
6.1 

CHAPTER 6 

COMPOSITIONS OF MINERALS IN THE GARNET - CORDIERITE �

BIOTITE GRANITOIDS� 

6.1 Introduction 

In this chapter the variation in composition of the mafic and felsic 

minerals within and between different garnet-cordierite-biotite granite 

plutons is described. The compositional range of both biotite and garnet 

in these granites is fairly narrow and is clearly distinguishable from 

biotite and garnet in other igneous suites. Also, several plutons are 

distinguishable from the others by characteristic ranges in biotite and 

garnet compositions. Electron microprobe x-ray analyses of garnet, biotite, 

oordierite, plagioclase, biotite replacing garnet, myrmekitic plagioclase, 

andalusite, tourmaline and ilmenite are presented in Tables B4-B14. The 

analyses were carried out using an ARL-EMX microanalyser equipped with 

three crystal spectrometers (C), and a TPD microanalyser equipped with an 

energy dispersive Si(Li) detector (El. The procedures used and the preci

sion attained are described in Appendix B. 

6.2 Garnet 

Some 480 individual garnet analyses and average garnet analyses from 

104 rocks are presented in Tables B.4 and B.5 respectively. The location 

of analysed spots in relation to petrographic features.is also given in 

Table B.4. The composition of the garnets has been expressed in terms of 

weight percent oxides, structural formulae, end-member molecules and 

percentage cations allocated to end-member moiecules, after Rickwood (1968). 

The structural formula expressed as total R 2+ and R 3+ ions is close to 

ideai for all garnet analyses reflecting their low Fe203 contents (Appen

dix B). 
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FIGURE 6.1. Compositional variation among garnets from Tasmanian 
granites and aplites, and·the RakeahuaGranite, New Zealand. 
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Using the spessartine content in Figure 6.1, two groups of garnets 

are distinguished, one with low Mn forming the bulk of the samples from 

the granitoid plutons, and the other with high Mn from the felsic aplites 

and pegrnatites. Using the average garnet composition ,for each sample in 

Figure 6.2, within the group of granitoid plutons the principal variation 

in composition is in the almandine/pyrope ratio and grossular content. 

Even though the almandine/pyrope ratio is fairly restricted. for the group 

as a whole, the garnets from Ansons Bay (south) pluton have distinctively 

lower Fe/Fe+Mg ratios than those from other plutons, except several garnets 

from the relatively broad range of the Bicheno garnet compositions. Beside 

their range in Fe/Fe+Mg ratio, the Bicheno garnets are distinguished from 

the other garnets by their lower grossular contents. The variation in Fe/ 

Fe+Mg ratios of the Bicheno garnets is not correlated with the location of 

the samples in different areas of the pluton. 

Superimposed on these primary variations in chemistry·is an increase 

in MnO and a decrease in MgO contents of the garnet as ,the garnet-secon

dary biotite boundary is approached. Of nine analyses exceeding 7 percent 

spessartine, only one sample (43271) may reflect primary spessartine con

tent. When calcUlating averages (Table B.5), analyses showing this secon

dary effect near garnet-biotite margins have been omitted. For small 

remnant grains, which have undergone extensive replacement, this has not 

been possible and the altered analyses have been plotted (for example 43110, 

43182, 43220, 43239, 43260). Further aspects of the garnet replacement are 

discussed in section 6.5. 

The Ti02 contents of the garnets analysed using the ARt microanalyser 

ranged from 0.05 to 0.15 percent, and in Table 6.1 the distribution of Ti02 

in garnets from four plutons is givenw These results, although from rela

tively few rocks, suggest that the Ti02 content does vary between different 

plutons. 
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FIGURE 6.2. Compositional variation among garnets from Tasmanian 
granites and aplites, anq the Rakeahua Granite, New Zealand. 
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Table 6.1� 

Ti02 IN GARNETS� 

No. of No. of Std. Dev. 
Plutons Rocks Analyses Mean [la] 

Key Bay 4 12 0.067 0.027 

Northern 
6 16 0.115 0.013Ansons Bay 

Mt. Kerford 8 17 0.057 0.018. 

Boobyalla 3 12 0.077 0.015 

Zoning across four euhedral to subhedral garnet grains is shown in 

Figures 6.3' to 6.6. The main aspect of the primary zoning is the symmetri

cal decrease in the Mg/Mg+Fe ratio from the core to the margin. This is 

partially obscured by secondary alteration related to biotite replacement 

especially near the margins and near the core in Figure 6.6. Mn and Ca in 

octahedral sites in general show little variation although there is some 

correlation between the Ca and Fe variation (Figure 6.4). Si and Al show 

small variations which appear to be negatively correlated. The most com

plex zoning pattern is developed in Figure 6.3 in which a symmetrical de

crease in the Mg/Mg+Fe ratio is followed by an increase in the ratio from 

the zone of quartz-biotite inclusions. This zoning is mainly a result of 

an increase in the Fe content, and is also accompanied by a rise and fall 

in Si and Al respectively, from the inclusions outwards. This trend to

wards decreasing Mg!Mg+Fe ratios from core to rim is supported by numerous 

core and rim analyses from large subhedral garnets in the Bicheno, Ansons 

Bay, Mt. Kerford and Boobyalla PIu tons (Table B.4). 

Compositional fields for garnets from cale-alkaline rocks elsewhere 

are shown in Figure 6.,7. Garnets in Tasmanian granitoid rocks overlap with 

those of Victorian plutonic and extrusive rocks, but tend to be more alman
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dine-rich than those of the Borrowdale Volcanics. As a group, garnets in 

the restricted,Cretaceous,calc-alkaline volcanics of the South Island of 

New Zealand have the lowest spessartine contents of all garnets in the 

calc-alkaline rocks. Single garnet analyses from granites in New Hampshire 

and West Germany have similar compositions to the Tasmanian garnets. The 

distinction between almandine-pyrope and almandine-spessartine garnets in 

calc-alkaline rocks, outlined by Miyashiro (1955) and Troger (1959), also 

applies to the Tasmanian felsic rocks (Figure 6.1). 

6.3 Biotite 

Some 240 biotite analyses and average biotite analyses from 100 rocks 

are presented in Tables B.6 and B.7 respectively. The location of analy

sed spots in relation to petrographic features and textural types of bio

tite is also given in Table B.6. In Foster's (1960) termino~ogy, these 

2biotites range in composition from Fe + biotites to siderophyllites. As 

with most biotites the octahedral occupancy (Y site) is less than 6.0 indi

cating a structure intermediate between true trioctahedral and dioctahedral 

micas. X-site occupancies are usually in the range 1.75 to 1.95. These 

structural formulae characteristics are similar to those derived from 

electron microprobe analyses in other studies (Okrusch, 1971; Czamanske 

and Wones, 1973; Dallmeyer, 1974b). 

The average biotite compositions are shown in Figure 6.8. Comparison 

of different textural types of biotite reveals no distinct differences in 

chemistry except for the biotite replacing the garnet. Biotite as inde

pendent booklets in the even-grained rocks, as groundmass and phenocryst 

grains in the porphyries, as booklets adjacent to garnet grains and as 

quartz-biotite syrnplectites have a similar composition in· each sample. 

Comparison of the biotite compositions between plutons indicates that the 

Ansons Bay south and Bicheno biotites may he distinguished from hiotite in 

other plutons and each other. 
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Also plotted in Figure 6.8 are Foster's (1960) and.Nockold's (1947) 

fields for biotites from different granitoid rock types. Taken as a group 

these biotites have an Fe- and AI-rich composition which distinguishes them 

from those in other granitoid terrains. More recent data from California 

(Dodge, Smith and Mays, 1969; Dodge and Ross, 1971), Portugal (de Albuquer

que, 1973b), New South Wales (Joyce, 1973) and Sweden and Finland (Gorbats

chev, 1970) further emphasize the distinct character of the Tasmanian bio

tites, although there is some overlap especially with Ansons Bay south com

positions. Both diagrams demonstrate the importance of the mineral assem

blage, with the biotite from the Tasmanian rocks occurring in distinct fields. 

In Figure 6.8.B the Tasmanian biotites are plotted in the field of granitoids 

in which the biotite coexists with muscovite and alurninosilicates. Primary 

muscovite is rare in these rocks, but andalusite may be a "primary phase in 

the Boobyalla and Bicheno Granites. Joyce (1973) and de Albuquerque (1973b) 

point out the variation in the octahedral Al contents of biotite. The aver

age value of this function for the six main garnet-bearing plutons in Tasma

nia ranges from 0.84 to 1.07. These values are relatively high (compare with 

de Albuquerque, 1973b- table 4), yet are comparable to biotites from similar 

rocks in New Hampshire (Heald, 1950) and south-west England (Brammell and 

Harwood, 1932). 

Also included in Figure 6.8 are biotite analyses from hornblende-biotite 

granodiorites, biotite granites and altered biotite granites (from Groves, in 

2press). The Mg + biotites (terminology from Foster, 1960) from the hornblende

biotite granodiorites reflect the increased Mg and decreased Al contents in 

the whole rocks and are similar in composition to biotites in other calc

alkaline granitoid terrains. The biotites from the biotite granites have 

compositions which overlap those of biotites in the garnet-cordierite-biotite 

granitoids. Fiv.e of the six biotite analyses from the altered rocks in the 

Blue Tier Batholith (including 43299, Table B.6) plot outside the fields of 

normal magmatic biotites. Their composition overlaps with those of the 
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siderophyllite field which includes biotites from pegmatites and greisens. 

These comparisons suggest that the biotite from the strongly altered granites 

has crystallized under subsolidus conditions. 

Biotite intergrown with quartz and subordinate feldspar in inclusions 

(43116, 43118) is slightly richer in Mg than the biotite in the granitoids, 

although not as Mg-rich as the biotite in the contact metamorphosed samples 

(43300, 43301). If this difference in biotite composition reflects the ori 

ginal composition, then a similar trend could be expected for the isolated 

biotite-quartz microinclusions found in all the garnet-bearing plutons. In 

three of the four microinclusions studied (43119, 431Z~, 43116, 43171), the 

biotite intergrown with quartz has slightly greater Mg!Mg+Fe ratios than the 

isolated biotite booklets. These data support the petrographic evidence for 

the derivation of the microinclusions from the country rocks. 

6.4	 Inter-Pluton Variation in Garnet-Biotite Compositions 

Differences in composition for garnets and bioties from different plu

tons	 can be seen in Figures 6.2 'and 6.8. To establish these differences sta

tistically and to search objectively for natural clusters of samples, T-test 

analysis and numerical classification were carried out. 

The T-test analysis between six plutons with significant garnet popula

tions was made using the mean values of various oxides and some functions de

rived from the structural formulae of the coexisting magmatic biotites and 

garnets (Table 6.2). This analysis demonstrates the statistically significant 

differences between plutons for FeO and MgO in both garnet and biotite, for 

can	 in the garnet and for tetra- and octahedral Al in the biotite. 

In the numerical classification, 65 garnet-biotite pairs were compared 

using techniques similar to those of Ratowsky et al. (1974). The means for 

the variables SiOZ, TiOZ, AIZ03' FeO, MgO and KZO in biotite and CaO, Mgo, MnO, 

FeO,	 A1203 and Si02 in garnet were used assuming that the variability within 

each	 sample was the same for all pairs. 



Table 6.2 

T TEST COMPARISON FOR GARNET - BIOTITE PLUTONS 

Biotite Garnet 
Plutons SiOz TiOZ FeO MgO MnO KZO TAl OAl Y site X site R2+ R3+ Fe

FeHIg 
CaO MgO MnO FeO AlZ03SiOZR2+ R3+ ~  

Fe+Hg 

Ansons North 
-Ansons South A A B A B B A 

Ansons North 
-Bicheno. C A C A .A A A A C C C 

Ansons North 
-Boobyalla C A B C B 

Ansons North 
-Mt. Kerford A C C C A C C 

Ansons South 
-Bicheno C A A A A B C A A A A C 

Ansons South 
-Boobyalla C B A A A B B A C A A A 

Ansons South 
-Mt. Kerford A A A C C B A B A A A 

Bicheno 
-Boobyalla A C A C A A 

Bicheno 
-Mt. Kerford A B B C B C B B A B A B 

Boobyalla 
-Mt. Kerford C C C C 

C 0.05 ~  P ~ 0.01 '" B 
A 

0.01 ~  P ~ 

P '" 0 .001 
0.001 '"' en 

P - Probability 
"", 
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The classification approach employed was an agglomerative hierarchial 

strategy (Lance and Williams, 1967) in the programme MULCAS. The dissimila

rity coefficient, Euclidean distance standardized to unit variance (Cormack, 

1971), was used to establish an inter-element similarity matrix which was 

then manipUlated by two sorting strategies. lIIncrernental'surn of squares" 

or "minimum variance" sorting (Cormack, 1971) tends to be strongly cluster

ing, whereas "group average" sorting (Lance and Williams, 1967) tends to be 

weakly clustering. 

The dendrograms derived using the different sorting strategies (Figure 

6.9) establish two clusters of samples from the Ansons Bay south and Bicheno 

plutons. These clusters are distinguished from each other and from the rest 

of the samples. Although the fusion measure, which increases with decreas

ing similarity between samples or groups of samples, is chosen arbitrarily 

for each dendrogram (98 in Figure 6.9.A and 230 in Figure 6.9.B), a similar 

pattern of clustering is taken as support for the existence of the two clus

ters. The arbitrary nature of this cut off is illustrated by samples from 

the Boobyalla Pluton which, in the weakly clustering sorting strategy (group 

average), occur within a cluster dominated by Mte Kerford samples, whereas 

in the strongly clustering sorting strategy the Boobyalla samples Occur as a 

separate group. Further clustering in both dendrograrns requires large in

creases in dissimilarity between groups with little gain in terms of natural 

grouping. For example, fusion of clusters 13 and 14 with 15 at a fusion 

measure of 342 in Figure 6.9.B brings together samples from Bicheno, Mt. 

Kerford, Boobyalla, Hogans Hill and Key Bay Plutons. Analysis of the clus

tering of the Mt. Kerford Pluton at lower fusion measures does not reveal 

any significant separation into equigranular or porphyritic rock types or 

mafic mineral concentrations. It may be that subtle differences within 

these plutons could be distinguished if more samples were available. 

Both sorting strategies distinguished clusters with only one to three 

samples.- These peculiar samples may be attributed to altered biotites (43108, 
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43157, 43225), altered garnets (43105, 43203, 43204, 43248) and in 43151 the 

low Si02 content of the biotite may be a real difference. 

These statistical techniques have established that the biotite and gar

net compositions are specific for individual plutons. This feature supports 

the petrographic evidence for a primary (not xenocryst) origin for garnet and 

biotite although it does not distinguish between igneous crystallization and 

relict origins. other workers have also pointed out a cornpositional relation

ship between the mafic phases and the host granitoid (Green and Ringwood, 

1968, Fitton, 1972). 

6.5	 Biotite Replacing Garnet 

Approximately 60 analyses of biotites replacing garnets from 43 rocks 

are	 given in Table B.8. These biotites have a distinctive chemistry compared 

with the primary biotite, in both octahedral and tetrahedral sites (Figures 

6.10-6.12). The clearest distinction can be drawn for Ti02 contents which 

may be correlated with' the pleochroism. Similar variations in chemistry have 

been recorded by Gorbatschev (1972b) in migmatites carrying garnet, primary 

biotite and biotite replacing garnet. From petrographical considerations the 

bulk of the garnet replacement is thought' to have occurred under subsolidus 

conditions via a dispersed fluid phase. 

Adjacent to biotite replacing the garnet, pronounced zoning in the gar

net has been recorded for numerous samples (Figures 6.13, 6.14; and in 43124 

analyses 2,3, 43242 - analyses 29,30). These figures summarise the change in 

garnet composition as the biotite is approached, with Mn content increasing 

and	 Fe and Mg content decreasing. The width of the zone over which the gar

net	 composition is affected varies from 25-100 microns for biotite along gar

net margins and in cracks. 

Similar changes in garnet composition occur nearing both anhedral and 

euhedral boundaries between garnet and other phases (Figures 6.15, 6.16, and 

43200 - analysis 7 biotite; 43226 - analysis 2 biotite, 43226 - analysis 4 
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FIGURE 6.11. Comparison of primary (PB) and secondary (SB) biotites 
from. garnet-~ordierite-biotiteand garnet-biotite granites in terms of 
octahedral ~l contents. 
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FIGURE 6.13.A. Garnet zoning adjacent to secondary biotite on euhedral 
margin, 43242 . (analyses 27-24). In Figures 6.13-6.20 the boundary 
between the	 mineral phases is indicated by the continuous vertical line. 

B..,Garnet zoning adjacent to secondary biotite in crack, 
.43103 (analyses 13-9). 
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FIGURE 6.17.A. Garnet zoning adjacent to secorcdary biotite in crack, 
43199 (analyses 21-25) - see Plate 19. 

B. Garnet zoning adjacent to secondary quartz in same crack 
as 6.17.A, 43199 (analyses 13-20). 



FIGURE 6.18. Biotite zoning adjacent to anhedral garnet margin, 43241 
(analyses 5-1) - see Plate 30. 
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quartz; 43238 - analyses 11,12 quartz; 43238 - analyses 13,14 plagioclase; 

43242 - analysis 12 white-mica). The width of the affected garnet zone 

ranges up to 200 microns, and for red-brown biotite the intensity of the 

alteration is stronger than the secondary biotite in cracks. The timing of 

the alteration of the garnet possibly varies from supersolidus conditions 

for main phase biotite surrounding garnet (Fig~re 6.15) to subsolidus reac

tio~s along grain boundaries and cracks within garnet grains~ Both anhed

ral and euhedral garnet margins are zoned. In specimen 43199 zoning 

of similar intensity occurs adjacent to pale green biotite (Figure 6.17.A) 

and quartz (Figure 6.17.B) in the same crack. Adjacent to this crack on the 

same garnet grain, zoning profiles (Figure 6.16.B; and 43199 - analyses 1-6) 

perpendicular to anhedral garnet-quartz boundaries (Plate 19) show similar 

intensities of alteration. For these grain margin configurations it is im

possible to estimate the proportion of garnet which has been replaced by 

quartz. Only by analogy with the biotite replacing the garnet in cracks can 

the grain boundary alterations be considered subsolidus. 

The garnet zoning in Figure 6.15 perpendicular to anhedral garnet-red

brown biotite boundaries is considered to be supersolidus as the biotite 

carries Ti02 contents comparable with normal magmatic biotite. The width 

of the zoned garnet is comparable to the subsolidus alteration zones, but 

the magnitudes of the compositional changes are greater, as may be expected 

at higher temperature magmatic conditions. Resorption of garnet under mag

matic conditions was apparently widespread although restricted in extent. 

Further evidence for separation of two phases of biotite crystallization 

in these rocks is shown in Figure 6.18, in which changes in biotite composi

tion are recorded adjacent to an anhedral garnet boundary (Plate 30). Across 

approximately half of the thickness of this biotite booklet (43241) there is 

strong adjustment in both octahedral and tetrahedral sites. The colour of 

the biotite, which changes approximately 250 microns away from the garnet 

border, marks the beginning of the composition change. The bulk of this 

/
/ 
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green biotite is believed to have formed under subsolidus conditions by read

justment of the magmatic biotite composition and growth of new biotite adja

cent to the garnet. subsolidus biotite analyses 7 to 9 in the same sample 

are taken from another large green biotite which wraps around the garnet. 

Biotites with intermediate Ti02 compositions (~.9 - 2.0%) in Table B.8 com

monly occur adjacent to garnet grains. This may reflect the supply of Ti to 

the dispersed phase or the readjustment of original magmatic biotite to the 

subsolidus conditions. 

The pale sea-green coloured biotite (43178 - analysis 9) replacing cor

dierite has a higher Mg!Mg+Fe ratio than the bootite replacing garnet or the 

red-brown biotite. The different Mg!Mg+Fe ratios of the secondary biotites 

reflect the composition of the minerals which have been replaced and the 

limited scale of equilibration of these components in the subsolidus system. 

The distinct difference in composition between subsolidus biotite replacing 

primary minerals and supersolidus biotite permits the use of the magmatic 

biotite and garnet compositions in the estimation of the temperature based on 

KD relationships (section 7.4.3.4). 

6.6 Cordierite 

Analyses of unaltered cordierite from three granitoid samples (43122, 

43178, 43202) and two contact metamorphic rocks (43300, 43301) are given in 

Table B.9. Also presented are analyses of the amorphous, colourless to dark

red material which replaces cordierite in the granitoid rocks. The structural 

formulae for the cordierites are comparable to those of other cordierites ana

lysed by electron microprobe (Okrusch, 1971; Gorbatschev, 1968; Dallmeyer and 

Dodd,197l). 

Wide variation in the Fe!Fe+Mg ratio for the cordierite is evident in the 

three cordierite grains analysed. The range in the Fe!Fe+Mg ratio for the 

Ansons Bay and Key Bay samples is very much more restricted than the range in 

sample 43178 from the Bicheno granitoid rocks. In all samples the cordierite 
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is richer in Mg compared with the coexisting garnet and biotite (Figure 7.1). 

A similar relationship holds for the contact migmatite (43300) and the contact 

metamorphosed Mathinna Beds samples (43301), cut in both cases these metamor

phic cordierites are richer in Mg than the cordierite in the igneous rocks~ 

Few analyses are available for cordierite from granitoid rocks. The 

cordierite from the extensive Bundarra Suite '(Flood and Shaw, 1975) in the 

New England Orogen is similar in composition to the cor~ierite in the Tasman

ian granites, whereas the cordierite from the Victorian lavas (Birch and 

Gleadow, 1974), although strongly zoned with Mg-rich margins, is richer in 

Fe. Cordierite in' the Kinsman Quartz Monzonite (Heald, 1950) is richer in 

Mg compared with the Tasmanian cordierites, bu~ the cordierite in the Dartmoor 

granite (Brammel1 and Rao, 1936) is similar in composition to the Tasmanian 

granitoid cordierite. 

Three groups of analyses (based on Fe/Fe+Mg ratios), apart from strongly 

altered margins, can be distinguished in the single 10 mm. long cordierite 

grain in sample 43178: 

1. 0.468 - 0.526 (analyses 3-8, 17-29, 30-33) 

2. 0.533 - 0.562 (analyses 34-36) 

3. 0.600 - 0.607 (analyses 10-15) 

This variation is not correlated with different twin individuals (in compari

son with Dartmoor granite - Brammell and Rao, 1936), but may reflect primary 

zoning or broad alteration zones adjacent to replaced areas. In an attempt to 

check this, zoning traces (Figures 6.19, 6.20) were made adjacent to various 

minerals replacing the cordierite and show marked changes in composition such 

as a decrease in the Mg/Mg+Fe ratio within 30 microns of the margin. These 

changes are superimposed on smoothly varying trends. Further analysis of these 

effects is necessary on less altered grains before a definitive idea of the 

original composition can be established. These comments also apply to samples 

43122 and 43202, in which the analyses of the cordierite were made on isolated 

grains surrounded by the amorphous replacement product. If the compositions 
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analysed do not reflect the original magmatic composition, Fe-Mg distribution 

between the mafic minerals is not relevant to the determination of the inten

sive variables during crystallization. 

The variable composition of the dessicated amorphous material after cord

ierite has little resemblance to the original cordierite (except 43172 - anal

ysis 1) or other possible alteration minerals such as chlorite and serpentine. 

All analyses have high water contents (low totals), with the colour of the 

materials apparently related to the Fe content. 

6.7	 Feldspars 

Plagioclase and K-feldspar analyses are given in Tables B.IO and B.ll. 

The	 structural formulae for the feldspars are near stoichiometric, although 

there is a wide range in the site occupancies (Z - 16.071 to 15.957; X 

3.774	 to 4.168). 

The core compositions of a restricted nurrber of plagioclase grains have 

been established as a check on the range of compositions determined optically. 

This analysis is used as a guide to the composition of the early crystallized 

magmatic plagioclase. A more detailed analysis of the plagioclase composi

tion may well be justified in the light of the variation in Ca cOntent of the 

garnet coexisting with and without cordierite. A similar correlation may 

exist between plagioclase and garnet. 

In general, the range in composition of plagioclase determined optically 

and by chemical analysis is similar for all the Tasmanian· garnet-bearing plu

tons. Core compositions range from An 50 to An 25. Complex normal and os

cillatory zoning of the plagioclase mantling the core is common. These zoned 

portions of ~he crystals range in composition from An 45 to An 20, and rela

tively wide sodic margins (An 20 to An 10) are well developed. A subjective 

estimate of the frequency of plagioclase cores with composi~ions greater than 

An 35 suggests fewer such cores in the Bicheno and Hogans Hill Granites. No 

attempt was made to compare zoning sequences, within and between different 
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plutons, for different textural forms of plagioclase, such as phenocrysts or 

equigranular grains. 

The range in composition of plagioclase in samples 43299 and 43300 is 

also 9iven in Table B.IO. The plagioclase in sample 43299 is almost pure 

albite, similar to other samples from the same pluton (Groves, 1972b). Op

tically the core composition of plagioclase in the contact migmatite (43300) 

ranges up to An 40. 

Several electron microprobe analyses were made of K-feldspar in slightly 

and highly altered rocks in an attempt to define the nature of the inclusions 

and the extent of alkali movement during alteration (Table B.ll). In samples 

43178 and 43220 comparison between altered, inclusion-rich, clouded feldspar 

and clear feldspar within the same grain revealed a slight increase in K20 

and a slight decrease in Na20. A similar' change was found in comparison of 

analyses of a K-feldspar grain in sample 43299 using focussed (3 microns in 

diameter) and defocussed (30 microns in diameter) beams. Although these 

changes in composition are approaching the order of the pre~ision for these 

elements, they may be correlated with evidence of 0 isotopic disequilibrium 

(section 11.3). No discrete phases are visible as inclusions in the K-feld

spar. This observation is supported by a scanning electron microscope (SEM

JOEL, University of Tasmania) search for discrete phases and suggests that 

the cloudiness is due to minute fluid inclusions. 

Also given in Table B.ll are analyses of K-feldspar and perthitic and 

myrmekitic plagioclase associated with the replacement of garnet by pale green 

biotite in sample 43241 (Plate 20). K-feldspar has variable alkali ratios 

dependent on the proximity to perthitic plagioclase. The ranges in composition 

of the perthitic and myrmekitic plagioclase are similar, supporting the tex

tural evidence for a genetic relationship between the development of the 

myrmekite, perthite and secondary biotite after garnet. 



6.35
 

6.8	 Andalusite 

Nine andalusite analyses from several plutons are given in Table B.12. 

The analyses and structural formulae are comparable to published andalusite 

analyses (Deer, Howie and Zussman, 1969) with up to 0.6 percent FeZ03 and 

low percentages of MgO and Na20. The andalusite grains analysed include 

possibly magmatic crystals (43171, 43172, 43220) and secondary grains after 

cordierite (43202) and after garnet and biotite(?) (43106). 

6.9	 Tourmaline 

Four tourmaline analyses from two samples are given in Table B.13. The 

first two analyses are from tourmaline replacing garnet (43105) in a tourma

line-poor rock, and the remaining analyses are from typical subhedral grains 

in the Bicheno granitoid rocks. The high Fe/Fe+Mg ratio is similar to that 

for the coexisting garnets in these rocks. The high A1203 content and high 

Fe/Fe+Mg ratio of the tourmaline (schorl) reflect the aluminous and Fe-rich 

nature of these rocks. 

6.10	 Ilmenite and Rutile 

Analyses of oxide inclusions in garnet and biotite are given in Table 

B.14.	 Most of the oxide inclusions are nearly pure ilmenite. The Fe203 con

3 
tents of the ilmenites, .calculated assuming an ideal structural formula (Fe + 

= 2(2-Ti) - (Al+Cr», are less than 1.5 percent except for 43160 analysis 2 

with	 7.7 percent Fe203- The principal variatior. in composition is in the MnG 

content which is not correlated with the location of the "ilmenite. 

A single grain of rutile in garnet has been positively identified and 

its composition is given in Table B.14. 
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CHAPTER 7 

CHEMICAL COMPOSITION OF THE TASMANIAN GRANITOIDS AND CRYSTALLIZATION 

CONDITIONS OF THE ALUMINOUS GRANITES 

7.1 Introduction 

Following a brief discussion of the cornpo~ition of the garnet-cordierite

biotite granites, it will be shown that a comparison of the compositional 

characteristics of the garnet-cordierite-biotite granites, biotite granites 

and hornblende-biotite granodiorites suggests that these granitoids can be 

divided into two compositional groups, the granites and the granodiorites. 

Within the granites the mafic mineral paragenesis is partially determined by 

the composition of the magma and partially by the crystallization conditions, 

inferred from theoretical and experimental studies. 

The bulk compositions compared include 30 new major oxide analyses from 

the garnet-cordierite-biotite granites (see Appendix C for analytical tech

niques) and a compilation of 124 analyses from various Devonian granitoids 

throughout Tasmania. The source of the analyses is given in Appendix C. In 

this ch~pter the granitoids are classified according to five mafic mineral 

assemblages: hornblende-biotite, garnet-cordierite-biotite, garnet-biotite, 

biotite and altered biotite granitoids. The assignment of analysed rocks 

from the literature into these mineralogical groups is in some cases based 

on only sketchy petrographic descriptions. This is particularly the case 

for the altered rocks, as the degree of alteration is often difficult to 

assess from the description. 

7,2 Composition of the Garnet-Cordierite-Biotite Granites 

Major oxide analyses of the garnet- and co=dierite-bearing granites from 

Tasmania are given in Table C.l. Typical samples were selected for analysis 

and while the range in compositions is probably representative for these 
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rocks, no attempt has been made to represent the compositions of individual 

plutons. 

In general these granites have high Si02 and alkalies, and low MgO, 

FeO and CaO contents. They closely approach the quaternary minimum compo

sitions (Normative Q + Ab + or + An > 90) and are strongly corundum-normative 

(Table C.l). The range in composition correlates with the modal mineralogy, 

particularly the proportions of biotite and K-feldspar; In individual plutons 

the variation in bulk composition is reflected by the modal variations. In 

the Ansons Bay Pluton the more felsic northern samples (43101, 43i36) have 

lower FeO, MgO and CaO and higher alkalies. Similar variability occurs in 

the Key Bay samples in which the mafic porphyr~es have higher FeO and MgO 

contents. Analyses 43256 and 43257 of the microgranite and the garnet + K

feldspar + biotite segregated layer respectively, represent compositional 

extremes for the Musselroe Point Microgranite. Although the slightly altered 

Hogans Hill and Bicheno Granites form one extreme in this group the alteration 

probably did not affect the major oxide composition. 

within this suite of granitoids, the group of cordierite-bearing granites 

has higher MgO!FeO ratios (Figure 7.3) and higher normative corundum contents 

than the cordierite-absent granites, although the ranges for both groups over

l~. 

The compositional fields of the mafic minerals partially overlap. In 

both the garnet-cordierite-biotite granites as 3 whole and for particular 

samples (Figure 7.1), the mafic phases have MgO!FeO ratios in the order cord

ierite > biotite > garnet. The same order in the MgO!FeO.ratio between these 

phases generally occurs in metamorphic rocks (Grant, 1973). The MgO!FeO 

values of rocks are similar to those of the garnet and biotite. 

7~3 Comparison of Tasmanian Granitoid Composit~ons 

7.3.1 AFM Diagram 

A ternary plot of total alkalies, total FeO and MgO (Figure 7.2) displays 
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the general calc-alkaline trend (Tilley, 1950; Nockolds and AlIen, 1953), 

although the Mg-rich gabbroic end-members do not occur in Tasmania. The 

bulk of the analyses plot in a well defined field in which at least two 

groups of granitoids can be distinguished. These are the hornblende-biotite 

granodiorites and the garnet-biotite, garnet-cordierite-biotite and biotite 

granites. The difference in the numbers of analysed samples for each group 

reflects the greater attention paid to the granites associated with the cas

siterite mineralization. Several samples do not fall in their mineralogical 

groups. These include the two samples from the Grant Point Granite which 

plot with the biotite-bearing rocks although they carry accessory hornblende. 

Included within the hornblende-bearing granitoijs are two biotite granodio

rites (Groves, in press) which lack hornblende ~d the hypersthene-bearing 

St. Marys Porphyry. In the following diagrams these exceptions are usually 

evident. 

Within the granites the range in composition principally reflects the 

changing biotite and feldspar contents. The widespread distribution of the 

altered rocks reflects the variation in the intensity and nature of the al

teration. The strongly altered granites (MgO less than 0.1%) occur in a 

field on the extension of the main trend in the region of high alkali con

tents. The low MgO and FeO values probably reflect the alteration conditions 

as these elements occur mainly in secondary biotite. The remaining altered 

samples show little petrographic evidence of substantial alteration and fall 

within the range of the unaltered biotite-bearing granitoids. 

Considering MgO and FeO in Figure 7.3, the garnet-cordierite-biotite 

and garnet-biotite granites almost span the range of the biotite granites, 

although the biotite granites tend to have higher total FeO and MgO contents. 

The clustering of the hornblende-bearing granitoids is distinct from the al

urninous phase-bearing rocks. Also the MgO!FeO ratio of the hornblende grani

toids is greater than that of the alurninous phase-bearing rocks. 
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7.3.2 Na20-K20-CaO (Rb-Sr) 

The main feature of the Na20-K20-CaO diagram (Figure 7.4) is the dis

tribution of the two groups of analyses corresponding to the hornblende-

bearing and the aluminous phase-bearing granitoids. This distribution is 

seen in variable CaO contents and in total alkali content, the latter func

tion ranging from 5 to 6.5 and 7 to 9 (weight percent) for the hornblende 

.and aluminous phase-bearing granitoids respectively. For both groups the 

alkali ratio (K20/Na20) overlaps [hornblende - 0.7 to 1.6: aluminous - 0.6 

to 2.0), and is similar to the granitoids in the Snowy Mountains area in 

N.S.W. (Kolbe and Taylor, 1966). In Figure 7.4 the altered rocks are scat

tered, with variable alkali ratios reflecting different alteration and 

greisenization pro'cesses (Hall, 1971) '. 

Trace element compositions, especially Rb and Sr, for the Tasmanian 

granitoids have been discussed by Groves (1972b, in press) and Brooks and 

Compston (1965). Most attention has been given to the trace element compo

sition of the altered rocks with high Li, Rb, Sn and W and low Sr, Ba and 

Zr. These are characteristic of granites and greisenized granites associ

ated with Sn02 deposits elsewhere (Flinter, 1971: Hesp, 1971: Shcherba, 

1970). Considering all the granitoids there is a wide range in K/Rb ratios 

which overlap for the different mafic mineral groups: 

Garnet-cordi"erite-biotite 135-178 ; 
230 for Musselroe Microgranite 

Biotite 143-201 

Hornblende-biotite 116-174 

Altered biotite 29-112 

K/Rb ratios for the Poimena Granite (Groves, 1972b) have been omitted as 

these samples have higher Rb contents than samples collected away from the 

younger altered granites, probably reflecting alteration by solutions from 

the younger Lottah Granite. No valid distinctions can be drawn between the 

first three groups, but most of the altered granites have K/Rb ratios below 
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100. The bulk of the unaltered rocks fall outside Shaw's (1968) main K/Rb 

trend (300-160) and may be described as highly fractionated rocks. Pos

sibly K/Rb ratios as low as 130, reflecting the high modal biotite propor

tions, should be included in the main trend. The altered Tasmanian rocks 

fall in Shaw's pegmatitic and metasomatic group. In any further work on 

the geochemistry of these altered rocks, an attempt should be made to dis

tinguish between original magmatic and altered chemical trends. 

7.3.3 MgO-Si02 

The plot of MgO against Si02 (Figure 7.5.A) is comparable to Harker 

variation diagrams from other granitoid rock provinces and displays two 

fairly distinct fields. In this diagram and in Figure 7.5.B the strongly 

altered low MgO rocks occur at the end of the main trend. 

7.3.4 MgO-Ti02 

In the MgO-Ti0 variation diagram (Figure 7.5.B) the Ti0 content
2 2 

does not discriminate the granites from the granodiorites. The garnet

cordierite-biotite granites are distinguished from the hornblende

biotite granodiorites, but the biotite granites overlap both groups. 

7.3.5 An-Ab-Or 

The system An-Ab-Or-Si02 accounts for greater·than 85 percent of norm

ative components for all granitoids and greater than 90 percent for the 

aluminous phase-bearing rocks. In the ternary feldspar system (Figure 7.6) 

the distinction between the hornblende-bearing and the aluminous phase

bearing rocks is clear (comparable with Figure 7.4). The strongly altered 

biotite granites plot on the extremes of the field. Comparison with other 

granitoid terrains (Presnall and Bateman, 1973) shows that the field co

vered by the Tasmanian rocks is similar although the proportions of dif

ferent rock types vary between areas. For example, the western North 
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American batholiths have a predominance of An-rich rocks. 

7.3.6� Alumina Saturation 

Alurnina saturation or oversaturation can be expressed by normative 

corundum in the CIPW weight norm or by the ratio A1203!(Na20+K20+caO) (mol. 

prop.). Using the latter index Chappell and "flhite (1974) have suggested 

that the hornblende-bearing rocks have values less than 1.1, whereas the 

rocks without hornblende and possibly carrying aluminous phases have values 

greater than 1.1. Using a three-fold mineralogical division into horn

blende-bearing, aluminous phase-bearing and biotite-bearing (only mafic 

silicate), values for A1203!(Na20+K20+CaO) are plotted in Figure 7.7. Com

parison between the hornblende-bearing and the aluminous phase-bearing 

groups shows substantial overlap although the averages for the two groups 

are probably statistically different. The biotite granites also overlap 

with the two groups, but have a mean value of about 1.2. Part of this 

overlap is caused by four samples from the Housetop Granite with rare 

hornblende, possibly of primary origin (Mills, 1971). As this comparison 

is made on a compilation of data from different sources, some of the vari

ation may be due to poor analytical precision and accuracy_ Also two of 

the garnet-bearing samples (43259, 43276) with A1203!(Na20+K20+CaO) ratios 

less than 1.05 are from plutons with rare accessory garnets. More analyses 

from these plutons are necessary to reasonably establish their range in 

composition. From the ·available analyses of Tasmanian gr~nitoids, the best 

discriminant value for the A1203!(Na20+K20+caO) ratio between the horn

blende-biotite and the garnet-cordierit~-biotitegranites is 1.05. 

Similar relationships can be shown using the corundum content in the 

norm for the different mineralogical divisions of the granitoids. The dis

criminant value for normative corundum content between hornblende and alum

inous� phase-bearing rocks is approximately 1 percent (by weight) . 

7.3.7 Summary 

Comparison of the chemical composition of the three unaltered rnineral
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ogical groups of Devonian granitoids in Tasmania suggests that these groups 

can be divided into two compositional fields. Most plots of various com

ponents or chemical functions have clearly separated maxima, although sorn~ 

overlap between these fields exists. The garnet-cordierite-biotite and 

biotite granites form one group of Si02-rich, aluminous granites. The 

second field is occupied by the hornblende-biotite granodiorites. A simi

lar distribution of granitoid compositions was found by Kolbe and Taylor 

(1966) in the Snowy Mountains area. The generality and the petrogenetic 

significance of this distribution is discussed in section 12.3.1, and it 

is thought that this pattern is widespread throughout granitoid terrains. 

No attempt has been made to rigorously define means and ranges for each 

group as the data base is small and derived from a variety of Sources. 

Most components and chemical functions of the granites and the granodio

rites are similar to those of the S- and I-granitoid types discussed by 

Chappell and White (1974). 

The slightly altered biotite granites and garnet-cordierite-biotite 

granites have compositions which overlap those of the unaltered granites. 

Petrographically these rocks have been slightly altered and their major 

oxide composition probably reflects their original magmatic compositions. 

In even slightly altered rocks, the mobile tra·oe elements such as Rh, Sr 

and Li are probably affected by the hydrothermal conditions. This is al

most certainly the case for the strongly altered rocks in which the feld

spars are pervas{vely altered and possibly secondary, and in which the 

micas replace feldspars and topaz. In these rocks, petrochemical indices 

such as K/Rh and Mg/Li ratios reflect their metasomatic, rather than magma

tic, history. The hydrothermal fluid exsolved from the magma would ini

tially be in equilibrium with the granite, but with decreasing temperatures 

mineral equilibria would change, the buffering capacity of the solid phases 

on the fluid may be exceeded (Greenwood, 1975a), and new phases may be crys

tallized. Orville (1963) and Jahns and Burnham (1969) have discussed some of 
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the feldspar reactions which may be expected under these conditions. Some 

of the rocks which have been described as highly fractionated igneous rocks 

(Groves, 1972b, in press; Groves and Taylor, 1973) are strongly altered 

granites whose composition reflects both igneous and metasomatic,events. 

These conclusion~J based on the petrography, are supported by evidence of 

Sr and 0 isotopic disequilibrium (sections 9.3.5, 11.3) and point to the 

need for care in the interpretation of the geochemical data. 

7.4 Controls Determining the Mafic Phase Assemblages of the Granites 

7.4.1 Introduction 

Within the Si02-rich, strongly aluminous granites the variety of mafic 

phase assemblages is determined by the magma composition and the crystal

lization conditions. The range in composition of these granitoids is be

lieved to reflect the range in magma compositions generated by partial 

melting of slightly different source rocks, and little modified by frac

tional crystallization, assimilation and alteration (section 12.2). The 

mafic assemblages found in these granites are biotite, garnet-biotite, 

garnet-cordierite-biotite and cordierite-biotite. 

7.4.2 Compositional Controls 

The main compositional differences between the cordierite-bearing and 

cordierite-absent granites are that the cordierite-bearing granites tend 

to have higher MgO/Total FeO ratios and higher normative corundum contents. 

The Mg/Total FeO relationship is consonant with the value of this ratio for 

the mafic phases (section 7.2). Also the biotite granites have MgO/Total 

FeO ratios which tend to be higher than the garnet-biotite granites (Figure 

7.3). For all the cordierite-bearing granites the normative corundum con

tents are greater than 2.1 weight percent (2.1-2.7%) whereas the garnet

bearing granites have corundum contents rarely exceeding 2.0 weight percent. 

Another compositional variable which would affect the mineralogy is the 

water content of the magma. Relatively high water contents would expand 
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the stability field of biotite (and muscovite) at the expense of garnet 

and� cordierite. This control is emphasized by the limited supersolidus 

and subsolidus replacement of garnet and cordierite by biotite. Higher 

water contents may also extend the stability field of cordierite relative 

to that of garnet as one (Dover River Granite) of the two cordierite~bio

tite granites also carries primary muscovite (section 7.4.3.2). 

7.4.3 Crystallization Conditions 

7.4.3.1� Introduction 

It will be shown that, by considering the stabilities of the mafic 

mineral assemblages, the aluminous granite magmas crystallized garnet and 

cordierite at pressures less than 10 kb. and temperatures less than 900 to 

950°C. These crystallization conditions are established from theoretical 

studies of the distribution of Fe and Mg in the mafic minerals, and partial 

melting studies (Kilinc, 1972; Green, 1976) and crystallization studies 

(Huang and Wyllie, 1973; Whitney, 1975a,b; Maaloe and Wyllie, 1975) of 

rocks� with compositions similar to those of the garnet-cordierite-biotite 

granites. 

7.4.3.2 Crystallization Studies 

Crystallization studies of granitic rocks have been restricted either 

to diopside normative and low corundum-normative granites (Whitney, 1975a; 

Maaloe and Wyllie, 1975) or to a high corundum-normative granite with a 

low K/Na ratio (Huang and Wyllie, 1973). Although these compositions do 

not� closely match those of the Tasmanian aluminous granites·, the experi

mental studies provide estimates for the solidus and liquidus. The mafic 

phase assemblages of the aluminous granites suggest that the water contents 

of the magmas were low, and were buffered by garnet and cordierite through

out most of the igneous crystallization. Also for comparison with the 

crystallization studies, the oxygen fugacity of the aluminous granites may 

be estimated from the almost pure ilmenite in garnet and biotite, and low 

Fe203 contents in both garnet and biotite. Buddington and Lindsley (1964) 
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showed that the upper limit of oxygen fugacity for pure ilmenite in the 

range 700 to 900"C is defined by the magnetite + wustite (MW) buffer curve. 

The oxygen fugacity may have been slightly higher than the MW buffer, based 

on the low Fe203 in the ilmenite, but probably did not exceed the fayalite 

+ magnetite + quartz (FMQ) buffer. In the experimental studies under con

sideration the oxygen fugacity was either uncontrolled (Huang and Wyllie, 

1973, Whitney, 1975a) or at higher levels (nickel + nickel oxide - Maaloe 

and Wyllie, 1975) than those in the natural garnet-cordierite-biotite mag

mas. The oxygen fugacity does not greatly influence the solidus (Eggler 

and Burnham, 1973), but partially controls the mafic phase stabilities. 

In Figure 7.8 the dry liquidus and dry and excess water solidus for 

a muscovite granite (Huang and Wy11ie, 1973) are given. The dry liquidus 

and solidus were determined with 0.6 weight percent water which is struc

turally bound in the muscovite in the natural muscovite ·granite. Compari

son with experimental studies (Brown and Fyfe, 1970; Robertson and Wyllie, 

1971; Piwinskii, 1973; Stern et al., 1975, Wyllie et al., 1976) on grani

toid rocks, both in water saturated and unsaturated conditions, suggests 

that the solidus for the garnet-cordierite-biotite granites under dry con

ditions will be approximately 50"C greater than that of the.muscovite gran

ite. With increasing water contents the solidus temperature will decrease 

towards that of the saturated solidus of the muscovite granite. Similarly 

the liquidus temperatures will decrease. Based on the petrographic evidence 

in the early stages of the crystallization, the water content was buffered 

by the mafic mineralogy and at later stages in some of the altered rocks 

the magmas were saturated with water. With crystallization, the water con-" 

tent of the magmas will increase until saturation occurs depending on the 

pressure and composition. The a1uminous granites crystallizing at 1 kb. 

total pressure may be saturated near the solidus by as little as 2 percent 

water (Whitney, 1975a). Maaloe and Wyl1ie (1975) estimated the water con

tent of a biotite granite magma by reproducing the natural sequence of 
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crystallization. They found that the biotite stability increased with 

lower water contents and that the biotite was an early phase in the para

genesis at relatively high water contents (4-6% water). These results may 

have some application to the aluminous granites although the stability of 

the (Fe-Mg) biotite may be significantly changed by the extensive substi

tution of Al (Rutherford, 1973) and Ti and F (Rutherford, 1969). 

In the highly aluminous, muscovite granite, Huang and Wyllie (1973) 

showed that muscovite was stable near the dry solidus (Figure 7.8). The 

muscovite-out curve for the granite, approximately 20°C above the solidus, 

crosses the 

muscovite + quartz ++ sillimanite + orthoclase + liquid 

curve in the system K20-A1203-Si02-H20 at about 7.5 kb. (Huang and Wyllie, 

1974). The experimental limits for the subsolidus thermal decomposition 

reaction 

muscovite + quartz ++ andalusite + orthoclase + H20 

are also given in Figure 7.8 (Kerrick, 1972; Shade, 1974). The agreement 

for the muscovite stability in the nearly anhydrous muscovite granite and 

in the vapour-absent simple system is relatively good and indicates that 

for dry, strongly aluminous granitic compositions muscovite will be stable 

near the solidus. During the crystallization of felsic granitoids with 

relatively high water contents, the solidus and muscovite stability curve 

will intersect and muscovite will crystallize from the melt at pressures 

greater than 2-3 kb., depending on the experimental curve used. As primary 

muscovite is rare in the Tasmanian aluminous granites, the magmas may have 

been relatively dry, with solidus temperatures greater than those of the 

muscovite granite, or may have crystallized near the solidus at pressures 

less than 2-3 kb. Distinction between these two controls is not possible 

without further experimental studies. Huang and Wyllie (1973) also showed 

that during isobaric crystallization of the muscovite granite, increasing 

water contents in water deficient conditions caused m~scovite to crystallize 
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as a near-liquidus phase. This suggests that the water content of the 

muscovite-bearing Dover River Granite magma may have been high, as "the 

muscovite is probably a primary intergrowth with biotite. Similarly, high 

water activities may have characterized the two-mica Thirsty Lagoons Gran

ite (Appendix E). Most of the aluminous granites have white-mica which 

probably crystallized under subsolidus conditions by ion exchange reac

tions., in some cases coupled with the replacement of garnet by biotite 

(Eugster, 1970; Carmichael, 1969) (section 12.4.3.2). 

In the Boobyalla and possibly the Bicheno Granites andalusite is a 

primary phase crystallizing near the solidus. Andalusite also occurs in 

several plutons as a subsolidus phase after cordierite, garnet and feld

spars. Primary andalusite has also been described in alurninous granites 

elsewhere (Hills, 1938; Clarke et al., 1976). Because the 6S of the reac

tion 

andalusite ~ sillimanite 

is low there is a wide range in the experimentally determined stability 

fields for these phases (Figure 7.8). Using the aluminium silicate phase 

diagram determined by Richardson et al. (1969), Clarke et al. (1976) have 

discussed a variety of possible crystallization and reaction relationships 

between andalusite and muscovite. 

Both crystallization studies (Huang and Wyllie, 1973; Maaloe and 

Wyllie, 1975) considered in this section provide a broad framework for 

the crystallization conditions of the aluminous granites. Neither study 

is directly applicable to the Tasmanian rocks as the compositions are not 

sufficiently similar, and more importantly the sequence of phases crystal

lized is not the same as that deduced from the garnet-cordierite-biotite 

granites. 

7.4.3.3 Melting Studies 

Experimental studies based on the melting of different sedimentary 

compositions have been discussed by Winkler (1974) and Kilinc (l972). 
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Kilinc showed that under hydrous conditions, the melt composition was de

pendent on the composition of the sediment and that the relict phases were 

characteristic of the sediment. Shales with high A1203 and K/Na ratios 

when partially melted produced granite magmas with relict minerals includ

ing biotite, cordierite, quartz, plagioclase and aluminium silicates~ The 

greywacke melts were trondhjemitic in composition and the relict phases 

included quartz, plagioclase, biotite and amphibole. The high water ac

tivities and lack of phase relations limit the usefulness of this study in 

. establishing the crystallization conditions of the aluminous granites. 

Pelite melting experiments (Green, 1976), in which varying pressure, 

temperature and water contents have produced different mafic assemblages, 

give several important limits to the crystallization conditions for the 

garnet-cordierite-biotite granites. Other relevant experimental studies� 

are garnet rhyodacite crystallization studies at pressures greater than� 

9 kb. (Green and Ringwood, 1972), and melting and subsolidus experiments� 

on pelite compositions with coexisting garnet and cordierite (Hensen and� 

Green, 1971,1972, 1973). The f0 in these experiments (Ni-NiO buffer)
2� 

was higher than the f0 of the natural granite melts. The first signifi�
2 

cant result of these studies is the pressure sensitive nature of the resid

ual phases of melting, or the liquidus phases of the melt. For the pelite 

composition studied by Green (1976), cordierite is unstable at 10 kb. and 

garnet is unstable at 4 kb. over 800 to 10000C and 2-5 percent water 

(Figure 7.8). The mineral assemblage coexisting with the melt at 4 kb. 

is cordierite-biotite-sillimanite-plagioclase-quartzi at 7 kb. is cordie

rite-garnet-biotite-sillimanite-plagioclase-quartz and at la kb. is garnet

biotite-plagioclase-sillimanite-quartz. For bulk compositions with dif

ferent Mg/Mg+Fe ratios, Hensen and Green (1973) have shown that the divar

iant equilibria for garnet and cordierite is sensitive to pressure. As the 

Mg/Mg+Fe ratio of the bulk composition increases the equilibrium pressure 

increases. The divariant equilibria are relatively insensitive to the 
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temperature. The equilibrium pressure may also be influenced by other com

positional factors such as Mn and Ca. T.R. Green (pers. comrn.) suggests 

that only relatively high MnO contents (6 to 8%) will stabilize garnet to 

pressures less than 4 kb. in granite compositions. Spessartite-ric? gar

nets are restricted to the late-stage aplites and pegmatites which probably 

crystallized from high level, fractionated magmas. Rensen and Green (1972, 

1973) showed that a minor grossular component (4-8 mole %) markedly affected 

the stability of garnet, but were unable to distinguish between the effect 

of pressure and composition. From Green (1976) and Green and Ringwood 

(1968, 1972) it is apparent that the Ca content of the garnet is sensitive 

to pressure. At pressures equal to and greater than 9 to 10 kb., the Ca 

content of the experimental garnets is greater than that of the natural 

garnets. This provides a well defined maximum pressure limit for the crys

tallization of garnet. The pressure control on the grossular content of 

the garnet is supported by data from the Bicheno Granite which is the only 

pluton in Tasmania with early, relatively abundant garnet and cordierite. 

Together these phases indicate crystallization pressures lower than those 

in the garnet-biotite granites and this is supported by the lower grossular 

content of the garnets in the Bicheno Granite (Figure 6.2). At 7 kb., 

Green (1976) found that the garnet, cordierite and melt compositions were 

similar to those of the natural rocks and that discrepancies may be attri

buted to different bulk compositions, varying degrees of partial melting 

and problems with the analysis of experimental glasses. 

The primary zoning of garnet crystallizing from a granite melt may 

reflect the P-T conditions and/or the crystallization of other phases. 

The slight zoning of the garnet with decreasing Mg/Mg+Fe ratio from core to 

rim is not correlated with the crystallization of biotite as the occurrence 

of biotite within and around the garnet grains suggests that the biotite 

crystallized before and during the garnet crystallization. Only if the 

biotite began to crystallize after garnet, would the garnet exhibit a change 
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in the composition profile attributable to biotite crystallization. Based 

on the composition of experimental garnets (Green, 1976) the zoning may 

reflect decreasing temperatures during crystallization. At 10 kb., the 

garnet Mg/Mg+Fe ratio at 980 0 e was 0.37-0.39, and at 820 0 e was 0.19-0.21. 

Although these conditions, especially the high temperature at 980 o e, may 

not be applicable to the natural situation, these results indicate a trend 

similar to that in the natural garnet. The experimental work indicates 

that the cordierite in the granites could also be similarly zoned, but the 

single large cordierite crystal (43178) has a variable composition which 

is not correlated with the form of the grain. A similar trend in decreas

ing Mg/Mg+Fe ratio with decreasing temperature for zoned garnets in eclo

gites has been experimentally established by ~eim and Green (1974). If 

the garnet zoning is in response to decreasing temperatures, then the zon

ing lends support to an igneous rather than a relict origin for the garnets. 

Relict garnets would more likely reflect prograde (increasing temperature) 

metamorphic conditions. 

The partial melting experiments also highlight the thermal stability 

of biotite in these compositions. As in the crystallization experiments 

on the biotite granite (Maaloe and Wyllie, 1975) the biotite stability is 

slightly increased with decreasing water contents in the melt. At 7 kb. the 

upper temperature stability limit is 900-950 o e. At higher temperatures 

the compositions of the garnet and cordierite do not correspond with those 

of the natural phases, and Green suggests that partial meiting in the na

tural pelites occurred at temperatures below the maximum stability limit 

of biotite. In the natural rocks the incongruent melting of biotite along 

a positive slope probably controls the degree of partial melting (Brown and 

Fyfe, 1970; Grant, 1973). From the partial melting experiments the water 

contents of the melt are not known·, but Green (1976) suggested that 5 per

cent water at 10 kb. may have been too hydrous, as the melt was enriched 

in A1203 compared to natural garnet-bearing granites. At 4 kb. and 5 per
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cent water, the resultant partial melt was comparable in composition to 

the natural cordierite-bearing granites suggesting that the cordierite 

granites had higher water contents than the garnet granites. Although 

some of these relationships are tentative, they are in accord with trends 

in the natural rocks and provide fairly secure limits to pressure, tern

perature and water contents of the natural magmas. 

These experimental studies in complex systems on the stability of 

garnet and cordierite are supported by studies in simple systems. Keesrnan 

et al. (1971), Hsu (1968) and Hsu and Burnharn (1969) have discussed the 

upper and lower temperature limits of almandine at low f 02 , both under 

hydrous and anhydrous conditions. The high temperature anhydrous break

down curve for almandine ranges from approximately 800 to 10000e over a 

pressure range of 0-4 kb. This boundary is likely to be displaced to 

.slightly higher temperatures with minor grossular (Huckenholz et al., 1975) 

and spessartine (Mottana, 1974) components and to lower temperatures with 

minor pyrope content. The low temperature stability limit for almandine 

in the presence of water ranges from approximately 550 to 600 0e over 0-10 

kb. At near liquidus temperatures (800-100Qoe) and low pressures in al-

mandine-bearing granites, the almandine would be unstable, and the result

ing reactions would give rise to a variable mineral assemblage depending 

on the water content. In the granitoids the main reaction relationship 

appears to depend, in both super- and subsolidus conditions, on the water 

activity. 

The high pressure limit of Fe-cordierite (Richardson, 1968; Weisbrod, 

1973a), defined for the reaction 

3 Fe-cordierite ++ 2 Fe-garnet + 4 sillimanite + 5 quartz 

at 750 0e is 3.3 ± 0.1 kb. (QIF buffer). At equilibrium when Mn is included 

in the system (Weisbrod, 1973b) this high pressure limit is lowered, al

though this would be a small effect in the granites as the spessartine con

tent of the garnets is low. The stability field for Mg-cordierite is much 
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larger than for the Fe end-member and is partially dependent on the water 

activity (Newton, 1972). Over a magmatic temperature range 700-900°C Mg

cordierite is stable under anhydrous conditions to approximately 7 kb. 

This limit is increased under hydrous conditions to 11 kb., and similar 

pressures were recorded by Hensen and Green (1972) and Green and Vernon 

(1974) for Mg-rich cordierites. The low temperature stability limit of Mg

cordierite in the presence of water has been studied by Schreyer and Yoder 

(1964) and Seifert and Schreyer (1970). The subsolidus reactions involving 

cordierite and garnet in the granitoids are discussed in section 12.4.3.2. 

7.4.3.4 Fe-Mg Partitioning Between the Mafic Phases 

Fe-Mg cation ~xchange reactions may be a function of temperature and 

pressure (Ramberg and De Vore, 1951; Kretz, 1964; Saxena, 1968; Wood, 1975). 

The extent of the dependence of the distribution coefficient (KD) on tem

perature and pressure may be estimated by comparing metamorphic terrains 

with different temperature and pressure histories and by experiment. Among 

the phases garnet, biotite and cordierite, only the pair garnet-cordierite 

has been studied in detail using experimental techniques (Hensen and Green, 

1973). In the following discussion, exchange reactions between these phases 

are considered with "emphasis on the pair garnet-biotite, as the composition 

of these phases is well known, whereas the composition of the magmatic cord

ierite is poorly understood. 

In theory, the partitioning of Fe and Mg between garnet and biotite 

will define a uniform distribution curve if: 

1) equilibrium was maintained 

2) temperature and pressure were constant (or had no effect on the 

distribution) 

3) the distribution is unaffected by compositional changes in either 

phase. 

Equilibrium between these early phases under magmatic conditions is a rea

sonable assumption. Similar P-T histories are expected for the granitoid 
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plutons. The third condition, ideal solid solution, does not apply for 

this mineral pair, as variations in the octahedral Al and Ti and tetra

hedral Al contents in biotite (Saxena, 1969; Oallmeyer, 1974a,b) and in 

the Ca and Mn contents in garnet (Albee, 1965; Saxena, 1968, 1969; Gor

batschev, 1972b; Oahl, 1972) cause deviations from ideality. 

The distribution of Fe and Mg between coexisting garnet and biotite 

is shown in Roozeboom diagrams (Figures 7.9, 7.10). If the exchange reac

tion is written as 

Fe-biotite + Mg-garnet ++ Mg-biotite + Fe-garnet 

then the distribution coefficient for an ideal distribution is defined as 

K
G-B

= 
xG(l-xB) 

o Fe G - garnetxB(l_xG)
Fe+Mg B - biotite 

where x is the mole fraction Fe/Fe+Mg. It can be shown that for an ideal 

distribution the molar volume change for the reaction is small, and the KO 

is primarily an inverse function of the temperature (Sen and Chakraborty, 

1968). The range, mean and standard deviation for KO of samples from each 

pluton are shown in Table 7.1. The KO for 68 samples, using average un

altered garnet and biotite co~positions and excluding three extreme samples, 

ranges from 0.9 to 2.8 with a mean of 1.72 ± 0.491 (la). Within a single 

sample, a range in KD values may be calculated as the garnet is zoned. Us

ing the average biotite composition in sample 43252 and the variation in 

the Fe/Fe+Mg ratio of the zoned garnet, a range in KO from 1.863 in the 

core to 2.298 on the rim is generated. This variation aside, the differ

ences in KO between plutons suggest that either there were real differences 

in the crystallization conditions or that the KO is partially a function of 

the composition of the phases, or both. 

These results, as a group, are the lowest values ever recorded for 

this function, overlapping with several extreme values for some granu

lite facies metamorphic rocks (Gorbatschev, 1970; Saxena, 1969). The KO 

values overlap and tend to be lower than those of other calc-alkaline vol
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Table 7.1 

KGarnet-Biotite 
FOR GARNET-CORDIERITE-BIOTITE GRANITES

D Fe 
Fe + Mg 

Ansons Bay Ansons Bay Hogans Hill Bicheno 
Pluton Pluton Granite Granite 

(North) (South) 

100 2.043 109 2.540 151 1.560 158 1.319 
102 1. 972 117 2.061 152 1.139 160 0.944 
103 1. 965 118 2.176 156 0.607 162 1. 211 
104 1. 813 119 2.037 1.102±0. 478 164 1. 556 
105 2.326 121 1.634 165 1. 351 
106 2.272 122 1. 924 166 1. 788 
107 1. 547 124 2.089 178 1. 989 
133 1. 869 126 1. 616 180 0.986 

1. 976±0. 250 130 2.083 181 1.182 
2. 018±0. 280 186 0.800 

187 0.993 
188 1.118 

1. 270±0. 356 

Mt. Kerford Key Bay Boobyal1a Several 
Granite Granite P1uton Plutons 

231 1. 465 194 2.798 216 2.018 258 4.077 
233 1. 665 199 1.597 218 1. 474 259 3.066 
235 1. 773 202 1. 536 222 1. 550 271 2.430 
236 1. 237 203 2.491 224 2.553 276 1. 446 
238 1. 909 204 2.625 225 1. 241 285 2.383 
239 2.480 2.378±0.535 226 1. 999 
241 1.201 227 1.412 
242 2.134 229 1.220 
243 1. 433 230 1. 794 
244 1. 567 1. 696±0. 437 
245 1. 257 
246 1.714 
247 1. 659 
248 2.287 
250 2.481 Mean for 64 mineral pairs 1.720±0.491 
251 1. 919 
252 2.222 
254 1. 481 

1. 771±0. 412 

Standard Deviation 10 
All sample numbers have prefix 43 
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canics and plutonics (Wood, 1975, New Zealand: 0.7-3.27; Rossiter, pers. 

comm., Victoria: 3.99, 3.60; Heald, 1950, and Lyons and Morse, 1970: Kins

man Quartz Monzonite: 3.57-3.65). 

Because the distribution of Fe and Mg between garnet and biotite is 

not ideal, well· defined values for the equilibrium temperature cannot be 

estimated for the granitoid rocks. Saxena (1969) used principal component 

analysis to estimate the effect of various components on the distribution. 

He derived a transformed KD which he empirically correlated with some fixed 

temperatures estimated from a range of metamorphic rocks. Application of 

the transformed Ko to the Tasmanian granitoids gives temperatures equiva

lent to those of the upper amphibolite and granulite facies (600 to 800°C). 

This approach is dependent on the samples used in the statistical analysis 

and the temperature control samples, and is only reliable if experimental 

data confirm that departure from ideality for the Fe-Mg distribution be

tween these two phases is the same for all grades of metamorphism. These 

experimental data are not available. The departure from ideality may be 

estimated for different grades of metamorphism by sampling mineral pairs 

with a range in Fe/Fe+Mg ratios and a range in the composition of the dilu

tant element (for example Mn in the garnet). 

To test the effect of substitution of other elements in the garnet and 

biotite lattices on the Fe-Mg distribution, multiple correlation was car

ried out, between the KD and Ca and Mn in the garnet andTi, Mn, octahedral 

and tetrahedral Al in the biotite, for 64 samples and separately for several 

plutons with at least nine mineral pairs. The range in composition for all 

components is fairly small, but a negative correlation at the 99 percent proba

bility level between KD and octahedral Al content of the biotite exists when 

all the samples are considered. A positive correlation, at the 99.9 percent 

probability level, between the KD and the Mn content of the garnet probably 

reflects garnet alteration. The MnO cutoff for unaltered garnets was taken 

at 2.0 percent and may have been too high. Consideration of separate plutons 
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showed similar results except that for the Bicheno Granite, Ca in the gar

net was negatively correlated with KD (99 percent probability), and that in 

the Ansons Bay Pluton northern group,tetrahedral Al and Ti in the biotite 

were negatively correlated with KD at the 95 percent and 99 percent prob

ability levels respectively. These relationships are similar to those 

found in metamorphic rocks (Saxena, 1973). The variation of KD with these 

compcnents probably accounts for some of the range between plutons. 

A single experimentally determined KD of 4.2 at 10 kb. and 820°C is 

given by Green (1976). More experimental data, including the influence of 

octahedral Al in the biotite on the KD, are required before the KD of the 

natural rocks can be equated with well defined temperatures and pressures. 

In general, by comparison with KO values from metamorphic terrains, the 

temperatures and pressures represented by the granitoid KO values are simi

lar to those of the upper amphibolite and granulite facies of low pressure 

metamorphism (600-800 o C, 2-10 kb. - Turner, 1968). Consideration must also 

be given to the stage at which the Fe-Mg distribution was established. 

Petrographic data suggest that garnet and biotite were crystallized early in 

the history of the magma. Primary zoning and subsolidus alteration suggest 

that the original garnet composition can be distinguished. The average 

biotite compositions are thought to reflect magmatic conditions, but ad

justment of the biotite composition and not the garnet may have occurred. 

Detailed analytical work on biotites included in zoned garnets may resolve 

this problem. 

No rigorous analysis of the Fe-Mg distribution has been made for the 

altered garnets and biotite replacing the garnets. Equilibrium between 

these phases has not been established. KD values for most of the altered 

garnet and secondary biotite pairs are higher than those for the magmatic 

conditions, regardless of the intensity of the garnet alteration. 

Fe-Mg exchange between garnet and cordierite has been extensively 

studied by Hensen and Green (1973) and Currie (1971, 1974) under subsolidus 
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conditions. Wood (1973) has attempted to reconcile the conflicting results 

of the two experimental approaches by showing that the KO is partially de

pendent on the water activity, although further experimental work by Hold-

away (1976) indicates that this may not be the case. The results of Hensen 

and Green (1973) are used below because the activity of water in the natural 

melts is believed to be low, as in their experiments. Also, Hensen and 

Green showed that the KO did not change when significant melting was induced 

with 1 percent water, under the same P-T conditions. The influence of 

crystallizing biotite on the cation exchange between garnet and cordierite, 

especially with. varying Al contents of the biotite, has not been evaluated 

(Hensen, 1971). 

Cord-Garnet
The KOMg/Mg+Fe for the three analysed cordierite-garnet pairs, 

based on average compositions, are 5.91 (43178),2.09 (43202) and 3.03 

(43122). The compositions of garnet and cordierite in sample 43178 are 

thought to be the original magmatic compositions, whereas the cordierite 

in samples 43202 and 43122 may have been altered. Besides this uncertainty 

in the interpretation of the cordierite composition, there is a wide range 

in the cordierite composition for sample 43178 (X varies from 0.540 to 

0.393 - not including altered margins; Ko varies from 7.4 to 4.0), resulting 

in a range of experimentally estimated temperatures from 700 to 950°C. The 

KD values for other calc-alkaline igneous rocks are 7.26 (Kinsman Quartz 

Monzonite, Heald, 1950) and 1.22 for average cordierite-garnet compositions 

from lavas of the Cerberean Cauldron, Victoria (Birch and Gleadow, 1974). 

Cord-BiotThe KD /M for the three rocks with analysed cordierite grains
Mg g+Fe 

are 2.47 (43178), 1.40 (43202) and 1.57 (43122). These KD values are simi

lar to the KD for the Kinsman Quartz Monzonite (Heald, 1950- 1.99), lower 

than the KO for the Bundarra Suite granitoids (Flood and Shaw, 1975 - 3.3) 

and comparable with the KD values determined for a variety of metamorphic 

rocks. Gorbatschev (1970), Saxena and Hollander (1969) and Dougan (1974) 

show conflicting relationships between the KD and its dependence on tem
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perature and pressure. Dougan (1974), over a large range in KD from 1 to 

10, suggests that the KD decreases with increasing temperature. A single 

experimentally determined KD of 2.2 at 4 kb. and 780°C is given by Green 

(1976). Reservations concerning the interpretation of the cordierite com

position discussed previously also apply to this mineral pair. 

7.4.3.5 Summary 

The crystallization conditions of the a1uminous granites, largely de

fined by the stability of the mafic phases (Green, 1976), are shown in 

Figure 7.8. The boundaries between the fields garnet-biotite, garnet

cordierite-biotite and cordierite-biotite probably have a slight negative 

slope and their position will depend on the Mg/Mg+Fe ratio of the natural 

melt. Lower Mg/Mg+Fe ratios will move these boundaries to lower pressures. 

Approximately 10 kb. is an upper pressure limit for the crystallization of 

low Ca garnets. The crystallization conditions are also constrained by 

the location of the solidus in P-T space. The location of the solidus and 

the stability of biotite will be markedly dependent on the water contents 

of the melt. As muscovite is not a common near-solidus magmatic phase, 

most of the aluminous granites probably completed crystallization at pres

sures less than 2-3 kb. 
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CHAPTER 8 

INTRODUCTION 

8.1 Relative Age of the Tasmanian Granitoids 

Stratigraphic control on the age of the Palaeozoic granitoids is 

peor. In western Tasmania the Meredith and Heemskirk Granites transgress 

the Tabberabbean fold trends in sediments established as Early Devonian 

on fossil (Bell Shale) evidence (Banks, 1962; Baillie and Williams, 1975). 

The·Tabberabbean movements are thought to predate undisturbed cave depes

its at Eugenana in north-central Tasmania. These deposits are strati

graphically dated as Upper Middle Devonian using fossil spores (Balme, 

1960; Burns, 1964). In western Tasmania the Point Hibbs Limestone of 

Middle to Upper Siegenian age (Flood, 1974) records tectonic movements, 

possibly by some phases of the Tabberabbean activity. 

In eastern Tasmania the granitoids intrude the Arenigian to Early 

Devonian Mathinna Beds (Banks and Smith, 1968; Banks in Strusz, 1971) which 

had been deformed by several movements in the Tabberabbean Orogeny. The 

Early Devonian Mathinna Beds (Lochkovian) overlap in age with the Bell 

Shale in western Tasmania. The K-feldspar megacryst foliations in some of 

the granitoids may be interpreted as evidence for late-tectonic intrusion, 

but confirmation for this interpretation will need detailed structural and 

metamorphic studies of the granitoids and their contact metamorphic zones. 

The granitoids in eastern Tasmania were intruded by swarms of dole rite 

dykes prior to erosion and deposition of Middle sakrnarian sediments. In 

summary, the stratigraphic age for the mid-Palaeozoic granitoids is between 

Lochkovian and Sakmarian in eastern Tasmania, and Upper Middle Devonian 

and Sakmarian in western and north-western Tasmania. 

Correlation between the relative and isotopic age scales for the 

Palaeozoic is peorly established. The best estimate for the Siluro-Devonian 
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boundary in eastern Australia is from a porphyry which intrudes Wenlock 

sediments (Owen et al., 1975). The Porphyry age which was originally dated 

by Bofinger et al. (1970) has bee~edetermined by Williams et al. (1975) 

~K 

at 430 m.y. The Siluro-Devoniari boundary must be younger than 430 m.y. but 

is older than 403 m.y. considering data presented in this thesis. The 
, . 

Siluro-Devonian boundary for north-eastern North America has been determined 

at 415 ± 15 m.y. (Fullagar and Bottino, 1968), although the stratigraphic 

age for the dated volcanics is not well defined (Lambert, 1971). Using 

this estimate for the boundary, events in eastern Tasmania fall into a 

chronological sequence if the fossil age and the 403 m.y. minimum age for 

the granitoids are accepted. The metamorphic age for the Mathinna Beds is 

discussed in section 10.3. Further definition will require isotopically 

and stratigraphically datable sediments or suitable field relationships 

between sediments and an igneous rock, preferably in eastern Australia. 

The age of the Devonian - Carboniferous boundary was established by 

McDougall et al. (1966) at 369 ± 6 m.y. (corrected for the revised K decay 

constant). Boucot (1975) suggests that the sediments intercalated with the 

volcanics dated by McDougall et al. (1966) are close to the Frasne-Famenne 

boundary and that the Devonian - Carboniferous boundary is younger than 

the 369 m.y. date. 

8.2 Previous Isotopic Results 

Isotopic dating studies of the mid-Palaeozoic granitoids prior to the 

present study are summarized in Table 8.1. The bulk of the results from 

McDougall and Leggo (1965) are K-Ar mineral ages from a regional survey of 

many of the granitoid plutons. The K-Ar dates have been increased by 2.1 

percent to allow for revised values of the K decay constant. Sr isotopic 

dates are mainly biotite ages, except for the detailed isochron studies of 

Brooks and Compston (1965) and Brooks (1966a,b) on the Heemskirk and Pieman 

Heads Granites. Where both K-Ar and Sr isotopic biotite ages are available, 
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Table 8.1 

PREVIOUS ISOTOPIC AGES FOR DEVONIAN GRANITOIDS� 

Granitoid Masses K-Ar Rb-Sr Source 

Ben Lomond Grey granite Muscovite 359 Whole-rock 375 1 
Granite Greisenized 

aplite 
Muscovite 349 (using .705 as 

Sr87;Sr86 ) 
initial 

GA 335 

Piccaninny Grey granite Biotite 379 1 
Creek Pluton GA 626 

st. Marys Grey porphy Biotite 384, 1 
Porphyry ries 382 

GA 490,491 

Bicheno Grey granite Biotite 365 1 
Granitoids GA 493,628 Muscovite 368, 

367 

Coles Bay Red granite Biotite 354, Biotite 375 1 
Granite GA 629 362 Whole-rock 360 

(using .705 as 
sr87;Sr86 ) 

initial 

George River Grey granite Biotite 376 1 
Granodiorite GA 489 

Scamander Tier Grey grano Biotite 382 Biotite 389 1 

Granodiorite diorite 
GA 488 

Poilnena Pluton Grey granites Biotite 371, 1 
GA 623,624, 325, 

614 377 

Scottsdale 
Batholith 

Grey grano
diorites and 

Biotite 368, 
384 

Biotite 
GA 485, 

387, 
373 

1 

granites Hornblende 368 , 487 
GA 485,486, 

487,613, 
380 

620,621, 
627 

Heernskirk Red granite Biotite 352, 1 

Granite GA 748,814 348 
White granite Biotite 345, 

GA 818,819 332 
Muscovite 343 

Biotite 367 2 
Whole-rock isochrons 
Red granite 346±8 
White granite 

A 352±4 
B 357±6 
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Table 8.1 contd. 

Granitoid Masses K-Ar Rb-Sr Source 

Meredith 
Granite 

Grey micro-
granite 
GA 615 

Biotite 356 

Biotite 
1213 

345±4 

1 

3 

Housetop 
Granite 

Red granite 
GA 618,744 

Biotite 354, 
372, 
367 

Biotite 
GA 744 

375 1 

Granite Tor 
Pluton 

Grey granite 
GA 1139,1140 

Biotite 362, 
365 

Muscovite 372, 
367, 
366 

1 

Dalcoath 
Granite 

Leucogranite 
GA 1122 

Biotite 352 1 

Three Hummock 
Island Granite 

Grey granite 
GA 1142 

Biotite 343 
Muscovite 342 

1 

Grassy Granite Pink granite 
GA 1358,1118, 

1119 

Biotite 349, 
352, 
355 

Hornblende356 

1 

Pieman Heads 
Granite Biotite 364±4 

Whole-rock isochron 
30l±46 

3 

1 McDougall and Leggo (1965) 

2 Brooks (1966a) 

3 Brooks (1966b) 
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the dates are similar or the K-Ar date is younger. For most of the K-Ar 

results, concordant dates were obtained for coexisting minerals (biotite

hornblende, biotite-muscovite). For the Heemskirk and Coles Bay Granites, 

Brooks (1966a) and McDougall and Leggo (1965) have shown extensive open 

system Sr isotopic behaviour of the feldspars in these altered rocks. 

Precise estimates of the initial Sr isotopic ratio are limited to the 

studies of Brooks on the Heemskirk and Pieman Heads Granites. Both these 

plutons have anomously high initial ratios (.72 - .74). Estimates of the 

initial ratio for closed system mineral behaviour from some of the grey 

granites and granodiorites are less than .71 (McDougall and Leggo, 1965). 

In summary, reliable minimum isotopic ages of the unaltered granitoids 

range from 389 to 368 m.y. in eastern Tasmania, and from 375 to 342 m.y. in 

western Tasmania. 

There are no 0 isotopic data for minerals from the Tasmanian grani

toids. S isotopic characteristics of sulphides in greisens in the Heemskirk 

Granite and the Ben Lomond Granite are given by Both et al. (1969) and 

Groves et al. (1970). 
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CHAPTER 9� 

Rb-Sr ISOTOPE CHARACTERISTICS OF THE EASTERN TASMANIAN GRANITOIDS 

9.1 Introduction 

In this section the results of a Sr isotopic study of some eastern 

Tasmanian Devonian grani to id plutons are discussed. The aims of this 

project were to establish and compare the range in initial Sr isotopic 

ratios between the different groups of granitoids, to compare the initial 

Sr isotopic ratios of altered and mineralized granites in eastern Tasmania 

with those in western Tasmania and to confirm the trend towards older ages 

of the granitoids in eastern Tasmania. Five hornblende-biotite granodi

orite plutons, two garnet-biotite granite plutons, two biotite granite 

plutons, and three altered biotite granite plutons (Table 9.1) from the 

Blue Tier Batholith and the Coles Bay area were studied. The location of 

these plutons and the samples analysed are shown in Figures 2.2 and 9.4 

and the established intrusive field relations are given in Table 9.1. 

Other characteristics of the groups of plutons have been discussed in 

Chapters 3, 4 and 5. 

The Rb-Sr isotopic data for each pIuton are given in this section. 

The techniques used for sample and chemical preparation, mass spectro

metric procedures, the accuracy and precision of the data and the treat

ment of regression analyses are given in Appendix D. The decay constant 

87 -11
used for Rh in this work is 1.39 x 10 per year. 

9.2 Biotite Ages 

In contact-aureole granitoids the age derived from Sr isotopic 

analysis of biotite is generally considered to be an independent, reli

able minimum age (Brooks, 1966b; Williams et al., 1975). Biotite will 

record a cooling age in an unaltered granitoid which may be considerably 
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Table 9.1 

PLUTONS ANALYSED IN Sr ISOTOPIC STUDY 

Plutons Mafic Mineralogy 

George River Granodiorite Biotite - Hornblende 

Scamander Tier Granodiorite " 
Pyengana Pluton " 
Gardens pluton " 

Coles Bay Granodiorite " 

Ansons Bay Pluton Biotite - Garnet (Cordierite) 

Boobyalla Pluton Biotite - Garnet 

Poimena Pluton Biotite 

Mt. pearson Pluton " 

Mt. Paris Pluton Biotite 

Lottah Granite, Anchor Mass " 
Coles Bay Felsic Rocks " 

Established Intrusive Field Sequences 

1 Pyengana Pluton 1 George River Granodiorite 1 Coles Bay Granodiorite 

2 Poirnena Pluton 2 Mt. Pearson Pluton 2 Coles Bay Felsic Rocks 

3 Anchor Mass 3 Scarnander Tier Granodiorite 

1,2,3 Oldest to youngest in each sequence 
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younger than the crystallization age (Baadsgaard and van Breeman, 1970). 

Twenty biotite separates from 11 plutons were analysed for independent age 

estimates of the time of crystallization and to aid in the interpretation 

of the isochron analyses. In the eastern Tasmanian granitoids there is no 

evidence for later metamorphism of these rocks and a cooling age should be 

recorded, except possibly in the strongly cataclastically deformed grano

diorites and the altered granites. In the strongly altered granites an 

alteration age would be expected. 

Biotite ages from the eastern Tasmanian granitoid plutons are presented 

87 86 87 86 .in Table 9.2. The Rb and sr contents and the Rb /Sr and Sr /Sr rat~os 

of the biotites are given in tables of results for each pluton. The coef

ficient of variation for a single biotite age determination is 0.31 percent 

(1.5 m.y.) (Williams et al., 1975). A slightly higher coefficient of varia

tion based on nine duplicate pairs in this work is attributable to minor 

chlorite contamination in samples 37851 and 37791. 

Excluding the Coles Bay granitoids, the rocks of the Blue Tier Batho

lith range in age from 403 to 377 m.y. By comparison with K-Ar ages, the 

Rb-Sr ages are older by 2 to 14 m.y. In the hornblende-biotite granodior

ites the younger K-Ar age may reflect deformation or the static annealing 

of the deformed rocks. The relatively young Rb-Sr age of the Pyengana 

Pluton biotites may reflect the intrusion of the younger Poimena Pluton. 

Both samples (40519, 40522), which have statically annealed quartz grains, 

are approximately 0.5 km. from the younger intrusion and their constituent 

minerals may have reequilibrated. Temperatures as low as 300°C may allow 

biotite to become an open system to Rb and Sr (Jager and Zwart, 1968). 

Rb-Sr ages of biotites from this work and that of McDougall and Leggo 

(1965) are similar. There is a statistically significant difference (t-test 

at 95% confidence level) between the biotite ages of the Scamander Tier 

Granodiorite and the Mt. Pearson Pluton; the isotopic ages are the reverse 

of the intrusive sequence. As the Scamander Tier Granodiorite intrudes 
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Table 9.2� 

BIOTITE AGES, EASTERN TASMANIA� 

Sample� Age 

Hornblende - Bearing P1utons (Initial Ratio .707*) 

George River 37851-1 

37851-2 

400.3 

406.5 

403.4 

Scamander Tier 37791-1 

37791-2 

37791-3 

393.5 

398.4 

392.9 

394.9 

Gardens 40523 391.6 

Pyengana 40522 

40519 

385.2 

384.9 

385.0 

Co1es Bay 40538 380.9 

Garnet - Bearing P1uton� (Initial Ratio .710) 

Ansons Bay (North)� 43103-1 383.2 

43103-2 379.8 

381.5 

Biotite (only) - Bearing P1utons (Initial Ratio .709) 

Poirnena� 40561 381.2 

40570 380.9 

40571 376.0 

Mt. Pearson� 40525-1 391..1 

40525-2 390.2 

40529-1 391.0 

40529-2 391.2 

390.9 
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Table 9.2 cont'd 

Sample Age 

Altered Biotite - Bearing Plutons (Initial Ratio .7tO) 

Mt. Paris 40548 

40552-1 

40552-2 

40554 

40555-1 

40555-2 

(Chlorite) 372.0 

377 .9 

376.8 

376.2 

379.9 

381.8 

378.5 

Anchor 40511-1 

40511-2 

40514 

378.0 

376.0 

377 .9 

377 .3 

Coles Bay 40530-1 

40530-2 

40537 

371.3 

371.6 

378.8 

* The initial sr87;sr86 ratio used in the following 
formula to calculate ages is an approximate value 
for each group of plutons. 

Age = Jln ((present sr87;sr86 - Initial 
Present Rb8 /;sr86 sr 

87 
;sr 

B6 
) + 1)' 1 

A 

ARb87 = 1.39 x 10-11 y-l. 

-1, -2 are duplicate analyses 
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the Mt. Pearson Pluton, both biotite ages are younger than the intrusion 

ages which are both greater than 394.9 m.y. by an unknown amount, presum

ably less than 403 m.y., the biotite age of the George River Granodiorite. 

The biotite age from the unaltered Poimena Pluton sample (40561) at 381.2 

m.y., is older than the secondary biotite ages of the Anchor Mass and 

altered Poimena Pluton biotites (40570, 40571). The latter samples were 

collected only 15 m. from the younger Anchor Mass. The small difference 

in age between the older Poimena Pluton and the younger altered Anchor 

Mass indicate that the time of the alteration was very close to the emplace

ment age. The chlorite age for a slightly altered, grey granite (40548) 

at 372 m.y. is significantly younger than the biotite ages in other samples 

from the Mt. Paris Pluton. 

At Col~s Bay the hornblende-bearing granodiorite has a biotite age of 

380.9 m.y. and was intruded by the slightly altered granite (40537) with a 

biotite age of 378.8 m.y. These ages indicate a narrow time interval be

tween intrusion and alteration although the highly altered red granite 

(40530) has a biotite age of 371 m.y. 

In summary, these data have corroborated earlier tentative suggestions 

that the granitoids are older in eastern Tasmania than those in the west. 

Biotite (cooling) ages, which are thought to be intrusion ages in the Blue 

Tier Batholith, range from 403 to 381 m.y. The youngest ages (380-371 m.y.) 

are those of secondary biotites from the altered granites. 

9.3 Sr Isochron Studies 

9.3.1 Introduction 

Derivation of precise total rock isochron ages and initial Sr isotopic 

ratios is largely dependent on wide dispersion in Rb/Sr ratios. The horn

blende-biotite granodiorites in this study have well defined initial ratios 

and poorly defined ages, whereas the altered granites have well defined ages 

and poorly defined initial ratios. Definition of the initial ratio is 



9.7
 

important in understanding-the nature of the source rocks of a granitoid, 

and for the altered rocks is not solved by mineral analysis as these 

assemblages were partially open systems during the alteration. 

In the following discussion all errors are quoted at2a levels. In 

the isochron diagrams the size of the symbol is approximately comparable 

to the precision of the data points. The Sr isotopic relationships are 

considered in four mineralogical groups. 

9.3.2 Hornblende-Biotite Plutons 

9.3.2.1	 George River Granodiorite 

Rb-Sr data for the George River Granodiorite are presented in Table 

9.3 and Figure 9.1. These results include two specimens from the Priory 

Monzonite which· is possibly altered granodiorite (Cocker, 1976). The 

George River Granodiorite is a composite body with a granodioritic northern 

area	 and a narrow tapering southern granitic portion. Isochron regression 

analysis for both areas gives a MSWD of 83 (Table 9.5). Considering the 

four total rocks from the northern area the MSWD is reduced to 25. In 

both cases the analysis suggests that the geological error is attributable 

to different initial ratios. In the second regression the ages and initial 

ratios for both Model 2 and Model 3 errorchrons are similar at 407 m.y. 

and .7070 respectively. The similarity of the isochron age with that of 

the biotite age (403 m.y.) suggests that the Sr isotopic system has re

mained closed since crystallization. By comparison with the altered bio

tite granites (see section 9.3.5), the highly enriched and altered sample 

(37857) from the southern area may reflect open system conditions. The age 

of this sample is virtually independent of the initial ratio and at 381.3 

m.y. is considerably younger than the biotite age. Use of the correlation 

coefficient (Brooks et al., 1972) for errors in the analytical data for sam

ple 37857 in the whole rock regression causes little change in the errorchron 

parameters except that the MSWD is increased to 120 and the errorchron age is 

recalculated as 381 m.y. Contamination of the granitic magma by the Mathinna 
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Table 9.3 

GEORGE RIVER Gl1ANODIORITE Rb-Sr DATA 

Sample No. Rb Sr Rb87/sr86 sr87/sr86
 

±2cr
 

40556 180. 212. 2.451 .72056 ± 10
 

40557 192. 74.4 7.477 .74956 ± 10
 

37767 138. 269. 1.479 .71530 ± 10
 

267. 1.654 .71691 ± 1037769 153. 

37851-1 169. 255. 1.914 .71909 ± 10
 

37851-2 170. 253. 1.940 .71930 ± 10
 

37851 BT-l 744. 26.2 85.87 1.18608 ± 12
 

37851 BT-2 694. 10.1 223.5 1. 97333 ± 100
 

37857-1 874. 13.5 206.5 1.80478 ± 58
 

37857-2 885. 13.8 205.5 1.79932 ± 10
 

Priory Monzo~ite 

37766 146. 524. .8075 .71291 ± 10 

37764 185. 182. 2.929 .72317 ± 10 

Abbreviations in these tables are: -1, -2 duplicate analyses; BT - Biotite, 
CHL - Chlorite,KF - Alkali feldspar, PL - Plagioclase. 

Table 9.4 

SCAMANDER TIER Gl1ANODIORITE Rb-Sr DATA 

Sample No. Rb Sr Rb87/sr86. Sr87 /Sr86
 

±2cr
 

-
37791 177. 206. 2.483 .72157 ± 10
 

37791 BT-l 705. 6.11 405.5 2.93080 ± 68
 

37791 BT-2 685. 6.10 393.8 2.90259 ± 40
 

37791 BT-3 689. 5.80 420.5 3.01870 ± 40
 

37795 169. 223. 2.197 .72029 ± 10
 

37807 242. 215. 3.255 .72635 ± 10
 

37828 150. 255. 1. 704 .71705 ± 10
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REGRESSION ANALYSES 

Table 9.5 

OF HORNBLENDE-BEARING GRANODIORITES 

Regression 
No. of 
Samples 

MSWD F 
variate 

Age 
(rn.y.) 

Initial 
Sr87;Sr86 

Isochron 
Model 

George River Granodiorite 

All total rocks 6 

Northern total rocks 4 

83.40 

25.46 

2.55 

3.18 

38l±4 

407±31 

.7084±13 

. 7070± 16 

3 

3 

Scarnander Tier Granodiorite 

All total rocks 4 4.97 3.18 426±61 .7070±21 3. 

Pyengana Pluton 

Total rocks and 

inclusion 

Total rocks 

6 

5 

20.46 

12.82 

2.55 

2.78 

448±56 

465±65 

.7064±11 

.706l±12 

2 

2 

Coles Bay Granodiorite 

All total rocks 

Total rocks excluding 

altered 43539 

5 

4 

9.76 

13.88 

2.78 

3.18 

375±18 

376±30 

.7073±7 

•7073± 11 

3 

3 
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Beds has been documented at the Stinking Creek contact (Cocker, 1976) and 

may explain some of the Sr isotopic variability. 

Two samples of the Priory Monzonite indicate a younger age and a 

higher initial Sr isotopic ratio than the granodiorite (347 ± 8.2 m.y. and 

.7090 ± .0002 - assuming that both samples have the same initial ratio). 

This result may be interpreted as evidence for later intrusion of the 

rnonzonite or metasomatic alteration of the granodiorite, but more data 

from both rock types is needed before a reliable interpretation of the 

origin of the monzonite can be made. 

9.3.2.2 Scamander Tier Granodiorite 

Rb-Sr isotopic data for the Scamander Tier Granodiorite are pre

sented in Table 9.4 and Figure 9.2. A narrow dispersion in the Rb/Sr 

ratio gives rise to rather large uncertainties in the isochron parameters. 

The	 four total rock points only slightly exceed the error attributable to 

experimental precision and the Model 2 and Model 3 errorchrons have very 

similar ages and initial ratios. The errorchron age of 426 ± 61 m.y. 

(Table 9.5) is indistinguishable from the biotite age at 395 m.y., within 

error	 limits. 

9.3.2.3	 Pyengana Pluton 

The Rb-Sr isotopic data for the Pyengana Pluton are presented in Table 

9.6	 and Figure. 9.3. The narrow range in Rb/Sr ratio gives rise to large 

error limits on the age and initial ratio. Regression of all samples, 

including a hornblende-biotite diorite inclusion (40521) (Table 9.5) , 

gives rise to a moderately large MSWD which is halved when the inclusion 

is excluded from the regression. The errorchron age, 465 ± 65 m.y., is 

significantly older than the biotite age at 385 m.y. This may be inter

preted as a reset biotite age although no definite conclusions can be 

made	 without further isotopic analysis including samples well away from 

the younger intrusions. The Model 2 preference on the total rock regres

sion	 fits the pattern of partial open system beh~viour at the time of the 
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Table 9.6 

PYENGANA PLUTON Rh-Sr DATA 

Sample No. Rh Sr Rh87/S r 86 Sr87/Sr86 

±2a 

40516 196. 339. 1.669 .71662 ± 10 

40517-1 125. 402. .8948 .71196 ± 10 

40517-2 126. 406. .8975 .71192 ± 10 

40518 184. 406. 1.306 .71480 ± 12 

40519 209. 309. 1.959 .71921 ± 10 

40519 BT 983. 6.82 532.2 3.56233 ± 250 

40520 190. 304. 1.802 .71767 ± 10 

40521 209. 264. 2.284 .72014 ± 10 

40522 BT 747. 2.14 2134.3 12.16434 ± 664 

Gardens Pluton 

40523 BT 624. 3.94 604.0 4.00250 ± 72 

Table 9.7 

COLES BAY GRANODIORITE Rh-Sr DATA 

Sample No. Rh Sr Rh 87/Sr86 Sr87/Sr86 

±2a 

40538-1 195. 312. 1.810 .71713 ± 16 

40538-2 191. 307. 1.795 .71674 ± 10 

40538 BT 678. 7.54 300.0 2.29985 ± 34 

40539 309. 273. 3.273 .72430 ± 10 

40540 243. 143. 4.915 .73299 ± 10 

40541 170. 353. 1.387 .71445 ± 10 

40542 167. 291. 1.653 .71571 ± 10 

( 
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younger intrusions. The Model 3 regression has similar parameters to the 

Model 2 regression, although the error in the age just overlaps with the 

biotite age (468 ± 85 m.y.). 

A 465 m.y .. total rock age is an unlikely crystallization age as the 

Mathinna Beds give a Rb-Sr total rock age of approximately 420 m.y. (Chap

ter 10). This old age may be an inherited isochron slope comparable to 

those found by Roddick and Compston (1976a) in the Murrurnbidgee Batholith. 

9.3.2.4	 Coles Bay Granodiorite 

The Coles Bay Granodiorite samples were collected from one of two 

small	 granodiorite bodies in the Coles Bay area (Figure 9.4). Groves 

(1965) outlined the field relationships for the southern part of the area, 

presenting evidence for the intrusion of the granodiorite by a variety of 

pink	 coloured granites. Similar field relations exist for the northern 

granodiorite mass which is intruded on its eastern and western margins by 

different granite plutons. The granodiorite feldspars are altered from 

grey to pink coloured grains both at the contact (FR/109.362) and adjacent 

to joints in the interior of the mass (sample 40539). The Rb-Sr isotopic 

data for this mass are presented in Table 9.7 and Figure 9.5. 

The poor dispersion in Rb/Sr ratio for this granodiorite was partially 

overcome by the inclusion of a total rock sample from a 2 cm. wide, rnedium

grained quartz-K-feldspar vein which is believed to be a fractionated pro

duct of the granodioiite magma. Regression of five total rock samples in

cluding the altered, pink feldspar sample (40539) results in a Model 3 

errorchron (Table 9.5) with an age of 375 ± 18 m.y. and an initial ratio of 

.7073 ± 7. These parameters, except for the age uncertainty, are not changed 

by the exclusion of the altered sample. The biotite age (381 m.y.) for this 

body is not different within the error limits to the total rock regression. 

If the alteration adjacent to joints in the interior of the granodiorite is 

related to exsolved fluids from the younger intrusions, then mineral iso

chronsin the altered areas would probably reflect the younger age. This 
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could greatly extend the contact metamorphic influence of the younger 

rock types. 

9.3.3 Garnet-Biotite Plutons 

9.3.3.1 Ansons Bay Pluton 

Field characteristics and garnet-biotite compositions suggest that 

this pluton may be composite, with two rock types approximately north and 

south of Eddystone Point. Strontium isotopic analysis substantiates the 

earlier conclusions, as the samples analysed can be regressed as two iso

chrons with similar ages and different initial ratios. The Rb-Sr data are 

given in Table 9.8 and Figure 9.6. 

Regression of the total rocks from both northern and southern areas 

develops a poorly fitted isochron (MSWD = 78) (Table 9.10). Separation of 

the data b~sed on the garnet-biotite chemistry gives rise to isochrons 

with a combined MSWD of less than 10. The samples from the southern area 

have a MSWD wholly due to experimental error whereas the northern group 

has a reasonably well fitted isochron (MSWD = 7) which gives rise to two 

errorchron models ~ith similar parameters. Both the mean ages and initial 

ratios for the two areas are distinct although their errors overlap. The 

biotite age from the northern area at 381.5 m.y. is indistinguishable from 

the total rock errorchron age. 

The higher initial ratio for the samples from the southern area may 

be correlated with assimilation of the Mathinna Beds along the country rock 

contact. Petrographic studies have indicated that many of the granitoids 

in north-eastern Tasmania have probably assimilated the Mathinna Beds, 

although the proportion of material assimilated is difficult to estimate. 

If it is assumed that the northern area errorchron is a reliable estimate 

of the initial ratio of the magma with no assimilation of the Mathinna Beds, 

87 86
then using a Sr /sr ratio of .7290 (Chapter 10) for the Mathinna Beds 

at the time of intrusion of the Ansons Bay Pluton, some 8 percent of the 

Mathinna Beds would need to be assimilated to increase the initial ratio 
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Table 9.8 

ANSONS BAY PLUTON Rb-'Sr DATA 

Sample No. Rb Sr Rb 87;Sr86 sr87;Sr86 

±2a 

Northern Area 

43101-1 262. 85.3 8.900 .75805 ± 10 

43101-2 256. 83.5 8.908 .75858 ± 10 

43103 BT-l 1004. 4.83 875.2 5.38477 ± 104 

43103 BT-2 980. 4.36 979.2 5.89306 ± 362 

43132-1 207. 115. 5.231 .73948 ± 22 

43132-2 205. 116. 5.102 .73933 ± 12 

43136-1 297. 67.9 12.70 .77872 ± 10 

43136-2 289. 66.2 12.68 .77835 ± 10 

43139-1 238. 85.2 8.118 .75401 ± 10 

43139-2 240. 85.5 8.126 .75408 ± 10 

Southern Area 

43128-1 195. 114. 4.968 .74030 ± 10 

43128-2 198. 116. 4.928 .73998 ± 14 

43131-1 220. 105. 6.051 .74500 ± 10 

43131-2 210. 109. 5.564 .74343 ± 20 

43134-1 225. 107. 6.073. .74570 ± 14 

43134-2 223. 109. 5.937 .74545 ± 10 

43135-1 487. 103. 13.69 .78598 ± 20 

43135-2 252. 54.4 13.45 .78637 ± 16 

43137-1 37l. 80.1 13.48 .78557 ± 10 

43137-2 370. 80.0 13.44. .78532 ± 10 

43138-1 212. 102. 6.035 .74588 ± 20 

43138-2 21l. 102. 6.010 .74579 ± 20 
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Table 9.9 

BOOBYALLA PLUTON Rb-Sr DATA 

Sample No. Rb Sr Rb87;Sr86 Sr87;Sr86 

±20 

43216 295. 104. 8.211 .75585 ± 10 

43217 297. 80.9 10.68 .76909 ± 10 

43218 21.7 8.54 7.356 .75079 ± 10 

43219-1 377. 23.5 47.50 .96337 ± 20 

43219-2 373. 23.1 47.71 .96685 ± 10 

43227 383. 61.9 18.04 .80842 ± 20 

Table 9.10 

REGRESSION ANALYSES OF GARNET-BEARING GRANITES 

Regression	 No. of MSWD F Age Initial Isochron 
Samples Variate (rn.y.) Sr87;Sr86 Model 

Ansons Bay Pluton 

All total rocks 10 78.42 2.13 375±30 .7136±29 2 

Southern Area 6 0.82 2.55 383±5 .7136±5 1 

Northern Area 4 7.38 3.18 374±26 .7122±33 3 

Boobyalla Pluton 

All total rocks 5 1.63 2.78 383±5 .7119±8 1 

Total rocks exclud
ing 43219	 4 1.31 3.18 387±15 .7113±19 1 
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from .7122 to .7136. If .7122 is the initial ratio after some small pro

portion of assimilation, then the 8 percent assimilation may be considered 

as a minimum valuea 

The preferred interpretation for the two isochrons is that the Ansons 

Bay Pluton is a composite body, composed of two intrusions with distin

guishable initial ratios. The proportion of assimilation of the Mathinna 

Beds at the level of exposure would probably be variable, and give rise to 

a large geological scatter about an errorchron. The hypothesis that assi 

milation has increased the initial Sr isotope ratio for the southern sam

ples is not supported by the well fitted Model 1 isochron for these rocks. 

This study highlights some of the problems in defining plutons. 

9.3.3.2 Boobyalla Pluton 

The Rb-Sr data for the Boobyalla Pluton are given in Table 9.9 and 

Figure 9.7. Regression of five total rock data points develops a Model 1 

isochron with an age of 383 ± 15 and an initial ratio of .7119 ± 8 (Table 

9.10). This regression age is mainly controlled by an enriched sample 

(43219) which has a total rock age of 381 m.y. calculated using an initial 

ratio of .712. Regression of the four total rocks excluding 43219 gives 

an isochron indistinguishable within error limits from-the five sample 

regression. 

9.3.4 Biotite Plutons 

9.3.4.1 Poimena Pluton 

The Poimena Pluton has the largest area of all plutons in the batho

lith and is remarkably uniform in most characteristics except the K-feldspar 

megacryst content. No separate units have been distinguished in this plu

ton, but the Sr isotopic composition of 11 whole rock samples (Table 9.11, 

Figure 9.8) suggests inhomogeneous source rocks for the magma or limited 

isotopic equilibration. 

Regression of all whole rock samples gives rise to a Model 3 error

chron (Table 9.13). Some of the isotopic inhomogeneity may be attributed 
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to three whole rock samples near the younger Anchor Mass. In thin-section 

the feldspars in these samples (40558, 40559, 40560) are more clouded with 

fluid (?) inclusions than other samples, and in 40559 the plagioclase is 

partially replaced by carbonate and topaz. The MSWD for the regression of 

eight whole rock samples (Table 9.13) is halved, but the limits to the age 

and the initial ratio are increased. The errorchron age at 373 ± 40 m.y. 

is indistinguishable within error limits from the unaltered biotite age at 

381 m.y. Regression of groups of spatially related samples does not give 

rise to a satisfactory reduction in the scatter about separate isochrons. 

Regression of arbitrarily separated northern and southern samples (Table 

9.13) gives a northern Model 1 isochron and a poorly fitted southern iso

chron. Regression of the northern area samples gives an isochron with an 

age of 386.± 12 m.y. and an initial ratio of .7088 ± 12. Sample 40564 was 

considered to be part of the Poimena Pluton although it is slightly altered 

and finer in grain size than most Poimena PlutoD samples. Subsequent anal

ysis revealed that the Rb and Sr contents of this sample are markedly dif 

ferent to others in this pluton, indicating that this rock type is probably 

a variant of the Mt. Cameron Mass. Inclusion of this sample in the regres

sion of the northern group of Poimena samples causes significant lowering 

in age. 

9.3.4.2 Mt. Pearson Pluton 

Distinction between the Poimena Pluton and the Mt. Pearson Pluton is 

difficult as both plutons have a similar range in texture and grain size. 

The predominant textural difference between these plutons is the commonly 

coarser grain size of both groundmass and K-feldspar megacrysts of the Mt. 

Pearson Pluton. The contact between these plutons is irregular and poorly 

defined (Groves, in press) and in Figure 2.1 the boundary is only approxi

mately located. Rb-Sr data of samples, which were mainly collected to

wards the centre of the Mt. Pearson Pluton, are presented in Table 9.12 

and Figure 9.9. 
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Table 9.ll 

POlMENA PLUTON Rb-Sr DATA 

Sample No. Rb Sr Rb B7/SrB6 srB7 /SrB6 

±2cr 

40558 357. ll9. 8.709 .75676 ± 10 

40559 355. 108. 9.572 .76210 ± 10 

40560 487. ll3. 12.47 .77764 ± 10 

40561 240. 122. 5.705 .74147 ± 10 

40561 BT ll53. 2.91 2813.5 15.65592 ± 5864 

40562 242. 145. 4.822 .73553 ± 10 

40563 243. 109. 6.441 .74490 ± 10 

40564 402. 54.6 21.47 .82069 ± 10 

40565 274. 114. 7.001 .74635 ± 10 

40566 268. 136. 5.699 .73933 ± 10 

40567 230. 135. 4.934 .73548 ± 10 

40568-1 307. 106. 8.350 .75389 ± 10 

40568-2 314. 109. 8.366 .75378 ± 10 

40569 305. 108. 8.171 .75290 ± 12 

40570 BT 1818. 4.99 2314.6 12.99473 ± 570 

40571 BT 1514. 4.10 2353.2 13.03933 ± 3330 

Table 9.12 

MT. PEARSON PLUTON Rb-Sr DATA 

Sample No. Rb Sr Rb B7/srB6 srB7/srB6 

±2cr 

40524 297. 83.9 10.27 .76444 ± 10 

40525 266. 103. 7.484 .74936 ± 10 

40525 BT-l 1226. 13.4 308.6 2.39128 ± 26 

40525 BT-2 1217. 13.2 309.1 2.39015 ± 144 

40526-1 269. 87.6 8.898 .75770 ± 10 

40526-2 267. 86.6 8.936 .75807 ± 10 

40527 202. ll9. 4.929 .73537 ± 10 

40528 250. 98.2 7.390 .74930 ± 10 

40529 BT-l 1185. 9.93 422.0 3.00872 ± 38 

40529 BT-2 ll86. 10.8 383.2 2.79840 ± 50 
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Table 9.13 

REGRESSION ANALYSES OF BIOTITE-BEARING GRANITES 

Regression No. of 
Samples 

MSWD F 
Variate 

Age 
(m.y.) 

Initial 
Sr87/Sr86 

Isochron 
Model 

Poimena Pluton 

All samples 

Total rocks 
excluding 3 
altered samples 

Southern area 

Northern area 

Northern area 
and 40564 

11 

8 

4 

4 

5 

42.47 

23.22 

52.48 

2.09 

4.32 

2.07 

2.28 

3.18 

3.18 

2.78 

395:tl8 

373±40 

365±104 

386±12 

373±13 

.7086±20 

.7105±36 

.7117±92 

.7088±12 

.7099±13 

3 

3 

3 

1 

2 

Mt. Pearson Pluton 

All samples 

Mt. Pearson and 
southern Polmena 
total rocks 

5 

9 

3.28 

32.03 

2.78 

2.20 

397±19 

381±22 

.7082±19 

.7101±22 

2 

3 
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The geological variation within the Mt. Pearson samples slightly ex

ceeds the experimental error (MSWD = 3.28). The parameters of the error

chrons are very similar and the programme preferred Model 2 age of 397 ± 

19 m.y. and initial ratio of .7082 ± 19 is given in Table 9.13. The bio

tite age of 391 m.y. is indistinguishable, within the error limits, from 

the total rock age. Although the errorchron parameters for the Poimena and 

Mt. Pearson Plutons overlap, the regression of the southern Poimena and the 

Mt. Pearson rocks (Table 9.13) has a high scatter. 

These results indicate that the Poimena Pluton is fairly inhomogeneous. 

If detailed field mapping does not delimit internal rock types and the 

boundary between the Poimena and Mt. Pearson Plutons, bulk rock or mineral 

chemistry may be used as a guide to further Sr isotopic work. 

9.3.5 Altered Biotite Plutons 

9.3.5.1 Introduction 

The pink to cream coloured altered biotite granites were analysed in 

this work to compare these plutons from eastern Tasmania to petrographically 

similar plutons in western Tasmania. Brooks and Compston (1965), Brooks 
, , 

(1966b) and Klorninsky (1971) have shown that the Heemskirk Granite is a 

composite pluton, comprising three phases with different and relatively 

high initial ratios from .7190 to .7408. Although the uncertainty of the 

initial ratio for the three eastern Tasmanian plutons is high, the data 

available indicates that maximum possible values of the initial ratio do 

not exceed approximately .72. The overlap in range of initial ratios, the 

evidence for open system isotope behaviour, and similar alteration and as

sociated mineralization suggest that these rocks from both areas of Tasmania 

have similar, especially post-crystallization, histories. 

The rare occurrence of miarolitic cavities in these rocks suggests 

that the source of the hydrothermal fluid causing the alteration may be the 

immediate rock type. In the Coles Bay and Bicheno areas, although miaroli 

tic cavities occur in minor pegmatites and aplites, the most intense altera
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tion. measured by the pinkness of the K-feldspar, is associated with fault 

and joint zones. This suggests that much of the hydrothermal fluid causing 

the alteration may have been derived from rocks below the present level of 

exposure. In both alteration situations open system Sr isotopic behaviour 

may be expected; the intensity of the alteration and the degree of open sys

tem behaviour may vary with position in the pluton. The rise of the hydro

thermal fluid to the top of the pluton may be expected in both situations 

and further intensification of the alteration would be expected in joints 

and fault systems. The igneous crystallization and separation of a fluid 

phase would probably overlap the formation of joint systems in the cooling 

pluton (Berger and Pitcher, 1970). 

Although the Lottah Granite includes a variety of textural rock types, 

recent mapping has shown that the separate masses (Figure 2.2) are probably· 

the discontinuously exposed upper portion of the pluton (M. McClenaghan. 

pers. cornrn.J. The variety of rock types is similar to those exposed in the 

Mt. Paris Pluton and their close spatial association suggests that they may 

be connected at depth. In this study samples from the Lottah Granite were 

taken from drill core at the Anchor Mine (Groves and Taylor, 1973). 

9.3.5.2 Mt. Paris Pluton 

Rb-Sr isotopic results for the Mt. Paris Pluton are given in Table 9.14 

and Figure 9.10. All samples, both drill core and surface samples, from 

this pluton have high Rb/Sr ratios compared to unaltered plutons in the 

Blue Tier Batholith. Although both the Rb (1100 - 380 ppm) and Sr (40 - 6 

ppmJ contents vary widely, the degree of enrichment is not strongly corre

lated with any petrographic features. The least enriched samples tend to 

be aplites or porphyries, but some of the aplites have high Rb/Sr ratios. 

The degree of alteration is not correlated with the Rb/Sr ratio. For ex

ample, the two samples with the highest and the lowest Rb/Sr ratio are rela

tively unaltered. 
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Table 9.14
 

MT. PARIS PLUTON Rb-Sr DATA
 

Sample No. Rb sr Rb 87/Sr66 Sr8 7/S r 66 

±2C1 

40543 937. 40.7 68.74 1.06865 ± 62 

40544-1 947. 15.8 189.9 1.69118 ± 30 

40544-2 970. 15.8 194.4 1.69904 ± 368 

40545 529. 34.6 45.24 .94652 ± 22 

40546 859. 17.9 149.5 1.48233 ± 24 

40547 695. 19.1 111.2 1.30188 ± 14 

40548 449. 18.4 72 .97 1.08875 ± 108 

40548 eEL 469. 2.90 611.2 3.87833 ± 88 

40548 PL 243. 21.0 33.93 .89218 ± 72 

40548 KF 984. 29.9 99.84 1.23107 ± 14 

40549 381. 33.0 33.95 .88825 ± 56 

40550 1104. 11.5 324.9 2.44124 ± 86 

40551-1 749. 11.3 213.9 1. 87963 ± 110 

40551-2 733. 11.0 214.1 1. 87717 ± 120 

40552 448. 11.3 121.5 1.34492 ± 48 

40552 BT-1 2289. 4.47 5981.5 31.87992 ± 1864 

40552 BT-2 2309. 4.49 6261.6 33.59037 ± 268 

40552 PL 65.2 12.7 14.93 .79427 ± 18 

40552 KF 887. 17.7 156.4 1.52201 ± 12 

40553-1 681. 6.00 393.3 2.75676 ± 88 

40553-2 705. 6.18 396.7 2.78536 ± 312 

40554 BT 1432. 3.79 2475.0 13.68839 ± 1392 

40555 BT-1 6135. 10.5 13559.3 72.49535 ± 448 

40555 BT-2 6049. 9.89 21975.5 117.64730 ± 3762 
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Whole rock ages, which are virtually independent of the initial ratio 

used, are presented in Table 9.15. Seven of the 11 samples have whole rock 

ages from 371 to 379 m.y. using an initial ratio of .709 derived from the 

whole rock isochron discussed below. This range in age includes the chlo

rite age (372 m.y.) for sample 40548 and overlaps with the biotite ages (376 

- 381) in both the Mt. Paris and Anchor bodies. Using the highest initial 

ratio estimate of .7125, derived from the regression of six total rock sam

ples, the whole rock (369 - 379) and biotite age ranges also overlap. No 

significance can be attached to these differences until the initial ratio 

of this mass is determined with greater precision. The seven samples in 

87 86the 371 to 379 m.y. age range have Bb ;Sr values less than 150, except 

for sample 40553 which is the most enriched whole rock sample in the Mt. 

Paris Pluto~. Of the rem~ining four whole rock ages, three ages are greater 

than 371 to 379 m.y. and one age is lower at 368 m.y. Two of the higher 

whole rock ages (383 m.y.) are indistinguishable from the biotite age range 

and one at 392 m.y. suggests extreme open system whole rock behaviour, 

probably during the alteration. 

Regression analysis (Table 9.16) of all whole rock samples from the 

Mt. Paris Fluton gives rise to a Model 2 errorchron {MSWD = 25). The para

meters for this errorchron at 377 ± 8 m.y. and .7088 ± 86 are virtually un

altered by the use of the correlation coefficient (R) (Table 9.16) for eX

perimental errors (Brooks et al., 1972). The MSWD is greatly increased, 

and a 1 m.y. rotation in errorchron age is developed when R is used. Simi

lar small rotations for other regressions are not tabulated in Table 9.16. 

Model 2 and Model 3 ~ges are very similar in either regression, but the 

Model 3 error limits on the initial ratio increase to ±.0254. Regression 

of nine whole rocks, on exclusion of two of the samples with possible open 

system behaviour, greatly reduces the MSWD and gives rise to an errorchron 

with an age of 376 ± 6 and an initial ratio of .7098 ± 57. A Model 1 iso

87 86
chron can be derived by selection of six rocks with relatively low Bb ;sr
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Table 9.15 

WHOLE ROCK AGES, ALTERED PLUTONS 

Sample Initial Ratio 
.7070 .709 .7125 

Mt. Paris Pluton 

40543 377 375 372 

40544 369 368 367 

40545 380 377 371 

40546 372 371 369 

40547 384 383 380 

40548 375 373 370 

40549 383 379 371 

40550 383 383 382 

40551 393 392 391 

40552 377 375 373 

40553 375 375 373 

Anchor Mass 

40511 393 392 391 

40512 374 373 372 

40299 378 378 378 

40513 378 378 377 

40514 378 378 378 

40515 380 378 377 

Coles Bat Felsic Rocks 

40530 360 360 360 

40531 386 376 358 

40532 381 376 368 

40533 381 378 371 

40534 383 381 378 

40535 383 381 379 

40536 358 357 356 

40537 382 360 321 
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Table 9.16 

REGRESSION ANALYSES OF ALTERED BIOTITE-BEARING GRANITES 

Regression No. of 
Samples 

MSWD F 
Variate 

Age 
(m.y.) 

Initial 
Sr87/Sr8G 

Isochron 
Model 

Mt. Paris Pluton 

All samples 

All samples using R 

Total rocks exclud
ing 40544, 40551 

Total rocks with 
Rb87/Sr8G less 
than 150 excluding 
40547 

Mineral isochron 
40548 

11 

9 

6 

4 

25.49 

85.69 

5.87 

0.70 

2.42 

2.07 

2.20 

2.55 

3.18 

377±8 

378±8 

376±6 

37l±5 

370±7 

.7088±86 

.708l±85 

.7098±57 

.7125±38 

.7163±64 

2 

2 

2 

1 

1 

Mineral isochron 
40552 4 3.77 3.18 375±5 .7116±161 3 

Anchor Mass 

All samples 

Total rocks exclud
ing 40511 

Total rocks exclud
ing 40511 using R 

Mineral isochron 
40511 

6 

5 

4 

22.38 

1.66 

5.17 

28.91 

2.55 

2.78 

3.18 

376±10 

378±5 

379±4 

377±6 

.7204±427 

.7058±l68 

.703l±197 

.744l±314 

3 

1 

3 

3 

Total rocks Mt. Paris 
& Anchor with R 12 9.12 2.03 378±2 .7057±65 3 

Coles Bay Granites 

Eastern total rocks 6 1.17 2.55 383±3 .7070±5 1 

Eastern total rocks 
excluding 40537 

Mineral isochron 
40537 

5 

4 

0.76 

46.80 

2.78 

3.18 

38l±5 

366±39 

.7078±17 

.7088±19 

1 

2 

Mineral isochron 
40530 4 79.09 3.18 358±36 .7295±663 2 
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values. There is no geological basis for regressing this group of samples. 

Mineral regressions are given for samples 40548 and 40552 in Table 

9.16.. In both cases the biotite or chlorite control the age of the iso

chron and the plagioclase (oligoclase-albite) controls the initial ratio. 

These samples have a whole rock age of 375 m.y., equivalent to the K-felds

par ages (40548 - 375 m.y., 40552 - 373 m.y.) and older plagioclase ages 

(40548 - 387 m.y., 40552 - 409 m.y.) using an initial ratio of .709. This 

pattern of age discordance is not similar to the open system behaviour in. 

the Heemskirk and Pieman Heads Granites (Brooks, 1966a,b). Commonly during 

87 open system subsolidus readjustment, the K-feldspar loses Sr resulting in 

87 
an apparently younger age, whereas the plagioclase gains sr , recording an 

apparently older age. As the feldspars occur in subequal·proportions, 

87another phase, possibly secondary white-mica (1-5%), may have lost Sr to 

the plagioclase to maintain the material balance. Ryan and Blenkinsop 

(1971) found that during alteration of a granodiorite under hydrothermal 

. . 1 87 d lb' . d 87cond · ost Sr an a lte galne Sr other minor phasesltlons, mUSCovlte 

in the Mt. Paris rock types include topaz, apatite, and fluorite, these 

87phases forming less than 1 percent in 40548 and 40552. sr has not been 

added to the plagioclase from an outside source, as the whole rock ages 

indicate closure of the Sr isotopic system during the alteration. Where 

whole rock ages suggest open system behaviour, the subsolidus mineral al 

87
teration may be extreme with an overall gain or loss of Sr on the scale 

of the sampling. This may be correlated with the modal mineralogy. Brooks 

87(1966a) suggested that a similar overall loss of sr from the pIuton to 

unsarnpled areas may have occurred in the Heemskirk Granite. A possible 

location for Sr87 in this pIuton would be the greisens, which were not sam

pled for whole rock Sr isotopic analyses. 

The regression parameters for these mineral isochrons rec~rd the gain 

87
in Sr of the plagioclase by increased initial ratios. The ages and ini 

tial ratios overlap those of the whole rock errorchrons, although the errors 
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for all the initial ratios are large. The use of R in the mineral regres

sions does not change the interpretation of the Sr isotopic distribution, 

but does give decreased initial ratios. 

9.3.5.3 Anchor Mass 

Rb-Sr data for samples from the Anchor Mass, which is part of the 

Lottah Granite, are given in Table 9.17 and Figure 9.11. All whole rock 

samples are highly enriched and have whole rock ages independent of the 

initial ratio over the range .7070 to .7125 (Table 9.15). Four of six 

samples have a 378 m.y. age. Sample 40511 has a whole rock age of 392 m.y. 

87 86which is interpreted as the addition of Sr with a high sr /Sr ratio dur

ing the alteration. Sample 40512 has a whole rock age of 374 m.y. which, 

considering the analytical uncertainty, may overlap with the 378 m.y. date 

and the range in biotite ages (376 - 378 m.y.). The biotites separated 

from 40511 and 40523 are pale coloured, secondary biotites and must record 

the age of the alteration. The igneous biotites from the Mt. Paris Pluton 

record the same or slightly older ages than the secondary Anchor biotites. 

Regression of the whole rock samples gives rise to a Model 3 error

chron (Table 9.16). The initial ratio for this errorchron is virtually 

undefined. The MSWD is significantly reduced to 1.66 on the exclusion of 

sample 40511. The parameters for this isochron are 378 ± 5 m.y. and .7058 

± 168. Although the error for the initial ratio is decreased, it is still 

peorly defined. The use of R for this regression leads to a 1 m.y. rota

tion in the age and reduction of the initial ratio to .7031 ± 197. 

Open. system Sr isotope behaviour of the minerals as well as the whole 

rock is shown for sample 40511. Although the biotite age for this sample· 

is the same as most of the whole rock ages, the whole rock age (392 m.y.), 

the K-feldspar age (403 m.y.) and the plagioclase (albite) age (401 m.y.) 

are markedly older. The whole rock has been an open system because it 

87
either gained sr to the feldspars if the true age was 378 m.y., or it 

87
has lost sr from the biotites if the true age was 403 m.y. The 378 m.y. 
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Table 9.17 

ANCHOR MASS Rb-Sr DATA 

Sample No. Rb Sr Rb 87/Sr 86 Sr87/Sr86 

±2a 

40511-1 1045. 20.1 162.5 1.59705 ± 20 

40511-2 1039. 20.2 161.5 1.59538 ± 10 

40511 BT-l 8051. 13 .2 18447.9 97.88153 ± 448 

40511 BT-2 8081. 13 .2 14629.6 77.37101 ± 3562 

40511 PL 130. 5.7 68.54 1.09210 ± 18 

40511 KF-l 2625. 65.7 123.3 1.40444 ± 16 

40511 KF-2 2625. 64.4 125.7 1.41205 ± 10 

40512 1264. 21.8 182.8 1.66043 ± 72 

43299 1046. 6.77 579.7 3.76258 ± 70 

40513-1 1039. 11.8 291.6 2.24578 ± 70 

40513-2 1057. 11.6 305.4 2.31730 ± 28 

40514-1 1008. 8.93 391.2 2.75662 ± 26 

40514-2 1004. 9.01 386.2 2.75797 ± 42 

40514 BT 6886. 11.0 26101. 8 138.19096 ± 3590 

40514 TOPAZ 8.76 .214 120.0 .82310 ± 34 

40515 1023. 24.0 131.6 1.40333 ± 10 
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age must be close to the true age, as the unaltered biotite age for the 

Poimena Pluton, which is intruded by the Anchor Mass, is 381 m.y. Open sys

87 
tem behaviour in which both feldspars have gained Sr is uncommon, and 

suggests that the fine-grained fluid inclusions, especially in the K

· h 87/ 86. .. h . .f e Idspar, may h ave a h 19 Sr Sr rat10. Conslderlng t e apprOXlrnate 

modal mineralogy for this sample (feldspars - 58%, biotite - 4%, quartz 

35%, topaz - 2%), the slight material imbalance when only the feldspars 

and biotite are considered is removed'when the •young , topaz is taken into 

account. A single topaz separate from 40514 has an apparent age of 68.4 

m.y.	 when .709 is used as the initial ratio. The open system mineral ad

87
justment of 40511 possibly followed the enrichment of this sample in sr 

during alteration and metasomatism. In the mineral regression for 40511 

(Table 9.16) the .age is controlled by the biotite age and the initial ratio 

by the enriched feldspars. 

As the rock type variation and the petrographic features of samples 

from the Mt. Paris Pluton and the Anchor Mass are similar, the 12 whole 

rock samples with similar whole rock ages were regressed using R (Table 

9.16). The suggested Model 3 errorchron has an age of 378 ± 2 m.y. and an 

initial ratio of .7057 ± 65. The Model 2 age at 377 ± 3 m.y. is similar 

to the Model 3 age, but the Model 2 initial ratio at .7091 ± 41 is higher. 

The 378 m.y. age is believed to date the alteration and possibly metasoma

tism within a short time of the igneous crystallization. From the data 

available the initial ratio for these masses is poorly defined. Further 

refinement of apparent differences in the initial ratio will require analy

sis of relatively unaltered samples from both bodies. 

9.3.5.4	 Coles Bay Felsic Rocks 

Pink colouredfelsic granitoids from the Coles Bay area (Figure 9.4), 

at least in hand specimen, appear to be the most altered granitoids in 

eastern Tasmania. A variety of granite rock types occur in this area 

(Groves, 1965). The two main rock types, excluding minor phases such as 
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Table 9.18 

COLES BAY GRANITE Rb-Sr DATA 

Sample No. Rb Sr Rb 87;Sr86 Sr87;Sr86 

±2a 

40530-1 752. 6.57 394.1 2.68199 ± 126 

40530-2 754. 6.66 389.6 2.66688 ± 14 

40530 BT-1 5000. 8.29 14760.1 77.08786 ± 152 

40530 BT-2 5103. 8.78 11179.4 58.60298 ± 5038 

40530 PL 113. 5.02 67.44 1.06652 ± 64 

40530 KF 18566. 60.1 1540.4 8.13365 ± 68 

40531 323. 67.1 14.01 .78239 ± 10 

40532 395. 37.8 30.62 .86958 ± 10 

40533 325. 24.4 39.30 .91598 ± 10 

40534 358. 12.1 89.45 1.18420 ± 16 

40535 325. 10.7 92.09 1.19846 ± 34 

40536 601. 7.97 243.6 1. 92238 ± 16 

40537-1 241. 108. 6.501 .74176 ± 10 

40537-2 239. 106. 6.523 .74152 ± 10 

40537 BT 934. 5.45 664.9 4.22074 ± 68 

40537 PL 95.6 150. 1.835 .71822 ± 10 

40537 KF 491. 137. 10.41 .76013 ± 10 
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aplite and porphyry dykes, are granite porphyries and a medium-grained, 

equigranular granite. The relationship between these phases on a large 

scale is not known and is complicated by the variation in .the intensity 

of the alteration which in some cases is related to the proximity of major 

joint and fault zones. The Rb-Sr results for two groups of samples are 

given in Table 9.18 and Figure 9.12. The eastern group are granite porphy

ries and equigranular rock types with variably developed alteration, and 

located relatively near each other. Two samples in the western area are 

highly altered rocks, with 40530 from the same red granite quarry as the 

sample studied by McDougall and Leggo (1965). 

These altered rocks from the Coles Bay area are highly enriched and 

whole rock ages are given in Table 9.15. Using an initial ratio of .707 

the eastern· samples have concordant ages (386 to 381 m.y.), whereas the 

two western samples are markedly lower at 360 and 358 m.y. The biotite age 

for sample 40530 at 371 m.y. suggests that these two samples have been open 

systems with respect to Sr isotopes. The crystallization age may have been 

in the 381 to 386 m.y. range. The biotite age for sample 40537 at 379 m.y. 

is similar within error limits to the concordant group of whole rock ages. 

Regression of the six eastern rocks gives a Model 1 isochron with an 

age of 383 ± 3 m.y. and an initial ratio of .7070 ± 5. These parameters 

are not greatly altered if the five whole rock samples in close spatial 

association are regressed (Table 9.16). Using R in these regressions 

causes small changes in these parameters. 

Mineral regressions for samples 40537 and 40530 are given in Table 

879.16.	 In both samples the plagioclase has gained Sr giving rise to older 

87 
ages (40537 - 438 m.y.; 40530 - 382 m.y.) and K-feldspar has lost sr giv

ing rise to younger ages (40537 - 366 m.y.; 40530 - 346 m.y.). The mineral 

errorchrons have large errors. These samples show a pattern of open system 

mineral behaviour common in granitoid rocks (Arriens et al., 1966; ~rooks, 

1966b) .. 
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9.4 Summary 

Best estimates for the biotite ages, isochron ages and initial ratios 

of the granitoids studied are given in Table 9.19. The biotite ages are, 

within errors, similar to the isochron ages, except the Pyengana biotite 

age which is considerably younger than the isochron age. The isochrons of 

the unaltered gianitoids provide estimates of the age and the initial ratio 

of the granitoids on emplacement, except the Pyengana Granodiorite whose 

isochron age may be inherited from the source rocks. The altered granite 

isochrons record the time of alteration and Rb-Sr metasornatism, which must 

have occurred within a short time of magmatic crystallization for the pres

ervation of linear isochrons. In the altered rocks there is evidence for 

open system behaviour in several whole rock samples and open system mineral 

behaviour is widespread. 

Both the biotite and isochron ages (excluding the Pyengana Granodiorite) 

indicate that the granitoid rocks of eastern Tasmania intruded the upper 

crust over a period from 403 to 376 m.y. The altered biotite granites are 

the youngest plutons and the George River Granodiorite the oldest. Two of 

the intrusive field sequences are confirmed by the isotopic dates, but in 

the third sequence, in which the Scamander Tier Granodiorite intrudes the 
I 

Mt. Pearson Pluton, the biotite ages are reversed. The Mt. Pearson biotite 

age may have been reset during the slight deformation which is evident in 

most samples as cross-hatch twinning in the K-feldspar and kink-banded bio

tite. The three garnet-biotite granites, including the composite Ansons Bay 

Pluten, and the voluminous Poimena Pluton (biotite granite) have similar 

ages and are only slightly older than the altered biotite granites. This 

trend towards the younger aluminous granites is broken by the older Mt. 

Pearson Pluton (biotite granite) and the relatively young Coles Bay Grano

diorites. 

Well defined initial ratios range from .7064 to .7136, with the ini

tial ratios of the granodiorites fairly distinct from those of the garnet
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Table 9.19
 

ESTIMATES FOR BIOTITE AGE, ISOCHRON AGE AND
 

INITIAL RATIO FOR EASTERN TASMANIAN GRANITOIDS 

Biotite Age Isochron Age Initial Ratio 

George River Granodiorite 403.4 407 ± 31 .7070 ± 16 

Scamander Tier 

Granodiorite 394.9 426 ± 61 .7070 ± 21 

Pyengana Granodiorite 385.0 465 ± 65 .7061 ± 12 

Coles Bay Granodiorite 380.9 376 ± 30 .7073 ± 11 

Ansons Bay Pluton North 381.5 374 ± 26 .7122±33 

.. .. .. South 383 ± 5 .7136 ± 5 

Boobyalla Pluton 383 ± 5 .7119 ± 8 

Poimena Pluton 381.2 373 ± 40 .7105 ± 36 

Mt. Pearson Pluton 390.9 397 ± 19 .7082 ± 19 

Mt. Paris Pluton 378.5 376 ± 6 .7098 ± 57 

Anchor Mass 377 .3 378 ± 5 .7058 ± 168 

Coles Bay Granite 378.8 383 ± 3 .7070 ± 5 
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biotite granites. The biotite granites have initial ratios which tend to 

overlap those of the previous groups. The initial ratios of the altered 

granites are poorly defined except for the slightly altered Coles Bay Granite 

which has an initial ratio indistinguishable from those of the granodiorites. 

The highest initial ratio, calculated using the 95 percent confidence limits 

for the Model 1 Mt. Paris Pluton isochron, is .7226. This value overlaps 

with initial ratios determined for the Heemskirk Granite (Brooks, 1966b), but 

the results from this work suggest that the petrographically and composition

ally similar eastern Tasmanian altered biotite granites have lower initial 

ratios. Reduction of the uncertainties associated with the determined initial 

ratios is limited by the inhomogeneity of the granitoids, but in some cases 

87 86 
may be improved by extending the range in Rb ;Sr ratio, especially for the 

Ansons Bay northern body and the Poimena Pluton. Some of the inhomogeneity 

may reflect variable, high-level assimilation of the radiogenic Mathinna Beds. 

Assimilation of 5 percent by weight of 'average' Mathinna Beds at 380m.y. 

ago would cause an increase in the initial ratio of a granitoid magma of 

approximately 0.0009. Accurate assessment of the extent of assimilation for 

the eastern Tasmanian granitoids may be possible with combined detailed iso

topic and petrographic studies. 
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CHAPTER 10 

Rb-Sr ISOTOPE CHARACTERISTICS OF THE MATHINNA BEDS 

10.1	 Introduction 

The Mathinna Beds (Banks, 1962) are the country rocks to most of the 

granitoid intrusions in eastern Tasmania~ The Sr isotopic characteristics 

for several samples were checked to estimate the effect of assimilation of 

this material on the initial ratio of the granitoids. During this prelimi

nary work, the linear distribution of points on an isochron plot was noted 

and further samples were analysed to refine this trend. The age derived 

from these results is believed to be related to an episode of low grade 

regional metamorphism. 

Stratigraphically the Mathinna Beds have been divided (Banks, 1962) 

into an older lutite sedimentary association of Arenigian age (Banks and 

Smith, 1968) in the western area of north-eastern Tasmania, and a younger 

arenite-lutite sedimentary association of Lochkovian age (Banks in Strusz, 

1971) in the east. The contact between the two sedimentary associations is 

not exposed and the thickness of the sequence is unknown. As there are no 

marker beds in the Mathinna Beds, structural interpretation over large 

areas is limited, but in the Lefroy area in the lutite sedimentary associa

tion, structural data suggest that the sediments are younger to the east 

(McClenaghan and Baillie, 1975). The nature and variety of sediments in 

both associations have been described by Williams (1959), Groves (1972c) 

and Marshall (1969). The bulk of the sedirnents are fine-grained sandstones 

and	 siltstones, and in both sedimentary associations a large proportion of 

the beds are turbidites with graded bedding and bottom structures. Two 

groups of samples, one from each sedimentary association, have been anal

ysed	 in this study. All samples are from unweathered drill core. 
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Some aspects of the petrography of these rocks are described below to 

establish the basis for the interpretation of the Rb-Sr age as metamorphic. 

Cleavage, which is especially well developed in the lutite association, is 

commonly axial planar to folds, and in some areas several.generations of 

slaty cleavage are followed by a crenulation cleavage (Marshall, 1969). In 

the Noland Bay area, part of the metamorphic assemblage has crystallized 

prior to one phase of the deformation (Williams, 1970). The number of phases 

of deformation is variable from locality to locality. Many of the finer 

grained samples studied are slates and phyllites. All samples studied are 

poorly sorted, have a high proportion of matrix (5-30%) and are generally 

fine-grained (less than 1.0 mm.). In the coarser grained sands tones (0.1 to 

1.0 mm.) quartz is the dominant detrital component; oligoclase and K-feld

spar are usually minor phases (less than 10%) with the exception of 43302 

with approximately 25 percent feldspar. Large white-mica flakes (up to 0.5 

mm. long) are a minor detrital component (less than 5%) commonly occurring 

at a high angle to the cleavage. Lithic fragments are uncommon. Accessory 

phases include carbon (probably graphite), tourmaline and zircon. No over

growths on the detrital grains were detected and all large grains appear to 

be corroded by the matrix. In the siltstones quartz is the dominant phase 

with minor feldspar. The matrix in all samples, especially the sandstones , 

is recrystallized to chlorite, white-mica, quartz and carbonate. Dimensional 

orientation is well developed, with recrystallized "beards" in several sam

ples (40575, 40580, 43305) comparable with those described by williams (1972) 

and Etheridge and Lee (1975). In the siltstones, orientation of the fine

grained white-micas define the cleavage (40574, 40583, 43303) which in some 

of the samples is marked by well developed pressure solution zones (40581. 

43304 A,B). These are prominent fabric elements as they are largely composed 

of black carbonaceous material and tend to bend around some of the larger 

detrital fragments. Clearly the matrix and some of the detrital grains of 

these sedirnents have been reconstituted during diagenesis an~ low grade 
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regional metamorphism. New minerals crystallized from the groundmass 

include chlorite, white-mica, carbonate and possibly some fraction of the 

microcline. The dimensional orientation of some of the .recrystallized ma

terial may imply further chemical reconstitution or could be dominantly 

mechanical in origin. The relative age relation between the groundrnass 

recrystallization and the development of a particular cleavage is difficult 

to establish as these rocks are so fine-grained and the metamorphism has 

not given rise to porphyroblasts. Probably several phases of recrystalli 

zation are variably developed throughout the Mathinna Beds terrain. As the 

bulk of the detrital grains are quartz, most of the Rh and Sr in these sedi

ments	 would be contained in the matrix and in pore solutions, which together 

during recrystallization may be expected to reach equilibration in the Rh-Sr 

system. Samples with a high detrital, unrecrystallized feldspar and white-

mica	 component may record an older source rock age. 

10.2	 Rh-Sr Results 

Rh-Sr results for samples from the Mathinna Beds are given in Table 

10.1 and Figure 10.1. Samples 40572 to 40575 (Alberton) and 40580 to 40583 

(Orieco Mine) (Figure 2.2) are from drill holes in the eastern arenite

lutite sedimentary association. The Orieco Mine samples are spatially near 

the Lochkovian fossil locality, but the stratigraphic relationships are 

unknown. Samples 43302 to 43306 are from drill holes near Lefroy in the 

lutite sedimentary ·association. Sample 43307 is part of the weathered sam

pIe carrying the Arenigian graptolite. All samples except 40572, 40573 and 

43307 are pairs, taken from single turbidite units. The fine-grained 

sandstone and siltstone pair from each unit gives rise to a spread in 

87	 86 .
Rh !Sr rat10s from 4 to 13. 

Regression of all Mathinna Beds samples (Table 10.2) gives rise to a 

Model 4 isochron.with a high scatter. The sum of the MSWD for the separate 

regressions of the eastern and western samples is significantly reduced. 
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Table 10.1 

MATHINNA BEDS Rh-Sr DATA 

Sample No. Rh Sr Rh8 7/Sr86 Sr8 7/Sr86 

±2a 

40572 179. 30.2 17.24 .81911 ± 62 

40573-1 102. 304. .9687 .72593 ± 10 

40573-2 101. 302. .9644 .72609 ± 10 

40574-1 216. 44.6 14.13 .80372 ± 10 

40574-2 213. 44.0 14.09 .80373 ± 10 

40575-1 106. 31.5 9.779 .77611 ± 10 

40575-2 105. 31.4 9.759 .77641 ± 10 

40576-1 367. 193. 5.501 .74841 ± 10 

40576-2 378. 200. 5.464 .74848 ± 14 

40577-1 225. 62.5 10.49 .77698 ± 12 

40577-2 221. 61.5 10.46 .77708 ± 10 

40578 303. 72.8 12.13 .79206 ± 10 

40579 276. 53.1 15.16 .80751 ± 14 

40580-1 221. 26.3 24.70 .86046 ± 20 

40580-2 220. 26.6 24.26 .85884 ± 10 

40581-1 289. 49.4 17.07 .81490 ± 18 

40581-2 269. 48.7 16.10 .81145 ± 10 

40582 138. 33.3 12.04 .78873 ± 10 

40583-1 283. 35.6 23.30 .85415 ± 10 

40583-2 309. 37.7 24.02 .85836 ± 32 

43302 105. 41.2 7.374 .76356 ± 16 

43303-1 266. 37.4 20.84 .84298 ± 10 

43303-2 271. 37.6 21.10 .84398 ± 14 

43304 A 113. 37.0 8.830 .77250 ± 10 

43304 B 233. 41.0 16.57 .81905 ± 10 

43305 167. 51. 7 9.416 .77745 ± 10 

43306-1 405. 53.1 22.35 .85685 ± 10 

43306-2 408. 53.0 22.55 .85703 ± 10 

43307 10l. 78.3 3.750 .73726 ± 10 
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Table 10.2 

REGRESSION ANALYSIS OF THE MATHINNA BEDS 

Regression	 No. of MSWD F Age Initial Isochron 
samples Variate (m.y.) Ratio Model 

All samples 
excluding 
contact 
metamorphosed 
rocks 15 158.81 1.92 423±16 .7191±29 4 

Western area 6 46.94 2.55 432±22 .7195±33 2 

Eastern area 8 20.83 2.28 410±7 .7205±3 2 

Orieco Mine 4 9.63 3.18 415±36 .7183±99 3 

Alberton	 4 23.07 3.18 415±21 .7204±6 2 

Contact 
metamorphosed 4 64.71 3.18 443±85 .7145±102 2 
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The scatter in the errorchrons for both areas is high, but Model 2 and Model 

3 parameters have similar mean valuesa The significance of the differences 

in age and initial ratio from both areas is difficult to assess due partially 

to the poor dispersion in Rb87/sr86 ratios for the western area. The ages 

may be different, but the initial ratios are similar. The inhomogeneity 

suggested by the regressions is further heightened by the separate regression 

of the two groups of eastern samples. On this more detailed scale (samples 

up to 0.5 km. apart) strong isotopic inhomogeneity is evident. 

Two pairs of contact metamorphic hornfels samples from adjacent beds 

in different areas of the same contact aureole are not in isotopic equili

brium. Considering the difficulty in defining the Sr isotopic characteris

tics	 of the regionally metamorphosed rocks, and the relatively short time 

interval between the regional metamorphism and granitoid rock plutonism 

discussed below, it is unlikely the Sr isotopic characteristics for the con

tact	 metamorphosed Mathinna Beds can be distinguished from those of the 

region~lly metamorphosed country rocks. 

10.3	 Interpretation of the Mathinna Beds Isochron 

It is unlikely that the age derived from the Mathinna Beds is a deposi

tion	 age, especially in the case of the western samples, as fossil evidence 

indicates an Early Ordovician age which does not overlap with the lower 

error	 limit of the isochron age using the 1971 Phanerozoic Time Scale 

(Lambert, 1971). Possible source rocks for these sediments, at least in 

the west and south-west as indicated by current directions (McClenaghan and 

Baillie, 1975), include Precambrian quartzites, phyllites and schists, and 

Cambrian volcanics and fine-grained sedirnents. The initial ratios for both 

groups of Mathinna Beds at .72 suggest a crustal source with a relatively 

high	 Rb/Sr ratio. with this constraint the Precambrian and Cambrian rocks 

are suitable source rocks for the Mathinna Beds. A maximum depositional 

age for the Mathinna Beds can be calculated "on the assumption of the lowest 
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87 86 . . 87 86reasonable Sr /Sr ratlofor the source rocks, at .705. USlng Sr /Sr = 

86.72 at 410 and 440 m.y. and an average Rb87/sr = 14, the maximum deposi

tion ages are 490 m.y.· or 520 m.y. for the eastern and western samples re

spectively. Both ages are too old considering the fossil evidence, and a 

87 86depositional sr /Sr ratio greater than .705 is indicated. For sediments to 

give a deposition age, mechanical mixing of all detrital fractions to give 

rise to uniform Sr isotopic composition and Rb/Sr ratio is necessary_ This 

process is highly unlikely on the evidence in this study and other dated 

sediment~ry sequences. Only sediments from a young source region in which 

all minerals have a similar Sr isotopic composition, but differing Rb/Sr 

ratios, could give rise to an isochron, which would be a maximum depositiou 

age. Equilibration between detritus and sea water giving rise to a deposi

tion age has also been shown to be unlikely (Dasch, 1969). 

Several authors have correlated Sr isotopic equilibration or an approach 

to equilibrium with diagenetic changes in fine-grained sediments (Bofinger 

and Compston, 1967; Moorbath, 1969; Brookins et al., 1970; perry and Turekian, 

1974; Bath, 1974). Gebauer and Grunenfelder (1974) also summarise results 

from several other sedimentary sequences ,for which isochron ages have been 

correlated with the time of diagenesis. These authors point out that dia

genesis may give rise to ages much younger than the depositional age. Bu

rial metamorphic conditions will allow equilibration of the Sr isotopic sys

tem until a sequence is uplifted and the Sr isotopic system closed. Ages 

up to 30 to 40 m.y. younger than the depositional age have been correlated 

with diagenetic changes in Palaeozoic shales (Perry and Turekian, 1974; 

Hofmann ~ al., 1974). Hofmann et al. (1974) correlated different illite 

fractions, a detrital 2Ml-illite and a recrystallized IMd-illite, with source 

rock and diagenetic ages. The Mathinna Beds recrystallized mineralogy indi

cates at least diagenetic P-T· conditions and probably low-grade regional 

metamorphic conditions. O'Nions et al. (1973) discuss the isochron age of 

Cambrian slates which are similar to some of the finer grained Mathinna Beds. 
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They propose that the derived age represents the time of diagenesis and the 

development of the cleavage. The interpretation of the Mathinna Beds iso

chron age as a metamorphic age, the inhomogeneity refl~cting the older 

source rock detrital component, is similar to the interpretation of isochron 

ages for fine-grained, metamorphosed sediments in southern France (Gebauer 

and GrUnenfelder, 1974). The scatter of isochron points in those rocks has 

been correlated with varying proportions of detrital micas which did not 

participate in the recrystallization. Mineral recrystallization under low-

grade metamorphic conditions would be aided by the high fluid content of 

these rocks and ion migration via a fluid phase may give rise to Sr isotopic 

equilibration over large volumes of rock. 

The significance of the possible difference in metamorphic age between 

the eastern and western areas is unknown. The older western age may reflect 

the earlier burial of these sediments. If the deformation occurred at the 

same time as the metamorphism, then the Tabberabbean movements occurred over 

a long period of time. 

The Rh and Sr contents and the initial Sr isotopic ratio of the Mathinna 

Beds are compared below with two other slightly metamorphosed Palaeozoic 

sedimentary sequences in eastern Australia. 

Rh Sr Initial Ratio 

Mathinna Beds (this work) 101 - 406 26 - 303 .72 

State Circle Shale 
56 - 201 14 - 31 .72 - .73

(Bofinger et al., 1970) 

Binjura Bed Schists 
152 - 187 42 - 143. .71 ± .002

(Pidgeon and Compston, 1965) 

The Mathinna" Beds. have a wider range in Rh and Sr contents than the other 

sequences, but the initial sr87/sr86 ratio is within the range of the other 

sequences. 

It is clear from these results that there has been some approach to 

isotopic equilibration in the Mathinna Beds, but the scale of the equilibra
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tion is unknown. Analysis of samples with a range in Rb/Sr ratio from single 

sedimentary units may give rise to well defined isochrons. A scale of equili 

bration larger than individual units is indicated from this work, as samples 

up to 2 km. apart show an approach to Sr isotopic equilibrium. In further 

work on these sediments an attempt must be made to distinguish between the 

detrital and the recrystallized components by mineral separation or selection 

of matrix-rich rocks. The nature of illite and muscovite are the main char

acteristics which can be used to define the grade of burial and low-grade 

regional metamorphism in argillaceous rocks (Maxwell and Hower, 1967; Frey, 

1970). The recrystallized mineralogy of the Mathinna Beds has not been 

studied in detail, but would aid in the assessment of the degree of metamor

phism and the comparison of these sediments with other dated sequences. 

10.4 Chronological Summary of the Mid-Palaeozoic in Tasmania 

A summary of events in the rnid-Palaeozoic in Tasmania is given in Fig

ure 10.2. The reliably established isotopic ages are minimum biotite ages 

for the granitoids. The age ranges for the granitoids from eastern and 

western Tasmania overlap, but most granitoid plutons in the eastern half of 

the state are older than those in the west. There is a wide range in the 

metamorphic age of the Mathinna Beds, and although poorly defined there 

appears to be a difference in this age between the stratigraphically older 

lutite sedimentary association and the younger arenit~-lutite sedimentary 

association. The limits of the metamorphic age for the younger eastern 

Mathinna Beds sequence just overlap with the minimum granitoid ages and sug

gest that some of the plutonism may be contemporaneous with the regional 

metamorphism and possibly the deformation. Late-tectonic intrusion for some 

of the plutons is suggested by variable feldspar foliations which may be 

regional features in several bodies. If the metamorphism and the deforma

tion of the Mathinna Beds are contemporaneous, then the Tabberabbean move
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ments in different areas occurred over a long period, possibly up to 40 

m.y. 

Although the stratigraphic correlation between eastern and western 

Tasmania is fairly well established, any correlation in absolute age terms 

is limited by the time scale used. The Siluro-Devonian boundary must lie 

between the 430 m.y. post-Wenlock age (Williarns et al., 1975) ·and the 403 

m.y. minimum granitoid age determined in this work. Figure 10.2 is drawn 

using Fullagar and Bottino's (1968) age for the Siluro~Devonian boundary, 

at 415 ± 15 m.y., based on north-eastern North American field relations. 

This allows 12 m.y. in the Lochkovian for the deposition, metamorphism and 

folding of the Mathinna Beds prior to the granitoid intrusion. Accepting 

the 415 m.y. age for the boundary, it is possible that the Tabberabbean 

movements in western Tasmania are younger than those in the east. If this 

is the case, the Tabberabbean movements appear to be younger either side 

of the western area of the Mathinna Beds. These possibilities will only 

be resolved when the Mathinna Beds isochron age is refined and its inter

pretation solidly based, when the Scottsdale Batholith and some of the 

western Tasmanian granitoids are dated and when the relative and absolute 

time scales are reliably correlated. The low-grade metamorphism of the 

Bell Shale may be dated by the whole rock isochron technique and may help 

resolve some of these correlation problems. 

Williams, Solomon and Green (1975) point out the significant change 

in the Siluro-Devonian sedimentary environment across the Tamar Valley 

area, between eastern and western Tasmania. They suggest that transitional 

sediments between the western shelf deposits and the eastern deepwater tur

bidites have been removed by large scale faulting. Results from this work, 

especially the granitoid rock ages and possibly the timing of the Tabberab

bean movements, point to further differences between these two areas. 
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CHAPTER 11 

o ISOTOPE CHARACTERISTICS OF THE TASMANIAN GRANITOIDS 

11.1 Introduction 

This 0 isotope study of the Tasmanian granitoids has been carried out to 

establish the nature of the hydrothermal fluid giving rise to the alteration 

and mineralization of the biotite granites. Large scale interaction between 

18the granites and a hydrothermal fluid with a low 60 has not occurred. The 

18
60 values of the minerals are compatible with a magmatic source for the hy

18drothermal fluids, but the 60 value of the fluid is poorly defined. Also 

there is evidence for widespread 0 isotopic disequilibrium between quartz and 

K-feldspar as a result of the hydrothermal alteration. More detailed work on 

rocks such as the greisens, which probably had higher water/rock (W/R) ratios 

compared with the pervasively altered granites, may give better definition of 

18the 60 value of the fluid, especially if equilibrium was established between 

several minerals in these recrystallized rocks. 

11.2	 0 Isotopic Results 

18Whole rock and mineral 60 values for 14 granitoids from Tasmania are 

presented in Table 11.1. The analyses were carried out by Dr. P. Blattner 

under conditions similar to those described in Blattner (1975). The analyses 

18 are given with respect to the SMOW standard (60 SMOW) (Craig, 1961) and 

18standard NBS-28 (Friedman and	 Gleason, 1973) 'glass sand' has a 00 value of 

9.8 permil. The precision for a single determination is ±0.5 permil (2al. 

Most samples analysed were hand-picked grains, except for the feldspars from 

40513, 40530, 40548 which were concentrates, separated using heavy liquid 

techniques. The nature of the rock and the alteration of the minerals are 

also given in Table 11.1. 
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Table 11.1 

o ISOTOPE RESULTS, TASMANIAN GRANITOIDS 

Samples 

Poimena Pluton 

40561 Medium-grained, K-feldspar megacryst 
biotite granite. 
Biotite slightly chloritized, K-feldspar 
minor dusty alteration. 

40558 Medium-grained biotite granite 14m. 
from younger intrusion. 
Biotite partially recrystallized, 
minofchlorite. K-feldspar variable 
dtisty alteration. 

40559 Medium-grained, pink coloured biotite 
granite lm. from younger intrusion. 
Biotite partially chloritized. White
mica widespread. Carbonate and topaz 
after plagioclase. Clouded K-feldspar. 

Pyengana Pluton 

40519	 Medium-grained, biotite-hornblende 
granodiorite. 
Minor chlorite and white-mica 
alteration. 

Coles Bay Granodiorite 

40538	 Medium-grained, biotite-hornblende 
granodiorite Im. from pink coloured, 
quartz-chlorite-epidote vein. Minor 
chlorite and white-mica alteration. 

40539	 Pink coloured, altered biotite 
granodiorite adjacent to quartz
chlorite-epidote vein. 
Clouded feldspars. Fluorite after 
biotite and plagioclase. Chloritized 
biotite. 

60
18 '%0 II _

Q K 

Q(2)* l2.5±0.2 
1.7

K 10.8 
Olig 10.3 
W.R.** 11 

Q (2) l2.5±0.2 
2.7

K 9.8 

Q ~ 13 3.0K ~ 10 

Q 11. 5*** 
And .9.3 
W.R .. ** 9.5 

Q 10*** 
And 1.1 

Q(2 ) 6.2±0.5 
Olig 2.5 
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Table 11.1 cont'd. 

Samples	 8018 '%0 II _
Q K 

Mt. Paris Pluton 

40584	 Medium-grained, cream coloured partially Q 12.3 
5.2

greisenised granite. K 7.1 
Secondary pale brown biotite. Well 
developed white-mica after feldspars. 
Some recrystallized quartz. Topaz and 
carbonate. Clouded feldspars. 

40548	 Grey coloured, granite porphyry. Q 13 .0 
Biotite strongly chloritized. Widespread OHg 9.3 
minor white-mica. Minor topaz and fluorite. 

Lottah	 Granite, Anchor Mass 

40513	 Medium-grained, pink coloured granite. Q 11.4 
3.4Secondary pale brown biotite. K 8.0 

Clouded K-feldspar and plagioclase. OHg 7.8 
W.R. ** 8 

Coles Bay Granites 

40534	 Medium-grained, pink coloured granite. Q 10.2 3.7
Clouded feldspar alteration. Minor K(2) 6~5±0.1 

fluorite and white-mica. Alb 6.8 
W.R.** 7 

40530	 Coarse-grained, red coloured granite. Q 10.4 2.8
Clouded feldspar alteration. Fluorite K(2) 7.6±0.1 
after biotite and plagioclase. Some 
secondary pale coloured biotite. Minor 
widespread secondary white-mica. 

Heemskirk Granite 

37673	 Medium-grained, red coloured granite. W.R. .9.6 

37712	 Coarse-grained, cream coloured granite. W.R. 10.6 

37717	 Medium-grained, cream coloured granite. W.R. 10.0
 
All Heemskirk samples have clouded
 
feldspars, chloritized biotite and
 
widespread white;nica [Oxygen yields
 
15.2±0.2 ~rnoles/mgl
 

Q - quartz; K - alkali feldspar; And - Andesine; Olig - Oligoclase; Alb - Albite; 
W.R. - whole rock 

* Duplicate determinations 

** Whole rock estimation based on modal mineralogy 
*** Quartz corrected for minor impurities 
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Two groups of samples are represented in Table 11.1. Samples 40561, 

40519 and 40538 are from petrographically unaltered granitoids, a biotite 

granite and. two hornblende-biotite granodiorites respectively. Although 

described as unaltered, commonly the biotite in these granitoids is part

ially chloritized and white-mica partially replaces the feldspars. The 

other samples are either from pervasively altered biotite granite plutons 

or altered areas of the normally unaltered plutons. Although isotopic dis

equilibrium between mineral phases is evident in the altered rocks, whole 

18 
. rock 00 values measured and estimated (8-11~) are similar to those of 

normal granitoid rocks (7-12%0; Taylor. 1968, 1974; O'Neil and Chappell, 

1975).. Similarly, the range of values for the three minerals analysed is 

comparable to the isotopic composition of minerals in petrographically un

altered granitoids (Taylor, 1968, 1974). The exceptions to this pattern 

are samples 40538 and 40539. 40538 is a petrographically unaltered grano

diorite sample, 1 m. from a quartz-chlorite-epidote vein. The pink coloured, 

altered granodiorite (40539) is from the margin of the quartz-chlorite-epi

dote vein. The minerals in these samples have low 0018 values compared with 

most granitoids and will be discussed separately. 

11.3 Discussion 

The quartz-K-feldspar isotopic fractionation (~Q-KF) for the unaltered 

Poimena granite (40561) is 1.7 permil whereas the ~Q-KF for the altered sam

pIes ranges from 2.7 to 5.2 permil. The quartz-K-feldspar fractionation 

values cannot be used to calculate equilibrium temperatures without evidence 

for equilibrium. Blattner (1975) shows that the equilibrium fractionation 

of 0 isotopes between these phases ranges from 1.3 to 3.5 permil over a 

temperature interval of 900 to 250·C. The fractionations between the three 

K-feldspar-plagioclase pairs are small (+0.2, +0.5, -0.3 ~) and similar to 

the level of the precision of the analyses. 
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In the unaltered Poimena granite (40561) equilibration between quartz and 

K-feldspar may reasonably be postulated. The ~Q-KF of 1.7 permil suggests a 

temperature of ~ 700°C. which is similar to temperatures estimated for this 

mineral pair from other unaltered granitoid rocks (Bottinga and Javoy, 1975). 

18
The 60 value of the K-feldspar from the two altered Poimena PIuton samples 

(40558,40559), adjacent to the younger pervasively altered Anchor Mass, is 

18
considerably lower than the 60 value of the unaltered K-feldspar (40561), 

18
whereas the 60 value of the quartz is similar in all the Poimena samples. 

These results suggest that the K-feldspar in the altered rocks may have ex

changed 0 with the fluid exsolved from the younger intrusion, whereas the 

quartz did not reequilibrate with the fluid. Several workers have shown that 

quartz once formed may not reequilibrate under hydrothermal conditions at 

temperatures as high as 400°C (O'Neil and Taylor, 1967; Clayton et al., 1968, 

1972; Hall et al., 1974, Blattner and Bird, 1974). Bottinga and Javoy (1975) 

point out that reequilibration would not occur unless the minerals were re

crystallized or a long period of time was available under hydrous conditions. 

Both these conditions may be fulfilled for the altered Poimena samples, but 

are difficult to assess. The relatively high ~Q-KF at 3.0 and 2.7 permil 

would correspond to temperatures (~ 300°C) below which quartz is thought to 

reequilibrate. 

Similarly the high ~Q-KF of the pervasively altered biotite granites· 

probably indicates isotopic disequilibrium. The feldspars in these rocks are 

densely clouded with minute fluid inclusions which are comparable to the in-

clusion-rich, isotopically reequilibrated feldspars in experimental exchange 

' 1runs (O'Nell. and Taylor, 1 6 7.) The . . 1 ar uO18 va ues f or the . h9 Slml Na-rlC 

plagioclase and the K-feldspar suggest that these phases were in equilibrium. 

Although there is some petrographic evidence (section 4.3.3) for the limited 

recrystallization of quartz and a relatively long period of time may be ex

pected in a plutonic mass cooling from magmatic conditions, the feldspars and 

quartz do not appear to have reequilibrated at lower temperatures. Fluid 



11.6
 

inclusion temperatures recorded from mineralized greisens, including those 

of the Aberfoyle Mine in eastern Tasmania, range from 550 to 200°C (Sawkins, 

1966, Bradshaw and Stoyel, 1968; Patterson, 1968; Kelly and Turneaure, 1970, 

Shcherba, 1970). 0 isotopic reequilibration may have occurred at relatively 

high temperatures (greater than 400°C), but only the feldspars and possibly 

the hydrous phases continued to exchange with the hydrothermal fluid at lower 

temperatures. Possibly only where complete recrystallization has occurred, 

as in greisens, are all the minerals likely to be in 0 isotopic equilibrium. 

The quartz and plagioclase in the altered Coles Bay Granodiorite (40539) 

and the plagioclase in the unaltered sample (40538) are strongly depleted in 

180 , and the high 6Q-PL suggests marked isotopic disequilibrium. In the 

18petrographically unaltered granodiorite (40538) the quartz has a 00 = 10 

permil. If this quartz is assumed to have equilibrated with water at 500°C, 

18the water would have had a 00 = 7 permil whereas the depleted plagioclase 

18
(l.l%o) under the same conditions would have equilibrated with water at 00

= 0 permil. The depleted plagioclase is not significantly altered in thin

section in 40538, but in 40539 is clouded and extensively replaced by white

18
mica and fluorite. In 40539 the quartz is also strongly depleted in 00

18
and if equilibration with water at 500°C is assumed, the 00 of the water 

would be 3 permil compared with 7 permil in sample 40538 (calculated using 

the quartz-H20 fractionation equation of Clayton ~ al., 1972, and the feld

spar-H20 fractionation equation of O'Neil and Taylor, 1967). These calcula

tions suggest that an isotopically light hydrothermal fluid has partially· 

exchanged 0 with the granodiorite adjacent to the chlorite-epidote vein. In 

this environment there are two possible sources for isotopically light watera 

Meteoric water may have reacted with the granodiorite, but a more immediate 

source for the depleted water is the nearby pervasively altered granite. 

When a magmatic fluid extensively reacts with a granite at low temperatures 

18 18
(less than 600°C), the 00 value of the fluid is lowered because 0 prefer

entially fractionates into the silicates. Regardless of the origin of the 
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isotopically light fluid in the vein system, the isotopic exchange between the 

fluid and the granodiorite was enhanced by the high W/R ratio in and adjacent 

to the vein. 

The significance of the W/R ratio and the temperature in determining the 

change in the 0 isotopic composition of a granitoid following reaction with a 

hydrothermal fluid, is shown in Figure 11.1. The model which is based on mass-

balance considerations for the rock-fluid reaction is after Taylor (1974), and 

the fractionation equation between the rock and water is taken from O'Neil and 

Taylor (1967) [16£n ~(Rock-H20) = 2.67 102 K-2 - 3.53]. The initial 0018 value 

18of the granitoid prior to alteration is fixed at 10 permil and the 00 value 

of the altered granite is calculated for different W/R ratios and temperatures 

18 , 18 '1using fluids with initial 00 values of -10 and 7 permil. A uO = 10 perml 

for the unaltered biotite granite is within the range of isotopic compositions 

for aluminous granitoids, determined for these rocks in the Berridale Batholith, 

N.S.W.	 (O'Neil and Chappell, 1975). Reaction between the granitoid and the 

18
isotopically light waters (0018 = -10%0) causes a decrease in the 00 value of 

the granitoid at all subsolidus temperatures for relatively low W/R ratios 

18
(Figure 11.1). The higher the W/R ratio the greater the decrease in the 00

value. Reactions of this type between high level intrusives and meteoric water 

have been convincingly discussed by Taylor (1971, 1974). 

18
Several,workers have shown that the 00 value of water exsolved from 

magmas is in the range of 5 to 10 permil (White, 1974; Sheppard and Taylor, 

1974; Sheppard et al., 1971; Landis and Rye, 1974; Taylor, 1974). The reaction 

between magmatic water with a 0018 
= 7 permil and the granitoid at low temper

18 
atures (less than 400°C) would give rise to a marked increase in the 00 value 

18
of the altered granite (Figure 11.1), whereas the 00 value of the water would 

decrease. At temperatures greater than 400°C, and even at high W/R ratios, the 

1800 values of thegranitoid and the water will not be greatly changed. Temp

eratures greater than 400°C are expected in the early stages of the	 alteration 

of the Tasmanian biotite granites. This model for rock-fluid reaction at high 
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FIGURE 11.1. Equilibrium models for 0 isotopic rock-water reaction. 
The 6018 value of the unaltered rock is fixed at 10 permil and the 6018 

value of the water prior to reaction is fixed at 7 and -10 perrnil. 
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temperatures may be	 applicable to the petrographically altered biotite granites 

,18 1 .. h f . .as t hese roek5 have uO va ues slIDllar to t ase 0 lsotoplcally unaltered gran

18itoids. The model cannot be rigorously applied without 00 values for mineral 

pairs in isotopic equilibrium or other geothermorneters and an accurate estimate 

of the isotopic composition of the granite prior to alteration. In the biotite 

granites, the vein-like greisens probably had the highest W/R ratio and are ex

tensively recrystallized in comparison witn their altered host granites, and 

consequently should be studied in any further work. In some areas of the al 

tered granite plutons, as well as in the surrounding rocks such as the altered 

granodiorite at Coles Bay, the altered rocks may have relatively low 0018 values. 

18
Rocks with low 00 values would reflect the change in composition of the mag

matic water after reaction with the granite during cooling, and possibly in 

some greisen and quartz vein systems this change may be correlated with the 

mineral paragenesis. 

11. 4 Summary 

The altered biotite granites appear not to have reacted with an isotopi

cally light water.	 0 isotope exchange between the feldspars, but not the quartz, 

and a hydrothermal fluid has resulted in pronounced disequilibrium between these 

minerals. Field and petrographic evidence suggests that the source of the hy

drothermal fluid was the altered granite or magmas crystallizing below the level 

of exposure. The 0	 isotope data are compatible with this model if the exsolved 

18magmatic water had a 00 value in the range 5 to 10 permil. The 0 isotopic 

exchange may be correlated with the open system Sr isotope behaviour and move

18
ment of alkalies during the alteration. The Heemskirk Granite 00 values are 

similar to the eastern Tasmanian altered granites, suggesting that the high 

initial Sr isotopic	 ratio of this body cannot be explained by the influx of 

isotopically light meteoric water which has introduced radiogenic Sr. If meteo

18
ric water has reacted with these rocks it had an unlikely 00 value in the 

range 5 to 10 permil and is indistinguishable from magmatic water. 
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Model calculations of the change in 0 isotopic composition during al

teration of a granitoid by 'magmatic' water show that there will be little 

change in composition at high temperatures and low W/R ratios. Future iso

topic studies should be concentrated on the greisens, in which the igneous 

mineral assemblage	 is recrystallized and during alteration probably had high 

18
W/R ratios. The 60 value of the granitoid before alteration needs to be 

estimated by sampling slightly altered or unaltered rocks in the same pluton. 

Also, H isotope studies combined with the 0 isotope studies may help identify 

the source of the hydrothermal fluid. 
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CHAPTER 12 

PETROGENESIS OF THE TASMANIAN GRANITOIDS 

12.1	 Introduction 

In the following the field, compositional, isotopic and mineralogical 

characteristics of the Tasmanian granitoids will be reviewed and compared 

with those of other granitoid terrainse These characteristics are the basis 

for the petrogenetic history of the granitoids and provide constraints on the 

conditions of partial melting in the continental crust. 

12.2	 Field Relations 

12.2.1 Introduction 

A cornpositionally diverse group of contact-aureole, Devonian granitoids 

has	 intruded paratectonically deformed, slightly metamorphosed Palaeozoic 

(and	 for some plutons Proterozoic) rocks in Tasmania. The granitoids were 

emplaced at high levels in the crust mainly by diapiric intrusion and roof 

lifting. Shallow depths of intrusion (less than approximately 2 kb.) are 

suggested by fracture-controlled margins, sharp, chilled intrusive contacts, 

andalusite-cordierite-biotite-quartz contact metamorphic assemblages, and the 

lack of primary muscovite in the granitic compositions. A significant field 

characteristic of both granitic and granodioritic plutons is the individuality 

of each pluton evident from a variety of characteristics. The plutons are 

established as mappable units on the basis of their intrusive relations, their 

structures and textures, their mineralogy, particularly the rnafic mineralogy, 

and the nature of their inclusions. When garnet and/or cordierite occur 

throughout a pluton, or in part of a pluton, neither hornblende nor hornblende 

diorite inclusions are found. These field characteristics suggest that each 

pluton formed ·from a unique magma or crystal mush. Field evidence bearing on 

pre-, syn- and post-emplacement processes which may have modified the original 
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magma compositions are discussed in the following sections. 

12.2.2 Crystal-liquid Fractionation 

There is little evidence of a genetic relationship between the separate 

plutons. Within the composite Blue Tier Batholith and the granitoids in the 

southern Furneaux Group, the established intrusive sequences are usually from 

more mafic granitoids to more felsic granitoids. In general. the granites are 

younger than the granodiorites both relatively and isotopically, but there 

are several reversals of this trend, including the older Mt. Pearson Granite. 

No concentrically zoned plutons comparable with those in western North America 

(Presnall and Bateman, 1973) are found, and contact relationships that may 

suggest a genetic association occur only where the altered Constable Creek 

Granite intrudes the margin of the Mt. Pearson Granite in a complex zone of 

dykes (Appendix H). Here the Constable Creek magma may have separated from 

the crystallizing Mt. Pearson Granite, although it could also have been an 

unrelated magma body intruded along the margin of the older pluton. There 

is no field evidence for a genetic relationship between the hornblende-biotite 

granodiorites and the aluminous phase-bearing granites except that both groups 

of granitoids have intruded the same area of the upper crust over a similar 

time interval in eastern Tasmania. Also there is no evidence for a genetic 

relationship between the granitoids and a possible basaltic parent magma. 

The granitoids and country roCks in eastern Tasmania are intruded by Devonian 

to Lower Permian, tholeiitic dolerite dyke swarms, the distribution of which 

are controlled by .the local joint systems in different areas (Appendix El . 

The evidence for crystal fractionation during in situ crystallization 

within individual plutons is limited to the relatively small mineral segrega

tions. The mafic mineral-rich segregations, in both granites and granodior

ites, appear to be flow structures at the level of emplacement and their 

sporad~c nature suggests that convection was on a small scale, not affecting 

the whole pluton at one time. The groups of small mineral segregations may 

have been caused by the disruption of early, larger continuous structures by 
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continued flow or plastic deformation under subsolidus conditions. The volume 

of mineral segregations is very small, probably less than 0.5 percent, and 

would not greatly alter the estimates of magma compositions derived from the 

analyses of the non-segregated rocks. 

12.2.3 Contamination 

The extent of contamination of the original magma compositions by the 

country rocks is difficult to judge using field criteria. In both the grano

diorites and the granites the Mathinna Beds country rock inclusions are wide

spread, although the proportion of these inclusions averages less than 2 per

cent (by volume) and along contacts rarely exceeds 5 percent. The country 

rock-like microinclusions are considered in these estimates. Assimilation of 

the country rock has occurred because the microinclusions are widely distri

buted in the granitoids and rounded, rather than angular, hand specimen sized 

inclusions are found away from the contacts. Also along one contact of the 

George River Granodiorite individual quartz grains from disrupted inclusions 

are identifiable in the granodiorite (Cocker, 1976). However, the proportion 

of assimilated components dispersed in the granitoids is unknown. The lack 

of marked mineralogical or cornpositional gradients adjacent to country rock 

contacts suggests that if the magma compositions were greatly modified by 

assimilation, the evidence has been obliterated. Another characteristic of 

the granitoids which suggests that assimilation is limited is the occurrence 

of dense mafic phases in the granitoids. The dense phase garnet (section 

12.4.3.1) in the aluminous granites and the relatively dense hornblende-biotite 

diorite inclusions (section 12.5) in the granodiorites have been transported 

from lower to upper crustal levels. It is unlikely that large numbers of 

relatively low density, country rock inclusions have been stoped by the magma, 

sunk below the level of exposure and undergone assimilation, if these dense 

phases have been transported several kilometers from the lower crust. 

An order of magnitude estimate for the proportion of assimilated country 

rock can be calculated using Sr isotopic data. Significant contamination is 
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not supported by the relatively low initial Sr isotopic ratios of the horn

blende-biotite granodiorites. The initial ratio of these rocks is slightly 

higher than for similar granodiorites elsewhere and this may be due to ap

proximately 10 percent (by weight) contamination by the Mathinna Beds (section 

12.5). This maximum estimate of the contamination,' which may also be applic

able to the garnet-cordierite-biotite granites, reflects the assimilated com

ponents (including the microinclusions) dispersed in the magma during intru

sion. 

12.2.4 Alteration 

Alteration of a granitoid by reaction with a hydrothermal fluid may sig

nificantly modify the original magma composition. Trace elements which may 

be mobile in this environment include Rb, Sr, Li, F, Cl, U, B and Sn. With 

increased alteration, especially the development of secondary minerals, both 

the trace and major element composition of the original granitoid is modified. 

The most intense alteration is restricted to the apical areas of plutons and 

joint controlled greisens. The strongly altered rocks are not considered in 

the following discussion of the origins of the magmas. 

12.3	 Compositional Features of the Tasmanian Granitoids and Comparison with 
other Granitoid Terrains 

12.3.1	 Major Element Composition 

A simple two-fold division of the Tasmanian granitoids into granites and 

granodiorites can be made from their major oxide compositions, and this compo

sitional division is reflected by the mafic mineralogy of the rocks. With few 

exceptions, rocks with hornblende occur in the granodiorite group, and rocks 

with garnet and/or cordierite occur in the granite group. Within the separate 

groups the range in major oxide compositions is correlated with the modal 

mineralogy. The rock composition, especially the MgO/Total FeO ratio and the 

alurnina oversaturation, partially controls the nature of the rnafic phase assem

blages. The granites are characterized by high Si02 contents (70-76%), low 

FeO	 (total FeO - 0.5-3.5%), MgO (0.1-0.8%), and CaO (0.3-3.0%) contents, high 
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total alkalies (7-9%) and K20!Na20 ratios from 0.6 to 2.0. The granites are 

also strongly peraluminous compared to the granodiorites. The granodiorites 

have a wider range in composition with Si02 contents from 62 to 72 percent, 

and higher PeO (total PeO - 3.0-5.0%), MgO (1-3.5%) and CaO (3.0-5.5%) con

tents relative to the granites. The total alkali contents of the granodior

ites range from 5 to 6.5 percent and the K20!Na20 ratio varies from 0.7 to 

1.6. Many of the compositional characteristics of these two groups are simi

lar to those of 5- and I-type granitoids distinguished by Chappell and White 

(1974), who also briefly described the extent of the variation within the two 

groups, and the nature of the variation within single plutons in each group. 

The aluminous S-type granites are restricted to high Si02 compositions and 

generally have irregular variation diagrams. The I-type granitoids l with 

which the Tasmanian granodiorites may be grouped, range in composition from 

mafic to felsic rocks and have near-linear variation diagrams in which the 

dioritic inclusions fall at one compositional extreme. T~ere are insufficient 

data to test the nature of the variation in the composition of the Tasmanian 

granitoids, but at least for the S-type granites each pluton is relatively 

homogeneous in composition. The homogeneity is also reflected in the specific 

garnet and biotite compositons in each pluton. Didier and Lameyre (1969) used 

bulk chemical composition to distinguish two groups of granitoids, granodior

ite + quartz rnonzonite and leucogranite, in the Massif Central, France. The 

average mode of the granodiorite+quartz rnonzonit~ group has a mixed mafic assem

blage (hornblende-biotite-cordierite), but comparison of the compositions 

(which were not published) in terms of alumina saturation and alkali ratios 

may allow distinction of two groups of Massif Central granitoids with distinct 

mafic assemblages similar to those in the Tasman Orogenic Zone. 

The Tasmanian granitoid compositons resemble those of felsic plutonic rocks 

in other granitoid terrains, and also the calc-alkaline volcanics (Nockolds and 

Allen, 1953; Irvine and Baragar, 1971; Carmichael et al., 1974). The more mafic 

tonalites, quartz-diorites and diorites found in other granitoid terrains, such 
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as the Lachlan Orogen (Gulson et al., 1972) and the New England Orogen (Wilkin

son, 1969) in New South Wales, are lacking in Tasmania. The proportion of the 

granites to granodiorites + tonalites + quartz-diorites is much higher in the 

Tasman Orogenic Zone than in the batholiths of western North and South� 

America [Cobbing and Pitcher, 1972, Pitcher, 1974; Presnall and Bateman, 1973,� 

Roddick and Hutchison, 1974). Within the Lachlan Orogen the range in composi�

tion and the proportion of S- to I-type granitoids varies between batholiths.� 

The predominant rock types in the S- and I-type granitoids are probably granite� 

and granodiorite + tonalite respectively, and Streckeisen (1967) shows that� 

these are the most common rock types in his worldwide compilation of granitoid 

compositions. 

12.3.2 Isotopic Composition 

Isotopic compositions with major element compositions provide constraints 

on the compoSition of the source rocks of granitoid magmas. A cogenetic suite 

of granitoids from the same source rocks have identical initial Sr isotopic 

ratios. Comparison of the precise initial Sr isotopic ratios of the eastern 

Tasmanian granitoids shows that the hornblende-biotite granodiorites have 

initial ratios from .705 to .708, whereas the biotite granites and garnet

cordierite-biotite granites have initial ratios from .708 to .714, apart from 

the slightly altered Coles Bay biotite granite (.707). The initial ratios of 

the granodiorites are identical within experimental precision, but for the 

granites real differences in initial ratios have been found. These results 

strongly suggest that the Tasmanian granodiorites and granites had different 

source rocks, and also demonstrate the individuality of the granitoid plutons. 

Most of the Tasmanian granitoids have initial Sr isotopic ratios within 

the range .701-.720. Faure and Powell's (1972) worldwide compilation of ini

tial ratios of granitoid rocks shows that a large proportion of granitoids 

have isotopic compositions in this range. The Tasmanian exceptions to this 

pattern are the Heemskirk and Pieman Heads Granites. The different granite 

rock types in the Heemskirk Granite have high and variable initial ratios 
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(.719-.741). Based on field and compositional evidence, Klominsky (1971) sug

gested that these different rock types were genetically related, and if so, 

the variation in initial ratios must be attributed to contamination. The 

Heemskirk Granite, like the altered biotite granites of eastern Tasmania, was 

probably altered and metasomatized within a few million years of crystalliza

tion, otherwise the samples would not fall on well defined isochrons. 

Chappell and White (1974) suggest that the S-type granitoids of the 

Berridale Batholith have initial Sr isotopic ratios greater than .708, whereas 

the I-types have initial ratios in the range .704 to .706. Although several 

of the Tasmanian alumi~ous granites have initial ratios greater than .708, 

there is overlap I within uncertainties, with granodiorites. The Mt. Pearson 

PIuton and the slightly altered Coles Bay Granite have well defined initial 

ratios which OVerlap those of the granodiorites. Both plutons are biotite 

granites with compositions similar to the garnet-cordierite-biotite granites. 

The granodiorites tend to have initial ratios greater than the I-type granit

oids in the Berridale Batholith. 

From a comparison of initial ratios from many terrains, the following 

generalizations can be made: 

1. Granitoids with garnet and/or cordierite have initial ratios greater 

than .708 (Proterozoic and younger granites). 

2. Granitoids with hornblende (sphene, ± clinopy~oxene) have initial 

ratios less than .709. 

3. Granitoids with biotite as the only mafic phase have a wide range in 

initial ratios. 

The upper limit for initial ratios of the hornblende-bearing granitoids is 

extended beyond the upper limit suggested by Chappell and White (1974) to 

account for some plutons in the Sierra Nevada Batholith (Kistler and Peterman, 

1973) . 

O'Nei1 and Chappe11 (1975) have shown that for the Berridale Batholith, 

the 0018 and oD values of the S-type granitoids are 9.9-10.5 perrnil and -62±4 
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18permil respectively, whereas the I-type granitoids have lower 00 values (7.9 

-9.4%0) and lower and more variable oD values (-77±12%o). The unaltered whole 

18
rock 00 values of the Tasmanian granitoids are similar to those of the Berri-

dale Batholith. These variations are also consistent with different source 

rocks for the granitoids. 

12.4� Mineralogy of the "Tasmanian Granitoids and Comparison with other Granitoid 
Terrains 

12.4.1 Introduction 

The mineralogy and the composition of the minerals reflect both the bulk 

chemical composition and the crystallization conditions of the granitoids. In 

the following discussion, the distribution of rnafic phases in granitaid rocks 

in various areas and the factors which control the occurrence of these phases 

are cons idered~ 

As the mafic assemblages, hornblende-biotite and garnet-cordierite-biotite, 

distinguish the two groups of granitoids in Tasmania, the distribution of these 

assemblages is considered in other granitoid terrains. The garnet- and cord

ierite-bearing assemblages are emphasized as they have been noted relatively 

rarely. This partially reflects, at least in Tasmania prior to the present 

work, a low expectation for minerals such as garnet and cordierite in granit

aids. The assemblage biotite-muscovite is compositionally equivalent to cord

ierite + K-feldspar (+ H20), but has not been considered in the fOllowing dis

cussion, as commonly in the literature the distinction between primary and 

secondary white-mica is poorly made. The garnet- and cordierite-bearing assern

blages are considered in three groups: low Ca, low Mn almandine-pyrope garnet 

and/or cord~erite; spessartine-rich garnet; and grossular-rich garnet. 

12.4.2 Distribution of Mafic Phases 

12.4.2.1 Low Ca, low Mil, Almandine-Pyrope Garnet and/or Cordierite 

These phases have been reported in granitoids in most mobile zones (U.S.S.R. 

and the Republic of.China not researched by the author), varying in age from 
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Proterozoic (Green and Baadsgaard, 1971; Gorbatschev, 1972a) to Tertiary 

(Gulson, 1973). They appear to be more common in Palaeozoic mobile zones 

such as eastern Australia (see below), Massif central and Vosges in France 

(Didier and Lameyre, 1969; van Moort, 1966; Saavedra et al., 1973), south

west England (Brammall and Bracewell, 1936; Brammell and Rao, 1936; Exley and 

stone, 1964), the north-eastern Appalachians (Heald, 1950; McKenzie and Clarke, 

1975; Smith and Turek, 1976; Jayasinghe and Berger, 1976; J.B. Lyons, pers. 

comm.) , and the Cape area in South Africa (Scholtz, 1946; Allsopp and Kolbe, 

1965). 

A notable exception to this distribution is western North America where 

Mueller (1969) comments on the rarity of strongly aluminous mafic phases. 

Taubeneck (1964) describes cordierite trondhjemites of apparently restricted 

distribution in north-eastern Oregon. In South America, in the Andean mobile 

zone, aluminous mafic phases in granitoids are rare except near the eastern 

margin of the zone in Bolivia (Turneaure, 1971). 

Garnet and cordierite in volcanics and associated granitoid rocks are 

relatively common in eastern Australia. In Victoria, early workers proposed 

both primary magmatic (Hills, 1932; Edwards, 1936; Baker, 1940) and xenocrystal 

(Edwards, 1936; Baker, 1940; Tattam, 1925) origins for the aluminous phases 

and suggested that assimilation of pelitic country rocks may have played a 

significant role in their crystallization. Recent investigators have extended 

the distribution of rocks carrying alurninous phases, and described the mineral

ogy and chemistry of the host rocks and minerals (Green and Ringwood, 1968; 

Keble, 1968; A. Rossiter, pers. comm.; R. Dudley, pers. cornm. j Birch and 

Gleadow, 1974). Although many aspects of the aluminous phase-bearing granit

aids in Victoria and Tasmania are similar, the orthopyroxene- and garnet-bearing 

lavas are not found in Tasmania. The hypersthene-bearing st. Marys Porphyry 

at the southern end of the Blue Tier Batholith may have some counterparts in 

the Victorian volcanics. White et al. (1974), Brooks and Leggo (1972), Guy 

(1969) and Pidgeon and Compston (1965) have described regional-aureole and 
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contact-aureole aluminous phase-bearing granitoids in south-eastern New South 

Wales. In the New. England Orogen, Binns (1966) described garnet-bearing gran

itoids in the Hillgrove Suite, and Flood and Shaw (1975) have described the 

voluminous (25% of the granitoid rocks), contact-aureole, cordierite-bearing 

Bundarra Suite. Other briefly noted occurrences of aluminous phase-bearing 

volcanics (Ryall, 1965; Ashley et al., 1971; Taylor et al., 1969) indicate that 

such rocks are widespread in eastern Australia, and possibly even more common 

than is suggested by the literature. In several areas in eastern Australia the 

garnet- and cordierite-bearing plutons occur in the same composite batholiths 

as the hornblende-bearing plutons. 

Both in Australia and elsewhere, more than passing attention has been 

given to garnet-bearing volcanics. The best known exposures include the 

Borrowdale Volcanics in the Lake District of England and Wales (Oliver, 1956; 

Fitton, 1972), minor rhyolite sequences in the South Island of New Zealand 

(Wood, 1974) and volcanic5 with a range in composition in eastern Czechoslo

vakia (Brousse et al.,. 1972 - although some of the garnets have high CaO con

tents). Other minor occurrences of garnet-bearing volcanics are found in 

south-eastern Spain (Zeck, 1970), Japan (Ohmori, 1942), north-eastern Appala

chians (Rankin, 1968) and Turkey (Keller and Villari, 1973). Although only 

brief petrographic and chemical descriptions of these garnets are given, they 

differ from the spessartine-rich garnets considered in the following section. 

No aluminous phase-bearing volcanics have been recorded in western North Amer

ica. A further important aspect of. the distribution of aluminous phases in 

volcanics is the lack of such phases in the island-arc, calc-alkaline extrusive 

(and intrusive) rocks. The author is not aware of any locality where alrnandine

pyrope garnet and/or cordierite coexist in equilibrium with hornblende in the 

island-arc rockse 

In eastern Austraiia, plutons carrying varying proportions of ei~her or 

both minerals occur in close proximity. In the Massif Central of France many 

plutons are characterized by cordierite, whereas alrnandine-pyrope garnet appears 
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to be rare. However, Goernan (1972) describes garnets in intrusive, Variscan 

granites in south-eastern West Germany. The distribution of the aluminous 

phases, including muscovite, refleqts compositional variations between magmas 

and the pressure, temperature and water activities during partial melting and 

crystallization. Regional differences in these variables may be reflected in 

the varying mineralogical patterns. 

12.4.2.2 Spessartine-rich Garnets 

The association of spessartine-rich, almandine garnets with muscovite 

leucogranites, aplites and pegmatites has been established by several workers 

including Wright (1938) and Troger (1959). Miyashiro (1955) distinguished be

tween the alrnandine-pyrope and almandine-spessartine garnet associations in 

cale-alkaline rocks. These differing associations occur in the Tasmanian 

granitoids, but· are not clearly distinguished in the Rakeahua Granite (Stewart 

Island, New Zealand - Appendix F), where both garnets have crystallized, pos

sibly at different stages during the paragenesis. In the residual magmas not 

only has the increased concentration of Mn probably contributed to the stability 

of the spessartine-rich garnet (Miyashiro, 1955, Wright, 1964, Joyce, 1973), but 

experimental work (T.H. Green, pers. comm.) suggests that these garnets crys

tallized at lower pressures. For eastern Tasmania, and possibly the Rakeahua 

Granite, both these factors are consonant with the geology. Secondary spes

sartine-rich garnet may occur in altered and mineralized leucogranites (Plimer, 

1974) . 

Garnet-bearing aplites and pegmatites have a widespread distribution and 

occur in both aluminous granite terrains (Joyce, 1973) and in hornblende-bear

ing granitoid terrains (Hall, 1965, Leake, 1967), and are possibly more common 

in the former. Spessartine-rich garnets occur in aplites which intrude both 

types of plutons in Tasmania. 

12.4.2.3 Grossular-rich Garnets 

In the Tasmanian granites the almandine-pyrope garnet solid solutions 

have grossular contents less than 5 mole percent. Garnets with greater Ca 

~
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contents are rare in calc-alkaline rocks and have been reported in only three 

localities. Ca-rich garnets (Ca up to 12 mole %) coexist with hornblende and 

biotite in two small, 74 m.y. old, tonalite stocks in British Columbia (Warren, 

1970). Warren also suggests that this association is more common than has 

been noted in the coast plutonic complex of British Columbia. 

Garnets in hornblende-garnet dacites and andesites in the Soviet Far East 

(Sakhno et al., 1970) have grossular contents from 6 to 14 mole percent. Sakhno 

et al. (1970) suggest that the garnets have crystallized from the magma follow

ing assimilation of alurninous sediments. 

Green and Mysen (1972) have described hornblende-plagioclase-quartz-bio

tite-garnet pegmatite patches and veins genetically associated with eclogites 

in western No~ay. The garnets have grossular contents from 12 to 28 mole 

percent. Green and·Mysen (1972) suggest that partial melting at pressures 

greater than 8 kb. (based on garnet composition) has given rise to the pegma

tites, consequently lowering the PH20and stabilizing eclogite relative to 

amphibolite. 

12.4.3 Aluminous Granites 

12.4.3.1 Supersolidus Crystallization 

In section 7.4.3 it was shown that the mineralogy of the aluminous gran

ites reflects the bulk chemical composition of the rocks and their crystalliza

tion conditions. The mafic phases are aluminous, including the biotite whose 

high Al content distinguishes it from the biotites in the hornblende-biotite 

granitoids. Variations in the MgO/Total PeO ratio and the degree of alumina 

saturation (and possibly water content) determine the stability of garnet with 

respect to cordierite when the crystallization conditions are suitable for both 

phases. The stability fields of the mafic phases and the evidence for crystal

lization at high crustal levels allow fairly precise estimates of the P-T his

tories and qualitative estimates of the water contents of the magmas. 

For those granitoids in which garnet and biotite are near-liquidus phases, 

the garnets have crystallized at pressures greater than approximately 7 kb. and 
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less than 10 kb., and at temperatures less than the maximum stability limit 

of biotite (approximately 900 to 950°C). For the cordierite-biotite granites, 

the cordierite crystallized at pressures less than approximately 4 kb. The 

assemblage garnet-cordierite-biotite crystallized between 4 and 7 kb. (Figure 

12.2). These estimates are for a magma with Mg/Mg+Fe ~ 0.35 (Green, 1976) and 

for compositions with lower Mg/Mg+Fe ratios the equilibrium pressures are 

lowered. Other near-liquidus phases include quartz and probably plagioclase .. 

Crystallization studies (Whitney, 1975a) and melting experiments (Green, 1976) 

show that plagioclase would be a near-liquidus phase. The plagioclase may 

have been early in the crystallization history as it has a subhedral form, but 

it was not included by the garnet as was quartz. Experimental estimates for 

the water contents of the granitic magmas range from 2 to 5 percent (by weight) 

for liquidus temperatures in the range 950 to 800°C and at approximately 8 kb. 

total pressure (Whitney, 1975a; Green, 1976; Maaloe and Wyllie, 1975). The 

slight decrease in the Mg/Mg+Fe ratio of the garnet from core to rim is cor

related with decreasing temperatures during crystallization. Preservation of 

the zoning suggests that ascent and cooling below approximately 650°C was rela

tively rapid, as the garnet composition would tend to be homogenized by diffu

sion in the order of 106 years (Anderson and Buckley, 1973; Woodsworth, 1976). 

Following the generation of sufficient magma and initiation of ascent 

(Fyfe, 1969), garnet that crystallized at pressures greater than 5 kb. would 

be unstable with respect to cordierite below 4 kb. Garnet replaced by cord

ierite has been described in Victorian granitoids (Ringwood, 1955), but was 

not observed in the Tasmanian granites. Instead the garnet is replaced by 

biotite similar in composition to the primary biotite. This reaction is com

mon to the six plutons with significant garnet populations, although it appears 

to have been less extensive than the subsolidus biotite replacement of garnet. 

The limited extent of the supersolidus replacement suggests that the reaction 

may have been controlled by the availability of water. During the ascent of 

the magma, the water content of the melt would increase as a consequence of 
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the crystallization of anhydrous phases, although biotite crystallization 

'm~y tend to reduce the water content of the melt. At higher crus tal levels, 

advanced crystallization would increase the water content of the melt and 

promote reaction between garnet and the melt to produce biotite. The K and 

Ti for the biotite, as well as OH, would be available from the melt. That 

the reaction was not more extensive in the garnet-biotite granites suggests 

that the water contents of the original magmas were low, that second boiling 

occurred over relatively narrow temperature intervals and that the exsolved 

fluid phase moved rapidly out of the plutons. Burnham (1967) has shown that 

once a fluid separates as bubbles, it will rise according to Stokes Law. 

Where the fluid cannot escape the pluton, extensive subsolidus reaction would 

be expected, perhaps similar to that observed in several plutons (Bicheno, 

Maria Island and Hogans Hill Granites). 

There is no petrographic evidence to indicate why cordierite does not 

replace garnet at lower pressures during the ascent of the magma. Possibly 

during the final stages of crystallization there was sufficient Al in the melt 

to crystallize biotite, but not cordierite~ The increased water content of 

the melt may also have stabilized biotite with respect to cordierite. The 

Musselroe Microgranite is the only rock type in which cordierite may have 

crystallized after garnet, and in this case the garnet, occurring in thin 

layers, was segregated from the melt which crystallized the cordierite. A 

possible interpretation for this occurrence is that the garnet crystallized 

at depth and was segregated in situ at a much higher crustal level. As the 

cordierite is intimately intergrown with the other phases in the microgranite, 

it probably crystallized in situ at the higher crustal level. 

The assemblage "biotite-muscovite is compositionally equivalent to cord

ierite + K-feldspar + H20. Two-mica granites are relatively rare among the 

aluminous granites in Tasmania and this suggests that most of the granites 

crystallized at low pressures (2-3 kb.), outside the stability field of mus

covite at near-solidus temperatures I and/or at low water activities. Primary 
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muscovite occurs in granitoids elsewhere in the Tasman Orogenic Zone, for 

example the Murrumbidgee Batholith (Joyce, 1973), the Cooma Granite (White 

et al., 1974), the Corryong Granite (Brooks and Leggo, 1972) and in the 

Bundarra Suite cordierite granites (Flood and Shaw, 1975), but most of the 

widespread muscovite in the Tasmanian granitoids appears secondary, replac

ing feldspars and biotite. 

12.4.3.2 Subsolidus Crystallization 

Under subsolidus conditions the following reactions occurred in the 

unaltered and slightly altered, garnet-cordierite-biotite granites. 

garnet ~ secondary biotite-l (rarely chlorite and tourmaline) 

cordierite ~	 secondary biotite-2, white-mica, andalusite and� 
amorphous compounds� 

biotite ~ chlorite (white-mica) 

feldspars ~ white-mica, biotite and tourmaline 

Biotite replacing garnet or cordierite has a composition specific to either 

primary phase and is unlike the pr'imary biotite. The paragenetic relation

ships between the secondary phases are unknown. The biotite replacing garnet 

in several samples is closely associated with myrmekite and perthite in K-

feldspar which are interpreted as subsolidus exsolution phases. The chlorite 

replacement of primary biotite is accompanied by Fe-carbonate and apatite 

needles. The white-mica and tourmaline replace feldspars in all plutons, but 

are well developed in the slightly altered rocks. 

In general these reactions involve hydration of an anhydrous phase. The 

source of the water (and Cl, F and B) is probably the exsolved fluid phase of 

the magma. In the unaltered plutons the secondary reactions have not caused 

extensive replacement of the anhydrous phases, suggesting that excess fluid 

was not available at any stage. For the slightly altered plutons and the 

strongly altered biotite granites, the extent of secondary reactions was 

greater, involved repla~ccero'ents of both feldspars and O· and Sr isotopic 

adjustment under the subsolidus conditions. The P-T conditions prevailing 

during these reactions were probably in the range 2 to 1 kb. and 700 to 200°C. 
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Under these conditions garnet is unstable, and at equilibrium a breakdown 

assemblage would inolude cordierite and a hydrous phase at 2 kb. fluid pressure 

and 500 to 600°C (Hsu and Burnham, 1969; Hsu, 1968). Only the hydrous phases 

biotite or chlorite (tourmaline) replace the garnet and their composition ap

pears to be controlled by the availability of K (and B). The specific compo

sitions of the secondary biotites in the garnet and cordierite in the same 

pluton (Bicheno Granite) suggest that the fluid composition was largely con

trolled by the mineralogy over small volumes (Greenwood, 1975a) and/or that 

Fe, Mg and Ti were not readily soluble in the dispersed fluid phase. Consider

ing the retrograde zoning in the garnet, the Fe, Mg, Al and Si (Ti?) were sup

plied to the growing biotite from the garnet, whereas the K and OH were supplied 

by the dispersed phase. Possibly Ca and Si were supplied to the fluid from the 

garnet as they 'are not preferentially retained in the garnet .and occur in excess 

of the amount needed for the biotite. In some rocks, the chemical components 

of secondary biotite replacing feldspar may be derived from the reaction between 

the garnet and the dispersed fluid phase along garnet margins and cracks where 

secondary biotite was not produced. For garnet replaced by supersolidus bio

tite, similar movement of elements is suggested by the zoning, although the 

width and intensity of the zoning is greater and probably reflects higher rates 

of diffusion at high temperatures. Retrograde diffusion controlled zoning and 

replacement of garnet by biotite and chlorite is common in metamorphic rocks 

(Grant and Weiblen, 1971; Gorbatschev, 1972b; Dallmeyer, 1974b; Bethune and 

Laduron, 1975), and has been experimentally reproduced (Schneider, 1975). 

The low temperature stability limit of Fe- and Mg-cordierite has been 

experimentally established by Richardson (1968) and Seifert and Schreyer (1970) 

respectively. Over the range 3 to 1 kb. fluid pressure and 500 to 550°C, the 

cordierite breaks down to phases such as chlorite, chloritoid, pyrophyllite, 

andalusite and quartz. In the granites the cordierite is replaced by predomi

nantly white-mica and biotite, possibly after a hydration stage which produced 

an amorphous compound. Andalusite also replaces the amorphous compound. As 
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with the garnet, the mineralogy of cordierite breakdown products is controlled 

by the availability of a K-bearing dispersed phase. 

The white-mica replacement of feldspars and andalusite and the biotite 

replacement of the anhydrous phases may be related via ionic reactions in the 

dispersed fluid phase. Carmichael (1969) has suggested that Al is relatively 

immobile during metamorphic reactions and that the reactions can be considered 

to occur in separate microscopic domains which are linked through ion exchange 

·reactions. The replacement of K-feldspar by muscovite may be represented by 

KA12A1Si3010(OH)2 + 6Si02 + 2K+ ++ 3KA1Si30S + 2H+ 

and occurs on a loss in K+ ions or a decrease in pH, or both. The andalusite 

replacing (?)the groundmass in the Bicheno Granite may have been formed by 

the dealkalization of .K-feldspar: 

2KA1Si30S + 2H+ ++ A12SiOS + SSi02 + 2K+ + H20. 

This reaction and the rnuscovitization of andalusite 

2KA12A1Si3010{OH)2 + 2H+ ++ 3A12SiOS + 3Si02 + 2K+ + 3H20 

are dependent on the water activity, pH and K+ ion activity. In the slightly 

altered garnet-cordierite-biotite granites, the replacement of K-feldspar by 

muscovite may be coupled with the replacement of garnet by biotite. The crys

tallization of biotite.will increase the pH of the fluid and promote the mus

covitization of K-feldspar. Such coupled reactions have been described by 

Carmichael (1969) and Eugster (1970). In the more strongly altered rocks, the 

mineral eguilibria are probably controlled by the composition of the metasoma

tic fluid through ionic exchange reactions. 

12.4.4 Hornblende-Biotite Granodiorites 

The hornblende-biotite granodiorite, and rare biotite granites associated 

with the former, are typical of Chappell and White's (1974) I-type granitoids. 

The mafic index of the granodiorites ranges from 5 to 3D. The mafic phases 

are commonly accompanied by sphene, cored and complexly-zoned plagioclase and 

minor K-feldspar. The hornblende forms both euhedral to subhedral crystals 

and ragged grains intergrown with biotite. The intergrowths are thought to 
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be microinclusions developed by the breakdown of the larger hornblende-biotite 

diorite inclusions. Common secondary minerals are chlorite, white-mica and 

epidote. 

There are little compositional data for the mafic phases in the Tasmanian 

granodiorites. Several biotite compositions are compared with those from the 

aluminous granites in Figure 6.8. The biotite compositions have Mg/Mg+Fe 

ratios significantly higher than those in the aluminous granites and are com

parable with biotites from granodiorites in other granitoid terrains. There 

are no cornpositional data for hornblende from the granodiorites, but their 

optical properties suggest that they are calcic-hornblendes. Compositions of 

hornblendes in granitoid rocks from other areas have been given by Dodge, 

Papike and Mays (1969), Dodge and Ross (1971) and de Albuquerque (1974); and 

Jakes and White (1972b) suggest the granitoid rock hornblendes are similar in 

composition to hornblendes from continental andesites and dissimilar to those 

in island-arc andesites. 

The crystallization conditions, over a wide pressure range (1-35 kb.), 

for hornblende-biotite granodiorites and compositionally related rocks, es

pecially from western North America, have been extensively studied (Piwinskii, 

1968b, 1973, 1975; Brown and Fyfe, 1970; Robertson and Wyllie, 1971; Green, 

19721 Eggler and Burnharn, 1973; Whitney, 1975a1 stern et al., 19751 Wyllie 

et al., 1976). Field evidence from Tasmania suggests that these rocks were 

not saturated with water during crystallization. Maaloe and Wyllie (1975) 

suggest, from field evidence and a variety of petrogenetic indices, that 

batholithic granitoid magmas have low water contents. with this constraint, 

the main features of the crystallization of a hornblende-biotite granodiorite 

melt are: 

1. Over a total pressure range of 0 to 15 kb., plagioclase and pyroxene 

will be near-liquidus phases. 

2. The liquidus temperatures will be strongly dependent on the water 

content of the magma, and for a granodioritic composition (70% Si02) the 
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liquidus temperature varies from approximately 950 to 12000 c (10 kb.) for 

water contents of 6 to 2 weight percent. The liguidus temperature will also 

depend on the bulk rock composition, but rock types in the range granite to 

diorite have liquidus temperatures in excess of 800°C for low water contents 

and lower crustal total pressures. 

3. Hornblende and biotite will be near-liquidus phases only at relatively 

high water contents (4-8% water). 

4. Saturation of the magma by water will occur during the last stages of 

crystallization (10-20 0 C). Crystallization may extend over 300 to 400°C. 

There is no experimental information to define an upper limit to the total 

pressure during crystallization of the granodiorites (for crustal conditions). 

12.5 Source Rocks 

Field, compositional and mineralogical characteristics of the Tasmanian 

granitoid plutons point to the individuality of each pluton. These charac

teristics are interpreted below as evidence for different source rocks for 

each pluton rather than a genetic relationship between the plutons. Consider

ing the range in potential source rocks for granitoids in the continental crust 

and the upper mantle, a wide variety of granitoid compositions may be expected. 

Chappell and White (1974) have, on the basis of chemical composition, mineralogy 

and the nature of inclusions, outlined two groups of granitoids, the S- and I

types, which they suggest are derived from sedimentary and igneous source rocks 

respectively. As there is a range in potential source rocks, some overlap in 

characteristics between these two groups may be expected. For the Tasmanian 

granitoids the two groups of source rocks and some of the characteristics of 

the source rocks for particular S-type granites can be distinguished. 

The Tasmanian granites have chemical and mineralogical characteristics 

similar to S-type granitoids. Features which support the derivation of the 

S-type granites from crustal sedimentary sources are: 
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1. The initial Sr isotopic ratios of the S-type granites are greater than 

.708 and marked differences occur between some plutons. The initial Sr isoto

pic ratio of a pluton reflects the age and RbjSr ratio of its source rocks. 

Depending on the various Sr evolution models for the mantle, granites of Pal

aeozoic age derived from the mantle would have initial ratios in the range 

.702 to .706. Higher initial ratios in granitoid plutons may be generated 

by contamination of mantle derived magmas with continental rocks which have 

high RbjSr ratios or by anatexis of continental rocks (these arguments are de

tailed by Faure and Powell, 1972). To raise the initial ratio of a mantle 

derived magma from .706 to .710 requires the assimilation of· some 20 percent 

(by weight) of the Mathinna Beds (Sr isotopic ratio .729) at 380 m.y. ago in 

north-eastern Tasmaniaa If the magma was contaminated by average continental 

crust (Sr isotopic ratio .717 - Faure and Powell, 1972) during ascent, then 

some 45 percent assimilation is required to raise the initial ratio from .706 

to .710. These estimates of the extent of assimilation would need to be doubled 

to change the initial ratio from .706 to .714 which is the highest initial ratio 

among the north-eastern Tasmanian S-type granites. There is little supporting 

evidence (section 12.2.3) for such high levels of contamination among the S-type 

granites, at least in the upper crust, indicating that the high initial ratios 

reflect their derivation from crustal rock types with high Sr isotopic ratios. 

If 10 percent Mathinna Beds equilibrated isotopically with 90 percent granite, 

then the initial ratio of the granite would be increased by approximately 0.0017. 

The range in initial ratios from .708 to .714 suggests that each pluton was de

rived from different crus tal source rocks, each with different Sr isotopic 

ratios. Assumptions behind this discussion are that Sr isotopic fractionation, 

which has not been recorded in nature (Faure and Powell, 1972), did not occur 

on partial melting and that selective isotopic contamination did not occur 

during ascent and intrusion of the magmas. 

2. The crystallization conditions, especially the pressure, are defined by 

the mafic assemblages of the granites. Experimental equilibria indicate that 
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the assemblages garnet-biotite, garnet-cordierite-biotite and cordierite-bio

tite crystallize at pressures less than 10 kb. and the cordierite-biotite 

assemblage crystallizes at pressures less than 4 kb. in fairly Mg-rich compo

sitions (Mg/Mg+Fe ~ 0.35). Although these relations do not indicate the com

position of the source rocks, they restrict the crystallization of these gran

itoids to crustal conditions Also, as garnet and cordierite appear to bea 

near-liquidus phases, and relict phases in some granites on the Australian 

mainland, the crystallization conditions are thought to be similar to the 

conditions under which melting occurred. If this is correct the different 

mafic assemblages suggest that melting occurred at different levels in the 

crust in different source rocks a 

3. The major oxide chemical composition of the S-type granites is consis

tent with their-derivation from pelites. The highly aluminous nature, low Na20 

and CaO contents, and high Si02 contents are compositional characteristics of 

the S-type granitoids which are similar to those of pelitic rocks. 

4. Elsewhere in eastern Australia (Chappell and White, 1974; White et al., 

1974), S-type contact-aureole granitoids commonly carry metasedimentary inclu

sions which are distinguishable from the accidentally incorporated country 

rocks. These inclusions, which are not observed in the granodiorites, are 

interpreted by Chappell and White (1974) as residual fragments of high-grade, 

pelitic source rocks. 

5. The regional-aureole, S-type granitoids of Victoria and New South Wales 

also provide strong evidence for the generation of the granitoids from pelitic 

source rocks. The regional-aureole granitoids have compositional and mineral

ogical characteristics comparable to those of the contact-aureole granitoids, 

but appear to be derived by partial melting from the surrounding high-grade, 

pelitic schists (Pidgeon and Compston, 1965; White et al., 1974; Brooks and 

Leggo,1972). The regional-aureole, S-type granitoids may be a reasonable 

model for the site of melting of the magmas which subsequently ascended through 

the crust to crystallize as contact-aureole, S-type granites. The cordierite
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biotite granite of the contact migmatite at Bridport in Tasmania (section 5.2) 

is a� small scale example of partial melting in a pelite. 

The Tasmanian granodiorites have chemical and mineralogical characteris

tics� similar to the I-type granitoids. The source rocks for the granodiorites 

inferred from limited field and chemical data are distinct from the source 

rocks of the S-type granites. Features which support the derivation of the 

I-type granitoids from crustal, mafic igneous source rocks include: 

1. The initial Sr isotopic ratios of the granodiorites are within the 

range .705 to .708. These values overlap those for the upper mantle of 

Palaeozoic age and suggest derivation from rocks with low Rb/Sr ratios. Based 

on the Sr isotopic data alone, Proterozoic basaltic to andesitic rocks derived 

from the mantle would have been suitable source rocks for the granodiorites. 

Comparison of these initial ratios (.705-.708) with those of other I-type gran

itoids (.704-.706) in eastern Australia (Chappell and White, 1974) indicates 

that the Tasmanian granodiorites have higher initial ratios. The higher ratios 

may reflect slightly more radiogenic source rocks or assimilation at any level 

in the crust. To raise the initial ratio from .706 to .708 at 380 m.y. ago 

requires assimilation of approximately 10 percent (by weight) of the Mathinna 

Beds or approximately 20 percent of average continental crust (Faure and Powell, 

1972). Inferring contamination for the Tasmanian granodiorites on the basis of 

comparison with I-type granitoids from elsewhere is hardly satisfactory, and 

points to the need for detailed contamination studies. 

2. The restriction of hornblende-biotite diorite inclusions to the Tas

rnanian granodiorites, even though they have intruded the same crustal area at 

a similar time as the granites, suggests that these inclusions are relict frag

ments from the site of partial melting. The mineralogy of the inclusions is 

similar to the mineralogy of the host and an undetermined proportion of indi

vidual hornblende, biotite and plagioc1ase grains dispersed in the host ·may be 

phases from disrupted inclusions. A relict origin for these inclusions in 1

type� granitoids has been suggested by Chappell (1966) who showed that the 
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diorite inclusions from many terrains are a cornpositional extension, on Harker 

vari~~~9n diagrams, of the mobilized magma composition. Piwinskii (1968a), 

Didier ~nd Larneyre (1969), Presnall and Bateman (1973), Joyce (1973) and White 

et al. (1976) have supported a relict origin for the dioritic inclusions in I-

type granitoids. The igneous appearance and mineralogy of the inclusions are 

strong evidence that these relicts are fragments of basaltic or andesitic rocks. 

3. The major oxide composition of the granodiorites is distinct from the 

composition of the granites and is consistent with their derivation from a less 

aluminous, higher CaD and NaZO source. The compositional data alone suggest 

that the granodiorites could be derived from a variety of rock types including 

Ca-rich greywackes and mafic igneous rocks. 

4. I-type granitoids with regional metamorphic aureoles are not found in 

eastern Australia, and have been recorded relatively rarely in the literature 

(Mehnert, 1968, p. 273; Hollister, 1974, 1975; Lappin, 1976). In the cases 

cited the source rocks were a mixture of ortho- and para-gneisses which were 

partially melted at lower crus tal conditions. 

The widespread occurrence of relict inclusions of igneous appearance sug

gests that the major source materials for I-type granitoids are mafic igneous 

rocks. The data available for the Tasmanian granodiorites are consistent with 

this source. Elsewhere Ca-rich, metasedimentary rocks may be significant 

source rocks and in some mobile zones direct generation of I-type granitoids 

from the mantle cannot be ruled out with presently available compositional data. 

Using a Sr evolution diagram (Figure 12.1) the Sr isotopic composition of 

the granitoids can also provide constraints on the age of the source rocks if 

the Rb/Sr ratio of the source rocks can be estimated. Assuming no fractionation 

87of Sr isotopes on partial melting, and using an average continental crust Rb / 

86 
sr ratio of 0.5 (Faure and Powell, 1972), the maximum age of the source rocks 

for the aluminous granitoids would be 1500 m.y. Perhaps a more reasonable 

87 86 source material is an average shale with a Rb /Sr ratio of 1.5 (Taylor, 

1965) . the maximum age would be 850 m.y. These ages are derived from thethen 

• "1 
Pr " 
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FIGURE 12.1. Sr evolution diagram for various rocks. Sr isotopic· 
changes with time for the a1uminous granites are shown as an envelope 
bounded by the extremes in Rb87;Sr86 ratios (5,47) for these rocks. Sr 
evolution lines for average continental crust (Rb;Sr = 0.18, Rb 87;Sr86 

= 0.5) and average shale (Rb;Sr = 0.47, Rb87;Sr86 = 1.5) are drawn 
through the· average initial Sr isotopic ratio for the three garnet
biotite granites analysed. Also shown are the Mathinna Beds and the 
basalt source region which is based on a constant Rb;Sr ratio for the 
mantle. 
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intersection of the upper mantle grQwth curve and Sr evolution curves for con

tinental crust and average shale. A convex upwards upper mantle growth curve, 
, 

based on the preferential removal of Rh relative to Sr with time, would give 

rise to slightly younger intersection ages (of the order of 1200 and 800 m.y.). 

These order of magnitude limits (1500-800 m.y.) indicate a Proterozoic age for 

the source rocks of the alurninous granites. This is a reasonable age for rocks 

of the lower crust on the eastern Australian continental margin. The rnetarnor

phic age of the Precambrian basement in Tasmania is at least 700 m.y. (McDougall 

and Leggo, 1965). The Mathinna Beds at depth are not a likely source for the 

aluminous granites unless significant isotopic fractionation (.729 to .712 

Figure 12.1) occurred during partial melting. Although not shown in Figure 12.1 

for reasons of clarity, a similar analysis can be made for the I-type grano

87 86
diorites. If average basalt with a Rb /sr ratio of 0.18 (Taylor, 1965) was 

the source rock, the maximum age would be 800 rn.y., a reasonable age for so~rce 

rocks in Tasmania, although basaltic rocks 800 rn.y. old are not exposed. 

12.6 Partial Melting and Fractional Crystallization 

The nature of the partial melting process and the extent of fractional 

crystallization may significantly affect the homogeneity and composition of the 

granitoid magmas. Presnall and Bateman (1973) have analysed the change in 

composition of melts derived by partial fusion, and have shown that if the 

composition of the lower crust can be adequately expressed within the system 

Ab-An-Or-Qz-H20, then equilibrium melting followed by fractional crystalliza

tion can reproduce the range in composition found in the I-type intrusive se

quences of the Sierra Nevada Batholith. Fractional fusion would not reproduce 

the range in composition, even though the more recent experimental results of 

Whitney (1975a) show that the feldspar cotectic at higher pressure is coincident 

with adarnellite or granodiorite compositions. Burnharn (1967), Brown and Fyfe 

(1970), Fyfe (1973b) and Grant (1973) have discussed the role of the hydrous 

minerals in releasing water to initiate melting or increase the water content 
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of a melt. In the former case, a fluid phase will not be present in a high

grade (amphibolite facies) metamorphic rock, and the degree of melting, at the 

breakdown temperature of the hydrous phase, and the water content of the re

sultant melt will depend on the modal proportion of the hydrous phase in the 

source rocks. In pelitic compositions, partial melting would be controlled 

first by muscovite and then by biotite breakdown, in both cases over a wide 

range in temperature depending on the composition of the minerals (Brown and 

Fyfe, 1970). In andesitic or tholeiitic compositions, hornblende and biotite 

breakdown reactions would determine the temperature at.which I-type melts were 

generated. The melting of anhydrous minerals in the presence of a fluid phase 

has been outlined by Wyllie (1971) and Winkler (1976). The anhydrous nature 

of the residual phases following removal of a partial melt from the lower crust 

has been discussed by Fyfe (1973b). The resulting rocks have granulite miner

alogies and are depleted in trace elements which are readily fractionated into 

the granitoid melt (Heier, 1973, Lewis and Spooner, 1973; Moorbath, 1975). 

Total melting of source rocks ·is unlikely because a partial melt will be 

buoyant and tend to rise, carrying relict phases. A partial melt may be en-. 

tirely liquid or liquid plus relict crystals and inclusions, depending on the 

mode of separation of the melt. Joyce (1973) discussed both partial melting 

situations in the Murrumbidgee Batholith. If the melt is filtered through a 

migmatite zone, then a clear separation of melt occurs prior to collection of 

a mass of magma large enough to ascend from the lower crust (Fyfe, 1973a). 

Field, petrographic and compositional characteristics of the mafic phases in 

the Tasmanian S-type granites support a primary igneous origin rather than a 

refractory origin for these phases (sections 3.5, 7.4.3.3). For the Tasmanian 

granites then, there appears to have been a clear separation between the source 

rocks and the magmas. In other S-type, eastern Australian granitoids and lavas, 

the mafic phases have been interpreted as relict phases with magmatic over

growths (Birch and Gleadow, 1974; Flood and Shaw, 1975). A relict origin for 

garnet and cordierite in some S-type granite plutons is supported by the occur
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rence of garnet- and cordierite-bearing metasedimentary inclusions (Chappell 

and White, 1974). In plutons with metasedimentary inclusions, any petrographic 

similarity between the dispersed mafic phases and the mafic phases in the in

clusions may be masked by magmatic overgrowths. As the residual phase of par

tial melting is the liquidus phase of the melt and as there is a potential range 

in the degree of separation between the source rocks and the melt, the origin 

of the mafic phase assemblage in each pluton should be considered separately. 

The s-type Tasmanian granites were mainly melts with relatively little 

solid relict material, whereas most of the I-type granodio~ites carry relict 

inclusions and rnicroinclusions. Plutons with significant relict inclusion 

populations may be relatively inhomogeneous in composition compared to plutons 

without inclusions, but the inhomogeneity also depends on the nature of the 

source rocks, the effectiveness of mixing within the magma during ascent and 

intrusion and the extent of contamination by the country rocks. As the S-type 

granitoids" are derived from a sedimentary pile, these rocks may be expected to 

have irregular variation diagrams and poorly fitted whole-rock Sr isochrons, 

compared with the I-type granitoids derived from relatively ~omogeneous igneous 

source rocks. Chappell and White (1974) suggested that inhomogeneity of the 

S-types is a general characteristic of these rocks, but among the Tasmanian • 
granitoids the S- and I-types have both poorly and well fitted Sr isochrons. 

The isochrons will also reflect the extent of mixing in the magma. Hofmann 

(1974) has shown that diffusion rates of"Sr isotopes are too slow to ensure 

equilibration through large magma volumes in geologically reasonable times. 

Consequently equilibration of the isotopes will only be established if the 

magma body undergoes convection. Roddick and Compston (1976a) have emphasized 

that the extent of Sr isotopic equilibration may be limited during the partial 

melting of source rocks and the emplacement of granitoid magmas. They show 

that regional variations in the Rb/Sr ratio of sedimentary source rocks may be 

preserved within the derived melts. The old, 465 ± 65 m.y. isochron age for 

the pyengana Granodiorite may be an inherited isochron in an I-type granitoid. 
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For many plutons which have well defined whole-rock isochrons with ages similar 

to mineral ages, equilibration must be the result of uniform source rock compo

sitibns or effective magma convection and a lack of variable assimilation of the 

country rocks. Distinction between these three factors which affect the homo

geneity of the Sr isotopic systems requires detailed analysis for each pluton. 

Magmatic differentiation through crystal fractionation has been advanced 

for the generation of the calc-alkaline plutonic rocks (Nockolds and Allen, 

1953), mainly on the basis of smooth chemical variation trends comparable to 

those in the extrusive calc-alkaline rocks (Irvine and Baragar, 1971). Crystal 

fractionation has been invoked for part of the general seque~ce granodiorite

mafic granite-leucogranite in Tasmania (Groves, 1972b, in press), but data pre

sented in this thesis are not consistent with close genetic ties between the 

main groups of.granitoids, defined by the mafic assemblages, or between plutons 

within those groups. Before crystal fractionation can be established as a viable 

mechanism to generate the range in calc-alkaline compositions, not only must 

field, age relations and isotopic data be compatible with crystal fractionat ion , 

but the chemical models, based on the composition of the parent and the postu

lated fractionated phases, must be consistent with the composition of the resid

ual melt (Carmichael et al., 1974; Wright, 1974). An example of a group of rocks 

considered to be a genetic suite, but which on recent reevaluation was shown to 

be unrelated, are the Devonian basalts, andesites, rhyolites and intrusive gran
~ 

itoids of the Lorne Plateau, Scotland (Groome and Hall, 1974). Jakes and White 

(1972a) also suggest that simple fractional crystallization is unlikely to pro

duce the trend from tholeiitic through calc-alkaline to shoshonitic compositions 

in the island-arc and Andean volcanic sequences, and believe that the three main 

compositional groups have characteristics largely defined by partial melting of 

different source rocks. Ringwood (1975) has discussed possible models for the 

generation of calc-alkaline melts from the upper mantle and the role played by 

crystal-liquid fractionation in generating the characteristic calc-alkaline 

trends on AFM diagrams. 
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For the. S-type granites in Tasmania, the initial Sr isotopic ratios and 

field relations suggest that fractional crystallization giving rise to a range 

in composition is limited to high level fractionation of early formed phases. 

The variation in initial Sr isotopes indicates that each pluton was derived 

from different source rocks. In the S-type granites, near~liquidus phases 

which may be fractionated from the magma include biotite, garnet, cordierite, 

quartz and plagioclase. For viscosities from 106 to 109 poises, which is within 

the range of viscosities at near-liquidus temperatures for granitic compositions 

with low water contents (Shaw, 1965, 1972), Bartlett (1969) has shown that con

vection will occur in a large magma body, and that garnet grains approximately 

10 mm. in diameter would settle unless the viscosity was of the order 108 to 

109 poises. Without accurate measurement of the viscosity, which requires 

knowledge of the water content of the magma, the extent of garnet settling can

not be estimated. Garnet grains have reached high crustal levels, which sug

gests that the other near-liquidus phases were redistributed rather than settled 

towards the base of the ascending or stationary magma mass. Garnet fractiona

tion which would lead to marked enrichment in 5i02 contents and decreased 

Mg/Mg+Fe ratios in residual melts may have changed the composition of the 

magmas during ascent and intrusion, but has not generated separate magmas 

based on the different initial Sr isotopic ratios of the granites. The range 

in composition found in the Tasmanian aluminous granites, then, is thought to 

reflect the composition of separate partial melts. 

However, elsewhere within I-type granitoid terrains, a range of compositions 

and distinct sequences of intrusions suggest that the plutons are related through 

fractional crystallization. These sequences, which have been clearly distin

guished in the Sierra Nevada Batholith (Bateman and Dodge, 1970; Presnall and 

Bateman, 1973), have not been distinguished in Tasmania or elsewhere in eastern 

Australia. Presnall and Bateman (1973) have shown that an equilibrium partial 

melting episode, followed by fractional crystallization, may have produced each 

intrusive sequence, although- in one case the magmas ~ere derived from different 

cmm2
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sources (White Creek Batholith - Wanless et al., 1968). The mafic, dioritic 

end of each sequence is largely composed of crystal accumulates, whereas the 

felsic, granitic end of each sequence crystallized from fractionated residual 

liquids. The crystal "accumulates are derived from relict phases of the source 

rock and near-liquidus igneous phases which for low water contents would be 

plagioclase and pyroxene. Amphibole fractionation would be significant in dior

itic compositions only at relatively high water contents (Stern et al., 1975; 

Wyllie et al., 1976; Eggler and Burnham, 1973). Chappell (1966) has shown that 

the dioritic inclusions in the I-type granitoids are a compositional extension, 

on Harker variation diagrams l of the magma composition. Consequently the range 

in composition between and within plutons will reflect the degree of partial 

melting and the extent of the separation of the magma and the relict phases. 

Cawthorn et al. (1976) and Cawthorn and Brown (1976) have proposed a 

general model for the derivation of corundum-normative cale-alkaline rocks by 

fractionation of amphibole. Although there is little evidence in batholithic 

calc-alkaline rocks for high water pressures (Wyllie et al., 1976) which are 

necessary for amphibole to be a near-liquidus phase in granitic and granodior

itic compositions, Cawthorn and Brown (1976) show the fractionation of amphi

bole would effect~vely increase Si02 and normative corundum contents of resid

ual magmas. They also review the occurrence of garnets in cale-alkaline rocks 

and suggest that garnet crystallizes as a late phase in felsic residual magmas. 

In the most voluminous s-type, garnet-bearing granites, not considered in the 

review by Cawthorn and Brown (1976), the garnets are early in the paragenesis 

and partially replaced by biotite. High-Mn garnets in aplites, pegmatites and 

some leucogranites appear to crystallize both early and late in these rocks, 

depending on the buildup of Mn in the magma and probably the pressure, temper

ature, and water contents. Crystal-liquid fractionation, including amphif 02 

bole fractionation, probably contributes to the variety of I-type granitoids 

in some cale-alkaline sequences, but there is little support for this mechanism 

being operative in the generation of the markedly alurninous, garnet-bearing 

Tasmanian granites. 
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12.7 Regional Relations 

The recognition of two major source rock types for the granitoids in mo

bile, _continental margins must be considered in any petro-tectonic model for 

these areas. It is clear that all the granitoids cannot be derived from upper 

mantle partial melting which has been triggered by reactions along a Benioff 

zone. The general trend from mafic to felsic compositions towards the contin

ent in a mobile zone partially reflects the increasing proportion of magmas 
';' 

" derived from the continental crust. Pitcher (1974) has summarized the evidence 

for different source rocks for the granitoids across the Andean mobile zone in 

Peru. Also, lateral variations in the composition of the source rocks of the 

dominantly I-type granitoids of western North America have been discussed by 

Kistler and Peterman (1973), Kistler (1974) and Doe and Delevaux (1973). 

White et al. (1974, 1976) describe a general trend from east to west for 

1- to S-type granitoids in southern New South Wales and northern Victoria. 

White et al. (1976) also showed that on the mainland of eastern Australia, the 

boundary between the S- and I-type granitoids, the I-S line, is approximately 

coincident with the north-south Jindabyne Thrust, which separates different 

tectonic regimes. The 1-5 line is interpreted as an important tectonic fea

ture, marking the eastern margin of the thick continental crust which was the 

source for the S-type granitoids. This pattern is not clear in Tasmania as 

the Scottsdale Batholith, dominantly composed of I-type granodiorites, occurS 

between the S-types of eastern and western Tasmania. As well as the spatial 

pattern, the pattern of crystallization ages is important in a petro-tectonic 

model. The temporal pattern is not well known in south-eastern Australia, but 

it is apparent that the crystallization ages of the S-type granitoids of both 

contact-aureole and regional-aureole plutons overlap with the ages of the con

tact-aureole, I-type granitoids in southern New South Wales (Pidgeon and Comp

ston, 1965; Brooks and Leggo, 1972; Williams et al., 1975; Roddick and Compston, 

1976b). The ages of S- and I-type granitoids overlap in north-eastern Tasmania. 

The oldest pluton in the Blue Tier Batholith is an I-type, whereas Chappell and 
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White (1974) indicate that generally in composite batholiths, S-types are older 

than I-types. The linear granitoid zones, based on restricted time intervals 

in western North America (Kistler et al., 1971), apparently do not occur in the 

Tasrnan Orogenic Zone. 

PresnaYl and Bateman (1973) discussed the heat source for the generation.. 
of partial~melts in the lower crust in western North America. A transient heat 

~. 

source is necessary to generate temperatures high enough to cause partial melt

ing in the Sierra Nevada, and for the Tasmanian garnet-biotite granites ternper

atures would need to be in the range of 800 to 900 0 e at approximately 9 kb., 

as these rocks appear to have been magmas without significant relict material.~ 

These figures indicate geothermal gradients of the order of 25-30 o e/km., whereas 

the cordierite-biotite granites generated at higher crustal levels indicate geo

thermal gradients in the range 60-70 o e/km. Several workers, including Presnall 

and Bateman (1973) ,Brown (1973) and Greenwood (1975b), have suggested that the 

transient heat source is tholeiitic to andesitic magma which, after generation 

in the upper mantle, passes through the lower crust, losing heat, or is trapped 

and crystallizes in the lower crust. In both cases the lower crust is heated 

and eventually in the second case, the crystallized intrusives in the thickened 

pile are available for melting. Using many variables which are relatively 

poorly defined, Hasebe et al. (1970) have shown that high heat flow may be ex

pected in the lower crust, well behind the oceanic trench, for a considerable 

period after subduction along a Benioff zone. The models of Hasebe et al. (1970) 

were based on the transfer of heat into the lower crust by magmas from the sub

duction zone, and even though the models were poorly constrained they fit the 

late and post-tectonic nature of most of the granitoid plutons. More specific 

models for the granitoid history in eastern Australia require an understanding 

of the spatial and temporal relations of the different granitoid types, and 

their relationship to volcanic sequences. 

The widespread occurrence of S-type granitoids in many Palaeozoic mobile 

belts suggests that these granitoids may be expected where the granitoid ter
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rain is underlain by continental crust. Garnet- and cordierite-bearing gran

itoids have not been recorded, but may be found in the Ross Orogen in Antarct

ica, in both Cambrian and Siluro-Devonian granitoid terrains, and also in west

ern North and South America on the continental side of the granitoid terrains. 

The association of S-type, sub-volcanic granites and aluminous lavas in Victoria 

suggests that felsic lavas in other mobile zoneS may be generated from partial 

melting of continental source rocks. The Cainozoic ignimbrites of the Andean 

mobile zone may be derived from continental crus tal source~1 although a con

tinuum in compositions exists between the andesites and ignimbritic rhyolites 

(Francis et al., 1974). For many elements a similar overlap in composition 

occurs between S- and I-type granitoids. Different source rocks may also answer 

Fitton's (1972 - p.247) query concerning the compositional and mineralogical 

contrasts in the Borrowdale Volcanic Group. 

The occurrence of S-type granitoids of Archean age is unknown to the author, 

whereas several Proterozoic garnet-bearing plutons occur in Sweden (Gorbatschev, 

1972a) and Canada (Green and Baadsgaard, 1971). The aluminous source rocks for 

S-type granitoids imply sedimentary differentiation and development of the con

tinental crust. Veiser (1973) has shown that pelitic sediments are not a common 

rock type in Archean sequences, which in a broad sense correlates with the lack 

of S-type granitoids. Many granitoids and gneisses of Precambrian age have low 

initial Sr isotopic ratios similar to those of the upper mantle (Moorbath, 1975). 

For these rocks, major crustal reworking via the production of melts from older, 

radiogenic rocks is not a realistic origin. ~rustal reworking appears to have 

been a significant global process with the production of S-type granites during 

the Phanerozoic and possibly the Proterozoic. 

12.8 Summary of the Petrogenesis of the Tasmanian Granitoids 

The petrogenetic history of the two groups of Tasmanian granitoids is out

lined separately below. 
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S-type Granites 

1. Their highly aluminous nature, high Si02 and K20 contents, and rela

tively high initial Sr isotopic ratios are consistent with the derivation of 

the S-type granites by partial melting of crustal rocks of pelitic composition 

and upper Proterozoic age. 

2. The partial melting of these relatively dry, arnphibolite or granulite 

facies rocks was probably controlled by the breakdown of muscovite and biotite. 

The liquidus temperature of the melt was probably in the order of 800-900°C, 

and the water content of the melt was low and controlled by the proportion of 

incongruently melted biotite in the source rocks. 

3. Most melts were effectively separated from the refractory phases in 

the source rock, and near-liquidus phases included garnet, biotite, cordierite, 

quartz and plagioclase. The nature of the near-liquidus mafic assemblage de

pended on the composition of the melt, including the water content, and the 

crystallization conditions. Garnet crystallized at pressures in the range of 

7 to 10 kb. accompanied by biotite, quartz and plagioclase. Between 7 and 4 

kb. garnet and cordierite were stable as near-liquidus phases, and cordierite 

was stable with biotite, quartz and plagioclase at pressures less than 4 kb. 

(Figure 12.2). 

4. The magma body ascended and probably cooled adiabatically. This cool

ing is reflected in the slight compositional zoning in the garnet. 

5. The bulk of the crystallization probably occurred isobarically at 

pressures below approximately 2 kb. This is in accord with the field evidence 

for high levels of intrusion and the lack of primary muscovite in most plutons., 
\ 

Schematic P-T paths for magmas with different mafic mineralogies and Mg/Mg+Fe 

~ 0.35 are shown in Figure 12.2. Also sketched are the P-T paths for a musco

vite-cordierite-biotite granite and an extrusive rhyodacite. Convection was 

probably effective in the intruded body until the proportion of crystals ex

ceeded 0.4, and crystal sorting and settling was restricted to this early 

crystallization period. 
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6. Within 20 to 30 0 e of the solidus, depending on the actual water content 

of the original melt, second boiling occurred. In the unaltered granites there 

is relatively little evidence for the presence of a fluid phase, but in some of 

the altered plutons, miarolitic cavities indicate crystallization in the pres

ence of a fluid. Also subsolidus hydrous phases and clouded feldspars are com

mon in the altered rocks. The most intense alteration (and mineralization) 

occurred in the apices of intrusions and adjacent to faults and joints. 

7. During the end stages of igneous crystallization and under subsolidus 

conditions, intrusion stresses or regional stresses deformed some of the early 

formed mineral seg!egations and controlled the orientation of the K-feldspar 

megacryst foliations in most plutons. 

8. The preservation of the compositional zoning in the garnet suggests 

that the time from the crystallization of the garnet to the cooling of the . 

intrusions to approximately 650°C, was less than 106 years. 

I-type Granod~orites 

compared with the granites, considerably fewer well defined aspects of 

the petrogenesis of the granodiorites are available, as the granodiorites have 

been studied in less detail and have mafic phases which are stable over a wide 

pressure interval. 

1. The composition, including the relatively low initial Sr isotope ratios 

and the occurrence of dioritic inclusions, suggests that these rocks were de

rived from mafic igneous rocks of basaltic to andesitic composition. 

2. Partial melting of the source rocks in the lower crust was controlled 

by the breakdown of hornblende and biotite, probably without a free vapour 

phase. Most of the granodiorites carry relict inclusions, microinclusions and 

crystals from the source rocks 4 

3. The range in composition of the granodiorites is probably the result 

of crystal fractionation of the early formed igneous and relict phases. At 

high crustal levels, where the bulk of the crystallization occurred, crystal 

sorting and settling was relatively common. 
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4. Experimental crystallization of compositions similar to those of the 

granodiorites show that a separate aqueous phase would separate from the magmas 

at temperatures near the solidii. Within the granodiorite plutons there is 

little field evidence which suggests that an aqueous phase was present during 

igneous crystallization. The retrogression of contact metamorphic assemblages 

adjacent to all the granitoids indicates that the exsolved aqueous phase moved 

from the plutons into the country rocks. 

5. The cataclastic foliations common to the granodiorites were formed by 

intrusive stresses within the pluton or by regional stress fields, probably 

under subsolidus conditions. 

12.9 SUggestions for Further Research on the Tasmanian Granitoids 

This work has considered many facets of granitoid rock petrogenesis. 

Further work in most aspects would probably be rewarding, but several aspects 

deserve special attention. 

1. Crystallization experiments carried out on a range of S-type granitoid 

compositions under crustal conditions at low f0 and varying PH20 would, by2 

comparison with the natural parageneses of these rocks, closely define their 

crystallization history. During this work the effect of C02 on solidus tem

peratures should also be taken into account as some S-type granites (New 

Hampshire, U.S.A.) carry graphite. 

2. Hand ° isotopic studies and fluid inclusion studies of unaltered and 

altered rocks would aid in establishing the composition of the magmatic, aque

ous phase. 

3. Detailed chemical and mineralogical studies of the I-type granitoids 

is necessary to refine their petrogenetic history. 

4. A reliable estimate of the extent of assimilation of country rocks in 

both S- and I-type granitoids may be feasible using detailed petrographic, 

compositional and isotopic studies near contacts. 
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5. Structural analysis of mineral segregations, rock type variations and 

megacryst foliations in the S-type granites may unravel the apparently complex 

timing of these events, especially during the final stages of crystallization 

of these rocks. 

6. On a larger scale, to model the history of crustal events in the 

Tasmanian Palaeozoic rocks requires more information on the temporal distribu

tion of the granitoids and the spatial distribution of the granitoids derived 

from different source rocks in the crust. 
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