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Introduction

In western Tasmania, a number of large stocks of granitic composition have intruded all sedimentary units from the
Older Precambrian (Whyte Schist) to the Lower Devonian (Bell Shale). These stocks, generally multiple intrusions, 
post-date folding but have been faulted in places (e.g. Heemskirk, Pieman Heads). Carey (1953) and Solomon
(1965) have suggested that they are intruded along large anticlinal structures and Solomon (1965) shows a possible
anticlinal zone with alignment of the Heemskirk, Meredith and Housetop granites. The granite masses are relatively 
small and 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 square miles. The granites have the features of typical
post-kinematic high-level plutons.

The present study is concerned with the Meredith Granite, the Pine Hill complex and the Mt Bischoff complex and
a comparison with the Heemskirk Granite which has been described (e.g. Brooks and Compston, 1965; Brooks,
1966; Heier and Brooks, 1966; Green, 1966a, b). Both the Meredith and Heemskirk granites exhibit discordant,
intrusive contacts in detail although the Heemskirk Granite is roughly concordant with the regional structure.
Re-orientation of the country rocks by the granites is shown by a large swing in the strike of rocks to subparallel
and dip steeply away from the contacts on the northern flank of the Meredith Granite, and apparent doming of the
Eldon Group on the southern flank.

The Pine Hill complex occurs some two miles south of Renison Bell and comprises a complex intrusion of
adamellites, which are largely altered to quartz-tourmaline (schorl) rocks. Associated quartz-feldspar porphyry
dykes are greisenised.

The intrusion, which occurs at the hinge zone of a northwest-trending anticline, has been considered by Ward
(1909) to be a complex of dykes and by Blissett (1962) to be a complex sill.

At Mt Bischoff, quartz porphyries occur as a series of anastomosing dykes and sills which are probably emplaced in
tensional fractures in the hinge zone of the Bischoff Anticlinorium (Groves and Solomon, 1964). There is no direct
evidence that the porphyries are related to the Meredith Granite although this has been suggested by most authors 
(e.g. Groves and Solomon, 1964).

The granite masses appear to be penecontemporaneous (Table 1, Evernden and Richards, 1962; McDougall and
Leggo, 1965; Brooks and Compston, 1965; Brooks, 1966). The Heemskirk, Meredith and Pieman granites have
Rb-Sr ages between 353 and 357 ± 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 ± 4 and 349 ± 4 million years) are not significantly different from the ages of the granites and suggest a close
relationship between the intrusions. K-Ar dating of the Granite Tor mass gives a compatible figure, although K-Ar
and Rb-Sr ages for the Hampshire Hills Granite (362 and 375 ± 10 million years) are somewhat older.

The major part of the Tabberabberan folding appears to be pre-late Middle Devonian (Burns and Banks, in: Banks,
1962, p.185), supporting the earlier suggestion that the granites are post-kinematic (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 the source to the loci of intrusion
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 greisenised granite and associated alluvial
gravels. Tin deposits are much less abundant in the Meredith Granite, the only economic lode deposit being the
South Bischoff mine in greisenised granite, although alluvial deposits are widespread (e.g. Stanley River, Wombat
Flat, Pine Creek etc.). The Mt Lindsay mine occurs within the contact aureole on the southern flank. Tin deposits
are associated with the Pine Hill complex (e.g. Penzance Workings) and the Renison Bell pyrrhotite-cassiterite ore
bodies occur within the radius of extension of the greisenised dykes. The spatial association of pyrrhotite
-cassiterite ores and granitic 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.

It appears probable that similar ores (e.g. at Cleveland, Razorback) are also associated with similar hidden granitic
rocks. The spatial association of the majority of the lead-zinc deposits (e.g. Zeehan and Waratah fields) with these
granitic rocks indicates a possible genetic relationship with the granites and indirectly with the tin ores. Similarly,
deposits not directly associated with granitic rocks (e.g. Dundas, Magnet) may be associated with hidden masses of
similar granitic rocks.



Summary of structure, petrography and metamorphism

A detailed study of the structure, petrography and contact metamorphism associated with the granitic rocks has

shown the following features:

(a) The Meredith Granite is composed predominantly of fine even-grained adamellite and porphyritic grey
adamellite which are compositionally similar. They comprise quartz, acid andesine and orthoclase-
microperthite with subordinate biotite, and minor muscovite, hornblende, apatite, zircon and sphene.
Orthoclase phenocrysts up to 60 mm in length are common in the porphyritic adamellite. The adamellites are
intruded by aplite and sodaclase microgranite, comprising a granular intergrowth of quartz, potash-feldspar
and albite, which in places contains abundant tourmaline nodules. The components of the Meredith Granite are 
petrographically similar to those described from the Heemskirk Granite (Green, 1966a).

The Pine Hill complex comprises predominantly sodaclase adamellites, in places porphyritic, comprising
quartz, perthitic potash-feldspar (D = 0.71–0.74) and albite with minor biotite, muscovite and tourmaline. They 
are similar to the microgranites of the Meredith Granite. Quartz-feldspar porphyry dykes intrude these
micro-adamellites and comprise large euhedral potash feldspar phenocrysts (D = 0.62–0.64) with subordinate
albite, quartz and biotite phenocrysts in a fine groundmass of quartz and feldspar.

The porphyries at Mt Bischoff are texturally similar to the porphyries at Pine Hill but comprise euhedral
orthoclase and quartz phenocrysts with no plagioclase in a fine felsitic groundmass.

(b) The contact aureoles of the granites are up to 2.5 km wide in plan and are predominantly of the hornblende-
hornfels facies and locally of the pyroxene-hornfels facies of metamorphism. The occurrence of sillimanite in
the immediate contact zone of the Meredith Granite in the Stanley River area indicates a minimum
temperature of approximately 650°C at 8 km depth, this temperature increasing with decreasing depth.

Using this temperature as a minimum initial contact temperature, a minimum initial temperature of the magma
of 850°C is indicated if appropriate values of the geothermal gradient and diffusivities and thermal
conductivities of the rock involved are substituted in the equations of Jaeger (1959). Temperatures of
crystallisation of feldspars (Barth, 1962) are approximately 650° to 700°C for the Meredith Granite and similar
values are indicated in the Heemskirk Granite by estimates of feldspar compositions (Brooks and Compston,
1965).
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Table I
Summary of isotopic dating of granitic rocks, West Coast, Tasmania.

Granite mass Rock type Age (m.y.) Method Reference

(Initial Sr 87/Sr86)

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

Heemskirk Red and white adamellites 340 ± 5 K-Ar McDougall and Leggo (1965)

Heemskirk White granite, A series 353 ± 3 Rb-Sr Brooks and Compston (1965)

(0.734 ± 0.002)

Heemskirk White granite 357 ± 7 Rb-Sr Brooks and Compston (1965)

Heemskirk Red granite 354 ± 3 Rb-Sr Brooks and Compston (1965)

(0.705 ± 0.720)

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

(0.7354 ± 0.0018)

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

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

(0.7155 ± 0.0015)

Renison Bell Greisenised porphyry 354 ± 4 Rb-Sr Brooks (1966)

(~0.700)

Mt Bischoff Quartz-orthoclase porphyry 349 ± 4 Rb-Sr Brooks (1966)

(~0.700)

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

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

Housetop Adamellite 375 ± 10 Rb-Sr McDougall and Leggo (1965)

(0.710 ± 0.002)



(c) The granitic rocks have the features of typical post-kinematic high-level plutons, including the persistence of
monoclinic potash feldspar. The maximum possible thickness of cover was some 8 km and was probably
between one and five kilometres.

(d) The granitic rocks have equivalent radiometric ages of approximately 350 m.y. which is Upper Devonian and
post-main Tabberabberan folding phase.

(e) The position of the exposed area of the Heemskirk Granite may be a relatively higher level than the exposed
area of the Meredith Granite. This is indicated by the unusually high proportion of mineralisation within the
Heemskirk Granite relative to the Meredith Granite, and the cupola-type environment suggested by Brooks
and Compston (1965) and Heier and Brooks (1966) to explain the high initial Sr87/Sr86 ratios of the granites.

(f) The complex at Pine Hill appears to be the roof of a small cupola, structurally similar to the protuberance at
Aberfoyle, which may be a relatively small upward projection of a larger granite stock. Extensive
quartz-feldspar porphyry dykes are associated with this intrusive mass. At Mt Bischoff, a series of porphyry
dykes and sills probably occupy a series of tensional fractures above a hidden cupola similar to that at Pine Hill.
The position of the Mt Bischoff and Pine Hill complexes appears structurally controlled, both occurring in the
hinge zone of large anticlinal folds.

(g) Contamination of the granitic magmas appears rare or absent, although Brooks and Compston (1965) suggest
some contamination of the white granite series of the Heemskirk Granite by the country rocks on the
occurrence of numerous xenoliths and the high initial Sr87/Sr86 ratio.

(h) High concentrations of boron, fluorine, sulphur and water in the roof zones of the intruding magma are
indicated by the almost ubiquitous occurrence of tourmaline, topaz, axinite and sulphides in the contact
aureoles of exposed granites and above possible hidden bodies (e.g. Colebrook Hill, Exe River, etc.).

(i) Greisenisation, tourmalisation or topazisation of the high level granitic intrusions is common and may be
divided by comparison with a well-defined period of jointing into a pre-joint and post-joint phase at Mt Bischoff
and Pine Hill.

The features described above are consistent with the granitic rocks exposed being successively higher relative
levels of intrusion of a large granitic mass or a group of compositionally similar granitic masses. The roof of the
Meredith Granite is considered to be largely removed while the Heemskirk Granite is probably the roof area of a
larger granite body. The Pine Hill complex is probably the roof of a small cupola-like projection from a stock-like
mass similar to the Heemskirk Granite, and the porphyry complex at Mt Bischoff represents the small intrusions
above a cupola-like body similar to Pine Hill. Similar small buried projections may produce metamorphic and
metasomatic effects similar to those at Colebrook Hill.

If the later differentiates of a fractionating magma occur successively closer to the roof of a granite intrusion, then it
should be possible to test the validity of the hypothesis outlined above. This has been attempted by employing a
series of major and trace element analyses of the granitic rocks involved. The interpretation is important in the
understanding of the pyrrhotite-cassiterite ore bodies not directly related to granite activity (e.g. Cleveland,
Razorback). If the hypothesis is valid, further deposits may be located by detailed examination of alteration
phenomena, possibly related to contact metamorphism, and/or geophysical techniques (e.g. gravity) to delineate
possible granite cupolas.
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Geochemistry of granitic rocks

Introduction

Study of the granites is made difficult by the inaccessibility of much of the Meredith Granite, which makes
systematic sample collection virtually impossible. The extreme alteration of the rocks at Pine Hill and Mt Bischoff
also makes sampling difficult.

Analytical methods

The analyses of major and trace elements of the granitic rocks in are given in Groves (1968). These analyses were
carried out by the author with the exception of major elements in specimens 1408, 64-36, 64-39, 3063-4, 1390,
1392, and 1471-1474 which were analysed at the Department of Mines assay laboratories.

Rock powders were obtained by crushing 10 to 50 pounds of rock and grinding in a vibratory swing mill with
chromium-steel grinding discs. Analyses of all elements except Na and H2O were carried out by x-ray fluorescent
spectroscopy using the methods of Norrish and Hutton (1964). Sodium was determined by flame photometry.
Trace elements were also determined by x-ray fluorescent spectroscopy using artificial kaolin-based standards and 
W1 was determined as a check of the accuracy of the determinations. The matrix corrections were applied to the
determination of most trace elements using the ‘Compton Scattering’ method of Reynolds (1963).

Approximately one half of the determinations were done in duplicate. Precision of the data, expressed as relative
deviation (C) was calculated from all duplicate determinations according to the formula:

C = ± Ö Sd2/n-1

where d is the percentage deviation of each observation from the arithmetic mean of each pair of duplicates and n is 
the number of duplicate pairs. The precision of the results, given as C%, is shown in Table 2 together with the
detection limit and the X-ray spectral lines used in the determination of the elements.

Table 2

Precision of measurement of trace elements.

Element Precision (C%) Detection Limit (ppm) Spectral line

Ba 6.5 10 Lb2

Cu 8.5 1 Ka1

Li 2 4 l = 671.1Å

Ni 7 2 Ka1

Pb 6.5 2 Ka1

Rb 2 1 Ka1

Sn 8.5 1 Ka1

Sr 2 1 Ka1

U 13 3 La1

Zn 10 1 Ka1

Major Elements

Major element analyses are shown in Groves (1968). The average composition of the granites in shown in Table 3.
Several major features are evident from these analyses.

It is evident that the fine-grained grey adamellite and the porphyritic adamellite of the Meredith Granite are
chemically similar, thus substantiating the earlier work by Groves (1963) and Groves and Solomon (1964) who
suggested that they were mineralogically similar on the basis of modal analyses. This also supports the field
evidence of Waterhouse (1914) that the two types appeared gradational. The sodaclase microgranites are more
fractionated, with respect to SiO2, than the adamellites and are chemically similar to the sodaclase adamellites of
Pine Hill. The adamellites of the Heemskirk Granite are far more fractionated with respect to SiO2 than the
adamellites of the Meredith Granite, supporting the hypothesis of Brooks and Compston (1965) that the
Heemskirk mass was a highly differentiated, high level, cupola-like body.

The SiO2 contents of the Heemskirk Granite are similar to those of granites from Rossarden and Royal George
(Ben Lomond Granite) which are also high level bodies (Blissett, 1959; Beattie, 1967) and may also have
anomalously high Sr87/Sr86 ratios (McDougall and Leggo, 1965). The unaltered quartz-feldspar porphyry from Pine

Unpublished Report 1969/35 6



Hill shows a similar fractionation to the Mt Bischoff porphyries but, as predicted from the petrography, contains
significantly more Na2O and CaO than the Mt Bischoff rocks.

It is evident from Figure 1 that there is a sympathetic variation of FeO and MgO 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 Heemskirk Granite, and appear to be enriched in MgO. The rocks from Mt
Bischoff and Pine Hill also appear to be slightly enriched in MgO relative to the Heemskirk Granite. It is interesting
that the porphyries, which exhibit many similarities with leucogranites of the Snowy Mountains (Kolbe and Taylor,
1966), do not show the typical low concentrations of FeO and MgO shown by these rocks.

The relationship between the major alkalies is indicated in the plot of molecular quotients (´ 100) of K2O and
Na2O (fig. 1). The adamellites from the Meredith Granite, Heemskirk Granite and Pine Hill complex plot close to
the line of equimolar proportions of K2O and Na2O with a tendency to plot on the K2O-rich side of this line. The
alkali oxides also show an inverse relationship and appear to plot about a line with the form K2O + Na2O =
constant (approx. 10). Superimposed on this major trend there is a tendency for total alkali oxides to increase
slightly with increasing Na2O, this being a common phenomenon in granitic rocks (Exley and Stone, 1966). The
inverse relationship of Na2O and K2O has been used as evidence for internal metasomatism (Battey, 1955; Stone,
1961). However as Exley and Stone (1966) indicate, such conclusions based on alkali data are open to criticism. The 
total alkali content is generally governed by the feldspar content which is approximately a constant, one feldspar
diminishing as the other increases. Thus there is a tendency for K2O to vary inversely with Na2O irrespective of
the process causing variation.

The position of the porphyries from Mt Bischoff and Pine Hill on the alkali diagram is unusual and forms an entirely
separate field to the adamellites. The porphyries have a similar range in K2O to the adamellites but have extremely
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Table 3
Average compositions of granitic rocks from the Meredith Granite, Heemskirk Granite, Pine Hill and Mt Bischoff

Meredith Granite Heemskirk Granite Pine Hill Complex Mt Bischoff
Porphyritic Sodaclase Red White Sodaclase

Adamellite adamellite microgranite granite granite adamellite Porphyry Porphyry
(3) (5) (2) (7) (7) (3) (2) (5)

SiO2 72.2 73.3 74.35 75.52 74.44 73.9 72.7 75.3

TiO2 0.36 0.27 0.13 0.19 0.21 0.06 0.01 0.02

A12O3 14.10 13.40 13.50 12.73 13.44 14.75 14.95 14.25

Fe2O3 0.61 0.20

FeO 1.13 1.66

equiv. FeO 2.00 2.07 2.03 1.61 3.67 1.95

MnO 0.02 0.05 0.02 0.04 0.05 0.02 0.09 0.06

MgO 0.85 0.65 0.8 0.25 0.18 0.6 0.65 0.6

CaO 0.81 0.76 0.17 0.60 0.83 0.13 1.09 0.20

Na2O 3.1 3.2 3.6 2.93 2.77 3.2 0.55 0.14

K2O 4.7 4.8 4.15 5.23 5.00 4.6 4.0 4.9|

P2O5 0.04 0.04 0.01 0.05 0.11 0.02 0.04 0.09

H2O+ 0.79 0.58 0.70 0.54 0.55 1.00 1.32 1.62

H2O- 0.38 0.18 0.28 0.25 0.14 0.21 0.12 0.23

F <0.2 <0.2 <0.2 <0.2 0.8 <0.2

Total 99.36 99.30 99.74 100.07 99.58 100.10 99.79 99.36

Ba 552 396 83 88 190 149

Cu 9 6 4 7 5 4

Li 42 45 48 120 54 93

Ni 3? 5 4 10 5

Pb 33 27 25 27 32

Rb 218 243 327 358 399 754 784 906

Sn 3 5 4 27 59 72

Sr 80 47 14 35 38 8 6 3

Th 21 19 18 49.2 24.1 32 43 11

U 9 9 19 12.4 18.0 23 32 13

Zn 54 28 22 25 92 122

K/Rb 188 166 119 142 106 52 49 56

Th/U 2.3 2.9 1.0 4.0 1.3 1.7 1.4 0.8
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low Na2O values and there appears to be no correlation between K2O and Na2O in the limited range of values
obtained. Similar enrichment of K2O with exclusion of Na2O has been recorded in some late stage intrusions of
fine granite and elvans from the Carnmenellis Granite from southwest England (Ghosh, 1934). The relationship
between the alkalies explains the anomalous behaviour of K found by Brooks and Compston (1965), the K in the
white granites decreasing with increasing SiO2, 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 Na has the reverse relationship in each of
the granite types, thus maintaining the inverse relationship indicated in Figure 1.

The sympathetic variation of FeO–MgO and the inverse relationship of K2O and Na2O indicates that the most
valid graphical representation of chemical variation in the granitic rocks would be obtained by plotting Niggli values, 
calculated for groups of chemically similar oxides rather than single oxides. Values of al, alk, fm and c have been
plotted against Si for all the granitic rocks (fig. 2) and smoothed variation curves are given in Figure 3.

The adamellites and microgranites of the Meredith Granite plot in the Si range of 329 to 452 and the Niggli values
form smooth 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 ranging from 408 to 522. The white and red 
granites plot on significantly different trends, the white granites generally having higher al and c values, and lower
alk and fm values than the red granites. Both granite trends have similar slopes which are also similar to the slopes
of the Meredith Granite trends. The adamellites and porphyries of the Pine Hill complex have a similar range of Si
values to the adamellites of the Heemskirk Granite. However the slopes of alk, fm and c are reversed, 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 Meredith trends. The Mt Bischoff porphyries, which
show the greatest fractionation with respect to Si, reflect similar trends to the Pine Hill rocks with overall higher al
and decreasing alk, and increasing fm with increasing Si.

Discussion

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 differentiation and
higher relative level of intrusion from Meredith Granite–Heemskirk Granite–Pine Hill complex–Mt Bischoff
complex and is also consistent with respect to the inter-relation of microgranites to adamellites in the Meredith
Granite, and porphyries to micro-adamellites in the Pine Hill complex.

The results generally show that the granites do not belong to a simple differentiation series, if smooth variation is
indicative of this process, and that the 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 prominent feature of their chemical separation from the Heemskirk Granite. This may in part be due to
partial alteration of the potash feldspars (at least in the Mt Bischoff porphyries) to kaolin with the subsequent
relative increase in alumina and decrease in alkalies. However it is unlikely that this contributes sufficient difference
to account for the deviation of the two trends.
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Trace Elements

The average trace element compositions for the various granite types are given in Table 3. An investigation of K/Rb
and Th/U ratios in the Heemskirk Granite has previously been presented by Heier and Brooks (1966) and a
detailed investigation of trace elements in the Snowy Mountains granites has been described by Kolbe and Taylor
(1966). This investigation is interesting in that it provides information on granites from the central part of the
Lachlan Geosyncline which includes Tasmania as a southern extension.

The trace element results tend to confirm that the porphyries are related to the granites and not to basic magmas,
as has been shown for the Snowy Mountains granites by Kolbe and Taylor (1966). A plot of Mg against Ni (fig. 4)
contrasts with similar plots for granophyric rocks from the Skaergaard and Bushveld complexes (Wager and
Mitchell, 1951; Liebenberg, 1961). The porphyries generally have a lower or equivalent Ni concentration to the
basic differentiates but have a higher Mg concentration. They do not exhibit the extremely low concentrations of
Ni described by Kolbe and Taylor (1966), but this may be partly due to contamination during preparation of the
rocks for analysis. Other differences are the lower concentrations of ferromagnesian elements such as Cu, Ti and
Mn than the basic differentiates, which retain a characteristic trace element distribution dependent on the
composition of the basic parent magmas. In conclusion it appears extremely unlikely that the porphyries are
differentiates of a basic magma.

The Behaviour of Rb, Sr, Ba, Li, Cu, Pb, Zn and Sn

Rubidium

The Rb values of the Meredith Granite (average 292 ppm) are similar to values for low Ca-granites (Turekian and
Wedepohl, 1961) but the other values indicate strong enrichment. The K/Rb ratio has been found to be a
particularly useful index of geological processes (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 et al. (1962) who showed a progressive decrease in
the K/Rb ratio for the Liruei complex and an irregular behaviour in the Amo complex of northern Nigeria. Bowler
(1959) has demonstrated that the high level granites in southwest England have abnormally high K/Rb ratios.

A plot of K against Rb for the Tasmanian granitic rocks is shown in Figure 4. The rocks of the Meredith Granite
show a consistent K/Rb ratio of approximately 200 which is slightly lower than the approximate overall average for
most types of continental crust (Taylor, 1965), and is equivalent to values for the gneissic granites and
granodiorites of the Snowy Mountains granites (Kolbe and Taylor, 1966). The microgranites and aplites show a
slight enrichment in Rb with respect to K. The rocks of the Heemskirk Granite have K/Rb ratios ranging from 55 to
165 with an average around 120, indicating strong differentiation. Similar ratios (53–208) have been recorded by
Beattie (1967) for the granite at Royal George (East Tasmania) 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. The rocks of the Pine Hill and Mt Bischoff dyke complexes have significantly lower K/Rb
ratios, averaging 70, with some porphyries from Pine Hill giving K/Rb ratios as low as 50. These results indicate
extremely strong fractionation of an initial acid magma.

The evidence from the K/Rb ratios indicates that they 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 Hill and Mt Bischoff complexes, with the Heemskirk showing intermediate differentiation.

Strontium–barium

The Ca-Sr and Ba-Sr relationships are shown for the granitic rocks in Figure 4. 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 subsequent depletion in the
late stages of the differentiation sequence. Nockolds and Mitchell (1948) and Heier and Taylor (1959) indicated
that Sr substitutes for K, with coupled substitution of Si4+ for Al3+, more readily than Ca and that the Sr/Ca ratio is
ten times greater in K-feldspar than in co-existing plagioclase. Decrease in Sr is also demonstrated by Kolbe and
Taylor (1966) for the leucogranites of the Snowy Mountains granites.
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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 and for one porphyry from both Mt Bischoff and Pine Hill, these possibly
containing minor calcite which would increase the ratio. The Ca/Sr ratios and their behaviour is similar to that of
the Snowy Mountains granites although Sr values are generally lower in the Mt Bischoff and Pine Hill porphyries
than any values recorded for the leucogranites.

Nockolds and Allen (1953) indicated that Ba2+ substitutes for K+, with a coupled substitution of Al3+ for Si4+, 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 rocks of the Meredith Granite have the highest Ba
content (185–595 ppm) with depletion in the microgranites and aplite (40–121 ppm) and strong decrease in the
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Pine Hill micro-adamellites and porphyries (50–133 ppm, with one anomalous result of 329 ppm). The Mt Bischoff
porphyries 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
(approximately 5) to the Pine Hill complex (approximately 10) to the Mt Bischoff complex (approximately 50). This 
is contrary to successive differentiation according to Heier and Taylor (1959), who suggest that the Ba/Sr ratio
decreases during fractionation in feldspars, but is similar to the results of Kolbe and Taylor (1966). They showed a
range in Ba/Sr ratios for granodiorites and gneissic granites 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).

Lithium

Li constitutes some 30 ppm in the adamellites of the Meredith Granite, which is about 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 appears to be more abundant in
rocks 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) 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 lithium contents in tin-bearing biotite granites from northern Nigeria and
suggested that the high values were introduced by late magmatic and post-magmatic processes. At Mt Bischoff and
Pine Hill the porphyries with high Li values do not appear to be strongly greisenised and the Li contents probably
indicate strong fractionation.

Copper, zinc and lead

Copper values in all granitic 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). Zinc values are 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 zinc 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
number of analyses because of the interference of As in the determinations by x-ray fluorescent spectroscopy. Pb
occurs at a relatively constant concentration, slightly greater than the average abundance in granites. The Pb/Sr
ratio increases 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).

Tin

The distribution of tin is of primary importance from an economic viewpoint. It has generally been found that
granites enclosing tin deposits have greater tin concentrations than unmineralised granites (e.g. Butler, 1953;
Goldschmidt, 1954; Shibata et al., I960). The average values of tin concentration in silica rocks are between 3 and
4 ppm (Onishi and Sandell, 1957; Hamaguchi et al., 1964) and values up to 800 ppm have been recorded for greisens 
(Goldschmidt, 1954). Values for unaltered biotite granites are generally lower, approximately 15 to 30 ppm
(Barsukov, 1957). Ivanova (1963) found that the tin content of biotite granites enclosing tin deposits (16–32 ppm) is 
higher than that for other granites (<5 ppm) and that the tin concentration (60–110 ppm) increases with increasing
late or post-magmatic alteration. The association of tin with biotite is well known, concentrations up to 4500 ppm
equivalent SnO2 being recorded (Ahrens and Liebenberg, 1950).

The granitic rocks of the Meredith Granite have low concentrations of Sn, averaging 3 ppm and ranging from 1 to
4 ppm. These are similar concentrations to those recorded from the Snowy Mountains granites (Kolbe and Taylor,
1966) and are similar to concentrations in tin-bearing granites at Royal George on the east coast of Tasmania
(Beattie, 1967). These concentrations are approximately equivalent or slightly lower than the average
concentration of Sn in silicic rocks. The Sn values are higher in the Pine Hill complex, ranging from 3 to 14 ppm and
up to 16 ppm in the greisens. At Mt Bischoff, the unaltered porphyries are enriched and contain between 7 and
16 ppm Sn.

The relatively low values obtained in this investigation are unusual, but may be explained using predictions based on 
the known geochemistry of tin. Rankama and Sahana (1950) suggested that Sn occurs in magmas as Sn2+ and Sn4+
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ions. Ringwood (1955) suggested that Sn2+ ions are more likely to substitute for Na+ than Ca2+ and this is
substantiated by the occurrence of more Sn in albite than in anorthite, although the concentrations are small
(Hellwege, 1956). Nockolds (1966), on the basis of effective ionic radii, bond lengths to oxygen and bonding
energies, suggested that Sn2+ should prefer to substitute for Fe2+ rather than Ca. Borchert and Djebek (1960)
recorded high Sn values in olivines and postulated that Sn2+ is substituting for Fe2+. Ringwood has also suggested
that the high ionic potential of Sn4+ will favour the formation of an (SnO4)4- complex which is not generally
accepted into silicate lattices because of size difficulties and hence will tend to concentrate in residual melts.
Ringwood also indicated that Sn4+ can act as a free ion and substitute in silicates rich in Fe2+ and Mg2+ ions and
Taylor (1965) suggested that it substitutes for Ti in biotites and sphene.

Two origins have been suggested based on these assumptions. Barsukov (1958) found no evidence for cassiterite in 
Sn-rich biotites but found that it occurred along cleavage planes in muscovite in some post-magmatic deposits. He
suggested that the Sn substitutes in the biotite structure and that cassiterite is formed by expulsion of Sn from the
biotite during muscovitisation of the biotite concomitant with albitisation of the granite. This would explain the
high Sn content of biotite in areas of cassiterite-bearing greisens (e.g. Ivanova, 1963). Rattigan (1960), MacDonald
(1965) and others have concluded essentially the reverse relationship; that the tin deposits are associated with
granites that contain low concentrations of the elements for which Sn substitutes in silicates. The Sn therefore
concentrates in the residual magma and forms discrete tin deposits during a late stage of granite emplacement.
Rattigan (I960) records that tin deposits of this origin are associated with granites with high K + Na/Ca + Mg ratios,
this being consistent with the composition of the Tasmanian granites.

The latter hypothesis could explain the relatively low concentrations of Sn in the granitic rocks investigated in spite
of the occurrence of tin deposits within and spatially associated with them. It is possible that, in general, both
processes may operate dependent on the crystallisation history and late-magmatic processes operating in the
granite magma.

Conclusions

Features consistent with successive magmatic differentiation of a single or similar magmas to produce the granitic
rocks investigated (i.e. from the Meredith Granite as the least fractionated to the Mt Bischoff porphyries as the
most fractionated) are summarised below.

(a) Increasing fractionation with respect to Si, the porphyries at Mt Bischoff being the most fractionated.

(b) Successive decrease in K/Rb ratios from 200 in the adamellites from the Meredith Granite to an average of 70
for porphyries from Pine Hill and Mt Bischoff.

(c) Successive decrease in Sr values, although Ca/Sr ratios remain essentially constant, the porphyries again having
the lowest Sr concentrations.

(d) The occurrence of Li values greater than 100 ppm in the porphyries at Pine Hill and Mt Bischoff, indicating
extreme fractionation.

(e) Increase in Sn concentrations in the porphyries.

Evidence inconsistent with this hypothesis is:

(a) The apparent bifurcation of chemical trends in the variation diagram of major oxides.

(b) The increase in Ba/Sr ratios, which generally decrease with increasing fractionation (Heier and Taylor, 1959).

The overall evidence indicates that the hypothesis of successive differentiation of a single or similar magmas,
intruded at successively higher relative levels, is not generally inconsistent with the chemical data, and in fact is
remarkably consistent in certain aspects. The bifurcation of chemical trends is probably real but may be
accentuated by increasing alumina and decreasing alkalies produced by kaolinisation of the potash feldspars, both at 
Mt Bischoff and Pine Hill. The overall increase in Ba/Sr ratios is reasonably consistent with ratios for leucogranites
given by Kolbe and Taylor (1966), which are generally greater than for granodiorites and gneissic granite.
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