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THE GRANITIC ROCKS ASSOCIATED WITH CASSITERITE-SULPHIDE

MINERALIZATION

INTRODUCTION

In Western Tasmania, a number of granite batholiths have intruded

all sedimentary units from the Precambrian (Whyte Schist) to the Devonian

(Bell Shale). The batholiths post-date folding but have been faulted in

places (e.g. Heernskirk, Pieman Heads). Carey (1953) and Solomon (1965)

have suggested that they are intruded along large anticlinal structures

and Solomon (1965) showed a possible anticlinal zone along which the

Heemskirk, Meredith and Housetop Granites are aligned (Fig. 5). The

granite masses are generally elliptical in outline with arcuate boundaries

against the country rocks, the largest being the Meredith Granite with

a surface area of approximately 120 s~. miles.

post-kinematic high-level plutons.

The present study is concerned with the Meredith Granite, the Pine

Hill complex and the Mt. Bischoff complex and a comparison with the

previously described Heemskirk Granite [e.g. Brooks and Compston, 1965;

Brooks, 1966, Heier and Brooks, 1966; Green, 1966 (a), (b)]. Both

the Meredith and Heemskirk Granites exhibit discordant, intrusive contact~

in detail although the Reemskirk Granite is roughly concordant with the

ree;ional structure. Reorientation of the country rocks is shown by a

large swing in strike of rocks to subparallel and dip steeply away from

the contacts on the northern flank of the Meredith Granite and apparent domin€

of the Eldon Group on the southern flank. Discussions of the mechar.ism



Granite Mass Rock Type Age m.y. Method Reference
(initial

Sr87/sr86 )

Heemskirk Granite? 338 K-Ar Evernden and
Richards (1962)

lleemskirk Red and 340±5 K-Ar McDougall and
White Leggo (1965)
Adamellites

lleemskirk White Granite 353±3 Rb-Sr Brooks and
A Series (0.734± COlllPston (1965)

0.002)

Heemskirk White Granite 357±7 Rb-Sr Brooks anG.
B Series Compston (1965)

Heemskirk Red Granite 354± Rb-Sr Brooks and
(0.705± COlllPston (1965)
0.720)

Pieman Granite? 356±9 Rb-Sr Brooks (1966)
(0.7354±
0.0018)

Meredith Micro- 350 K-Ar McDougall and
adamellite Leggo (1965)

Meredith Porphyritic 353±7 Rb-Sr Brooks (1966)
(0.7155±
0.0015)

Renison Bell Greisenized 354±4 Rb-Sr Brooks (1966)
("'0.700)

Mt. Bischoff Quartz- 349±4 Rb-Sr Brooks (1966)
Orthoclase ("'0.700)
Porphyry

Granite Tor Granite 355±6 K-Ar McDougalJ. and
-Leggo (1965)

Housetop Adamellite 362 K-Ar McDougall and
Leggo (1965)

Housetop Adamellite 375±l0 Rb-Sr McDougall and
(0.710:!: Leg&o (1965)
0.002)

Table 11. Summary of isotopic dating of granites, Western Tasmania.
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of emplacement of the batholiths can only be speculative, although it

may be significant that they have intruded in a potential tensional

environment between stable Precambrian blocks (Fig. 5).

The Pine Hill complex occurs about 2 miles south of Renison Bell

and comprises a complex intrusion of adaoellites, which are largely altered

to quartz-tourmaline (~chorl) rocks. Associated quartz-feldspar porphyr;Y

dykes are greisenized. The intrusion is probably dyke-like or

cupola-like in form.

At Mt. Bischoff, quartz porphyries occur as a series of anastomosing

dykes and sills which was prObably emplaced in tensional fractures in

the hinge zone of the Bischoff AnticlinoriUQ. There is no direct

evidence that the porphyries are related to the Meredith Granite althcug~

this has been suggested by Groves and Solomon (1964).

The granite masses appear to be penecontemporaneous (Table 11).

The Heemskirk, Meredith and Pieman Granites have Rb-Sr ages between

353 and 357 z 8 million years which would correspond to an Upper Devonian

age using the Phanerozoic Time Scale of Harland et al (1964). The Rb-Sr

ages of porphyries from Renison Bell and Mt. Bischoff (355 Z 4 and

349 z 4 million years) are not significantly different from the ages

of the granites and suggest a close relationship between the intrusions.

Potassium-Ar dating of the Granite ·'l'or mass gives a compatible figUre,

although K-Ar and Rb-Sr datings for the Hampshire Hills Granite (362

and 375 z 10 million years) yield a greater age.
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The major part of the Tabberabberan folding appears to be pre-late

Middle Devonian (Banks and Burns in Banks, 1962, p. 185), supporting

earlier suggestions that the granites are post-kin~matic (e.g. Solomon,

1962, p. 334). McDougall and Leggo (1965) have suggested that generation

of granitic magma may be initiated during the main folding phase but that

the time-scale of movement of the granitic magma from its source to the loci

of intrLsion may be longer than the duration of the folding phase.

Tin deposits are associated with all the granitic masses investigated

in this study. Tin deposits are particularly abundant in the Heemskirk

Granite in quartz-tourmaline veins, in greisenized granite and associated

alluvial gravels. Tin deposits are much less abundant in the Meredith

Granite; the only economic lode deposit is the South Bischoff /1ine in

greisenized granite, although alluvial deposits are widespread (e.g. Stanley

River, Wombat Flat, Pine Creek etc.). The Mt. Lindsay Mine occurs 1-ithi?

the contact aureole on the southern flank. Tin deposits are associated

with Pine Hill complex (e.g. Penzance Workings) and the Renison Bell

pyrrhotite-cassiterite ore bouies occur within the limit of occurrence

of the greisenized dykes. The spatial association of pyrrhotite-

cassiterite ores and ~anitic rocks is best demonstrated at Mt. Bischoff,

where they are intimately associated, the widespread association of pyrrhotite

and cassiterite in the topazised dykes indicating a genetic relationship.
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SUMMARY OF STRUCTURE, PETROGRAPHY. AND METAMORPHISM

Meredith Granite

The Mereciith Granite has extremely irregular contacts against the

country rocks locally (e.g. Groves, 1965a) and is discordant to the

regional structure (Fig. 3). The stratigraphic position and structure

of the country rocks to the north and south of the intrusion are similar and

suggest possible continuity prior to ir~rusion. Regional jointing

consists of approximately N-S and E-W sets of near-vertical joints, the

N-trending set swinging in strike from NNE in the northern part of the

granite to Nrrw in the southern area (Fig. 3). Major dykes within the

granite mass subparallel this trend and Waterhouse (1914) recorded that

t~urmaline-quartzveins commonly filled NW-trending fissures in the

Stanley River area.

The Meredith Granite is composed lredominantly of equigranular

adamellite and porphyritic adamellite. They are mineralogically similar

(Appendix Al) and consist of quartz, acid andesine (An
33

Ab
67

- An38 Ab62 )

and orthoclase-microperthite with subordinate biotite and minor muscovite;

hornblende, apatite, zircon and sphene. Oth~oclase phenocrysts up to

6 em in length are common in the porphyritic adamellite. The relationship

between the texturally different adamellites is not clear (e.g. Waterhouse,

1914; Reid, 1923), the only exposed contact examined containing "rafts"

of hornfelsed sedimentary rocks. Tbe adamellites are intruded by aplitep

and sodaclase microgranites which consist of granular intergrowths of

quartz, orthoclase and albite (An6Ab
94

- An
9

Ab
91

) and in places contain
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abundant tourmaline nodules. The range of optic axial angles.

compositions and obliquities of potash feldspars in rocks of the Meredith

Granite are given in Appendix A2 and summarised in Figure 36. and it is

evident that they plot below the low albite-orthoclase join but well

above the low albite- maximum microcline join. A plot of optic axial

angle against comfosition for the plagioclases (Fig. 37) indicates that those

from the adamellites generally lie between the determined curves for

plutonic (low temperature) and heated plutonic (high temperature)

plagioclases. but it is difficult to draw conclusions from the results

as the two c~es approach closely at these compositions. The

plagioclases from the sodaclase microgranites cluster around and

generally slightly above the low temperature curve. The coefficient

of distribution of albite between potash feldspar and plagioclase (~)

is approximately 0.41 for the adamellites, which is equivalent to a

temperature of formation of 6500 C to 7000 C (Barth, 1962), although the

unknown effects of pressure "and variation in initial concentration of

Na allow only a tentative estimate.

The contact aureole of the Meredith Granite is up to 8000 feet

wide in plan and the hornfelses are predominately of the albite-epidote

hornfels and hornblende-hornfels facies and locally of the pyroxene-

hornfels facies. Estimates of lithostatic load at the time of granite

emplacement vary from 1000 to 2500 atmospheres. The occurrence of

sillimanite in the immediate contact zone in the Stanley River area

(Waterhouse. 1914) indicates a minimum temperature of approximately

650
0

C at 2500 atmospheres. this temperature increasing with uecreasing
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pressure (e.g. Heitanen, 1967). Using the tempereture of 6500C as

a miniuum initial contact temperature, a minimum initial temperature of

the magma of 8500 C is indicated if appropriate values of the geothermal

gradient (e.g. Jaeger and Sass, 1963) and diffusivities and thermal

conductivities of the rocks involved (e.g. Lovering, 1936) are sUbstituted

in the equations of Jaeger (1959). Xenoliths within the adarnellites

along the northern contact consist of a granoblastic mosaic of quartz,

biotite, acid andesine and potash feldspar. The metamorphic facies

of these rocks is not demonstrable and it is probable that the high

proportion of potash present has prevented the appearance of andalusite,

cordierite etc.

Heemskirk Granite

The structure and petrography of the Heemskirk Granite have been

described by Green (1966a). The granite (Fig. 5) is a large stock

or small batholith some 40 square miles in area which is roughly

concordant on a regional scale but markedly discordant locally. The

contact is almost vertical. It is a multiple intrusion consisting

essentially of two !Jain types which have been grouped as "red granite"

and "white granite" although they are generally adamellites (Brooks and

Compston, 1965).

The "reel granite" is generally coarse-grained and consists

chiefly of quartz and perthitic pink orthoclase (16 to 20% albite lamellar)

with acid andesine, biotite and rare tourmaline. It is mineralogically

similar to the adamellites of the Meredith Granite. The"white granite"
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is mineralogically similar to the "red granite" but contains white

erthoclase and essential accessory tourmaline (schorlite), and is

the host rock for most of the abundant tourmaline - and tin-bearing

bodies in the granite complex. The "white granite" has been separated

into series A (e~uigranular adamellites) and series B (porphyritic

adamellites) by Brooks and Compston (1965). Minor areas of micro-

granite containing ~uartz, orthoclase and albite also occur and are

mineralogically and texturally similar to the sodaclase microgranites

of the Meredith Granite. The red and white grani tes are intruded

by aplite and pegmatite dykes and various ~uartz-tourmalinebodies.

Brooks and Compston (1965) recorded a higher initial Sr87/sr
86

for

the white granite than for the red granite (Table 11) which they

interpreted in terms of contamination of the white granite by

radiogenic Sr during emplacement. The Rb-Sr age for the red granite

and white A granite are indistinguishable but the white B granite could

be several million years older (Tuble 11). Green (1966a) suggested

that the white granite was the later and was typified by a high

content of volatiles which tended to accumulate near the roof of the

intrusion. Heier and Brooks (1966) suggested that the white granites

were the result of vapour phase acting on the top portion of the

granite intrusion and that the parent magma subse~uently intruded to

form the red granite.

Green (1966b) suggested that the possible lithostatic load in the

country rocks at the time of granite intrusion could range from 1000 to

3000 atmospheres •. The rocks within 50 feet of the contact attained the
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Between 50 feet and 2000 feet from the granite

the facies was hornblende-hornfels and beyond 2000 feet albite-epidote-

hornfels facies. This general zoning is complicated by the apparent

greater susceptibility of calcareous rocks, to metamorphism and by

local retrograde metamorphism due to decline in temperature und/or

increase in water pressure.

Pine Hill

The structure of the Pine Hill complex has been described previously.

It is probably a small cupola with associated radial dykes.

The unaltered rocks are predominantly sodaclase adamellites, partly

porphyritic, consisting of quartz, perthitic potash feldspar and albite

(An
6

Ab
94

- An
9

Ab9l ) with minor biotite, muscovite and tourmaline

(Appendix AI). They are similar to the microgramtes of the Meredith

Granite. QuartZ-feldspar porphyry dykes intrude these adanellites

and consist of large euhedral potash feldspar phenocrysts with

subordinate albite, quartz and biotite phenocrysts in a fine-grained

groundmass of quartz and feldspar. The properties of the potash-

feldspars (Appendix A2) are summarised in Figure 36 and it is evident

that they have higher obliquities and optic axial angles (2V") than potaSh

feldspars from the Meredith Granite and Mt. Bischoff and Heeuskirk

Granite (Brooks and Compston, 1965) •. The plots fall partly in the

field of adularia and partly outside the diagrSEl of Barth (1965).

The inadequacy of this diagram in this region is also emphasised by

studies by D. Duncan (pers. corillU.) on potash feldspars from Tennant

Creek. At Pine Hill the formation of potash feldspar with higher

obliquity may have been facilitated by the presence of abundant
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volatiles during the extreme tourmalinization and greisenization that

the rocks have undergone, as Smithson (1952) suggested that H20 and/or

other volatiles may racilitate metasomatic transport, crystal growth

and ordering processes. The errect or marked variation in H20 content

on potash reldspar obliquity has been stressed by several authors

(e.g. Emeleus and Smith, 1959; Guitard et ~,1960). The plot or optic

axial angles against composition or the plagioclases (Fig. 37) indicates

a cluster around the low temperature (plutonic) plagioclase curve, with

some plagioclases rrom the adamellites well below the curve.

The host rocks have been metamorphosed over a radius or at least

4000 reet rrom Pine Hill (Fig. 16). The hornrelses are described

in Appendix A3 and have mineralogical assemblages consistent with

hornblende-hornrels racies or the albite-epidote hornrels racies or

metamorphism. The most common axinite-bearing assemblage is axinite

calcite-grossularite-diopside which is probably the typical axinite

association in the hornblende-hornrels facies (e.g. Vallance, 1966). No

assemblages typical or the pyroxene-hornfels facies have been identified

TtG calc-silicate hornfels lenses, which have mineralogical banding

parallel to bedding lamination in adjacent hornfelsed greywackes, are

probably metasomatized calcareous shales.

Axinite-actionolite-calcite veins which contain sulphides and rare

datolite and danburite also occur at Colebrook Hill some 4 miles NE

of the Pine Hill Complex (e.g. Blissett, 1962), although there is no

visible granite intrusion at this locality.
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Mt. Bischoff

Quartz-feldspar porphyry dykes and minor sills intrude the crest

of the domal structure at Mt. Bischoff.

of tensional fractures.

The dykes occupy a number

Unaltered quartz-feldspar porphyries are limited to small areas

at the limit of mineralization. These rocks (Appendix AI) consist

of euhedral quartz and orthoclase (less than 2% albite) phenocrysts in

a fine felsitic groundmass.

3 and 4).

They r.ave marginal flow structures (Plates

The occurrence of wollastonite in the matasomatized dolomite horizon

indicates attainment of at least the hornblende-hornfels facies of

metamorphi SL'1. The muscovite and quartz in the quartzite and shale

have been recrystallized with introduction of topaz, carbonate and

fluorite.

Relaticlldi1-ip betwel.::.i:~ tIle Granitic Rocks. .

The presently exposed area of the Heeoskirk Granite may be in closer

proximity to the roof area than the exposed area of the Meredith Granite.

This is suggested by the unusually high proportion of mineralization

accompanying tourmalinization and greisenization within the Heemskirk

Granite and the cupola-type en~ironment suggested by Brooks and Compston

(1965) to explain the high initial sr87/sr86 ratios of the granites.

The complex at Pine Hill contains rocks similar to late intrusions in the

Meredith Granite and appears to be the roof of a small cupola, possible

similar to the protuberance at Aberfoyle in Eastern Tasmania (e.g.
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Kingsbury, 1965), and may be a relatively small upward projection of

a larger granite stock. The dyke system ~t Mt. Bischoff probnbly

represents filling of tensional fractures above a hidden cupola-like

body such as that at Pine Hill. High concentrations of boron,

fluorine, sulphur and H20 were common in the roof zones of the intrusions

and resulted in the ubiquitous occurrence of tourmaline, topaz,axinite

and sulphides above the granites and in their contact aureoles.

The similar radiometric ages and similar trace element concentratioqs

of sulphides in the granitic rocks and associated ore deposits suggests

that the granitic rocks are inter-related. It is envisaged that each

granite, as exposed, corresponds to a different level within a

predominantly covered batholith similar to that benenth the area of

mineralization in Southwest England (e.g. Bott, Day and Masson-Smith,

1959) or more than one penecontemporaneous, compositionally similar

batholith. A reconnaisance gravity survey over the Heemskirk Granite

(Johnson, 1967) indicates that the granite dips gently for about

4000-5000 feet from the exposed contact before dipping steeply to a

depth of 30,000-45,000 feet. If this is correct it indicates a

possible deep connection f.or the granitic masses and not a relatively

shallow, gently sloping irregular upper margin as in Williams (1967).
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GEOCHEMISTRY OF GRANITIC ROCKS

Study of the granites is made difficult by the inaccessibility of

much of the Meredith Granite which makes virtually impossible the collection

of systematic samples. The extreme alteration of the rocks at Pine

Hill and Mt. Bischoff alsu makes sampling difficult. The sample

localities and analytical methods employed are described in Appendix

A4.

Major Elements

Major element analyses are given in Appendix A4 and the average

composition of the granites in Table 12.

From these analyses it is evident that the equigranular adamellite

and the porphyritic adamellite of the Meredith Granite are chemically

sinilar, thus substantiating the earlier work by Groves (1963) and

Groves and Solomon (1964) who suggested on the basis of modal analyses

that they were mineralogically similar. All the granitic rocks

have high average Si02 contents indicating that they are highly

fractionated rocks if Si02 is' considered to be an index of degree

of fractionation. High Si02 content is a consistent feature of granites

associated with tin mineralization (e.g. Hosking, 1965). The sodaclase

microgranites are more Si02 rich than the adamellites of Pine Hill,

and the adamellites of the Heemskirk Granite contain more Si02 than

the adamellites of the Meredith Granite. The Si02 contents of the

Heemskirk Granite are similar to those of granites from Rossarden and

Royal George (Ben Lomond) Granite in Eastern Tasmania which are also



Meredith Granite H••msk1rk Pine Hill Mt. Bischoff
Granit. Complex

Porphy- Soda- Soda-
riUc claa. Red White claae

Ad".el- Ada••l- Micro Granite Granite Adamel- Porphyry Porphyry
litoD) lito(5) granito(2) (7) (7) lito(}) ( 2) (5)

Si02 72.2 7}.} 74.}5 75.52 74.44 n.9 72.7 75.}

Ti02 0.36 0.27 O.l} 0.19 0.21 0.06 0.01 0.02

A1203 14.10 1}.40 1}.50 12.7} 1}.44 14.75 14.95 14.25

re2:)3 0.61 0.20

roo 1.1} 1.66

_quiT. r.o 2.00 2.07 2.0} 1.61 }.67 1.95

KoO 0.02 0.05 0.02 0.04 0.05 0.02 0.09 0.06

KgO 0.85 0.65 0.8 0.25 0.18 0.6 0.65 0.6

CaO 0.81 0,76 0.17 0.60 0.8} 0.13 1.09 0.20

He20 }.1 }.2 }.6 ,.93 2.77 }.2 0.55 0.14

K20 4.7 4.8 4.15 5.2} 5.00 4.6 4.0 4.9

P205 0.04 0.04 0.01 0.05 0.11 0.02 0.04 0.09

"20+ 0.79 0.58 0.70 0.54 0.55 1.00 1.}2 1.62

"20- 0.}8 0.18 0.28 0.25 0.14 0.21 0.12 0.2}

r ~ S&..L ZQ.L .(0.2 0.8 "- 0.2

'rotal 99.}6 99.}0 99.74 100.07 99.58 100.10 99.79 99.}6

Ba 552 }96 8} 88 190 149

Cu 9 6 4 7 5 4

Li 42 4$ 48 120 54 9}
Ii }? 5 4 10 5

Ph }} 27 25 27 }2

Db 218 24} 3~7 }58 }99 754 784 906

So } 5 4 27 59 72

Sr 80 47 14 }5 }8 8 6 }

Tb 21 19 18 49.2 24.1 }2 4} 11

U 9 9 19 12.4 18.0 2} }2 1}

Zo 54 28 22 25 92 122

lIRb l88 166 119 142 106 52 49 56

Tb/U 2.} 2.9 1.0 4.0 1.} 1.7 1.4 0.8

'rable 12. ~v.rag. co.p08itiona of granitic rocka fro. Meredith

Granite, Hee.akirk Granite, Pine Hill and Mt. B1achoff.
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high level bodies (Blissett, 1959; Beattie,

anomalously high Sr67/Sr86 ratios (McDougall

1967) and may also have

and Leggo, 1965). The

unaltered quartz-feldspar poprhyry from Pine Hill (1419) has a similar

, Si0
2

content to the Mt. Bischoff porphyries but, as predicted from the

petrography, contains significantly more Na20 and CaO than the Yffi.

Bischoff rocks.

It is evident from Figure 38 that there is a sympathetic variation

of,FeO and V~O for all the granite types, MgO increasing with increasing

FeO. The adamellites of the Meredith Granite have higher FeO and

correspondingly higher MgO than the adamellites of the Heenwkirk Granite

and appear to be relatively enriched in MgO. The rocks from Mt. Bischoff

and Pine Hill also appear to be slightly enriched in MgO relative to

the Heemskirk Granite.

'l'he relationship between the major alkalies is 'indicated in

the plot of molecular quotients (xlOO) of K20 and Na
2
0 (Fig. 38).

The adamellites from the Meredith Granite, Heemskirk Granite and Pine

Hill complex plot close to the line of equimolar proportions of K20

and Na20, with a tendency to plot on the K20-rich side of this line.

The alkali oxides also show an inverse relationship and appear to

plot about a line with the form K20 + Na20 = constant (approx. 10).

Superimposed on this major trend tl4",o is a tendency for total alkali

oxides to increase slightly with increasing Na2,OoiC20, this being a

common phenomenon in granitic rocks. The inverse relationship of Na20

and K20 has been used as evidence for internal metasomatism (Battey,

1955; Stone, 1961). However, as Exley and Stone (1964) indicate, such
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conclusions based on alkali aata are open to criticism. The total

alkali content is generally governed by the feldspar content which is

approximately a constant, one feldspar diminishing as the other increase9'

Thus there is a tendency for K20 to vary inversely with Na20 irrespectiv~

of the process causing variation.

The field occupied by the porphyries from Mt. Bischoff and

Pine Hill on the alkali diagram is unusual and is entirely separate field

to the adamellites. The porphyries have a similar range in K20 to the

adamellites but have extremely low Na20 values and there appears to be nq

correlation between K20 and Na20 in the limited range of values obtained,

Similar depletion of Na20 has been recorded in some late stage intrusion~

of fine granite and elvans from the Carnmenellis Granite from South-West

England (Ghosh, 1934), and is evident in some analyses of elvans given

by EXley and Stone (1964). The relationship between the ali<alies explains

the anomalous behaviour of K found by Brooks and Compston (1965), the

K in the white granites decreasing with increasing Si02 the reverse of

trends shown by the red granites and general trends in granites

described by Nockolds and Allen (1953). It can be seen that No. has

the reverse relationship in each of the granite types, thus maintaining

the inverse relationship indicated in Figure 38.

The sympathetic variation of FeO MgO and the inverse relationship

of K20 and Na20 indicates that the most valid graphical representation

of chemical variation in the granitic rocks woUla be obtained by

plotting Niggli values, calculated for groups of chemically similar oxides,

rather than single oxides. Values of 0.1, alk, fm and c have been plotted
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against si for all the granitic rocks ~d smoothed variation curves

are given in Figure 40.

The adamellites and microgranites of the Meredith Granite plot in

the ai.range of 329 to 452 and tbe Niggli values form smootb curves with

al and alk increasing and fm and c decreasing with increasing si. These

trends are similar to trends shown by other granitic rocks with a similar

range in si, (e. g. van Moort, 1966, p. 190). The .adamellites of the

Heemskirk Granite are more fractionated with respect to si, values rangiIlg

from 408 to 522.
i

The wbiteand red granites plot on significantly different

trends, the white granites generally having higher al and c values,
.,.
~ ,

and lower alk and fm values tban the red granites. However, both granite

trends have similar slopes whicb are also similar to the slopes of the

Meredith Granite trends. The adamellites and porphyries of the Pine

Hill complex have a similar range of si values to the adamellites of the

Heemskirk Granite. However the slopes of the alk, fm and Care reverseq,

alk decreasing sharply and fm and c increasing slightly with increasing

si. The al values are consistently higher and the slope of the al trend

is less than that of the Heemskirk and Mereditb trends. The Mt. Bischoff

porphyries, which show the greatest fractionation with respect to ai,

reflect similar trends to the Pine Hill rocks with overall higher aI,

and decreasing alk and increasing fm with increasing si.

The variation diagrams of major elements are inconclusive in

interpreting the relationship between the occurrences of granitic rocks.

The fractionation with respect to si is consistent with successive

fractionation from Meredith Granite - Heemskirk Granite - Pine Hill
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complex - Mt. Bischoff complex which is the postulated order of increasing
\ ~.

relative level of intrusion, and is also consistent with respect to the

inter-relation of microgranites to adamellites in the Meredith Granite,

and porphyries to microadamellites in the Pine Hill complex. However,

the results generally show that the granites do not belong to a simple

differentiation series with continuous solid solution in the minerals if

smooth variation is indicative of this process, Bnd that the Meredith

Granite and Heemskirk Granite may lie on a different trend to the Pine

Hill and Mt. Bischoff rocks. The deficiency in alkalies and the excess

of alumina in the Pine Hill and Mt. Bischoff rocks appears to be the

plominent feature of their chemical separation from the Heemskirk Granit~,

This may in part be due to partial alteration of the potash feldspars

(at least in the Mt. Bischoff porphyries) to kaolin with the subse~uent

relative increase in alumina and decrease in alkalies. However it is

unlikely that this contributes sufficient difference to account for

the deviation of the two trends.

All the analysed rocks contain 80 per cent or greater normative Or +

Ab + 8i02 • The Or-Ab-8i02 ratios are plotted in Figure 41 after Tuttle

and Bowen (1958). The ~uartz-feldspar boundaries at water-vapour pressures

of 500 and 10,000 bars are shown projected on to the anhydrous base of

the tetrahedron and the isobaric temperature minima for water-vapour

pressures of 500, 1000, 2000, 3000, 3600, and 10000 bars (Tuttle and Bowen,

1958; Luth et al,1964) are also shown. The enclosed field represents

the 5 per cent contour for 281 plutonic rocks from Washington's (1917)

tables that contain normative corundum (Le. alumina-oversaturated);

the rocks examined in this study, with the exception of two, contain

no=ati"-c-cor.unddll11llllll"'-- ~----~---
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Figure 41. Plot of normative Or-Ab-Si02 ratios of

the granitic rock from the Meredith Granite,

Heemskirk Granite, Pine Hill and Mt. Bischoff.

Diagram after Tuttle and Bowen (1958) and Luth

et al (1964), showing quartz-feldspar boundaries

and isobaric temperature minima for different

water-vapour pressures. The enclosed field

represents the 5 per cent contour for 281

alumina-oversaturated plutonic rocks from

Washington's (1917) tables.
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It is apparent that the adamellites from the Heemskirk Granite,

the adamellites and microgranites from the Meredith Granite and the

sodaclase adamellites from Pine Hill plot close to the region of the

ternary minimum at 500 bars in this system. This indicates crystal-

liquid equilibrium. The origin of the magma from which they have

fractionated is beyond the scope of this study. however, Luth et al

(1964) have suggested that alumina-oversaturated plutonic rocks in generat
,

may have resulted from partial melting of sedimentary material with

alumina-oversaturation reflecting earlier processes of weathering

and sedimentation. The white granites of the Heemskirk Granite show

no tendency to plot towards an tenary minimum at higher

red granites. This does not support Heier and Brook 's

PH 0 than the
2 .

(1966) suggestion

that the white granites were the result of vapour phase acting on the top

portion of the granite intrusion, but need not vitiate the suggestion

as Luth et al (1964) found only a slight shift in the contours towards th<;>

ternary minima for higher PH 0 for pegmatites and aplites, .presumably
2

formed from water-rich residual liquids, relative to granites.

The quartz-feldspar porphyries from Mt. Bischoff and Pine Hill

plot away from the isobaric temperature minima. They contain only

minor normative Ab, in agreement with petrographic determination of

predominantly a single alkali feldspar comprising high Or and very

low Ab. Similar compositions in keratophyres have been attributed to

. potash metasomatism (e.g. Battey, 1955), and similar potash-rich alkali

feldspars are recorded for adularia of "alpine" vein paragenesis (e.g.

Deer et al 1962, vol. 4, p. 67) and from authigenic potash feldspar
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It is evident that no conclusions can be

reached on the origin of these rocks on the basis of major element

chemistry alone.

It may be significant that the elvans from Southwest England

which are also closely associated with tin mineralization plot aw~

from the ternary minima and are also Ab-deficient (Fig. 41), and that

porphyries and aplites from areas of tin mineralization in Northeast

Tasmania are also Or-rich and Ab-deficient (e.g. Blissett, 1959).

It is possible that the formation of these rocks may be related to the

formation of late ~uartz veins and associated mineralization.

Trace Elements

The results of trace element analyses are given in Appendix A4

and the average trace element compositions for the various granitic types

are given in Table 12. An investigation of K/Rb and Th/U ratios

in the Heemskirk Granite (Heier and Brooks, 1966) represents the only

previous study of trace elements in granites from Western Tasmania.

Kolbe and Taylor (1966) suggested that the relationship between

Mg and Ni in granites ~ be an indication of their genesis. A plot

of Mg against Ni (Fig. 42) for the porphyries from Mt. Bischoff contrasts

with similar plots for granophyric rocks from the Skaergaard and Bushveld

Complexes (Wager and Mitchell, 1951; L~ebenberg, 1961). It

is suggestive that the porphyries are not local differentiates of any

penecontemporaneous basic magmas; this is supported by the low

concentration of Cu, Ti and ~m.

------------------------~------
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(a) Rubidium

The Rb values of the Meredith Granite (average 235 p.p.m.) are

only slightly lower than values for lo,r Ca-granites (Turekian and

Wedepohl, 1961) but the other rocks show strong enrichment in Rb.

The K/Rb ratio has been found to be a particularly useful index of

geological processes (e.g. Taylor, 1965). It has been demonstrated that

enrichment of Rb relative to K is commonly due to magmatic differentiation,

and several authors have shown that the K/Rb ratio decreases with

increasing differentiation (e.g. Taylor and Heier, 1958; Demin and

Khitarov, 1958; Volkov and Savinova, 1959). An interesting deviation

is described by Butler, Bowden and Smith (1962) who showed a progressive

decrease in the K/Rb ratio with increasing fractionation for the Liruei

complex and an irregular behaviour in the Amo complex of Northern Nigeria,

Eowler (1959) and Bradshaw (1967) have demonstrated that the high level

granites in South-west England have abnormally low K/Rb ratios.

A plot of K against Rb for the Tasmanian granitic rocks is shown

in Figure 42. The adamellites of the Meredith Granite have K/Rb ratios

between 143 and 201 which are lower than the approximate overall

average for most types of continental crust (Taylor, 1965). The

microgranites and aplites show a slight enrichment in Rb with respect to

K, relative to the adamellites. The rocks of the Heemskirk Granite

have K/Rb ratios ranging from 55 to 165 with an average around 120,

indicating strong fractionation. The white granite has a lower average

K/Rb ratio (106) than the red granite (142), consistent with stronger

fractionation. Similar ratios (53 - 208) have been recorded by Beattie



-174-

(1967) for the granite at Royal George (Eastern TasnWillia) which is also

a high level intrusion, with a tendency for lower K/Rb ratios in the

microgranites. The ratio is also equivalent to the K/Rb ratio in the

leucogranites of the SnowY Mountains Granites (Kolbe and Taylor, 1965).

The rocks of the Pine Hill and Mt. Bischoff complexes have significantly

lower K/Rb ratios averaging 51 and 56 respectively, indicating extremely

strong fractionation.

The K/Rb ratios indicate that the granitic recks are all strongly

fractionated and are consistent with the granitic rocks being successive

differentiates from a single or similar magmas, the least fractionated

being the Meredith Granite and the most fractionated the Pine Rill

and Mt. Bischoff complexes, with the Heemskirk Granite showing intermediate

fractionation. The trend shown by the plot of K against Rb is similar

to that shown by Bradshaw (1967) for feldspars from British granites.

(b) Strontium - Barium

The Ca-Sr and Ba-Sr relationships are shown for the granitic rocks

in Figure 42. Unfortunately Ba has not been determined for the

Heemskirk Granite. The rocks of the Meredith Granite have lower Ba

and Sr values than average low Ca-granites (Turekian and Wedepohl,

1961) •

In general the results indicate decreasing Sr from the Meredith

Granite, Heemskirk Granite to the Pine Hill and Mt. Bischoff porphyry

complexes; i.e. a similar sequence to the increase in K/Rb ratios.

This is consistent with progressive differentiation, owing to the

capture of Sr in early formed K-minerals and Bubsequent depletion
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in the late stages of the differentiation sequence. Hockolds and

~dtchell (1948) and Heier and Taylor (1959) indicated that Sr

substitutes for K, with coupled substitution of Si3+ for Al4+,

more readily than Ca and that the Sr/Ca ratio is ten times greater in

K-feldspar than in co-existing plagioclase. Low Sr concentrations are

also recorded for the granites of Southwest England (Bradshaw, 1967)

which also have relatively high Ca/Sr ratios in accordance with

increasing fractionation (e.g. Turekian and Kulp, 1956). The Ca/Sr

ratio for most of the Tasmanian rocks is consistent at apprOXimately

100 but is somewhat greater for the rocks of the Heemskirk Granite,

particularly the white granite, and for one porphyry from both Mt. Bischqff

and Pine Hill.

2+ +
Nockolds and Allen (1953) indicated that Ba substitutes for K ,

., 3+ .4+with a coupled subst2tut2on of Al for S2 ,and behaves according

to the classical capture theory, readily entering early formed potash-

minerals, and thus becoming depleted in the late differentiates. It is

evident that the adamellites of the Meredith Granite have the highest

Ba content (185-595 ppm) with depletion in the microgranites and

aplite (40-121 ppm) and the Pine Hill microadamellites and porphyries

(50-133 ppm, with one result of 329 ppm). The Mt. Bischoff porphyries,

however, have anomalously high Ba contents (81-192 ppm), which may in

part be due to their higher K content. The Ba/Sr ratios are irregular

in distribution but show an overall increase from the Meredith Granite

(approx. 5) to the Pine Hill complex (approx. 10) to the Mt. Bischoff

complex (approx. 50). This is contrary to successive fractionation
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according to Heier and Taylor (1959), who suggested that the

Ba/Sr ratio decreases during fractionation in feldspars. However

it is similar to the results of Kolbe and Taylor (1966) who showed a

range in Ba?Sr ratios for granodiorites and gneissic granites of the

Snowy Mountains of approximately 2.0 to 5.5 whereas the leucogranites

have ratios from 2.5 to 13.0 with an average of 6.0 (i.e. similar to

the Pine Hill complex).

(c) Thorium - Uranium

The Th/U ratios determined by X-ray spectrography (appendix A4)

and those given by Heier and Brooks (1966) in which Th and U were

determined by gamma ray spectrometry capaot becdirectly.compared

because of the tendency for Th to be low and U high, and hence Th/U

to be low, in the X-ray analyses. However each set of analyses should

show internal consistency.

The red granite of the Heemskirk Granite has Th/U ratios between

3.1 and 7.6, which are typical of granitic rocks in general, while the

white granite has much lower ratios between 0.9 and 2.5 and the aplites

and microgranites have ratios between 0.4 and 1.9 (Heier and Brooks, 1966

and Fig. 43A). The adamellites of the Meredith Granite have ratios

between 1.4 and 6.0 while the microgranites and aplite have lower ratios

between 0.5 and 1.6. The rocks at Pine Hill and Mt .. Bischoff have much

lower Th/U ratios between 0.6 and 2.7 and 0.6 and 1.0 respectively.

Hence there is a trend to decreasing ~b/U ratios from red granite to

white granite and to aplite and microgranitt: in the Heemskirk

Granite and from Meredith Granite (with lower ratios for aplite and
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microgranites than adamellites) to Pine Hill and to Mt. Bischoff.

These are similar trends to those shown by decreasing K/Rb ratios

(Fig. 434 and Sr concentrations. There is no consistent trend for

Th and U individually (Table 12).

It has been demonstrated that· there is a general tendency for

the Th/U ratio to increase with fractionation (e.g. Rogers and Ragland,

1961; Heier and Rogers, 1963) and this increase has been attributed to

the oxidation of U. Heier and Brooks (1966) concluded that low

Th/U ratios should appear (a) in strongly fractionated rocks that have

formed under non-oxidising conditions and (b) in fractionated rocks

in which the vapour phase is incorporated upon crystallization. They

favoured the latter conditions to explain the low Th/U ratios of the

white granite and the aplites and microgranites at Heemskirk. This

may also be the explanation of the low Th/U ratios at Mt. Bischoff

and Renison Bell where si~tlar alteration and mineralization has

occurred to that shown by the white granite at Iieemskirk.

(d) Lithium

In the adamellites of the Meredith Granite, Li averages some 44 ppm,

.rhich is about one and a half times the average abundance of Li in

granitic rocks (Turekian and Wedepohl, 1961). In the microgranite the

concentration is 48 ppm and in the aplite 225 ppm. In the rocks of

the Pine Hill complex it varies from 24 to 299 ppm and is considerably

enriched in the rock containing abundant mica. The Mt. Bischoff

porphyries are enriched in Li, the range being 45 to 111 ppm,

although three of the four analyses are above 100 ppm Taylor (1965)
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concluded that concentrations of Li greater than 100 ppm in granites

are indicative of extreme fractionation and imply that the rock

is a late stage, high level product. Bowden (1966) recorded high

Li contents in tin-bearing biotite-granites from Northern Nigeria

and suggested that the /;ligh values were introduced by late magmatic

and post-magmatic processes. At Mt. Bischoff and Pine Hill the

porphyries with high Li values are not strongly greisenized and the

high Li contents are probably indicative of strong fractionation.

(e) Copper, Zinc and Lead

Copper values in all grazlitic rocks analysed are remarkably

consistent, without exception below 10 ppm, and generally ranging between

4 and 6 ppm. These concentrations are slightly below the average

abundance of Cu in granites (Taylor, 1965). Bradshaw (1967) noted

no significant increase in Cu in the granites of Southwest ~ngland

relative to non-mineralized granites. Zinc values ere rather variable

and are generally higher in the porphyries at Mt. Bischoff and Pine Hill.

The average value for the adamellites of the Meredith Granite is 47 ppm

which is approximately the average abundance in granites. The

distribution of Zn values is difficult to discuss because knowledge

of the geochemical distribution is unknown. Tauson and Kravchenko

(1956) indicated that it occurs mainly as minute grains of sphalerite

with minor substitution in biotites and feldspars. Lead has been

determined only in a limited n~ber of analyses because of the

interference of As in the determination of X-ray fluorescent spectroscopy.

The Pb occurs at a relatively constant concentration sligiltly greater

than the average abundance in granites. The Pb-Sr ratio increases
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markedly from the adamellites of the Meredith Granite (average 0.3)

to the Pine Hill porphyries (average 3.8) and the Mt. Bischoff

porphyries (average 10.7). Taylor (1965) indicated that such

an increase is consistent with fractionation of a magma. The distribution

of Pb, like Zn, is uncertain due to the possibility of formation of the

sulphide phase (Tauson and Kravchenko, 1956).

(f) Tin

The distribution of Sn is of primary importance from an economic

viewpoint. It has generally be;!found that granites enclosing tin

deposits have greater Sn concentrations than unmineralized granites (e.g.

Butler, 1953; Goldschmidt, 1954; Shibata ~ aI, 1960; Bradshaw.

1967). The average values of Sn concentration in silica rocks are

between 3 and 4 ppm (Onishi and Sandell, 1957; liamaguchi et aI,

1964) and values up to 800 ppm have been recorded for greisens

(Goldschmidt, 1954). Ivanova (1963) found that the Sn content

of biotite granites enclosing tin deposits (16-32 ppm) is higher

than that for other granites «5ppm) and that the Sn concentration

(60-110 ppm) increases with increasing late or post-magmatic alteration.

The association of Sn with biotite is well known, concentrations up

to 4,500 ppm equiValent Sn02 being recorded (Ahrens and Liebenberg,

1950).

The granitic rocks of the Meredith Granite have low concentrations

of Sn, averagillg 4 ppm and ranging from 3 to 13 ppm. The concentrations

are approximately equivalent to the average concentration of Sn in

silicic rocks. Three analyses of biotites from the Meredith Granite
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indicate a range of Sn contents of 22 to 40 pp@ (Table 13) and

indicate that most of the Sn in the rocks must be present in the

biotite. No Sn analyses are available for the total rock samples

of the Heeroskirk Granite although three analyses of biotites from the

white granite show a higher range of Sn contents (31 to 118 ppm) than

three samples from the red oranite (9 to 34 ppm). Tin values are

higher for unaltered rocks from Pine Hill (14 to 104 ppm, average

40 ppm) and Mt. Bischoff (30 to ll~ ppm, average 72 ppm). It is

significant that the granitic rocks containing Sn mineralization

(Pine Hill, Mt. Bischoff wld the white granite, Heemskirk) show

enrichment in Sn while the relatively unmineralized and less fractionated

rocks (Meredith Granite and red granite, Heemskirk) have relatively low

concentrations of Sn.

Ringwood (1955) suggested that Sn could concentrate in residual

4+melts because the high ionic potential of Sn would favour the

formation of an (sn04)4- complex which is not accepted into silicate

lattices because of size difficulties. The Sn could either be concentrated

to form an ore by release from Sn-rich biotite during greisenization of

the fractionated rocks (e.g. Barsukov, 1958) or by further concentration

during fractionation resulting in rocks·deficient in the ~nerals

(e.g. biotite) in which Sn SUbstitutes (e.g. Rattigan, 1960). The

former process may be operative in producing the intramagmatic Sn ores

such as those at Heemskirk while the latter process may result in

the emplacement of discrete Sn-bearing lodes SOIDe distance from the

granitic source (e.g. Mt. Bischoff and Renison Bell).



Locality

Meredith Granite

"

"

Ii

"

Speci41en No.

1406

1481

1482

Sn (ppm)

25

22

40

Heemskirk Granite

Red Granite

" tl

Ii "

White Granite

tI "

1'1 II

R.C. 101* 25

R.C. 102 9

R.C. 108 34

R.C. 88 62

R.C. 117 n8

R.C. n8 31

Table 13. Distribution of tin in biotites from Meredith

Granite and Heemskirk Granite.*Field numbers of

Roger Coleman, (Honours) student, University

of Tasmania.

Analyst D.l. Groves, 1968, X-ray fluorescent

spectroscopy.
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ALTERATION OF GRAJIITIC ROCKS

Petrography of the Rocks

(a) Mt. Bischoff

The greater proportion of the dykes at Mt. Bischoff are altered

porphyries containing abundant topaz and sUlphides and insignificant

proportions of original feldspar. They are largely topazites (Johannsen,

1939). They have been described previously by Twelvetrees and Petterd

(1897), Weston-Dunn (1922), Reid (1923), Groves (1963) and Groves and

Solomon (1964), although the recent availability of drill core has

provided fresher material for examination.

The porphyries consist essentially of quartz phenocrysts up

to 6- mm in diameter and lath-shaped masses of topaz, quartz, fluorite,

carbonate or sulphides with sporadic muscovite flakes in a fine

groundmass of quartz and topaz. The quartz phenocrysts are generally

euhedral adjacent to the margins of the dykes but within the dykes

are corroded or possess a narrow rim of quartz in optical continuity

with the phenocrysts. In some sections (a.g. 1433) rows of muscovite

inclusions occur parallel to the crystal outlines of the quartz

and may represent evidence of overgrowths. Rows of fluid inclusions

are present in some crystals that also contain minute inclusions of

zircon and topaz. Topaz also occurs as partial rims around the

phenocrysts. Lath-shaped aggregates up to 5.0 mm in length are comm-

on ~,~ are generally multiple bodies of topaz, quartz, fluorite,

carbonate, muscovite, cassiterite and SUlphides (Plates 46, 47, 48).



Plate 45 Anhedral quartz phenocryst in quartz-tourmaline
groundmass,from altered porphyry, Pine Hill,
Renison Bell. Specimen No. 1423, x 32.

Plate 46 Carbonate and sphalerite replacing an orthoclase
phenocryst; carbonate possibly derived from
adjacent carbonate vein, Vfuite Face Dyke,
Mt~ Bischoff. Specimen No. 1436, x 32.
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The fine prismatic topaz which has been called pycnite (e.g. Petterd,

1910) has refractive indices a = 1.620 and y = 1.610 and 2V = 620

(+) ve iridicating that it has low molecular percentage On/(OH + F)

(e.g. Deer, Howie and Zussman, 1962, vol. I, p. 148) •. A recent

anulysis of the topaz ('l'uble 14) supports the low )llolecular percentage OH/

(on + I") ~ 6.5.

Si02 35.72

A120
3 52.33

Fe20
3

0.11

Ti02 nil

CaO 0.26 OH/(OH + F) ~ 6.5

MgO 0.28 Analyst. C.J. Penman, Department

F 17.40 of Mines Assay Laboratories,

H2O- 0.22 Launceston.

H
2

O+ 1.20

less o =' F 7.33

100.19

Table 14. Partial analysis of topaz from Mt. Bischoff,

Lath-shaped areas consisting of fine sericite and talc ere

less common (e.g. 1468) and large discrete muscovite flakes

and rossettes of muscovite are rare (e.g. 1439, 30630).

Cassiterite is present in most sections as granular, subhedral

cracked crystals up to 1 mill in diameter associated with lath

shaped areas of topaz (Plate 48) and 80S smaller crystals, 0.1 rom

in diameter, assoGiated with the groundmass. Tourmaline occurs



Plate 47

Plate 48

Replacement of orthoclase phenocryst by
carbonate, quartz and topaz, south end of
White Face Dyke, Mt. Bischoff. Specimen
No. 1496 ~ x 32.

Multiple cassiterite-topaz-quartz aggregate
.replacing an orthoclase phenocryst, White
Face Dyke', NIt. Bischoff. Specimen No.
1438, x 32.
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rarely as small euhedral crystals up to 2mm in length. Sulphides are

abundant as anhedral grains in lath-shaped forms. Pyrrhotite and pyrite

are predominant and arsenopyrite, sphalerite and wolframite occur

sporadically. An interesting feature of the distribution of sulphides

is the strong dominance of either pyrrhotite or pyrite in specific parts

of the porphyries; they seldom coexist in equal proportions.

The Northeastern Dyke (Fig. 7) is unusual in that it contains large

euhedral cubic pyrite crystals, with a side length up to 10 rum, together

with subhedral quartz phenocrysts and minor topaz. The pyrite generally

occurs as large crystals in the groundmass but in places encloses

and replaces quartz phenocrysts.. A feature of the pyrite cubes is the

occurrence of zones within the crystals that are Oblique to the crystal

margins.

A further variety of quartz porphyry occurs about .. mile west

of Waratah .(Fig. 8). This porphyry (30633) consists of deformed quartz

phenocrysts with elongate aggregates of sericite in a fine quartz-

sericite groundmass.

textures.

The occurrence of quartZ-feldspar porphyries towards the limit of

mineralization and the retention of relic lath-shaped forms in topazites

in which no feldspar is present suggests that the topaz, sulphides and

associated minerals have selectively replaced feldspar in original

quartz-feldspar porphyry dykes. This is confirmed by excellent topaz

pseudomorphs after orthoclase, which have been extracted from weuthered

porphyries in the White Face. At White Face the alteration has been so
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extensive that the porphyritic texture and original composition are

obliterated. In sections 694, 498, 1469 and 2171 topaz occurs as

radial aggregates of columnar crystals. in association with euhedral zoned

crystals of cassiterite up to 3 mm in diameter (Plates 49, 50).

In parts of the \{hite Face and the south end of the open cut the

porphyries that are in contact with dolomite have been totally replaced

by dark green tourmaline, fluorite, carbonate and muscovite (e.g. 30634

a - f). In thin section the rocks consist of large crystals of

fluorite which contain inclusions of small aligned, acicular crystals

of tourmaline and minor sericite and carbonate and are commonly rimmed

by sheaf-like masses of muscovite. The tourmaline is intermediate

between a schorlite and dravite in composition (Appendix A4).

The White Face Dyke exhibits a compositional gradation from a

quartz-feldspar porphyry to a topazite. (Fig. 11). The quartz

feldspar porphyry at the southern end of the dyke grades in a distance

of a few feet into porphyries in which the feldspar has been largely

replaced by carbonate and sericite with inclusions of quartz, nluscovite,

topaz and fluorite (e.g. 1433, 1468). The sulphides present are

predominantly sphalerite and pyrite. Small relic feldspar phenocrysts

remain in places (e.g. 30618) and the ~ToundmasS consists largely of

quartz, muscovite and talc. This rock then grades rapidly into

an altered porphyry in which topaz, pyrrtlotite and pyrite are predominw1t.

The intermediate zone between quartz-feldspar porphyry and topazite

is a miximum of 100 feet in width. It is interesting that the zonation

shO'nl by the White'Face Dyke is similar to the zonal sequence of minerals



Plate 49

Plate 50

Radial aggregate of columnar topaz with
interstitial quartz in extensively altered
porphyrYf Vfuite Face Dyke, wbite Face,
Mt. Bischoff. Specimen No. 2171, x 32.

Euhedral zoned cassiterite with topaz in
extensively altered porphyry, White Face
Dyke, White Face, Mt. Bischoff. Specimen
No. 2171; x 32.
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in the replacement deposit. A further feature of the alteration is

the occurrence of several small patches of quart~-feldsparporphyry

within the topazi~ed dyke. The heterogeneous nature of the alteration

is also shown by the occurrence of patches of topazite containing no appreci

able sulphides (e.g, 1437. 1438) in zones of generally intense sulphide

enrichment.

(b) Pine Hill

Tourmalites and greisens cooprise the greater volume of the

exposed part of the Pine Hill Complex.

Tourmalites which cover most of the summit of Pine Hill, are generally

medium-grained, equigranular rocks consisting essentially of quartz and

interstitial black and Dinor green tourmaline. Clusters of coarse

tourmaline crystals are present in places and quartz veins and coatings

on joint surfaces are abundant.

In thin section (e.g. 1416, 1418, 1420) the tourmalites consist

of interlocking anhedral to subhedral quartz crystals, approximately

1 to 4 mm in diameter with interstitial masses of small columnar

tourmaline crystals which appear to partially replace the quartz.

The tourmaline which is generally pleochroic from indigo blue (w)

to almost colourless (e) is a schorlite (Appendix A4), No cassiterite

was present in the sections examined.

The quartz-feldspar porphyries which radiate from the main Pine

Hill mass, and in places intrude the tourmalites, have been extensively

greisenized along the greater part of their length. These rocks show

extreme variation in texture from fine aplitic varieties (e.g. 1421)
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through medium grained rocks (e.g. 1415, 1470) to porphyritic rocks

with quartz phenocrysts up to 10 mrr, in diameter (e.g. 1422). The

greisens consist essentially of quartz and micaceous minerals with

variable proportions of tourmaline, fluvrite and sulphides. In thin

section (e.g. 1417) some aggregates of muscovite cross-fibres occur

in lath-shaped areas that may represent pseudomcrphs after feldspar.

Tourmaline generally occurs as granular subhedral crystals which rarely

form sl~ll clusters with muscovite.

Thin sections of the dyke which crops out on the Murchison Highway

(Fig. 16) indicate a predominantly even-grained rock consisting of quartz

and muscovite, minor topaz and sheaves of chlorite with rare subhedral quartz. ,

phenocrysts up to 3rnm in diameter (e.g. 1415, 1470). Several lath-

shaped areas composed of fine sericite are present. Fluorite and

sphalerite are abundant as crystals up to lmm in length and the fluorite

contains inclusions of all the other components.

An unusual porphyritic rock (1423) crops out on the eastern slope

of Pine Hill. It consists of large cracked quartz phenocrysts up to

10 rum in diameter and lath-shaped masses up to 12 l1llll in length of fine

columnar black and green tourmaline in a fine grained groundmass. In

thin section the lath-shaped areas are commonly composite and consist

of both tourmaline and quartz.

occur .

Rare tourmaline-biotite clusters also

Both pre-joint and post-joint alteration has occurred at

Mt. Bischoff and Pine Hill. The post-joint alteration is relatively

insignificant and represents crystallization of quartz, tourmaline,

muscovite, topaz and/or cassiterite and sulphides along joint surfaces
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with more intense alteration of the porphyries adjacent to the fracture.

A major problem with pre-joint alteration is the differentiation

between contempor~neously crystallized tourmaline, topaz etc. due to

increase in the volatile content in the later stages of intrusion and

alteration which is the result of introduction of volatiles slightly

later than intrusion (e.g. Brammall and Harwood, 1925). Weston-Dunn

(1922) suggested that alteration of the porphyries at Mt. -Bischoff took

place homogeneously in a crystal mush prior to emplacement. However,

Groves and Solomon (1964) showed that topaz was more abundant adjacent

to the margins of the Western Dyke and marginal variants of the White

Face Dyke are composed essentially of topaz and cassiterite in places.

It appears more likely that volatiles were introduced along open brecciated

walls of the dykes while the porphyries were in a semi-solidified state.

If this were correct it would imply a short duration bet,reen intrusion

and alteration as calculations based on formulae of Jaeger (1958)

in.ilicate that the thickest dykes would be completely solidified within

several hundred years. The occurrence of relic quartz-feldspar porphyry

towards the limit of alteration would be consistent with this origin.

The tourmalites at Pine Hill are sir~lnr to rocks from Southwest

England (e.g. Flett in Ussher et~, 1909). Wells (1946) recorded

that the formation of a quartz-tourmaline rock was the end result of

tourmalinization. The tourmalinization is a pre-joint phase of alteration

but whether it is contemporaneous with intrusion or slightly later

is not known. It is certainly pre-porphyry dyke intrusion.
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Geochemistry of Alteration

There has been little systematic chemical investigation of the pro-

c~s~es of late or post-magmatic alteration of granitic rocks.

The increase of elements of economic significance such as Sn, W and Mo

during greisenization is well established (e.g. Ivanova, 1963) but the behavi

of other elements has not been studied in detail.

(a) Mt. Bischoff

The alteration of quartz-feldspar porphyries at Mt. Bischoff

involves a relative decrease in alkalies (particularly K20) and Si02

and an increase in A120
3

(Fig. 44) and a marked increase in F and FeS2

(Table 15). This is consistent with the petrographic evidence of

replacement of orthoclase by topaz and SUlphides. A decrease is shown

by MgO and a small increase by caO possibly due to introduction of calcite.

The altered porphyries show a sharp decrease in Rb and Ba, the

average values decreasing from 906 to 11 ppm and 149 to 50 ppm respectively.

Strontium show a possible decrease although values in the unaltered

porphyries are already close to the detection limit. This decrease is

due to original incorporation of Rb, Ba and Sr in feldspars which have

been completely replaced, these elements being removed with the K.

Selective removal of Rb relative to K is indicated by an increase in the

K/Rb ratio from 56 to 90 with alteration. The retention of about

one third of the Ba is difficult to explain since it substitutes

only for K among the common cations. It is possible that the Ba may

be fixed in minute proportions of barite although none has been seen

in thin section. Rankama and Sahama (1950) suggested that Ba was
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Table 15. Average compositions of unaltered and altered granitic

rocks, Mt. Bischoff and Pine Hill.

Number of analyses in brackets.

Mt. Bischoff Pine Hill

Quartz- Altered Soda- Tour- Quartz- Greisen
feldspar Porphyry clase malite feldspar (2)
Porphyry (5 ) adamel- (3) Porphyry

(5) lite (3) (2)

Si02 75.3 69.4 73.9 67.5 72.7 70.65

Ti02
0.02 0.04 0.06 0.04 0.01 0.01

A120
3

14.25 19.65 14.75 14.9 14.95 15.25

Fe
2

03 0.28

FeO 0,41

"FeO 1.95 1.61 10.7 3.67 7.6

MnO 0.06 tr. 0.02 0.06 0.09 0.14

MgO 0.6 0.27 0.6 0.65 0.65 0.75

CaO 0.20 0.34 0.13 0.05 1.09 1.31

Na20 0.14 0.01 3.2 1.0 0.55 0.8

K20 4.9 0.1 4.6 0.2 4.0 1.9

P20
5

0.09 tr. 0.02 0.01 0.04 0.03

B20
3

4.2

H20 + 1.62 0.89 1.00 1.32 1.32 1.63

H2O- 0.23 0.12 0.21 0.02 0.12 0.09

F <0.2 6.52 <0.2 <0.2 0.8 <0.2

FeS- . 4.692

99.36 99.86 100.10 100.65 99.79 100.16



Mt. Bischoff Pine Hill

Quartz- Altered Soda- Tour- Quartz- Greisen
feldspar Porphyry c1ase malite feldspar (2)
Porphyry (5) adame1- (3) Porphyry

(5 ) lite (3) (2)

Ba 149 50 BB 3B 190 44

eu 4 71 7 5 5 4

Li 93 9 120 39 54 59

Hi 5 4 7 10 B

Pb 32 14 27 9

Rb 906 11 754 6 7B4 470

Sn 72 1459 27 63 59 96

Sr 3 <3 B 6 6 9

Th 11 27 32 6 43 11

U 13 7 23 10 32 6

Zn 122 111 25 11B 92 335

K/Rb 56 90 52 333 49 40

Th/U o;B 3.0 1.7 0.6 1.4 loB
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leached from granites during greisenization or alteration. Solomon

(1966) found that a greisen from the Skiddaw Granite (Cumberland,

England) had less than half the Ba content of adjacent granite while

altered granite in the Rookhope borehole (e.g. Dunham et al, 1965)

showed enrichment in Ba relative to the unaltered granite. It is

probable that variations in Ba content reflect the overall mineralogical

changes involved in alteration and the initial Ba content of ore

fluids. Tin shows the expected marked increase during alteration

from an average of 72 ppm in the unaltered porphyries to 1459 ppm

in the altered porphyries, due to the formation of free cassiterite.

Zinc and Ni show negligible changes during alteration but Cu shows

a marked increase from an average of 4 ppm to 71 ppm, probably due

to the formation of minor chalcopyrite. The increase in Th from

an average of 11 to 27 ppm and the Th/U ratio from 0.8 to 3.0 suggests

introduction of Th, and concentration of U relative to Th in the volatile

phase present during alteration (e.g. Heier and Brooks, 1966), with

subsequent depletion in the porphyries.

The fluids producing the alteration of dykes at !'1t. Bischoff

have apparently introduced Al, F, Fe and S and minor proportions of Ca,

Sn, Cu and Th and have become enriched in alkalies (particularly K) and

Si with minor Mg, Rb, Ba and Li by reaction with the porphyries. The

unusually high K/Na and Li/Na ratios of fluid inclusions from fluorite

in the replacement orebody are probably partly the result of this

reaction.
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(b) Pine Hill

At Pine Hill tourmalites are probably derived by tourmaliniBation

of sodaclase adamellites, and greisens represent altered quartz-

feldspar porphyries. Both alteration processes involve similar major

changes with relative decref~e in alkali oxides and Si02 and increase in

Al20
3

(Table 15). The direction of alteration with respect to these

oxides is similar to that at Mt. Bischoff but is less pronounced (Fig.

44). There is a marked increase in FeO particularly in the tourmalites

and significant increase in YillO. There is a high proportion of B20
3

in the tourmalites (average 4_.2~).

The two analysed greisens and the partly sericitized quartz

feldspar porphyry (1419) have lower Ba contents (30-58 ppm) than

the non-sericitized quartz-feldspar porphyry (14l7B) which contains

329 ppm Ba (Appendix A4). This is consistent with the observations of

Hall (1967) who suggested that Ba showed an inability to be incorporated

into muscovite, which is replacing feldspar in these rocks. Rubidium

however appears to be concentrated relative to K in muscovite-rich

greisen (1415) which contains 826 ppm Rb (Brooks, 1966 recorded a

concentration of 1204 ppm for rock from the same locality) and has a K/Rb

ratio of 29 while the quartz-feldspar porphyries have values of 734 and

834 ppm Rb and K/Rb ratios of 55 and 42 (Appendix A4). The greisen which

is strongly depleted in K20 (14l7A) contains only 115 ppm Rb but has only

a slightly higher K/Rb ratio (65) than the quartz-feldspar porphyries.

These results are consistent with observations of Hall (1967) who suggested

that the Rb could be retained in the muscovite lattice and was generally
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more abundant in muscovite than in coexisting potash feldspar. Strontium

shows a slight increase in the greisens (Table 15) but the difference

is probable not significant. Hall (1967) recorded strong decrease

in Sr during greisenization but the unaltered granites contained initial

high concentrations of Sr. It is probable that small concentrations

of Sr may substitute in muscovite. Tin does not show the marked increase

shown by altered porphyries at Mt. Bischoff. The average values indicate

an approximately 60 per cent increase during greisenization but this

figure is probably not significant because of the scatter shown by the

two analyses of unaltered porphyries. Thorium and U both decrease and

the Th/u ratio increases slightly. Zinc has an erratic distribution

and is strongly concentrated in one of the greisens (1415) which contains

visible sphalerite. Nickel and Cu remain essentially constant during

greisenization.

The tourmalites have different characteristics, particularly the

sharp decrease in Rb from an average of 754 ppm in the sodaclase

adamellites to 6 ppm in the tourmalites with a strong increase in the

average K/Rb ratio from 52 to 333. This suggests that Rb is not

acceptable in the tourmaline lattice. Bariun shows a significant

decrease from an average of 88 ppm in the adamellites to 38 ppm

in the tourmalites. Strontium and Cu remain essentially constant

but the average Sn content shows a two fold increase and Zn an almost

five fold increase in the tourmalites. Thorium and U both decrease

but show a relative enrichment in U with a decrease in the average

Th/u ratio from 1.7 to 0.6. This may be indicative of autometamorphism,

with immersion in volatiles during crystallization (e.g. Heier and Brooks,

1966) •
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The fluids producing the alteration of Pine Hill have intrcduced

Fe, MIl, H20 and abundant B during tourmalinization. The introduction

of Al is insignificant and Sn small when compared to alteration at

Mt. Bischoff but introduction of Zn is significantly higher. The

fluids have become enriched in Na20 as well as K20 during tourmalinization

possibly indicating lower initial KINa ratios for the ore fluids than

existed at Nt. Bischoff. The fluids have become enriched in Ba but

the behaviour of Rb depends on the mineralogical changes involved

and is largely enriched in the fluids during tourmalinization but

retained by the rocks during greisenization.
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SUMMARY .Aim CONCLUSIONS

The cassiterite-sulphide deposits in Western Tasmania are generally

stratiform replacement deposits (Mt. Bischoff; Nos. 1, 2 and 3

Horizons, Renison Bell; Cleveland; Mt. Lindsay), fissure deposits

with possible marginal replacement (Federal Lode, Renison Bell; Razorb&Ck

Grand Prize), and fissure lodes (Mt. Bischoff). The stratiform replacement

deposits are generally replacements of dolomites or calcareous sedimentary

rocks and the fissure deposits occur in fault zones. The sequence of

mineralization may be complex with several phases within the main period'

of mineralization; at Mt. Bischoff replacement of porphyry dykes

represents an early phase followed by replacement of the dolomite host

rock and finally by fissure vein filling; Thus the mineralization can

be considered polyascendant (e.g. Stemprok, 1965).

The replacement deposits at Mt. Bischoff and Renison Bell occur

in dolomite horizons at the top of an Upper Proterozoic-Lower Cambrian

miogeosynclinal sequence of sandstones, shales and mudstones, in which

the sand-grade rocks are sUbgreywackes and protoquartzite. This

sequence is followed by an eugeosynclinal sequence consisting of

greywackes, mUdstones, cherts, spilitic lavas and mafic intrusions.

This sequence contains calcareous horizons which have been mineralized

at Cleveland and Mt. Lindsay. An inte rvening sequence of haematitic

cherts, sandstones and conglomerates ("Red Rock") is unique to the

Henison Bell area. It is significant that the greater proportion

of Pb-Zn-Ag mineralization in the Zeehan-Dundas area has occurred at the
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same stratigraphic level as the tin mineralization at Renison Bell

and Mt. Bischoff. Solomon (1965) has grouped the sequences at this

level as the Success Creek phase and has suggested that they may be

post-Penguin Orogeny. There is no conclusive evidence for a

post-Penguin Orogeny age at Renison Bell and available evidence at

Mt. Bischoff suggests that the "phase" is locally pre-Penguin Orogeny.

The deposits at Mt. Bischoff, Benison Bell and Cleveland occur

on the limbs of major anticlinal structures which are complicated by

extensive normal faulting and flexural folding. A spatial association

of the tin mineralization with Upper Devonian igneous activity is shown

to varying degrees. It appears probable that the anticlinal structures

have localized intrusion. At Mt. Bischoff numerous greisenized, topazized

and tourmalinized quartZ-feldspar porphyry dykes of Upper Devonirol age

have intruded a faulted anticlinal structure and the tin mineralization

is restricted to the area of highest dyke frequency. At Pine Hill,

less than 1 mile from the Battery Workings in the Renison Bell area, a

small cupola of tourmalinized adamellite intrudes close to an anticlinal

crest. Associated with this cupola are numerous greisenized quartz-feld,

spar porphyry dykes of Upper Devonian age which are generally restricted

to the area of tin mineralization. The Razorback-Grand Prize tin mineral
"\

ization is within 3 miles of the Pine Hill intrusion, although acid dykes

have not been recorded from the immediate vicinity. The Mt. Lindsay

deposit occurs within the contact metamorphic aureole of the Meredith
,

Granite but the relationship at Cleveland is less obvious, the deposit

occurring some 2'-;2 miles from the northern margin of the Meredith Granite.
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However. Cox and Glasson (1967) have recently discovered a small

quartz-porphyry dyke some 600 feet from the replacement deposit.

It is apparent that the cassiterite-sulphide deposits are

localized in chemically reactive. dolomitic rocks of Upper Proterozoic

to Lower Cambrian age in suitable structural environments, generally

large faulted anticlinal structures that have been the loci for Upper

Devonian high-level granitic intrusions.

The cassiterite-sulphide deposits occur in larger districts of

predominantly Pb-Zn-Ag mineralization in fissure veins (e.g. Zeehan.

Dundas. Waratah) which are also considered to be genetically related

to the Upper Devonian granite activity (e.g. Solomon. 1965). The

spatial association of cassiterite - SUlphide deposits with Pb-Zn-Ag

deposits is typical of many Sn-rich provines (e.g. Bilibin; 1955).

Other deposits within Western Tasmania include banded Pb-Zn-pyrite

deposits (Rosebery, Hercules) and Cu-pyrite deposits (Mt. Lyell)

which occur within the Mt. Read Volcanics. with a ~r0bable genetic

relationship between ore deposition and vulcanism (e.g. Campana and King!

1963; Solomon. 1965). Other deposits (e.g. Magnet, Tullah) occur

within or adjacent to Cambrian volcanic rocks but have been generally

considered to represent Devonian Pb-Zn-Ag fissure vein deposits.

A uniform distribution of low Co and Ni in Fe-sulphides, normal Cd

in sphalerites, normal Se in sulphides, and high Mn in the Pb-Zn-Ag

fissure veins and cassiterite-sulphide deposits supports the concept

of a single metallogenic province in the late Devonian. The Zeehan

and Waratah areas may represent sub-provinces with respect to Cd.
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The Magnet deposit groups empirically with the Devonian deposits

in the Waratah area on the basis of Cd and Be in sphalerite, and the

Tullah deposits are similar to the Devonian deposits with respect to

Cd in sphalerite and Co and Ni in pyrite but are dissimilar to both

the Devonian and Cambrian deposits with respect to Be in sulphides.

The trend towards high Co contents in pyrites from the Cu-pyrite

and bo.nded Pb-Zn deposits in Cambrian volcanic rocks and pyrites from

unmineralized portions of these volcanic rocks, and the low Cd contents

of sphalerites from the banded Pb-Zn deposits suggest a genetic

association between ore deposition and vulcanism.

The stratiform replacement and replacement fissure cassiterite-

sulphide deposits at l~. Bischoff, Renison Bell and Cleveland are

mineralogically similar in their sulphide and oxide components and

consist predominantly of pyrrhotite with pyrite, arsenopyrite,

chalcopyrite, sphalerite and cassiterite and minor marcasite, stannite, galenl
I

jamesonite, haematite, tetrahedrite, wolframite and boulangerite. -1
The relatively high Jvalleriite have been recorded from Renison Bell.

bismuth, canfieldite, franckeite, gold, magnetite, pyrargyrite and

chalcopyrite content of the Cleveland ores malf be due at least in part

to remobilization of Cu during mineralization from mafic rocks in the

vicinity of the ore deposit, as nUllerous small, possibly remobilized Cu

deposits occur in similar rocks in the area adjacent to Cleveland.

In all the deposits cassiterite and wolframite have generally

crystallized before the earliest formed sulphides which are pyrite and

arsenopyrite, followed by pyrrhotite and further pyrite with minor

marcasite. Chalcopyrite, sphalerite and stannite were formed
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penecontemporaneously and exhibit extensive solid solution. They were

followed by tetrahedrite, jamesonite and native bismuth and the final group

of sulphides to crystallize were galena and associated cenfieldite,

fratlckeite, boulangerite and pyrargyrite. Some supergene alteration

of pyrrhotite to pyrite and marcasite has occurred.

Although the sulphide components of the cassiterite-sulphide deposits

are similar, the non-sulphide components vary between deposits because

of differences in the chemical compositions of the host rocks, and

proximity of granitic intrusions. At Mt. Bischoff pre-sulphide crystallizat:. I
of tourmaline, ~uartz, wollastonite, chondrodite, garnet and corundum '

indicates matasomatism associated with intrusion of the porphyry dykes,

with introduction of F, B, Si02 and minor H20 at temperatures in excess

These minerals have become unstable during sUbse~uent

activity involving sulphide deposition, and have been generally replaced

by hydrous micaceous minerals including talc, fluorphlogopite, serpentine,

and chlorite, and by Fe-Mn-~~ carbonates and fluorite. The presence of

talc indicates a temperature probably slightly in excess of 4oooc.

Introduction of Fe, Mn, K, Si02 and base metals with S, F and H20 and

removal of Ca, CO~ and to a lesser extent Mg, has been Widespread.
. L

Similar chemical changes are evident at Renison Bell and Cleveland,

althOUgh pre-sulphide alteration is generally restricted to the formation'

of tourmaline, ~uartz and minor topaz (i.e. apart from cassiterite and

wolframi te) • The disseminated nature of the deposit at Cleveland suggests

that the host rocks were less reactive than at Mt. Bischoff and Renison

Bell, and Cox and Glasson (1967) have suggested that the ore horizon

was originally a calcareous shale rather -I;han a dolomite.
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The cassiterite-sulphide deposits are considered to have been

deposited at an initially higher temperature than the surrounding Pb

Zn-Ag deposits because the earliest formed minerals (e.g. cassiterite,

wolframite, arsenopyrite, tourmaline, topaz) are virtually restricted

to these deposits. The Pb-Zn-Ag deposits contain minerals of

intermediate or late position in paragenesis (e.g. sphalerite, galena,

jamesonite). A major exception to this general trend is that pyrite,

which has generally been deposited before pyrrhotite, is more abundant

in the Pb-Zn-Ag deposits while pyrrhotite is the predominant sulphide

of the cassiterite-sulphide deposits.

At Mt. Bischoff mineralogical lateral zoning can be demonstrated

on a local scale. It is apparent the lateral zoning is generally more

common than vertical zoning in tin deposits (e.g. Turneaure, 1960;

Hosking, 1965). The replacement deposit in the central area of the mine

consists of massive pyrrhotite with cassiterite, arsenopyrite, pyrite

and wolframite while further south pyrite, sphalerite, galena and

jamesonite become more abundant. Similar mineralogical zonation is

evident from the general distribution of the later fissure veins and

some zonation within the veins has been recorded. Zoning may also

be related to time of mineralization as there are also major differences

between the replacement deposit and the later veins.

That this zonation is at least partly a function of declining

temperature is indicated by declining formation temperatures of

fluorite and quartz (from fluid inclusion stUdies) outwards from the

centre of Mt. Bischoff. Initial temperatures of deposition of fluorite
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in the central area were as high as 5800 C and decreased to approximately

200
0
C in the marginal zone some 2000 feet away. Temperatures of

formation of fluorite and quartz in the marginal fissure veins range

from 1700 to 3800 c, with the majority between 2000 and 250
0

C.

A positive correlation exists between salinity and temperature of

formation for minerals from different localities. A possible mechanism

to explain this correlation, the great variation of salinity within one

area, the temperature decline and high salinities (>50% equiv. NaCl) of

inclusions from the central area is for initially hot, highly saline

hydrothermal solutions, derived from the granitic source, to be cixed

with cooler, less saline meteoric and connate waters, in conjunction with

heat loss from the solutions to the wall rocks.

Low Na/K and Na/Li ratios of the fluids in 'fluorite from the central

area are probably a function of addition of excess K and Li over Na

from hydrothermal alteration of the porphyry dykes. The Na/K ratio

of the ore solutions increased with declining temperature and salinity

possibly due to admixing with relatively Na-rich meteoric and connate

waters; this increase may have been accentuated by fixation of K

in micaceous minerals (e.g. phlogopite). A possible local source of

solutions is indicated for deposition of fluorite at Fook's Lode (a

marginal cassiterite-sulphide fissure deposit) which has a relatively

high temperature of formation and salinity but similar Jila/K ratios

to the other marginal fissure deposits.

The fluid inclusion studies indicate that the initial ore-forming

medium was predominantly a supercritical fluid.
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The symmetry and composition of pyrrhotites vary throughout the

cassiterite-sulphide deposits. It is probable that monoclinic pyrrhotitrs

and hexagonal (2A. 5C) pyrrhotites have inverted from hexagonal (2A, 7C)-

pyrrhotites of equivalent composition during very slow cooling. The probabl

minimum temperature

pyrrhotite range up

-fS2 -f02
o

to 525 c.

conditions for the formation of the

-3 -1710 atmospheres and 10 atmospheres

respectively for all deposits.

place at temperatures as high as

-3at a fS
2

of 10 atmospheres and

It is possible that some deposition took

7000C in the central area at Mt. Bischoff

-24 -17f02 between 10 and 10 atmospheres 1

both fugacities decreasing with decreasing temperature.

There is a generalized decrease in the FeB content of sphalerite

from the central area of Mt. Bischoff outwards. The overlapping field

f02 conditions between 4500 and 6500C. 10-6

-3 -31 -17- 10 atmospheres, and 10 and 10 atmospheres

temperature, fS2 and

atmospheres and 10-2

I

obtained from the maximum range of compositions of sphalerites and pyrrhotit1
I

which occur together from the central area of Mt. Bischoff indicates possibl~.. \

i

respectively. The compositions of sphalerites associated with pyrite f~om
"

the marginal zone of Mt. Bischoff are difficult to interpret-in terms

of conditions of deposition because of uncertainties in the composition of

sphalerite in equilibrium with pyrrhotite and pyrite below 5BOoc.

However the lower limit of 9 mole %FeB recorded for sphalerites from the

Waratall district may be significant. It indicates that if the fS2

was approximately constant. the sphalerites in the marginal zone of the

replacement deposit and fissure veins were deposited over a very small

temperature range that was lower than the range of deposition temperatures
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in the central zone of the replacement deposit, or that if they were

deposited at successively lower temperatures, the fS 2 and f02 decreased

sympath~tically.

The compositions of sphalerites from Cleveland and Renison Bell

do not uni~uely fix the conditions of their formation, but they could

be siTIilar to temperature - fS 2 - f02 conditions indicated by the

composition of associated pyrrhotites.

~imates of temperature of formation of pyrite and/or arsenopyrite

based on the Fe-As-S syst~m are consistent at less than 500
0C (as low

c
as 375 'C) but are generally lower than estimates from fluid inclusion

studies and other sulphide systems, if the textural evidence for successive
j

deposition is accepted. It is possible however that pyrite and arsenoPYrite
{

The fluid

did not coexist with vapour during their deposition, or that other

components have an effect on the pyrite-arsenopyrite stability.

The occurrence of native bismuth associated with g&lena at Renison 1\

Bell limits the temperature of this phase of mineralization to below 271oC,. I
At 250

0C the fS
2

and f02 conditions during deposition of this mineral

pair are limited by the stability of native bismuth, and must have been

-14 -32below 10 and 10 atmospheres respectively.

The features described above are consistent with the formation of

the paragenetic se~uence and zonal se~uence through cooling of the

ore-forming fluid with associated declining fs 2,and fo2 ,

cooled through the "main line" areas delineated by Holland (1965),

with decline in temperature from approximately 7000C to 200
0C with a
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-2 -3 -14sympathetic decline in fS 2 and f02 from 10 - 10 to 10 atmospheres

-17 32
and 10 to 10- atmospheres respectively.

The mechanism of ore-metal transport and the pH of the ore-forming

fluids cannot be defined by the present study. The occurrence of

abundant talc and carbonates in the ore horizon suggests that the fluids

must have been alkaline at the depositional stage (e.g. Stringham, 1952)~

Several authors (e.g. Krauskopf, 1967) have summarised the possible

mechanisfls of ore-metal transport and have suggested that large

departures from neutrality are unlikely because of the buffering effects

of the wall rocks. Most authors favour an initially slightly acid

fluid which transports the ore-metals as complex ions and molecules, this

resulting in an increase in metal solUbility. Of these flechanisms the :

transport of the ore metals as chloride complexes (e.g. Helgeson,

1964) is attractive in explaining deposition in carbonate horizons as

the complexes become unstable with increasing alkalinity, thus causing

precipitation of the ore minerals; the se~uence of attainment of

instability approximates the paragenetic se~uence of most sulphide ores

including the cassiterite-sulphide deposits examined in this study.

Other features of the mineralization include the relative enrichmen~

of the sulphides of the outer zone at Mt. Bischoff in 34s relative

to the sulphides of the central zone. This has been attributed to the

mass isotope effect with initial preferential deposition of 328 which

would result in a reservoir depleted in 328 , or to possible compositional

changes in sulphur of the ore-forming fluid with time. There is

apparently no significant variation in isotopic composition of sulphur
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Renison Bell although the sulphur iswithin or between deposits at

significantly enriched in 348 relative to Mt. Bischoff. This may

represent an initial difference in sulphur from the local granitic

source.

The variation of Co and Ni in pyrite and pyrrhotite from Mt. Bischoff

does not parallel the zonal variation shown by other parameters.

However there are significant differences between Co and Ni contents

of Fe-sulphides from the replacement deposit and the fissure veins;

the latter being enriched in both Co and Ni, with preferential

enrichment in Ni. At Renison Bell there is a similar enrichment

in Ni and Co in pyrite from fissure veins relative to pyrite which

has penecontemporaneously replaced adjacent siltstones. Pyrrhotites

from the Federal Lode are also markedly enriched in Ni relative to

pyrrhotites from the two main replacement horizons. The constant

preferential Ni enrichment in Fe-sulphides from vein deposits relative tq

replacement deposits at Mt. Bischoff and Renison Bell suggests that the

difference between deposits results from the existence of different

conditions of deposition between the two environments rather than from

a temporal variation. It is possible that in the replacement deposits,

Ni and to a lesser extent Co have preferentially entered suitable

silicate and/or carbonate structures that were not present during

vein formation;

The granites associated with mineralization are typical post-

kinematic, high-level plutons; It is probable that the presently

exposed area of the Heemskirk Granite is in closer proximity to the
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roof area of the batholith than the exposed area of the Meredith

Granite. The complex at Pine Hill appears to be the roof of a small

cupola and may be a relatively small upward projection of a larger

granite stock. The dyke system at Mt. Bischoff probably represent

filling of tensional fractures above a hidden cupola-like body such as

that envisaged at Pine Hill.

The similar radicmetric ages of the granitic rocks and similar trace

element concentrations of sulphides in the granitic rocks and associated

ore deposits suggests that the granitic rocks ere inter-related. It

is envisaged that each granite, as exposed, corresponds to a different

level within a predominantly covered batholith similar to that beneath

the area of mineralization in Southwest England, or more than one

penecontemporaneous, compositionally similar batholith. Reconnaissance

gravity surveys indicate that the margins of the granites are steeply

dipping and that any connection Kust be at a great depth, but it is

obvious that further surveys are essential to a coherent interpretation

of the structural inter-relationships of the exposed granitic rocks.

The granitic rocks are all highly fractionated, with high

Si02 coritents. The composition of the adamellites of the Meredith

and Heemskirk Granites and the sodaclase adamellites of the Pine Hill

complex indicate that they originated by crystal-liquid eqUilibrium.

Variation in major element chemistry of these rocks is not inconsistent

with successive fractionation from a single or similar magma. The

successive decrease in K/Rb ratios and Sr contents of the adamellites

from the Meredith Granite to the Heemskirk Granite and to the Pine Hill

complex also supports this concept of successive fractionation. The



-205-

variation of Th and U in these rocks is probably due to incorporation of

vapour phase in some rocks during crystallization.

The compositions of porphyries from Mt. Bischoff and Pine Hill

are unusual. They are extremely Na-deficient but not markedly K-

enriched, partly because of incomplete kaolinization of the feldspars.

They are chemically similar to the elvans of Southwest England and to

aplites and porphyries from Northeastern Tasmania, both being spatially

associated with tin mineralization. Their crystallization history

is uncertain. However high Si02 and Li contents, very low K/Rb ratios

and Sr contents and low Ba contents are probably indicative of extreme

fractionation.

It is significant that the granitic rocks containing tin mineralization

(Pine Hill, Mt. Bischoff, and the white granite, Heemskirk) show.---
an enrichment in Sn compared to the relatively unmineralized and less

fractionated rocks (Meredith Granite, and red granite, Heemskirk).

It is possible that the intramagmatic Sn ores at Ileemskirk may have been

produced by release of Sn from Sn-rich biotites during greisenization

while the emplacement of discrete Sn-bearing lodes such as the cassiterit§-

SUlphide deposits was related to concentration of Sn in residual li~uids

during fractionation. The mechanism of ultimate separation of the Sn

and other elements forming the cassiterite-sulphide deposits from the

residual magma is still obscure (e.g. Krauskopf, 1967).

The granitic rocks adjacent to the cassiterite-sulphide deposits

at Mt. Bischoff and Renison Bell are extensively altered and in places

minerali zed. In both areas the feldspars have been replaced by topaz,

tourmaline, muscovite and sulphides, the rocks at Mt. Bischoff being
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largely topazites while the rocks at Pine Hill are tourmalites and

greisens. Both pre-joint and post-joint alteration have occurred although

the post-joint phase is minor. At Nt. Bischoff it is probable that

volatiles were introduced along open brecciated walls of the dykes

while the porphyries were in a semi-solidified state. Tourmalinization

at Pine Hill is certainly pre-porphyry dyke intrusion and probably

represents autom&tamorphism of the sodaclase adamellites.

The alteration in both areas involves a relative decrease in alkalies

and Si02 and an increase in Al20
3

, with a marked increase in F, Fe end

S at Mt. Bischoff, and a corresponding marked increase in Fe and B at

Pine Hill. The behaviour of trace elements is dependent on mineralogical

changes as well as on bulk chemical changes during alteration.




