Magnetite) 

0.2 

QFM 

100 

(0.7115) 
-5 

(0.51240) 

I 

<40x1 o-3 Sl units 

C02/CH4 

Wolframite 

Sn 

12 

0 

200 

(0.7190) 
-10 

(0.51215) 

Table 4.2 Summary of the geochemical characteristics of the Pine Hill Granite (Modified after Ohmoto, 1986). 



Grantte straddle both the 1- and S-type fields, but other characteristics such as mineralogy 

(muscovtte), isotopic composttions (ll180w.R. = 10%.), and compositional variations indicate 

that the Pine Hill Grantte is an S-type grantte (Chappell & White, 1974, & 1992; Whtte & 

Chappell, 1983; Table 4.2). 

Unaltered phases from the Pine Hill Granite represent clear examples of the reduced 

'ilmenite series' granites proposed by Ishihara (1977 & 1981). The reduced nature of 

ilmenite series (S-type) granites has been attributed to the presence of graphite in the 

source rocks (Flood & Shaw, 1975). These reduced granttes have ilmenite (<0.1%) as the 

dominant opaque phase, a low magnetic susceptibility (<40x1 o-3 Sl units) and low 

Fe3+t(Fe2+ + Fe3+) ratios that range from 0.17 to 0.25 (Takahashi eta/., 1980; Table 4.2). 

Mhough ilmenite is dominant in the Pine Hill Granite, a minor amount of magnettte has also 

been observed (Ward, 1981 ). 

The Pine Hill Granite is reduced, and between the QFM and the C02/CH4 redox buffers 

(Patterson, 1979; Patterson eta/., 1981: Kitto eta/., 1994). 87Srt86sr ratios for carbonate 

a~eration, associated with stratabound carbonate replacement mineralisation, are greater 

than 0.7098 (Gulson eta/., 1985) and could be higher than 0.730 (Brooks, 1966; Sawka et 

a/., 1990). The high inttial strontium ratios may reflect prolonged fractionation, or a unique 

magma source (McCarthy & Cawthorn, 1980; Gray, 1990). 

Lead isotope ratio plots for K-feldspar separates from the Pine Hill Granite are shown in 

Figure 4.7 (a & b), and suggest a close genetic link between the Devonian Pine Hill Grantte 

and sulphide mineralisation in the Renison-Dundas district. The isotope ratios are consistent 

wtth a Devonian granite source for the Renison mineralisation which is distinctly different 

from the Cambrian volcanogenic massive sulphide mineralisation at Hellyer (Gulson eta/., 

1985; Gulson, 1986). Notable exceptions to isotopic uniformity in the Renison-Dundas 

district come from mineralisation associated with Cambrian gabbroic dykes in the Cuni area 

(Cu- Ni- Pb- Zn) and from anoma!ous late stage stanntte associated wtth the Federal zone at 

Renison. 

4.3.2 Major, Trace And Rare Earth Elements 

The average geochemical compositions for the Pine Hill Granite are very similar to the S-type 

unfractionated and fractionated end member granttes for the Lachlan Fold Be~ (Chappell & 

Whtte, 1992; Table 4.1). Bajwah eta/. (1991 & in press) proposed a magmatic origin for the 

range in geochemical composttion of the unaltered granites, based on textural evidence and 

major and trace element compositions. This contrasts with the views of Ward (1981) who 

considered the composttional variations reflect metasomatic-hydrothermal induced chemical 

alteration. 
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Figure 4.7 Lead isotope ratio plots illustrating the the genetic affinity of mineralisation at Renison, and within 
the Renison-Dundas district, with the Devonian Pine Hill Granite. Data from the Cambrian massive 
sulphide deposit at Hellyer (95% confidence ellipse) is outlined for comparison. Sulphide data 
provided by G. Carr and B. Gulson at CSIRO. K-feldspar from Pine Hill Granite (sample# 61705) 
analysed at UWA by N. McNaughton. (1 -Godkin Orebody; 2- Dreadnought Orebody; 3- Murchison 
Orebody; 4 - Soutth Stebbins Orebody; 5 ·Colebrook Orebody; 6- Argent Orebody; 7 • South Argent 
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Controversy over the composttion of the Lottah Grantte in northeastern Tasmania (Higgins, 

1990; MacKenzie eta/., 1988 & 1990) revolved around this same argument. Chappell & 

White (1992) believe that the composttion of the Lottah grantte is dominantly magmatic and 

associated with continued crystal fractionation processes, but with superimposed 

hydrothermal atteration. They suggest that the Ba, Ca, Sr and Pb concentrations are too low 

to be caused by fractional crystallisation alone. Instead, the concentrations are thought to 

reflect some destruction of the feldspar minerals by hydrothermal solutions. A similar analogy 

to that given by Chappell & White (1992) for the Lottah Granite could explain the chemical 

variation observed in the Pine Hill Grantte. 

4.3.2.1 Major Element Geochemistry 

Major elements for the Pine Hill Granite indicates that the unaltered phases are highly 

fractionated, having high Si02 (68.62 to 76.80%), K20 (av 5.01%), and low Na20 (0.30 to 

4.66%; av. 2.46%)(Appendix II; Ward,1981; Bajwah, in press). Ti02, CaO, Fe203 and MgO 

decrease linearly with increasing Si02, as in other similarly fractionated ilmentte series 

Devonian granttes from western Tasmania (Hajitaheri, 1985; Sawka eta/., 1990). The 

unaltered Pine Hill Grantte has elevated fluorine and boron values that range from 0.09 to 

1.02% and 0.01 to 1.23%, respectively (Appendix II). 

4.3.2.2 Trace Element Geochemistry 

Trace element concentrations for the unaltered Pine Hill Granite vary significantly. 

Concentrations of Rb (279 to 918 ppm), Sr (3 to 123 ppm) and Ba (50 to 525 ppm) are 

considered by Bajwah eta/. (1991 & in press) to be indicative of extreme crystal fractionation 

(Chappell eta/., 1987 & 1988; Lehmann & Mahawat, 1989; Lehmann, 1982 & 1990), as are 

systematic variations in Zr (26-216 ppm). Y (40-221 ppm) and Nb (18-59 ppm). The extremely 

high Rb concentrations for the unattered Pine Hill Grantte are typical of western Tasmanian 

granites, and are considered to be in part inherited from the source rocks (Brooks, 1966; 

Hajttaheri, 1985; Sawka eta/., 1990; Gray, 1984 & 1990; Bajwah eta/., in press), as are high 

relative abundances of U (7 to 46 ppm) and Th (7 to 46 ppm). 

Figure 4.8 (a) illustrates variation in Rb and Sr for the full range of Pine Hill Grantte analyses 

represented by unattered, albitised, sericitised and tourmalinised rocks. The Rb and Sr 

concentrations for the unaltered granite exhibit a well developed fractionation trend which is 

essentially preserved by the weakly metasomatised samples (albitised, sericttised and weakly 

tourmalinised rocks), but destroyed in the highly tourmalinised samples where the primary 

igneous texture has been lost. The Rb versus Ba plot (Fig. 4.8b) shows similar trends to 

Figure 4.8a and supports the assertion that the fractionation trend is preserved in all but the 
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most highly tourmalinised samples. Where a secondary granoblastic fabric has destroyed the 

primary igneous texture during metasomatism (i.e., the highly tourmalinised grantte) Rb, Sr 

and Ba show dramatic depletion (Fig. 4.8 a & b; Bajwah et at. , 1991 & in press). 

4.3.2.3 Rare Earth Element (REE) Geochemistry •.. 

REE analyses for the Pine Hill Granite are presented in Appendix II and plotted on a 

chondrtte-normalised diagram in Figure 4.9. The large negative Eu anomaly is characteristic 

of plagioclase fractionation under relatively reducing condttions, and is evident in all western 

Tasmanian Devonian granites (Sawka et at., 1990). REE patterns for the unattered Pine Hill 

Grantte flatten with increasing fractionation due to decreased abundances of both the LREE 

and Eu, and increased abundances in the HREE (Fig. 4.9). Miller and Mittlefehldt (1982) 

believe that the LREE and HREE behaviour, in conjunction with high Th (Appendix II), are 

indicative of allantte fractionation. A similar trend in REE is observed in the Meredtth Grantte 

(Sawka et at., 1990). 

REE abundances for the sericitised Pine Hill Grantte, like the Rb and Sr values (Fig. 4.8), are 

intermediate between the least and most fractionated phases of the unattered grantte (Fig. 

4.9). The intermediate nature of the REE abundances illustrate their immobile nature during 

metasomatism, and therefore reflect their approximate fractionation values. 

The single tourmalinised sample (61694) analysed for REE abundances shows depleted 

LREE and a negative Eu anomaly (Fig. 4.9). Because primary textures in this sample have 

been destroyed, and Rb, Sr and Ba concentrations depleted, the REE patterns are 

interpreted to reflect intense metasomatic alteration during tourmalinisation. 

4.3.3 Geochemical Models Of Crystal Fractionation •.• 

Textural relationships and geochemical variations wtthin the Pine Hill Granite indicate that 

wtthin-pluton fractional crystallisation may have taken place. In an attempt to quanmy the 

extent of fractional crystallisation in the Pine Hill Grantte, a least squares regression method 

of Le Mattre (1981) was employed to model the major element variations of the fractionating 

mineral phases between the least and most fractionated of the unattered granites (Samples 

#61705 & # 61700, respectively; Table 4.1). Microprobe analyses of the fractionating 

mineral phases biotite, plagioclase, K-feldspar and quartz were performed in the Central 

Science Laboratory, at the Universtty of Tasmania (Appendix II). Typical alkali-feldspar granite 

analyses of the minerals ilmenite, apatite and zircon were obtained from Deer, Howie and 

Zussman (1980). 
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Trace element variations in the least and most fractionated of the unanered grannes were 

also used to simulate Rayleigh fractionation by the method of Conrad (1987). Whole rock 

geochemical analyses of the large ion lnhophile elements Rb, Sr and Ba from these grannes 

were used to cross check the major element modelling. The resuHs, and a discussion, of the 

major and trace element models for the Pine Hill Granne are presented below. 

4.3.3.1 Major Element Models Of Crystal Fractionation 

ResuHs from major element modelling of the unaHered Pine Hill Granite using the compu1er 

program of Le Manre (1981) are presented in Table 4.3 and indicates that plagioclase (25%), 

K-feldspar (29%), biotite (14%) and quartz (31%) were major fractionating phases in the 

unaltered granne, together wtth minor amounts of ilmenite (0.29%), apatite (0.81%) and 

zircon (0.02%). The residual sum of the squares (LR2 = 0.2391) shows that major element 

geochemistry models provides a good Itt to the data; requiring 58% crystal fractionation of 

the unaHered and unfractionated end-member (61705) to produce a granite composition 

most near to the most fractionated unanered end member (61700). 

Table 4.3 Major element modelling of crystal fractionation for the unaHered Pine Hill 

Grantte, based on the method of Le Maitre (1981 ) .. Rayleigh fractionation was simulated 

between the unfractionated end member #61705 (initial magma composition) and the 

fractionated end member#61700 (residual magma composnion). 

Initial Fractionation Phases Resid. 

Magma Magma Lf12 

Biotite Plao. K-fels Quartz llmen~e Apatite Zircon 61700 

61705 13.94 25.33 28.63 30.98 0.29 0.81 0.02 42% 0.2391 

The large ion lithophile elements Rb, Sr and Ba, indicative of crystal fractionation, occur 

almost entirely wnhin biottte and feldspar crystals, which allows major fractionating phases to 

be plotted against these trace elements. Figure 4.10 (a) is a log Rb versus log Ba plot wtth 

Rayleigh fractionation vectors based on major element modelling indicating theoretical 

effects on melt composition for the crystallising mineral phases K-feldspar, biotite and 

plagioclase (McCarthy & Hasty,1976; McCarthy & Groves, 1979; Tindle&. Pearce, 1981). 

The Rayleigh fractionation vectors in Figure 4.10 (a) indicate that K-feldspar (28.6%) is the 

major fractionating silicate phase causing Ba depletion and weak Rb enrichment in the 

unaltered Pine Hill Granite sune. Neither biotite, nor plagioclase crystal fractionation can 
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adequately account for the observed Ba depletion and weak Rb enrichment observed in 

Figure 4.10 (a). 

Rayleigh fractionation vectors in Figure 4.10 (b), a plot of log Rb versus log Sr, indicate that 

plagioclase (25.3%) is the most important fractionating silicate mineral causing Sr depletion in 

the unmetasomatised phases of the Pine Hill Granite; relative to biotne and K-feldspar which 

seek to concentrate Sr in the meH. 

4.3.3.2 Large Ion Lithophile Ele~rent Models Of Crystal Fractionation ••• 

Large ion lithophile element models for the major fractionating mineral phases in the Pine Hill 

Granite, using weight proportions of minerals calculated by major element models (Table 

4.3), were simulated using a FORTRAN program by Conrad (1987). The results provide a 

good approximation of the Sr and Ba values in the most fractionated phase of the Pine Hill 

Granite (61700). Strontium, for example, has an initial concentration of 123 ppm in the initial 

meH (61705; Table 4.1; Appendix II), and fractionation of between 50- 55% of the major 

mineral phases causes strontium depletion to 18 ppm; a level equal to the Sr concentration 

in the assumed residual magma (61700; Table 4.1; Appendix II). This level of crystal 

fractionation closely approximates the 58% predicted by major element modelling (Table 4.3) 

and confirms that plagioclase was the major mineral phase causing Sr concentrations in the 

meH to decrease during crystal fractionation (Fig. 4.1 Ob). 

Trace element crystal fractionation models for barium require between 70 - 75% fractionation 

of the major silicate minerals to reduce barium from 398 ppm (61705) to 17 ppm in the 

assumed melt (61700). This compares with almost 60% crystal fractionation modelled by 

major mineral phases (Table 4.3). A comparison of Ba concentration at 60% crystal 

fractionation using trace element modelling indicates that almost 90% of the Ba has been 

removed by this stage, and supports the assertion (Fig. 4.1 Oa) that K-feldspar is a major 

contributor to Ba depletion in the rl)eH during crystal fractionation. 

Increased rubidium concentrations from 279 ppm (61705) to 843 ppm (61700) during crystal 

fractionation modelling of the major mineral phases requires almost 85% fractionation in the 

initial melt. Because biotite is the major fractionating phase preventing Rb concentrations 

from increasing (Fig. 4.10 a & b), trace element models of crystal fractionation were 

attempted both with and without biotite, and/or mafic substitutes (e.g., cordierite, 

orthopyroxene and hornblende) to establish ff fractionation of any additional mineral phases 

could explain the Rb data. All attempts at modelling crystal fractionation of the Pine Hill 

Granite without biotite in the assemblage were unsuccessful using the least squares 

regression method of Le Maitre (1981 ). These results suggest that biotite fractionation has 

been important in controlling Rb concentrations in the residual melt. However, two additional 
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explanations may a=unt for the inability of the trace element modelling to account for the 

anomalously high Rb concentrations in the residual men. Firstly, the discrepancies could 

relate to the uncertainty in Rb partttion coefficients (Ko) between biottte and the men; and 

secondly, high Rb concentrations in the residual men may resuH from metasomatic aHeration 

in the chosen fractionated grantte end member (61700). 

Based on the assumption that no other mineral phase apart from bioltte partitions signHicant 

concentrations of Rb from the men (supported by petrographic investigations), a possible 

explanation for the discrepancy in the fractional crystallisation model for Rb may lie in the 

assumed, but highly variable, Ko value chosen for modelling (2.24). In our felsic system, Ko 

values for Rb partitioning between melt and biotite may be smaller than those proposed by 

Arth & Hanson (1975), Arth (1976), Condie and Harrison (1976) and Condie (1978). If this 

were the case, the large concentrations of Rb in the meH phase could be explained by trace 

element fractional crystallisation simulations. 

Alternatively, high Rb concentrations in the residual melt (61700) may result from 

metasomatic aHeration in the sample selected to represent the unanered fractionated phase 

of the Pine Hill Grantte. Higgins (1990) has argued that the high Rb, Nb and Sn, and low Ba 

and Sr for the Lottah Granite in eastern Tasmania result from metasomatic-hydrothermal 

aHeration. The composition of sample 61700, therefore, may be dominantly magmatic and 

represent a continuation of the crystal fractionation process that operated in the Pine Hill 

Gran~e sutte, but could also have features, such as high Rb and low Ba, which resuHed from 

a superimposed incipient hydrothermal aneration which moderately affected K-feldspars, 

and therefore the bulk rock composition. The final composition, therefore, would be 

significantly different to that attained by fractional crystallisation alone. This second 

explanation more adequately explains discrepancies between major element and large ion 

ltthophile models for the Pine Hill Gran He and is the preferred aHemative based on the known 

geological history of events. 

4.3.4 Summary ••• 

Petrological studies, geochemical variations and geochemical modelling confirm that a 

substantial proportion of the compositional variation observed in the Pine Hill Granite reflects 

a within pluton crystal-liquid fractionation process. Previous investigations of metasomatic 

alteration in granites consider that on both petrographic and geochemical grounds, 

fractionation trends are not preserved in metasomatised granHic rocks (e.g., Higgins et al., 

1985; W~. 1985). Bajwah eta/. (1991 & in press) were the first to recognise that crystal 

fractionation processes have operated in phases of the Pine Hill Granite, based on 

petrographic and geochemical evidence. They demonstrate that fractionation trends in the 
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granite are preserved prior to destruction of the primary mineral fabric and intense boron 

metasomatism. 

This review of the Pine Hill Granite geochemistry has confirmed the petrographic and 

geochemical interpretations of Bajwah eta/. (1991 & in press). REE analyses suggest crystal 

fractionation processes have operated during the evolution of the Pine Hill Granije prior to 

destruction of the primary mineral fabric and intense boron metasomatism. Geochemical 

modelling of Rayleigh fractionation using both major and trace elements indicate that 

processes requiring approximately 60% crystal fractionation are required to explain the 

geochemical variations observed for the Pine Hill Granije, but that incipient metasomatic

hydrothermal alteration may be present even in the apparently unaijered granije. 

4.4 DISCUSSION: THE ROLE OF VOLATILES IN Sn (-W) 
RELATED MAGMATIC HYDROTHERMAL SYSTEMS ••• 

In western Tasmania, the highly evolved granitoids associated with tin and tungsten 

mineralisation can be divided into three categories, based upon the presence or absence of 

fluorine- and/or boron-rich accessory phases such as fluorije, topaz, tourmaline and axinije 

(Table 4.4; Kitto, 1992b & 1994c). The following generalisations have been recognised: 

• Tungsten-only deposijs are genetically related to granitoids devoid of both fluorine

and boron-lich accessory phases. 

Deposijs hosting both tin and tungsten mineralisation are genetically linked with 

granijoids containing fluorine-rich accessory phases. 

• Tin dominated deposijs are genetically related to granijoids containing both fluorine-

and boron-lich accessory phases. 

Solomon {pers. comm.) has suggested, that wijh the exception of the Mt. Carbine tungsten 

deposit in Queensland, this general classification for granite related Sn-W deposijs holds 

true for all of eastern Australia. 

4.4.1 Volatiles, Granitic Melts And Sn- W Mineralisation ••• 

Pollard eta/. (1987) recognised a close association between the occurrence of B-, F- and/or 

U-rich minerals, and magmatic-hydrothermal Sn mineralisation, but noted that the precise 

role of these volatile elements in promoting Sn deposijion was poorly understood. The role 

of addijional volatile components such as H20, Cl, S and C02 have also been considered 

vitally important in the formation of magmatic and hydrothermal ore deposijs (Kilinc & 

Burnham, 1972: Burnham & Ohmoto, 1980; Candela & Holland, 1986; Keppler & Wyllie, 

1991 ). The following discussion looks briefly at the roles played by volatiles in magma 

genesis and their importance in forming Sn and/or W-rich ore bodies in western Tasmania. 
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Table 4.4 Sn & W deposits in western Tasmania and their genetic association with 

granitoids containing 8- and F-rich accessory phases. Data sourced from visits to deposits 

and reviews by: Hajitaheri (1985), Collins eta/. (1989), Collins (1981), Halley (1987), Wright 

(1986), Wesolowski eta/. (1988) and Turner & Taheri (1990). 

VOLATILE METAL GRANITOID DEPOSIT 

• 8, F - rich granitoids • Sn only • Heemskirk Granite • Sweeney Mine 

• Sn, minorW • Pine Hill Granite • Renison 

• Sn, minorW • Meridith Granite • Cleveland 

• Sn, minorW • Mt. Bischoff Dykes • Mt. Bischoff 

• F - rich granitoids •Sn& W • Foley's Zone Dyke • Foley (Ciev.) 

•Sn & W • Dolcoath Granite • Moina 

• Minor Sn & W • Granite Tor • Stirling Valley 

• Minor Sn & W • Interview Pluton • Interview River 

• Absence of B & F • W, minorSn • Housetop Granite • Kara 

• Wanly • Grassy-Bold head Pluton • King Island 
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4.4.1.1 Western Tasmanian Granitoids ••• 

The western Tasmanian Devonian granijoids represent a range of highly fractionated (68 to 

n% Si02) ilmenije series intrusives associated with world class Sn and W deposfts (e.g., Sn 

at Renison, Mt Bischoff & Cleveland; W at King Island and Kara). The tin deposfts are related 

to the emplacement of reduced, peraluminous biotite granftes; and the tungsten deposijs 

are associated with moderately reduced, weakly peraluminous hornblende granites 

(Solomon, 1981; Wesolowski et at., 1988; Sawka eta/, 1990; Slevin & Chappell, 1992). 

Sawka et at. (1990) consider the Devonian granitoids in western Tasmania to represent 

products of different source material based on I· and S-type characteristics, volatile 

compositions and strontium isotopic ratios. This interpretation has been brought into 

question by a number of researchers recently (e.g., Hannah and Stein, 1990; Newberry et 

at., 1990; Shaw & Gilbert, 1990; Swanson eta/., 1990), who suggest that Sn- and W-related 

plutons wijhin a region must have been derived from similar sources rocks and had similar 

early differentiation histories, also based on their major and trace element concentrations, 

and initial Sr and Pb isotope ratios. They argue that a major factor controlling metallogeny is 

depth of emplacement; related to the timing and volume of volatile release. To consider this 

argument a brief introduction to the relevant characteristic of the western Tasmanian 

granijoids follows. 

The hornblende-bearing granites associated with scheelite mineralisation at King Island 

(Grassy-Bold Head Pluton) and Kara (Housetop Granite) are considered to have crystallised 

at depths of between 4 and 7 km, and with melt temperatures >700°C (Barrett, 1980; 

Wesolowski eta/., 1988). The water content of the King Island pluton is estimated to be at 

least3.3 wt.% H20, based on biolfte stability (Wesolowski eta/., 1988). These plutons also 

represent the oldest Devonian granijoids in western Tasmania, wfth an age range in the 

upper limft of 350 to 370 Ma (McDougall & Leggo, 1965; Gleadow & Lovering, 1978; Sawka 

et at, 1990). 

Tin bearing granftes, such as Heemskirk, Meredfth and Pine Hill are believed to have been 

high level intrusives wijh meH temperatures S600°C (Hajitaheri, 1985; Wright, 1986; Bajwah 

et at., in press) . Fluid inclusion evidence indicates a minimum depth of emplacement 

between 2 and 4 km for the Pine Hill Granije at Renison (Chapter 6; Patterson, 1979; 

Patterson et at., 1981; Ward 1981); approximately 1 to 1.5 km for the Mount Bischoff 

intrusive ( Wright, 1986; Halley, 1987); and similar depths for the remaining western 

Tasmanian tin granites (Collins et a/., 1989). The granitoids typically had a passive 

emplacement, followed by a process of upward displacement (Pine Hill Granije; Chapter 3) or 

cauldron subsidence (Heemskirk Granite; Hajftaheri, 1985). At Mount Bischoff, a large 

number of 'explosive' breccias accompanied the intrusion of porphyry dykes (Wright, 1986). 
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The high level of gran~oid emplacement and absence of catastrophic fracture mechanisms 

(with the exception of the breccias at Mount Bischoff) indicate a lower water content 

associated with the tin granites relative to the tungsten granites. Age dates for the tin 

gran~es in western Tasmania range from 325 to 355 Ma (McDougall & Leggo, 1965; Brooks, 

1966; Gleadow & Lovering, 1978; Wright, 1986; Sawka eta/, 1990). 

In western Tasmania, ~ appears that the strongly fractionated, peraluminous, ilmenite series 

Devonian granitoids can be divided into two groups based on their associated mineralisation. 

Tungsten-related granitoids are older, less reduced, hotter, emplaced at greater depths, and 

had higher water contents in their mens than their tin equivalents. The radiogenic nature of 

all western Tasmanian Devonian gran~oids (>0.7104) is considered by Gray (1990) to reflect 

the Precambrian basement source (metamorphic age 800 Ma) for these intrusions. 

Therefore, based on the available evidence, it can be argued that Sn and W deposits in 

western Tasmania were sourced from the same protol~h and had similar early differentiation 

histories; the major difference between the deposit types being the depth of emplacement, 

which controlled the timing, volume of volatile release and oxidation of the magma. 

4.4.1.2 The Role Of Volatiles In Granite Metallogeny ••• 

A number of parameters constrain the bulk chemistry of magmatic-hydrothermal systems. 

These factors include: the magma source, initial concentration of water and volatiles in the 

melt, depth of emplacement, and oxidation state of the melt (Candela, 1989). Granitic 

magmas sourced from graphitic sedimentary protoliths are aluminous mens, with high initial 

water contents and low 102 (Burnham & Ohmoto, 1980). In reduced magmas, tungsten will 

be enriched in the residual men during fractionation and parUioned into the aqueous fluid 

phase during volatile evolution, provided chlorine and fluorine concentrations are low (Table 

4.5; Keppler & Wyllie, 1991). The release of an early W-rich aqueous fluid from a deep 

seated magma can resuH in a moderately fractionated, and quenched gran~es capable of 

forming deep-seated skarn systems (van Middelaar & Ke~h. 1990). Alternatively, granitoids 

associated with previous mening events, typically have F-rich hydrous minerals (Hannah & 

Stein, 1990). Fluorine clearly plays a major role in the evolution of Sn-related granites by 

reducing the viscosity and solidus temperature of the men, which permits late fractionation 

and shallow emplacement (Table 4.5) in contrast to deep seated F-poor, W-related plutons 

(Pollard eta/., 1987; Newberry eta/., 1990). · 

Experimental evidence presented by Pichavant (1981 & 1984), Webster & Holloway (1990), 

and Keppler & Wyllie (1991) support theoretical calculations by Candela & Holland (1986) 

which demonstrate that increased halogen concentrations in a melt can substantially 

increase the efficiency of the aqueous phase in extracting metals from a men. Fluorine, 

boron and chlorine depolymerise silicate melts, decrease the melt viscosity and enable a 
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Table 4.5 The effects of chlorine, fluorine & boron on granije melts. 0~ is the fluid/men 

partition coefficient. Data sourced from: Kilinic & Burnham (1972), Manning (1981). 

Pichavant (1981), Dingwall eta/., (1985), Eugster (1985), Eugster & Wilson (1985), Keith et 

al. (1985), London (1985), Manning & Pichavant (1985), Candela & Holland (1986). Pollard 

eta/ (1987), Strong (1988), Hannah & Stein (1990), Newberry eta/. (1990), Webster & 

Holloway (1990), Keppler & Wyllie (1991), Taylor & Wall (1993). 

CHLORINE 

• 0~ = 0.8 to 85, but generally> 1 (i.e., strongly partitions into the vapour phase) 

• 0~ increases as: 
- temperature increases 
- pressure increases 
- [H20] in fluid increases 
- [Cij in the fluid & melt increases 
- [F] in men decreases 

• Increased chlorine concentrations: 
-increases the solubilijy of alkalis wijh respect to AI in the fluid 
- increases the partitioning of Zn, Cu, W?, Mn, REE, Li, Rb, Cs, Nb, Y, Sr, and Ba 
from men to fluid 

- increases the partitioning of Pb, Zn, and Cu into the fluid in F-free syst. 
• Cl & C02 lower lhe a H20 in the melt and shifts the minimum liquidus away from Oz-Ab 
• Sn transported in supercrijical fluids as hydroxychloro- & chloro- complexes 

- Sn 0~ = O.Q1 to >1, & increases strongly, wijh [CI] in the aqueous phase 
• W partijioning to the aqueous phase decreases wijh increased (?) [CI] as the hydroxyl 

complexes are destabilised (Manning & Pichavant, 1988; Keppler & Wyllie, 1991) 

• w 0~ = 4.0, & decreases strongly with increasing [CI]? 

FLUORINE 

· 0~ = 0.2 to >1.0, but generally <1 (i.e., strongly partijions men phase) 

• 0~ increases as: 
-temperature decreases 
- pressure increases 
- [H20] in aqueous phase (fluid) decreases 
- [F] in men increases 
- [H+] in men increases 

• Increased fluorine concentrations: 
-fluxes the men but doesn't promote vap saturation (i.e., dry melts), which allows 

high levels of emplacement 
-causes extensive crystallisation before vapour saturation resulting in high ratios 

of incompatable elements in late stage fluids 
- decreases men viscosity 
- increases cation and volatile diffusion rates 
-strongly depresses solidus and liquidus temperatures 
- increases the thermal stability of hydrous phases 
-increases the solubilijy of silicates and AI in fluid phases 

• F (± B203) cause ternary minimum in silicate magmas to shift to albite-rich, while Li shifts 
the ternary minimum to albite -quartz rich compositions 

• Fluoro-complexes of Sn are not important transport mechanisms 

- Sn 0~ = 0.01 to > 1, but unaffected by [F] 
• W partijioning to the aqueous phase decreases wijh increased [F] as hydroxyl complexes 

are destabilised 

, W 0~ = 4.0, & decreases strongly with increasing [F] 
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Table 4.5 (cont.) 

BORON 

D~ • 3.5 (i.e., strongly parUions to vapour phase) 

D~ increases as: 
• temperature increases 
- pressure increases 
- [H20] in aqueous phase (fluid) increases 
- [B) in melt increases 

• Increased boron concentrations (intermediate between Cl & F): 
·fluxing effect on the melt (less than f) diminishing vapour saturation and allowing 
higher levels of grantte emplacement 

• allows extensive crystallisation before vapour saturation, and the incompatable 
elements to be concentrated in late stage fluids 

• decreases the melt viscostty 
• increases the cation and volatile diffusion rate 
- strongly depresses both solidus and liquidus ( -600°C) 
• Increases the solubiltty of silicates and alkalis in the fluid phase, but causes 
depletion in AI (Note: F-systems strongly enriched in AI) 

• B203 (±f) cause ternary minimum in silicate magma to shift to albite enrichment 
• high 8 levels in fluid prevented by Fe & Mg precipttating tourmaline 
• brittle fractures (breccias, stockworks, veins etc) due to fluid overpressuring during crystal 

fractionation because of higher H20 retention in the magma 
• percolation of B203-bearing hydrothermal fluids leads to potassic alteration of wallrocks 

previously equilibrated wtth Cl-bearing solutions 
• dilution of B203 ·bearing hydrothermal fluids wtth Cl-bearing fluids will promote 

albttisation of the wallrocks 
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high diffusion rate in cations and volatiles that may eventually leads to convection (Table 

4.5). These three key volatiles become enriched in granitic melts if H20. CaO and 

ferromagnesium components are low (Hannah & Stein, 1990). If a meH becomes saturated 

with H20. the exsolved aqueous phase preferentially partitions chlorine in favour of fluorine 

and boron. Sn partitions strongly into the aqueous phase in chloride-bearing systems, and 

partitions more strongly with increased chloride molalijy (Taylor eta/., 1984). Fluorine is 

preferentially partitioned into the melt, whereas boron has an intermediate character 

between both fluorine and chlorine. Fluorine and boron in the meH depress the solidus and 

liquidus temperatures and prevent quenching of the magma, which allows extensive 

fractional crystallisation and enrichment of the large highly charged cations (Sn, W, Mo, As, 

Nb, Sb, Ta) into the roof zone of an intrusion (Dingwall & Scarte, 1983; Dingwall et al., 1985; 

Eugster & Wilson, t985). The occurrence of disseminated greisen mineralisation and 

contact Sn-skams in F-rich environments may reflect the relatively low amount of mechanical 

energy released during crystallisation of H20-poor, F-bearing magmas. The high solubilijy of 

water, however, in B-bearing residual magmas is crucial in supplying enough mechanical 

energy to fracture the carapace and the surrounding country rock during late stage 

crystallisation (Burnham, 1979; Burnham & Ohmoto, 1980). The fact that world-class 

stratabound carbonate replacement Sn deposits are associated with B-rich systems 

indicates the crucial role that structural preparation of the country rocks has played. 

4.4.1.3 The Association Between Volatile Release And Western 
Tasmanian S n-W Deposits ••• 

In western Tasmania, ij is proposed that the major factors controlling the metallogeny of the 

Sn and W deposijs is their depth of emplacement, which is related to the timing and volume 

of volatile release. It has been established, by previous researchers, that in Tasmania both 

Sn and W deposijs are intimately related to highly fractionated and reduced ilmenite series 

peraluminous granites. Based on major, trace and radiogenic isotope values, these 

granitoids are thought to be sourced from the same protolith. The tungsten-related 

hornblende granites are on average 20 Ma older than the tin-related biotije granijes; and are 

considered to have crystallised at depths up to 3 or 4 km below their tin equivalents, from a 

meH at temperatures above 700°C. The absence of volatiles (F or B), in tungsten related 

granijoids caused tungsten to be strongly partijioned into the aqueous phase as it cooled 

below solidus temperatures to approximately 400°C (Newberry, 1982). The resuHant melt 

quenched at depths of 5 to 7 km. Because of lithostatic pressures and the absence of 

volatiles such as F and B, extensive fracture networks failed to develop, and mineral 

deposijion was restricted to contact skarns wijhin associated limestone unijs (Table 4.6). 

The evolutionary history of tin-granijoids remains speculative. Up to 20 Ma years may have 

elapsed between the intrusion of tungsten-related hornblende granodiorites and the later 
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Table 4.6 Summary of the characteristics associated with typical Sn and W 
related granitoids in westerri Tasmania. 

CHARACTER W- GRANITOID Sn- GRANITOID 

SOUDUS »700°C $600'C 

CLASS ilmenite Series (liS Type) ilmenite Series (S Type) 

MINERALOGY Hornblende Granodiorite Biotite Granite 

SOURCE Protolith??? (majors/tracetREE/Sr, Nd) Protolith (majors/tracetREE/Sr, Nd) 

AGE 350- 370Ma 325-355 Ma 

FRACTIONATION Moderately - Highly Fractionated Highly Fractionated 

REDOX Moderately Reduced (NNO - C<>2/Cf4) Reduced (QFM to CQUCf4) 

ALKALI INDEX Peraluminous (± Metaluminous) Strongly Peraluminous 

Fe3+f(Fe3+ + Fel+) 0.15 to 0.30 0.11 to 0.25 

gtsow .R.(%.) 8- IO%o 9- 11%. 

DEPTHEMPL. 4 - 7 ian (Deep Level Emplacement) I - 3 ian (Shallow Level Emplacement) 

HzOCONTENT Wet (-3.3 wt%) Dry? 

VOLA TILE LOSS Early Vapour Phase (Saruration) Late Vapour Phase (Saruration) 

MAJOR H20,Cl? H20,F,B,Cl 
VOLATILES 

MECHANICAL Low • Limited Fracturing High -Extensive Fracturing 
ENERGY 

DEPOSIT TYPES Proximal W- Skams Distal So-Skarn, Sheeted Vein Complex 
e.g., King Is., Kara e.g., Renison, Cleveland, Mt. Bischoff 
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biotite granites associated with tin mineralisation. This apparent time gap allowed melts 

sourced from the same protolith to become more evolved and enriched in volatile 

components. Increased differentiation of the .tin granites caused the relative fugacity of 

fluorine in the grannoid magma to increase (Keith eta/., 1985); as would previous me Ring 

events, be they related to the formation of tungsten granitoids or not. The presence of the 

volatile components (F, B, & Cl) reduced the viscosity and the solidus temperature of the 

meR to less than soooc and enabled the shallow emplacement of the tin grannes. Continued 

fractional crystallisation resulted in the accumulation of incompatible ore elements in the 

apical regions of the intrusion. The high concentrations of H20 in shallow B-rich magmas 

caused large amounts of mechanical energy to be released during crystallisation which 

created the necessary structural preparation in the overlying host-rocks. This enabled Sn

rich hydrothermal fluids to be focussed into breccias and sheeted vein complexes. Structural 

preparation of carbonate-rich hostrocks was singularly most important for distal skarn 

development which resuHed in stratabound carbonate replacement ore-bodies at Renison, 

MI. Bischoff and Cleveland (table 4.6). 

The following chapter describes the mineralogy and alteration associated wnh hydrothermal 

fluids focussed into structurally prepared hostrocks above the highly fractionated Sn-rich 

Pine Hill Granne. 
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