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ABSTRACT 

The Port Cygnet alkaline complex consists of small scattered 

concordant and discordant intrusions of Cretaceous age emplaced in 

Jurassic dolerite and Permian fluvioglacial sediments in the vicinity 

of Port Cygnet, southern Tasmania. 

The alkaline rocks are miaskitic and fall into two main groups: 

one is a group of slightly oversaturated syenites with a porphyritic 

texture rich in phenocrysts of oligoclase (syenite porphyries), and 

the other consists of nepheline syenites, characteristically with a 

flow structure and containing phenocrysts of euhedral sanidine crystals, 

with feldspathoids in the groundmass, and occasionally as phenocrysts. 

These are the sanidine rocks or sanidine porphyries. 

The primary magma was a potash-rich upper mantle or lower crustal, 

partial melt (of a mafic alkali parent) probably equivalent ultimately 

to a tinguaite which began crystallizing in a magma chamber with 

subsequent successive injections of magma containing coarser sanidine 

phenocrysts. . This gave rise to the nepheline syenites. 

The intrusion of the potassic magma was accompanied by volatiles 

with evidence of the presence of water, carbon dioxide, sulphur 

dioxide and hydrogen sulphide, demonstrated by the presence of both 

primary and secondary reaction mineral products. 

The porphyritic syenites seem to have been derived by the mixing 

of a potassic upper mantle or lower crustal partial melt, with a 

crustal partial melt of the feldspathic matrix of an amphibolite 

followed by subsequent initial crystallization at depth before 

injection into the country rocks. 

The model is based on microscopic and textural characteristics, 

chemical compositions, mineralogy and initial strontium isotope ratios. 

Variation of the syenite porphyries due to addition of 

recrystallized amphibole from the parent amphibolite formed a horn- 



blende porphyry. 	Fractionation of the syenitic melt has resulted 

in a group of mixed feldspar phenocryst rocks showing potash feld-

spar reacting with plagioclase phenocrysts in a brown matrix. 

Assimilation of mineralized carbonates by the magma has produced 

one rock unique in having phenocrysts of spessartite and epidote. 

Sulphur from the country rocks was mobilized by this intrusion. 

At Regatta Point, on the western shore of Port Cygnet, the 

.potassic magma reacted with Jurassic dolerite to form hybrid rocks. 

These were most likely produced within the temperature range of 

710 °C to 810 °C and a log £0 2  in the range -11 to -13. 

The alkaline intrusion was probably associated with the break-up 

of Gondwanaland. 



I-1 

CHAPTER I 

INTRODUCTION 

The alkaline rocks of Port Cygnet in Tasmania occur within an 

area of approximately 200 km2  forming a rectangle extending from the ' 

western bank of the Huon River opposite Petchey's Bay in a north-

easterly direction to Kettering on the western bank of D'Entrecasteaux 

Channel (Figs. I-1 and 1-2). 	Approximately 50 km south west of Hobart, 

the town of Cygnet is near the centre of the area of interest at the 

head of Port Cygnet which is an inlet branching off the main estuary 

of the Huon River. Port Cygnet was discovered and named by 

C.F. Beautemps-Beaupre, surveyor with the expedition of Admiral Bruni 

D'Entrecasteaux, during 1793. 

Access to the area is via sealed highways. The country has 

moderate relief up to about 500 metres with numerous steep sided 

valleys containing streams draining into Port Cygnet. The hilltops 

are well forested and the lower slopes of open grassland are used for 

cattle grazing, orcharding and grape-growing on a thick sandy soil. 

The average annual rainfall is about 75 cm. 

Alkaline rocks have always been of interest to geologists by 

virtue of their highly varied nature and possible modes of origin. 

They have formed from melts which are usually due to fractional 

crystallization, partial melting or other processes, of some parent 

material and are always associated with significant amounts of 

volatiles, particularlyH20 and to a lesser extent CO 2 , SO 2 , 	and 

F.. As a consequence of their derivative nature most bodies of 

alkaline rocks are emplaced as small intrusives. 	The alkaline rocks 

of the Port Cygnet area are a typical example with a multitude of 

small irregular intrusions of Cretaceous syenite porphyry and 
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Figure I-1 	Location of the Port Cygnet area. 



1-3 

sanidine bearing dykes intruding relatively flat lying Permian fluvio-

glacial sediments and Jurassic dolerite intrusions. 

The earliest observation of the geology of Port Cygnet was 

probably due to Peron (1807) when a rock was thrown at him by a native 

during the sojourn of Nicolas Baudin's expedition in 1801. 	Specimens 

were collected and later described by von Buch. 	During the early 

months of 1804, the mineralogist A.W. Humphrey, having arrived in the 

River Derwent with David Collins' settlers, visited the area with •the 

eminent botanist Robert Brown and collected samples of the garnet 

trachyte from near Langdon's Point (Vallance 1981). 	Von Buch visited 

the Council of Mines in Paris during 1810 for the purpose of studying 

the geological collection made by members of Baudin's expedition. 

His descriptions (1814) of specimens collected by Bailly refer to 

augite in a basaltic greenstone and augite with booklets of mica and 

white needle-like crystals of feldspar comparable with basaltic 

greenstone. These descriptions ostensibly refer to dolerite, however 

if the recognition of the mica booklets is accurate then this specimen 

may have been collected from the hybrid rocks of the Regatta Point 

area. 

PREVIOUS WORK AND LITERATURE 

After the visit of Humphrey to Port Cygnet the next significant 

observations were made by Milligan (1852) who observed reddish golden 

mica from Port Cygnet. This may well have been a reference to the 

hybrid rocks. 	Milligan (1855) also reported the presence of a 

feldspathic rock with tourmaline and granitic structure south of Oyster 

Cove.. Both sanidine bearing rocks and syenite porphyry occur here. 

The "discovery of gold" and subsequent rush to Mr. Piguenit's farm at 
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Figure 1-2 	Inset area of Figure I-1 showing localities 
I referred to in text. 
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Little Oyster Cove (Kettering) in 1857 may have revealed an association 

with the alkaline rocks but this was never published. 	In The Geology 

of Tasmania (1888), R.M. Johnston later showed a series of intrusions 

from Port Cygnet in a northeasterly direction to Oyster Cove. There 

was no accompanying petrographical description given by Johnston. 

The first formal description of the alkaline rocks of the district 

was given by Twelvetrees and Petterd (1898). They recognized three 

major"groups, namely:- 

Effusive or soda trachyte group consisting of haiiyne trachyte, 

aegirine trachyte, melanite trachyte and trachyte. 

Intrusive or soda aplite. group with sanidine-augite-haiiyne 

aplite, sanidine-augite-biotite aplite and malchite (diorite). 

Plutonic group comprising alkali augite syenite with micro-

perthite and analcime or elaeolite. 

It was also established that they were intruded into Permo-Carboniferous 

country rocks. McLeod and White (1898) described a new species of 

garnet from Port Cygnet. Twelvetrees offered a classification and 

mineralogical summary of the Port Cygnet rocks for the Australian 

Association for the Advancement of Science in 1902. 	In this he 

recognised two main groups with associated-variants. These were 

alkali syenite (Si0 2  = 52-60%) and elaeolite syenite (Si0 2  = 45-60%). 

In this way Twelvetrees recognised the presence of a saturated quarti-

bearing group and another group of undersaturated, feldspathoid-

bearing rocks. 

Twelvetrees included descriptions of the rocks from Rosenbusch, 

to whom he had sent some specimens, and there follows a brief summary 

of the rocks recognised by these workers:- 

Alkali syenite: 

Quartz augite syenite (alkali feldspar - augite - quartz); alkali 
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syenite (orthoclase and albitic feldspar - augite - amphibole with 

accessory biotite quartz, sphene and apatite); often porphyritic 

texture. 

Elaeolite syenite: 

Alkali feldspar - elaeolite - alkaline pyroxene - amphibole with 

accessory melanite, biotite, hydronephelite, sphene and apatite. 

Elaeolite syenite porphyry: 

Orthoclase and some. triclinic feldspar phenocrysts, alkaline pyroxene 

and amphibole, melanite and iron ore after nosean and garnet with 

natrolite pseudomorphs after nepheline (or sodalite). 	Fluidal feld- 

spathic groundmass. 

Nosean rock: 

Sanidine, amphibole, alkaline pyroxene, melanite, and nosean or hauyne. 

Aggregates of natrolite after small crystals of nepheline. 

Mica solvsbergite: 

Orthoclase and albite with brownish yellow mica, garnet, and pyrochlore. 

Solvsbergite porphyry: 

Sanidine, aegirine and natrolite after aegirine. 	Groundmass of acicular 

aegirine, sanidine, analcime and a little nepheline. 

Tinguaite porphyry: 

Phenocrysts of aegirine-augite, melanite, sanidine, sphene and 

nepheline. Groundmass of sanidine, acicular aegirine and analcime. 

Jacupirangite: 

Nepheline and augite. 

Essexite: 

Labradorite and andesine feldspar with augite, amphibole and quartz. 

Mica nephelinite: 

Nepheline, augite, biotite, amphibole and accessory apatite. 

Twelvetrees (1903) published a "Note on Jacupirangite in Tasmania", 

describing the occurrence of this rock at Port Cygnet, as being 
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associated with the margins of a central spur of elaeolite syenite on 

"the promontory at Regatta Point". He described the rock thus: "The 

elaeolite is in large hypidiomorphic plates. 	Sphene is in fair 

quantity in wedge shaped crystals. Melanite garnet, which is character-

istic of all the Port Cygnet eruptive is not absent from this, and is 

occasionally rather plentiful. Apatite is present in the forms of 

prisms and grains, magnetite in scattered grains and a little brown 

biotite. 	In order of quantity, the minerals are elaeolite, augite, 

sphene, garnet, apatite, magnetite, biotite." This was regarded as 

having its origin by differentiation through progressive crystallization 

of the cooling mass with the more basic (darker) parts crystallizing at 

the edge of the intrusion. The central (lighter) portion crystallized 

later, after cooling of the periphery. 

In 1906 Dr. F.P. Paul described foyaite - theralite rocks from 

Tasmania and figured some sanidine crystals. Twelvetrees (1907) 

associated gold in the area with quartz veins developed in contact-

metamorphosed sediments at the edges of the intrusions. Jensen (1908) 

noted their resemblance to other Australian alkaline rocks and 

speculated as to their possible Lower Mesozoic age. David and Skeats 

(1914) also thought they might be Lower Mesozoic. 	Daly (1914) in his 

list of alkaline rocks of Australia, associated the Port Cygnet rocks 

with Palaeozoic limestone probably apropos of his theory of assimilation 

of limestone being the cause of formation of alkaline feldspathoidal 

rocks. 	Only minor limestone occurs at Cygnet (Map No. 4). 

Skeats (1917) demonstrated that the alkaline rocks intrude Jurassic 

dolerite in Little Oyster Cove (Kettering) at the eastern limit of 

the area. 	Reid (1922) also agreed that they were intrusive into 

dolerite. 

A.B. Edwards (1947) showed the Regatta Point rocks to have been 
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formed by reaction of a potash rich alkaline magma, of syenitic 

composition, with pre-existing dolerite. 	Fig. 1-3 shows Edwards' 

regional map of the area together with his map of Regatta Point. 

Edwards considered the main intrusion to be a stock of syenite 

porphyry (banatite) with later stage intrusions of numerous porphyr- 

itic dykes of varying compositions. 	Edwards recognised the 

following rock types: syenite porphyry, hauyne sanidine garnet 

porphyry, sanidine garnet porphyry, sanidine biotite porphyry, 

sanidine porphyry, sanidine tinguaite, syenite aplite. He came to 

the conclusion that the alkaline rocks represented a differentiated 

syenite stock derived from a parent monzonitic magma. 

Robertson and Hastie (1961) presented palaeomagnetic data 

suggesting that the syenite porphyry and dolerite were related. 

Evernden and Richards (1962) measured K-Ar ages ranging from 

99 m.yr. (sanidine and biotite) to 109 m.yr. (hornblende) for the 

rocks. 

McDougall and Leggo (1965) remeasured the hornblende sample of 

Evernden and Richards at 95 m.yr. and also found an age of 98 m.yr. 

for their own sample. 

Leaman and Naqvi (1967) studied the structure and stratigraphy 

of the area using geophysical methods. They suggested the general 

structure to be a dome of faulted Permian sediments and Jurassic 

dolerite, intruded by the alkaline rocks as a laccolithic tongue hav-

ing an associated dyke swarm. 

Ford (1967) showed that the johnstonotite garnet of McLeod and 

White was essentially spessartite. 

The Tasmanian Geological Survey has completed a map of the area 

as part of the Kingborough sheet (Appendix Map No. 4) from which it is 

apparent that the intrusions are scattered with no continuous surface 
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outcrop as suggested by the original sketch map of A.B. Edwards 

(Fig. 1-3). 
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THE GEOLOGICAL SETTING 

Tasmania is an island with an area of 64,409 km 2 , the geology of 

which is shown on the 1:500,000 geological map included as map no. 5 

in the appendix section. 	In addition (Appendix Map No. 4) there 

is a copy of the Kingborough sheet of the Department of Mines-

Geological Atlas 1:50,000 series illustrating the detailed geology of 

the country surrounding Port Cygnet. 	A synopsis of the information 

shown on both maps is given in the following paragraphs. 

The geological record begins with Precambrian metaquartzites 

and pelites with occasional associated amphibolites and mafic dykes, 

which collectively constitute the ancient core of the island, upon 

which most of the subsequent systems have been deposited. This core 

has been referred to as the Tyennan nucleus. 

Younger Precambrian unmetamorphosed orthoquartzite and mudstone 

with associated dolomite as well as turbidite sequences and some 

basalts; overlie the older rocks. 

With the advent of the Palaeozoic Era and the Cambrian Period 

there was the development of a trough marginal to the Tyennan core 

and another further towards the north-west extremity of Tasmania. 

Within these troughs, particularly that one adjacent to the core, were 

deposited unfossiliferous orthoquartzite, greywacke and turbidite 

sequences followed by acid-intermediate volcanics, including 

ophiolite and alpine ultramafic complexes. 	Fossiliferous greywacke- 

turbidite sequences occur near the top of the succession with a 

Middle-Late Cambrian age. 	These, together with some granitoid 

stocks, constitute the Cambrian System in Tasmania. 

Near the end of the Cambrian Period there were small movements 

and the formation of minor unconformities with the deposition of 
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talus breccias and siliceous conglomerates as alluvial fans, followed 

in the Early Ordovician by marine sandstones, siltstones and extensive 

deposits of limestone. 	Sedimentation continued through the Silurian 

into the Early Devonian Period with no great discontinuity in the 

succession which changed in the Late Ordovician Period from limestone 

to sandstones, siltstones and shales with minor limestone. 

While the succession described above refers essentially to Western 

and Central Tasmania, in the same time span, i.e. from possibly as 

early as the Cambrian until the Early Devonian Period, in eastern 

Tasmania the stratigraphic record was quite different, consisting of 

an uninterrupted sequence of quartzwackes and turbidites together 

with mudstones and siltstones, limestones being conspicuously absent. 

During the Middle Devonian Period extensive folding occurred, 

followed by emplacement, extending into the Early Carboniferous Period, 

of granitoid batholiths into the pre-existing Palaeozoic rocks of both 

eastern and western Tasmania. These events are correlated with the 

Tabberabberan Orogeny of eastern Australia. The basis of later Tasmanian 

fault patterns may also have been set by this orogeny. 

Apart from occasional small superficial deposits, Tasmania then 

became a land surface subject to erosion until the Late Carboniferous 

Period when, with the onset of glaciation, a new period of sedimentation 

began which extended with minor interruptions into the Triassic. The 

basal beds are usually tillites with glacio-marine sequences which 

may include pebbly mudstones and sandstones and oil shale. 	Formed 

later, were restricted areas of freshwater sandstones and siltstones 

containing coal measures which subsequently gave way to another 

glacio-marine interlude with the formation of pebbly sandstones and 

mudstones with associated cold water limestones. 	Another development 

of freshwater sequences with coal measures of Late Permian and 

Triassic age, followed. 	In the Middle and Late Triassic coal 
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measures were deposited and included volcanic litharenites. 

With the ending of the Triassic Period the last great sedimentary 

cycle had been completed in Tasmania, and the older rocks, especially 

in the central and southeastern regions were blanketed by the flat-

lying younger sediments to a total thickness of about two kilometres. 

In the Jurassic Period, the injection of large volumes of tholeiitic 

magma formed extensive sills and dykes of dolerite intrusive into 

the Permo-Triassic System. 	These rocks collectively, i.e. the Permo- 

Triassic and dolerite, formed the country rocks into which the Port 

Cygnet alkaline rocks were intruded. 

After the consolidation of the Jurassic dolerite there was a long 

period with no significant events until the intrusion about 100 

million years ago, of the Port Cygnet alkaline rocks and the Cape 

Portland appinites of north-eastern Tasmania. 

During the Late Cretaceous Period normal faulting, and probably also 

reactivation of older fault lines, commenced. 	The fault troughs 

filled with fresh water muds, silts and lignites. 	Some marine lime- 

stones were formed at coastal margins during the Middle Tertiary Period. 

Following this faulting, the out-pouring of flood olivine 

basalts in the northwestern area particularly, but also as sporadic 

flows and tephra vents, often associated with earlier faulting, 

occurred throughout the island. 

Glaciation in the Pleistocene Epoch gave rise to morphological 

sculpturing of the areas of higher relief and formation of 

associated tills, outwash and periglacial deposits which represent 

the last substantial features of the geological record, to which 

must be added recent alluvium, talus and other superficial deposits. 
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THE GEOLOGY OF THE PORT CYGNET DISTRICT 

The geology is covered by the Kingborough sheet (Appendix Map 

No. 4). 	The essential stratigraphy is restricted to the Permian, 

Triassic and Jurassic systems as well as the alkaline rocks of 

Cretaceous age. The sedimentary rocks belong to the Parmeener 

Supergroup which is split into upper and lower divisions with the 

lower one representing the Lower Permian and possibly Upper Carbon-

iferous systems while the upper division covers the Upper Permian 

and Lower Triassic systems. 

The Permian System 

There is no direct evidence of the substrate of the Permian 

System in the Port Cygnet area where the thickness of the basal 

tillite is at least 300 metres. 

The lowest formation of the sequence which dominates the sedi-

ments of the area is the Truro tillite, which may be Upper Carbon-

iferous. This is a poorly sorted rock with many and varied 

erratics as constituents. These may range up to 30 cm or greater 

in size with faceting, but only occasionally are striated quartzite 

pebbles found. Rock fragments abundant in the tillite are 

quartzite, conglomerate, and granite. The fragments are not sorted 

nor is there any evidence of bedding. With the matrix being 

essentially rock flour the rock disintegrates very readily thus 

leading in part to the thick soil cover in the Port Cygnet area. 

Occasional beds of pebble-free dark mudstone may also occur. 

Overlying the Truro tillite in the Port Cygnet area the remain-

ing formations of the Permian system total some 645 metres and 

consist of a succession of marine mudstones and siltstones with 
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associated dropstones. Many of the lower beds are pyritic with 

nodules abundant in some horizons. 	Fossils occur in most of the 

constituent formations. 

A coarse feldspar-bearing sandstone, which may grade up to 

granule and pebbly conglomerates, is a prominent marker bed 

approximately 8.5 m thick occurring two thirds of the way up the 

sequence. This is the Risdon Sandstone Formation. 

The only limestone recognized in the Port Cygnet area is a thin 

lens at Silver Hill. 

The top of the Permian System is largely represented by 

approximately 20 metres of Cygnet Coal Measures with some coal seams 

which can vary laterally into feldspathic sandstones and minor mud-

stone. 

Triassic System 

The top part of the Upper Parmeener Supergroup lies within the 

Triassic System, which is here represented by medium to coarse 

grained, cross-bedded quartz sandstones. Mudstones and minor clay 

pellet layers occur as subsidiary beds. The total thickness of this 

System is somewhat greater than 280 metres in this area. 

Jurassic System 

This is represented by dolerite which has intruded as a 

tholeiitic magma forming dykes and sills with an exposed thickness 

of at least 500 metres on Grey Mountain, north of Cygnet. The 

dolerite has very little contact metamorphism associated with its 

intrusion, in spite of the large amounts of magma involved. This 

is also a consequence of the siliceous nature of the country rocks 

and the lack of associated carbonates together with a relative lack 
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of volatiles associated with the dolerite. 	Baking of sediments near 

contacts and narrow chilled margins are the usual contact phenomena 

observed. Some granophyric differentiates are present on large 

dykes to the east but . there is no sign of these at Port Cygnet, nor 

is there any evidence of Cretaceous alkaline rocks intruding them. 

Cretaceous System 

The alkaline rocks are the only representatives of this system 

and occur as irregular dykes and sills piercing the Permian country 

rocks and the Jurassic dolerite. The largest of the intrusions 

occur at Farewell Hill and Helliwell's Point to the east and on Black 

Jack Ridge, Mt. Mary and Mt. Windsor in the western part of the area. 

No intrusions have been observed in the Triassic rocks. 

GEOLOGICAL STRUCTURE 

The structure is simple with the flat-lying country rocks having 

low angles of dip with a maximum value of about 19 0 . The dips have 

a radial disposition about the Cygnet Peninsula which could be 

described as a dome. The time of formation of the dome and its 

relation to the dolerite and alkaline rocks is unknown although it 

would be expected that the former would have had a more profound 

effect than the alkaline rocks at the time of intrusion. On the 

basis of gravity data, Leaman and Naqvi (1967) have suggested that 

there is a basin-shaped dolerite sheet beneath the Cygnet Peninsula. 

The area is traversed by a well developed fault pattern. Many 

faults are inferred and cannot be mapped adequately because of the 

nature of the overburden and the deep weathering profile at Port 

Cygnet. It is normal faulting with two dominant components giving 
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one system striking about north west and the other set about north 

east. The relative ages of these faults is not known but some 

terminate the syenite porphyries and some dykes have also been 

strongly disrupted and slickensided so that many of the faults at 

least post-date the alkaline rocks and are probably of Early Tertiary - 

age conforming to other areas in Tasmania. The relation between the 

dolerite and faulting would suggest most of the faults are later than 

the dolerite, however, note can be made of the thin dolerite dyke 

striking approximately north along grid line 513000E (Appendix Map 

No. 4 ) which is associated with a concomittant fault along its 

line of outcrop, with the upthrown block to the west. The estuary 

of Port Cygnet is probably fault controlled and may be a small graben 

but this cannot be determined unequivocally because of superficial 

cover. 

The alkaline dykes range from a few centimetres, in the hybrid 

zone, up to 10 metres wide in the more dispersed areas. Inter-

sections are rare and thermal metamorphism is confined to the few 

centimetres of the country rock bordering the dyke. Such baked 

margins may persist as remnant dyke walls where weathering and 

erosion have removed the dyke material such as on the sea shore. 

Around some dykes, e.g. the garnet trachyte, where there has been a 

high proportion of volatiles and the country rock contains carbonate 

fossils, the contact metamorphism has been somewhat more pronounced. 

The most spectacular metamorphism has occurred at Regatta Point 

where the potassium rich alkaline magma has reacted with the Jurassic 

dolerite, producing the hybrid rocks. 

There is no pronounced relationship of the dyke trends to the 

fault pattern but there is a preferred north-west-southeast trend 

over other directions (Leaman and Naqvi, 1967). Most of the dykes are 

vertical or near vertical and others usually have dips greater than 45°. 
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THE MAIN ROCK TYPES OF THE PORT CYGNET ALKALINE COMPLEX 

This complex is represented by three main groups of rocks which 

may be summarised: 

A plagioclase-potash feldspar bearing group having a 

porphyritic texture which may be referred to as syenite porphyry. 

The second group consist dominantly of potash feldspar rich 

rocks which in most cases have phenocrysts of sanidine with varying 

amounts of feldspathoids in the groundmass. These will be generally 

referred to as sanidine porphyries or sanidine rocks. There are 

variants of these rocks, which will also be described. 

The third group is that of hybrid rocks produced by the 

reaction of a potassic magma with pre-existing Jurassic dolerite. 

The syenite porphyries fall into Streckeisen's (1967, 1976) 

syenite field, whereas the feldspathoidal content of the sanidine 

porphyries would classify them as foid-bearing (nepheline) alkali 

syenite if they were plutonic. 

The Syenite Porphyries 

These occur commonly as small sills, dykes and rarely as boss-

like bodies, which are best shown at Farewell Hill where the 

intrusion is about 500 metres in diameter. The textures only become 

apparent on weathering when the phenocrysts become cloudy and can be 

seen embedded in the groundmass. The fresh rock is grey to blue-

grey in colour with a rind of weathered material which may be up to 

30 cm thick. Macroscopically it consists of pale pink phenocrysts 

of glassy feldspars, usually of oligoclase but in some cases also 

of orthoclase. The crystals are euhedral to subhedral having an 

equidimensional habit with the grainsize varying from about 5 mm up 
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Plate 1 Syenite porphyry containing small amphibolite 
inclusions. CY18 from Petcheys Bay Road on northwest 
slope of Mt. Windsor. 

Plate 2 Hollands Quarry. Coarse syenite porphyry (left) is 
cut by fine grained sanidine porphyry (centre) which 
is itself cut by coarse sanidine porphyry (right). 
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to 2.5 cm for occasional phenocrysts. 	Both growth zoning and twinn- 

ing can be detected with a hand lens. 	Ferromagnesian minerals are 

not abundant and in most samples contribute less than one percent of 

the rock. They usually appear as black needles of hornblende with 

some grains of pale green pyroxene. Hornblende is more abundant in - 

some rock (Pl. 1) with occasional clots ranging up to 5 cm in 

diameter. 	Occasionally there may be small feldspar rich veins 

within the rock. 	In many samples there are numerous pyrite grains 

present. The groundmass consists of very fine-grained feldspars 

which are not resolvable in the hand specimen. 	There is no glass 

apparent. 

At the western limit of Petchey's Bay is a dyke containing lath 

shaped dark green hornblende phenocrysts of dimensions up to 2.5 x 

0.2 cm which define a flow structure (Pl. 38). 	In addition the 

groundmass has a patchy appearance with each patch containing 

scattered fragments of pale pyroxene (Pl. 39). This rock has been 

called hornblende porphyry. The hornblende porphyries are related 

to the more hornblende-rich of the syenite porphyries but have 

euhedral lath-shaped hornblende crystals and less potash feldspar and 

oligoclase phenocrysts. 

Inclusions are not very abundant in the syenite porphyries but 

when present are almost exclusively of dark green amphibolite 

xenoliths (Pl. 1). 	These occur in greatest abundance at Mt. Windsor 

on the Petchey's Bay road. 	Some also occur at Farewell Hill where 

one pyroxenite inclusion was also found. Occasional rafted blocks 

of Permian sediments up to one metre in diameter can be seen near 

some contacts, particularly near Petchey's Bay. 
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Plate 3 Typical porphyritic texture of sandine dyke rocks. 
This specimen from X44 at Langdons Point. 

Plate 4 Tinguaite dyke (X44) at Langdons Point. On shoreline 
looking south. 
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The Sanidine-bearing Rocks 

This group of intrusives which can be seen to intersect the 

syenite porphyry near the western end of Silver Hill Road, and at 

Holland's Quarry (Pl. 2) consists of a system of relatively isolated 

dykes from about 1 to 10 metres in width. These show a degree of 

mineralogical variability. 	Usually they have a porphyritic texture 

where the phenocrysts consist of euhedral (010) tablets of potash 

feldspar, variety sanidine, occurring in a finer ground- 

mass of soda-potash feldspars (Pl. 3). The larger crystals may have 

up to 5 cm by 0.5 cm limiting dimensions. The fresh feldspars have 

a vitreous lustre and are colourless. 	Simple twinning is easily 

discernable. There may be signs of corrosion at the edges of the 

crystals which also tend to alter first. The groundmass consists 

predominantly of finer grained potash feldspars which always show a 

flow structure of varying degrees of development. The flow 

structure is always apparent due to alignment of the sanidine pheno-

crysts. This reaches maximum development with dyke (No. X44) 

(Pl. 4) near Langdons Point, where turbulent flow swirls are clearly 

observable in the rock (Pl. 5). 

The characteristics of these rocks are somewhat variable, due 

to the groundmass which if mostly of feldspar is usually dark grey. 

There may be small pitchy-black grains of melanite garnet up to 

about 2 mm diameter. An abundance of these together with the 

phenocrysts and grey groundmass produce the magpie rock, so-called 

by the early gold miners (Pl. 7). 	When the rocks contain large 

sanidine phenocrysts and little melanite they were labelled "biscuit 

rock" by the miners. 

If large amounts of aegirine occur as small laths in the ground- 
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Plate 7 "Magpie rock". Sanidine porphyry with grey ground-
mass. Sanidine tablets with black grains of 
melanite. 

Plate 8 Plagioclase phenocrysts with sanidine in brown 
groundmass. CY92. 



Plate 9 	Oligoclase crystals with potash feldspar over- 
growths. CY61. Crossed nicols. x75. 
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mass, the matrix is green in colour with the white to glassy pheno-

crysts enclosed by it. 	This is the tinguaite described earlier by 

A.B. Edwards (1947) (Pl. 4). 	Other dykes may have small glassy 

crystals of feldspathoid usually less than 0.5 mm diameter together 

with melanite grains in a groundmass of green aegirine and potash 

feldspar laths. 

Another rare group of dyke rocks is superficially very similar 

to those already described but they have a brown groundmass (Pl. 8) 

of fine grained potash feldspar laths containing tabular euhedral 

phenocrysts of oligoclase-andesine which may have potash feldspar 

• overgrowths (Pl. 9). The rocks are very tough and are known from 

two localities at Silver Hill and in the Huon River at the western 

limit of Petchey's Bay. 

An unusual potash feldspar rich rock which cannot be conveniently 

classified as above, occurs near Langdon's Point where a dyke (Pl. 10) 

contains rounded phenocrysts of brown spessartitic garnet (Pl. 11) 

and green epidote (Pl. 12b) with feldspar crystallised onto them 

producing a white rim in a grey groundmass of fine grained feldspar 

laths (Pl. 12a). This is the garnet trachyte of MacLeodand White 

(1898). 

Inclusions are generally absent from the sanidine rocks, but 

small inclusions of phengitic mica together with small (0.5 cm) 

vugs of pyrite crystals occur in dyke X50 from the western slope of 

Mt. Mary. 	This may be the sanidine biotite rock described by 

Edwards (1947) but otherwise not identified at Port Cygnet. 

In the field it is possible to recognise the main groups of 

the sanidine porphyries by noting the colour of the groundmass as 

grey, green or brown. 



Plate 10 Garnet trachyte dyke near 
Langdons Point. 



Plate lla Detail of Plate 10 showing brown spessartite 
crystals with white feldspathic rims. 

Plate lib Some larger spessartite phenocrysts and their 
feldspathic rims, in the garnet trachyte. 
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Plate 12a Garnet trachyte showing epidote phenocrysts. 
Some of these enclose brown spessartite crystals 
and have white rims of potash feldspar. 

Plate 12b Detail from above specimen showing epidote 
overgrowth on spessartite. 
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The Hybrid Rocks 

These formed from the reaction between the potassic magma and 

fragmented pre-existing Jurassic dolerite. 	The rocks so produced 

were labelled hybrid rocks by Edwards (op. cit.). 	They outcrop 

along the western coastal strip of Port Cygnet from about 0.5 km north 

to a point about 0.5 km south of the judges box at Regatta Point. The 

most intense alteration has taken place in the area around the judges 

box and does not appear to extend inland but this cannot be determined 

precisely due to superficial soil cover. However the magnetitic 

measurements of Leaman (1977) and the presence of thermally metamorphosed 

•sediments on the eastern shore of Port Cygnet opposite Regatta Point 

indicate a metamorphosed zone within the estuary. Following the 

nomenclature of Edwards it is possible to recognise both melanocratic 

(dark) and leucocratic (light) types. 

The melanocratic rocks have granular textures with average grain 

size about 1 mm but somewhat variable. They are composed of green 

pyroxene, dark green amphibole, potash and soda-lime feldspar, 

magnetite, biotite, melanite and occasional nepheline. There can 

be clots of biotite up to 5 cm in diameter and occasional large 

melanite aggregates up to 2 cm. A sequence of alteration can be 

recognized, beginning with unaltered dolerite. 

The leucocratic rocks are usually in the form of veins varying 

from 1 cm to 1 m in width. These have sub-rectangular allotrio-

morphic crystals of potash feldspar and some lime-soda feldspar, 

together with some ferromagnesium minerals. The average grain size 

is near 2 mm. 	Some of these were originally fissure fillings so 

that tabular potash feldspar crystals can be seen growing off the 

original walls which have been completely filled with both coarse and 

fine grained feldspar (Pl. 13). 	Edwards called these rocks aplites. 

Other veins and dykes contain coarse potash feldspar crystals almost 
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Plate 13 Melanocratic hybrid rock cut by feldspathic 
aplite veins at Regatta Point. 

Plate 14 	Syenite porphyry (CY4SC) core crystal of oligoclase 
with a regular overgrowth. Crossed nicols. x75. 
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exclusively with little groundmass and occasional melanite garnets. 

These are the garnet orthoclasites of Edwards, who recognised several 

zones of alteration at Regatta Point. 	With increasing heating and 

metasomatism of the dolerite, and addition of alkaline magma, hybrid 

rocks containing sanidine tablets with mafic minerals as interstitial 

constituents are produced. 

Thus beginning with fresh dolerite there are successive zones of 

thermal metamorphism, transition, and hybridization to the zone of 

contaminated syenite. 	While the essentials of Edwards' metamorphic 

sequence are not in dispute it is clear that the zones do not occur 

as specifically suggested by him. 	From his work a general east-west 

trend for the contact can be inferred, however as magnetite is 

produced during the metamorphic transformations this is useful in 

delineating the contact zone using a magnetometer. This work has 

been carried out by Leaman (1977) and shows that the contact bears 

approximately parallel to the present shoreline at Regatta Point, 

within Port Cygnet estuary. 

A summary of Edwards' work at Regatta Point is given in Figure 1-4. 



Figure 1-4: A SUMMARY OF THE HYBRID ROCKS AT REGATTA POINT (After A.B. Edwards, 1947) 
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CHAPTER II 

MICROSCOPIC PETROGRAPHY 

The thin sections described in this chapter have been incorpor-

ated into the Geology Department, University of Tasmania collection. 

Their departmental numbers, together with field numbers are listed in 

Appendix (6) where the outcrop co-ordinates on the Kingborough sheet 

(Map No. 5) are also recorded. 	These have been transposed onto . 

transparent overlays for ease of identification on the geological 

base map. 

THE ALKALINE ROCKS 

SYENITE PORPHYRY 

The microscopic characteristics of the syenite porphyry can be 

summarized from several thin sections of rocks collected in the 

eastern part of the area around Farewell Hill and Helliwell's Point 

at Woodbridge, and the western part is represented by specimens from 

the Huon River, Dineen's spur, King's Hill, Silver Hill, and in the 

vicinity of Mt. Windsor (Fig. 1-2). 	The rocks all have a character- 

istic porphyritic texture. 	It is very difficult to obtain absolutely 

fresh material due to very weathered outcrops and the possibility 

that late stage hydrothermal activity has also produced hydration 

changes in the feldspars. 	These rocks average about 25 percent 

modal plagioclase with the remainder consisting mainly of potash 

feldspar, a subsidiary ferromagnesian minerals and quartz. Having 

a porphyritic texture they can be labelled syenite porphyry in 

accordance with the classification of Streckeisen (1967,1976) and 

used by SOrenson (1974). 



Plate 15 	Syenite porphyry (CY71). 	Deformed oligoclase 
crystal. 	Rows of inclusions suggest three 
stages of growth. 	Crossed nicols.  x75. 

Plate 16 	Syenite porphyry (CY71). Oligoclase crystal 
overgrowth with many inclusions  in core. 
Crossed nicols. x75. 
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The phenocrysts consist of oligoclase recognised by its small 

extinction angle in the albite twin zone and also determined by 

electron probe analysis (see later). 	The compositions range from 

near andesine (An 30 ) to near albite (Anio) with some crystals being 

albite rich at the rims, but most not showing great composition 

changes across the crystal even though optical zoning may be 

prominent. 	The crystals are euhedral equidimensional, ranging in 

diameter from 1 mm to 5 mm, 	or subhedral rectangular 

crystals with no terminations. 	There can be some degree of 

alteration at the edges to small patches of micaceous material. 

Many crystals show evidence of overgrowths with respect to linear 

accumulations of semi-translucent unresolvable inclusions. 	An 

irregular core crystal may have regular overgrowth (see Pl. 14) 

indicating at least two stages of growth and also some distorted 

crystals show subsequent overgrowth (Pl. 15). 	Many crystals have 

inclusions of small green rod shaped crystals of pyroxene. 	In 

many feldspars the mantling feldspar is relatively clear but the 

core crystal has many dark inclusions (Pl. 16). 	Sporadic potash 

feldspar crystals occur with inclusions of oligoclase. 

Some crystals of plagioclase tend to clump together to produce 

a glomeroporphyritic texture, but the overall textural relationships can 

approximate a cumulate texture (Pl. 17). 	Occasional potash feld- 

spar phenocrysts occur but usually do not have crystal faces as 

well developed as the plagioclase crystals. 

Amphibole is variable in quantity reaching a maximum in some 

specimens of 5 percent. 	It occurs in lath shaped crystals 1 mm x 

0.2 mm, strongly pleochroic from Z = dark green, Y = green, to 

X = yellow green. 	The crystals are euhedral with colour zoning 

and twinning, however many have been shattered and there may be some 
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rounding of crystal edges. 	The amphibole may be agglomerated into 

small clots and is usually quite fresh. 	Some pyrite inclusions are 

present. 

There is some pyroxene present which is pale green to colourless 

and usually strongly altered with opaque minerals at the margin. In 

many specimens it occurs as small phenocrysts but relatively unaltered 

crystals may occur as high relief, highly birefringent irregular 

grains in the groundmass. 

There are a few larger grains of quartz occurring as rounded 

resorbed xenocrysts with a grainsize up to 4 mm (Pl. 18) and occasionally 

containing pargasite hornblende crystals. 	Apart from these, quartz is 

always a groundmass phase. 	Also typical of the rocks are numerous small 

euhedral crystals of sphene and apatite. 	These show the characteristic 

wedge-shape of sphene and the typical hexagonal cross-section or 

terminated lath of apatite. 	They are 0.1 mm diameter although some 

sphene crystals may be much larger, close to 0.5 mm. 

The groundmass is always crystalline with no suggestion of 

development of any glass. 	It is often obscured by cloudy alteration 

but in fresh specimens consists of an interlocking mesh of potash 

feldspar grains with re-entrant contacts. 	Distributed through these 

are clear grains of quartz. 	The grain size is very uniform at 

0.01 mm diameter. 

Inclusions occur in the rocks from the eastern part of the 

area. 	They include fragments of marble (Pl. 19) quartzite (Pl. 20) 

and some calcite grains in the groundmass. 	In addition some large 

amphibole clots are present with some alteration to epidote. 	The 

marble inclusions occur in the rocks outcropping at Helliwell's 

Point (Woodbridge). 	The specimens described include CY5, 6, 25, 

47C, 48, 49, 53. 



Plate 17 	Syenite porphyry (CY70). Cumulus of euhedral 
oligoclase crystals with multiple growth and 
welding together evident. Crossed nicols. x75. 

Plate 18 Syenite porphyry (CY60) embayed quartz crystal 
with inclusions of amphibole and sphene. 
Crossed nicols. x75. 
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A large mass of syenite porphyry occurs as a dyke on the north-

west slopes of Mt. Windsor, south of Mt. Windsor and the western 

slopes of Silver Hill. 	There are also smaller dykes on King's Hill 

on the south east spur of Mt. Windsor and small sill-like intrusions 

occur on the east bank of the Huon River south of Petchey's Bay. 

Once again the rocks have euhedral phenocrysts of oligoclase with 

grainsize of the order of 2 mm x 1 mm width (010) tablets showing 

multiple twinning. There is some micaceous alteration at the edge 

of the crystals with second order colours. 	Some opaque minerals, 

mainly pyrite are present. 	The oligoclase has some inclusions of 

andesine present (Pl. 21) and zoning is well developed. 	Some of the 

feldspars contain rods of a green mineral which is probably aegirine. 

There are small inclusions of amphiboles in some of the feldspars. 

Once again there is evidence of two stages of growth with a central 

core of altered material mantled by a layer of fresh clear feldspar, 

both of which are oligoclase. 

Two distinct groups of syenite porphyry can be recognized. 	One of 

these has slightly smaller phenocrysts, in a fine grained altered ground-

mass, which are dominantly of euhedral plagioclase (usually oligoclase) 

although crystals with compositions close to albite (ki lo ) do occur. 

Extinction angles in the symmetrical zone give ambiguous results in 

this range, however many crystals have slightly greater extinction 

angles on their margins, have refractive index less than , canada 

balsam and are more albite-rich where analysed. Some small potash feldspar 

(sanidine with a low 2v) phenocrysts are present but not abundant. 

Those with the larger phenocrysts having dimensions varying from 5 mm 

to 1 cm have a coarser groundmass with more abundant potash feldspar 

crystals occasionally with included oligoclase crystals. 

The included plagioclase may have less well-defined twin lamellae 

and non-symmetrical extinction. 	Plagioclase phenocrysts are euhedral 
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Plate 19 	Syenite porphyry (CY25). Inclusion of marble. 
Crossed nicols. x30. 

Plate  20  Quartzite fragment in syenite porphyry. 
Crossed nicols. x75. 
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and terminated. 	The potash feldspar tends to be rectangular in habit 

with few prismatic terminations. 	The feldspar phenocrysts have 

always some degree of cloudy alteration. 	This is platey material 

with second order colours. 	Some crystals have a zeolitic alteration. 

Inclusions also indicate at least two stages of crystal growth with 

the occurrence of distinct altered cores in some crystals (Pl. 22, 23). 

Inclusions of epidote occur in one or two feldspar phenocrysts. 

These rocks have few ferromagnesian minerals, and where these are 

present they have been chloritized leaving skeletal remains of euhedral 

crystals defined by released magnetite grains and pseudomorphed by 

green chlorite tufts and small crystal remnants. 	From the forms of 

the pseudomorphs it appears that both pyroxene and amphibole have been 

altered. 

The smaller phenocryst-bearing rocks are characterised by the 

presence of fresh euhedral phenocrysts of amphibole. 	These are lath 

shaped, 2 mm x 0.1 mm, and many have been shattered. 	Some multiple 

twinning is present. 	The amphibole is strongly pleochroic X = 

yellow green, Y = green, Z = very dark green. 	Some colour zoning 

is present. 

In all cases the rocks have a few embayed quartz crystals up to 

2 mm in diameter. 

The groundmass of the rocks has a grainsize of 0.025 mm consisting 

of granular interlocking grains of potash-soda feldspar showing some 

degree of alteration and undulose extinction and also having interlocking 

quartz crystals of apparently primary origin. There is no sign of 

glass in the groundmass, within which, occurring as small phenocrysts 

are euhedral crystals of apatite and sphene, the latter occasionally 

showing simple twinning. 	Opaque minerals, usually pyrite are scattered 

through the matrix. 



Plate 21 	Syenite porphyry (CY83). 	Inclusion of andesine 
in oligoclase feldspar. 	Crossed nicols. 	x75. 
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Also present are odd interstitial grains which have been 

identified as barite, calcite and aragonite. 	In one specimen mordenite 

has formed as a late stage vein filling. 

The syenite porphyries have varying amounts of ferromagnesian 

minerals which are usually only in accessory amounts. 	Some of the 

syenite porphyries (CY2, CY91) have rather more amphibole with the 

usual phenocrysts of oligoclase and potash feldspar which may have 

inclusions of oligoclase. 	CY91 which outcrops on the western head- 

land of Petchey's Bay represents the ultimate evolution of these 

rocks, with large feldspar phenocrysts absent. 	CY2 outcrops on the 

Nicolls Rivulet road at Oyster Cove. 	These particular rocks are called 

hornblende porphyries. 

The Petchey's Bay rock in the hand specimen is a grey porphyritic 

rock with an unresolvable groundmass which has a mottled appearance 

due to lighter patches of ovoid shape scattered through a slightly 

darker groundmass. 	The phenocrysts are composed of dark laths of 

amphiboles of uniform grain size with dimensions approximately 1 cm x 

0.2 cm and having a preferred alignment in the rock (Pl. 24). 	The 

amphiboles of the finer grained dyke (CY2) are smaller, appearing 

as fine needles in a somewhat weathered groundmass. 

The groundmass is more uniform than that of CY91 and the rock does not 

have the same patchy appearance, however within the rock an inclusion 

of pale green pyroxene has been found with a diameter of 	3 cm. 

Feldspar phenocrysts are absent from this rock. 

In CY91 the amphibole consists of crystals which are strongly 

pleochroic with X = yellow green, Y = dark yellow green and Z = dark 

green. 	Some colour zoning and twinning also are present. 	The 

amphibole is fresh with very few inclusions and is pargasitic in 

composition (Table 111-8). 	In thin section it is apparent that the 

lighter patches consist of accumulations of fragmented pale green 



Plate 22 Syenite porphyry (CY76). Epidote core with 
amphibole reaction rim enclosed in potash 
feldspar. x190. 

Top - plane polarised light 
Bottom - crossed nicols. 
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Plate 23 	Syenite porphyry (CY76). 	Epidote with amphibole 
reaction rim and potash feldspar growing off it. 
Crossed nicols. 	x60. 

Plate 24 	Hornblende porphyry, Petcheys Bay. 	Note lighter 
patches in the matrix. 
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pyroxene tablets and laths of maximum dimensions about 1 mm x 0.05 mm 

(Pl. 25). 	In the groundmass which constitutes about 70% of the rock 

are a few small euhedral apatite crystals and sphene crystals up to 1 mm 

long. 	Small magnetite grains occur throughout the groundmass, which is 

composed of a dense mesh of altered potash feldspar laths which have 

a trachytic texture. 	The feldspars are sericitized. 

CY2 is similar to above with a generally finer grainsize. 	The 

amphibole is similar as is also the scattered euhedral granular 

crystals of pale green pyroxene. 	These pyroxenes are similar to 

those comprising a pyroxenite inclusion occurring in the rock. 	The 

inclusion has granular pyroxenes, very pale green in colour with weak 

pleochroism but having darker rims, particularly at the margin of the 

inclusion. 	The inclusion has sharp contacts with the enclosing rock. 

Thus the indication is that the pyroxenes in these rocks are derived 

from disrupted inclusions of foreign origin from their similar composi- 

tions, fragmental nature, and occurrence as clumps of crystals. 	The 

groundmass consists of pilotaxitic potash feldspar laths with some 

micaceous alteration ranging up to high first order interference 

colours. 	Some amygdules are present, containing radiating fibrous 

zeolite crystals. These are both length slow and length fast with 

oblique extinction. 

Inclusions in the Syenite Porphyries 

Apart from occasional rafted blocks of Permian country rocks the 

only abundant inclusions are the amphibolite xenoliths occurring in 

the syenite porphyry on the north west slopes of Mt. Windsor, and 

exposed in road cuttings on the Petchey's Bay road. 	Hand specimens 

reveal these to consist of angular fragments with well defined margins 

varying from about 1 cm to 10 cm maximum dimension. They consist 
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Plate 25 	Amphiboles (dark green) and pyroxenes (light green) 
in feldspathic groundmass. Note pyroxenes assoc-
iated with lighter patches in groundmass. CY91. 
Plane polarised light. x75. 

Plate 26 Amphibolite inclusions, Petcheys Bay Road, 
Mt. Windsor. Inner part of inclusion showing 
amphibole with many inclusions and clear quartz-
feldspar matrix. Plane polarised light. x75. 
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either of massive dark green amphibole, or more commonly having a 

black and white striped appearance due to interlayering of darker 

amphibole with light coloured matrix. 

Microscopically the xenoliths have a foliated texture showing 

green amphibole crystals interlayered with a colourless matrix of 

irregularly shaped equigranular crystals of clear untwinned plagio-

clase, having the composition of andesine, and quartz, together with 

patches of iron-stained unresolvable material. 	The matrix occupies 

about 30% of the rock. 

The amphibole is negative with 2V of about 60 0  and pleochroic 

having X = pale green, Y = green, Z = dark green. The amphiboles 

comprising the inner parts of the inclusions have a larger number of 

opaque inclusions (Pl. 26). 	There are also small brown inclusions 

which have high relief, are strongly birefringent and are probably 

zircon. 

The rims of the inclusions are characterised by a lack of matrix, 

possibly because of being melted out, the amphibole now being 

recrystallised to give a dense mass with a more hornfelsic (equi-

granular) texture but still with an orientation (Pl. 27). 	The pleo- 

chroic scheme does not change. 	The inclusions, particularly the 

opaque ones, have virtually disappeared leaving a few rectangular to 

rhomboidal grains of high relief and high birefringence (about 0.1 mm 

diameter). 	These are probably small zircons. 	The compositions of 

the amphiboles are summarised in Table 111-8 and Figs. 111-9 and III-10 

where it can be seen they are related to pargasite with the rim 

compositions richer in iron than the cores. 

SANIDINE PORPHYRIES 

In contrast to the syenite porphyry which, contains phenocrysts of 
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Plate 27 Rim amphiboles from inclusion of Plate 24. 
Amphiboles are devoid of inclusions, less 
elongated and there is very little feldspathic 
matrix. Plane polarised light.  x190. 

Plate 28 Fine multiple twinning and evidence  of  second and 
third stage overgrowths with rim  inclusions  in a 
sanidine crystal from CY74. Crossed  nicols.  x75. 



11-17 

oligoclase, this group of rocks is of somewhat greater mineralogical 

variation but with phenocrysts of mainly sanidine. Also grouped 

with them for descriptive purposes are dykes containing phenocrysts 

of oligoclase and sanidine with the potash feldspar of later generation 

than the plagioclase. 	These sanidine rocks occur as dykes, usually no 

wider than about 2 m, and are much more consistent in their form 

than are the syenite porphyry intrusions. That these rocks are 

later than the syenite porphyry is shown by their intrusion into the 

syenite porphyry at the western end of Silver Hill road, and at 

Hollands Quarry (Pl. 2). 

The early descriptions of Twelvetrees and Petterd (1898) 

together with those of Edwards (1947) referred to the sanidine-bearing 

rocks with the largest phenocrysts as "biscuit" rock. 	No fresh 

specimens of this rock could be collected. 

Grey Groundmass Rocks 

The rocks originally described as "magpie" rock occur in several 

dykes throughout the area. The best exposure occurs on the Huon 

River south of Petchey's Bay (CY74). 	Here the rock contains large 

clear euhedral sanidine crystals up to 3 cm x 0.5 cm maximum dimensions 

with a poorly defined alignment. 	These have little alteration but 

may have small inclusions within the crystal rims which are cloudy 

and barely translucent. The optic axial planes are perpendicular 

to (010) with a low 2V. 	Some very fine multiple twinning appears in 

one crystal (Pl. 28) clearly showing an overgrowth of potash feldspar. 

This crystal has 3.22% Na 20 and is approaching anorthoclase. 	The 

other phenocrysts contain from 1-2% Na 20. 	Euhedral isotropic 

melanite crystals from 1-2 mm diameter showing colour zoning in plane 

polarized light occur in the groundmass. 	These include euhedral 

crystals of yellow-green to green pleochroic pyroxene, suggesting a 
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later formation for the melanite. A few pyroxenes include grains of 

magnetite with no reaction relationship but many of the melanite 

crystals from CY74 have grown as euhedral zoned phenocrysts and have 

opaque areas of alteration at their margins. The opaque material is 

dense, consisting of an unresolvable opaque mixture having iron and 

titanium as major components as well as silica, alumina, lime and 

potash. 	In spite of its opaque nature the material does not analyse 

as ilmenite and must be a very fine mixture of decomposition products 

of the melanite. 	Several grains (Pl. 29) have a clear reaction rim 

of calcite grains. 	Cancrinite occurs in patches of fibrous crystals 

in the groundmass of CY74 (Pl. 30). 	These together with calcite 

reaction rims in melanite grains and calcite grains in the groundmass, 

indicate the presence of late stage fluids rich in CO 2 . Some 

sulphur is also present in the cancrinite. 

The groundmass which comprises about 80% of the rock consists 

mainly of pilotaxitic laths of small sanidine crystals. These 

appear to have some sericitic alteration, and also crystallised with 

them are small granules of very dark green pyroxene, euhedral melanite 

and grains of titaniferous magnetite. 	Small irregular segregations 

of analcime occur in the groundmass. No analcime has been found as 

euhedral crystals, but two or three small wedge shaped isotropic 

crystals of high negative relief in the groundmass of CY74 appear to . 

have a composition between natrolite and analcime. The compositions 

could not be accurately determined because of boiling of the 

specimen in the electron probe. This phenomenon did not occur with 

probing of the larger analcime crystals. The form of these is very 

similar to those reported for analcime in the Dippin Sill Arran by 

Henderson and Gibb (1977). 	The analcime may be intergrown with a 

fibrous mineral which is length slow, and has upper first order 
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Plate 29 	Calcite reaction rim around altered melanite 
crystal. CY74. Crossed nicols. x75. 

Plate 30 	Fibrous cancrinite crystals in the ground- 
mass of CY74. Crossed nicols. x190. 
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interference colours. 	A very small inclusion of sodalite within 

pyroxene was found in CY74 using the electron probe. 	It is quite 

probable that it represents an irregular spot in the original 

crystal face in which the feldspathoid had crystallized. The 

groundmass of these rocks appears grey in the hand specimen. 

Other examples have phenocrysts with some inclusions giving the 

appearance of growth zoning. Some dark green amphibole is rarely 

present and is pleochroic, X = yellow, Y = green, Z = dark green. 

Two examples were found showing melanite crystals in reaction 

relationship with allanite grains (Pl. 31) which could be inclusions 

as no others were observed. Small euhedral melanite grains occur 

in the groundmass with relatively rare small needles of aegirine. 

Interstitial calcite grains can occur. 

In the groundmass are occasional small resorbed plagioclase 

crystals, small apatite and sphene grains and small opaque rectangular 

grains are mainly of pyrite. No glass is present in any rock. 	One 

old slide from the area (A.D. Mackay No. 19) shows altered euhedral 

hexagonal hauynite included in sanidine laths. 	In this slide appears 

a clot of melanite crystals with a rim of scapolite which suggests it 

is equivalent to CY44 of the present collection. 	A melanite-bearing 

rock with grey groundmass (CY86) intersects two dykes with a green 

groundmass (CY85) between Copper Alley and Langdon's Point. 

Green Groundmass Rocks 

These latter dykes contain euhedral glassy rectangular sanidine 

phenocrysts showing alignment parallel to their walls. The crystals 

are 0.3 cm long. The edges of many sanidine phenocrysts may 

appear diffuse due to the inclusion of aegirine laths. This is due 

to further growth of the initial phenocryst by addition of material 



Plate 31 	Allanite (inclusion?) from CY19 with included 
melanite crystals. x190 

Top - plane polarised light 
Bottom - crossed nicls. 
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from the feldspathic component of the groundmass. 	Small euhedral 

phenocrysts of pyroxene with yellow-green pleochroism occur in the 

groundmass, which occupies about 80% of the rock. 	These show 

columnar prismatic and rectangular basal sections. 	Grainsize has a 

1 mm maximum. 	Melanite occurs in these as small sporadic euhedral 

crystals. 	There are rare subhedral crystals of late stage pectolite 

in the groundmass which consists of a very dense fine grained inter-

growth of aegirine needles intergrown with potash feldspar laths. 

There is a flow structure present but the texture is more that of a 

"spotted slate" type due to the presence of numerous small rounded 

uniaxial negative crystals of nephel wine, potash feldspar and possibly 

pseudoleucite (Pl. 32). 	There are occasional larger grains with a 

development of some crystal faces, many of which have undergone a 

cloudy micaceous alteration which gives a pink tinge to them. 

On the shore about 100 metres north of the site of the old Port 

Cygnet deep water jetty at Langdon's Point is another dyke with a 

green groundmass, and another about 30 cm thick, 200 metres to the 

north, which is the sanidine tinguaite described by Edwards (1947). 

The most striking aspect of this dyke in the field is the beautiful 

swirl structures, presumably indicating turbulent flow, which are 

exhibited by the orientation of large plates of sanidine (Pl. 5). 

These are typical euhedral (010) tablets, about 3 cm long, embedded 

in a fine grained (but non-glassy) green matrix. 	It does not have 

a glassy chilled margin but is finer grained at the contact and main-

tains its porphyritic texture. 	The dyke has only a small zone (about 

5 cm wide) where obvious baking has taken place although the Permian 

country rock in the area is generally thermally metamorphosed. 

Microscopically the rock contains large clear euhedral rectangular 

phenocrysts of sanidine, which are biaxial negative with low 2V. 
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Plate 32 Detail of groundmass from CY85  showing  sanidine 
laths, pyroxene included in dark  melanite,  rounded 
grains of nepheline and dense aegirine needles. 
Plane polarised light. x75. 

Plate 33 Small tablet of sanidine from X44 showing evidence 
of multiple growth with inclusions of aegirine 
needles. Crossed nicols. x190. 
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Some crystals have cloudy cores and quite a few are broken or cracked. 

There is evidence of multiple growth shown by aegirine inclusions 

(Pl. 33). 	Most crystals are quite homogeneous but in some, particularly 

in the cores, there is evidence of microperthitic exsolution lamellae. 

Smaller subhedral sanidines occur in the groundmass and many of these 

are uniaxial negative. They may be distinguished from nepheline by 

their development of partial crystal faces producing a lath-like form. 

Their composition has been checked by electron probe analysis. 	Some 

feldspars have been altered to small clumps of radiating, length-fast 

zeolite? crystals. 	There are occasional patches of a purple 

coloured mineral, usually as a groundmass segregation, which is identified 

as eudiaylyte (Pl. 34) intergrown with aegirine needles. 	Evidence 

of discrete andalusite crystals is present as muscovite pseudomorphs 

in the groundmass (Pl. 35). 	Melanite is scarce in this rock. Small 

euhedral crystals of yellow-green pleochroic pyroxene (0.1 mm 

diameter) are present having colour zoning with lighter cores. 	The 

rims on some pyroxene are very dark and it is difficult to ascertain 

if this is due to opaque oxides from alteration, or simply a very 

dense colour border. Most pyroxene appears fresh and unaltered. 

Pyroxenes are also included in some of the potash feldspar phenocrysts. 

These also have very dark rims. 

The groundmass consists of small rectangular potash feldspar 

laths with pilotaxitic texture. 	These are also associated with laths 

of pectolite showing high second order interference colours (Pl. 36). 

The groundmass has a dense mesh of fine grained aegirine laths which 

grow between and through the feldspar laths of the matrix. Also 

present are rounded, irregular grains of nepheline, intergrown with 

the aegirine crystals. These are not as abundant as in the first 

group (i.e. CY85) described above. 	The groundmass occupies about 

50% of the rock. 
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On the road from Lymington to Mt. Windsor occurs another dyke 

(CY73) with a green groundmass but showing a mineralogy significantly 

different from those described above. The outcrop is poor but fresh 

samples have a prominent parallel alignment of euhedral glassy 

sanidine tablets. 	These may be up to 5 cm x 0.5 cm in length and 

thickness. 	Also obvious in the hand specimen are small black euhedral 

phenocrysts of melanite garnet up to 3 mm diameter. 

The phenocrysts of sanidine are unaltered with clean rims. They 

contain occasional small inclusions of euhedral yellow-green pleochroic 

pyroxene and euhedral hexagonal isotropic hauynite which does show 

some alteration. There may be some small sphene inclusions in both 

the pyroxene and sanidine. 	Smaller subhedral crystals of sanidine 

consisting of angular fragments of crystals occur as a smaller gener- 

ation of phenocrysts (approx..1 mm diameter). 	Some sphene laths 

with terminations up to 2 mm in length are present as phenocrysts as 

well as occasional apatite crystals. 

The melanite crystals are euhedral isotropic with strong colour 

zoning. They contain some unaltered inclusions of pyroxene and are 

square to pseudohexagonal in cross section with a brown colour and 

high relief. 	There are a large number of well formed hexagonal 

sections of isotropic phenocrysts of hauynite (Pl. 37). They are 

approximately 1 mm in diameter, characteristically have a distinct 

dodecahedral cleavage and are quite fresh with little alteration. 

In addition to hauynite there are rather irregular anhedral masses 

of fresh analcime in the rock. This can vary from 1 cm for the 

largest mass, which has a reaction relationship to a sanidine pheno-

cryst, down to 0.5 mm as small segregations in the groundmass. 	There 

are smaller anhedral isotropic grains in the groundmass which are 

also analcime. 	They are associated with aegirine needles. 	These 



Plate 36 X44 - patch of pectolite in groundmass of 
feldspar laths. Crossed nicols. x480. 

Plate 37 CY73  -  Zoned brown melanite enclosing pyroxene. 
Large clear crystal is sanidine. Euhedral clear 
small crystals are hauynite. Euhedral elongated 
clear crystal between green pyroxenes is sphene. 
Irregular small anhedral crystals in groundmass 
are analcime. Plane polarised light. x75. 



11-28 

minerals have had their compositions checked using electron probe 

analysis (Table III-10). 	The groundmass which constitutes about 75% 

of the rock is composed of pilotaxitic potash feldspar laths which 

are closely intergrown with a close mesh of aegirine needles. 

The crystallisation order for the sanidine rocks is: apatite, 

sphene, magnetite and zircon together followed by melanite, and 

pyroxene which crystallised concurrently with the feldspar phenocrysts 

and hauynite and finally the feldspathic groundmass with nepheline and 

analcime. 

VARIANTS OF THE SANIDINE PORPHYRIES 

Scapolite-bearing Dyke Rock 

On the western shore of Port Cygnet about 300 m north of Langdon's 

Point oucrops a dyke (CY44) with sanidine phenocrysts aligned parallel 

to its margins, appearing as white crystals in a grey groundmass. 

This rock appears to represent an altered equivalent of "magpie" rock 

(i.e. grey groundmass rock). 	The sanidine phenocrysts are euhedral, 

approximately 1 cm x 0.25 cm, and have some included altered feldspath- 

oid crystals and garnet grains. 	Euhedral feldspathoid crystals 

included in the sanidine are altered to scapolite. 	The sanidines 

show some sericitic alteration and microperthitic exsolution. 	Biotite 

and small sphene grains are sometimes also included. 	Glomeroporphyritic 

melanite crystals with strong colour zoning and original euhedral form, 

are present. They have a maximum diameter of 3 mm. 	Many melanites 

show typical light to dark brown colour-zoned cores, but some have 

colourless to pale pink rims which are weakly anisotropic with a dusting 

of small highly birefringent grains of sphene, and calcite due to 

alteration. 	In many grains there is a further outer reaction rim of 
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well crystallized scapolite plates with included grains of pyrite 

(Pls. 38 & 39). 	Occasional anhedral plates of scapolite, with diffuse 

margins, occur separately in the groundmass. 	In some examples there 

may exist a further zone of small platy crystals of brown and green 

biotite recognized by its high birefringence and uniaxial negative 

sign. The pale pink garnets are frequently pseudomorphed by patches 

of remnant garnet, sphene grains, green-brown biotite plates and 

pyrite grains. These may or may not have associated scapolitic 

reaction. 	Pink garnets with opaque inclusions and alteration occur in 

the groundmass, and as unaltered inclusions in sanidine crystals. 

Probe analyses of these garnets shows that the lighter grains have less 

iron oxide and more alumina than the darker melanite core. 	It would 

appear that the alteration is due to sulphur reacting with the melanite 

to produce scapolite, pyrite and sphene. 	In the groundmass are also 

areas where pyrite has reacted to produce biotite. Associated with 

one pink garnet is a low birefringent pink mineral of high relief, 

almost uniaxial negative with 2V of about 5 0 . 	Its composition is 

similar to the pink garnet and pyrite with brown-green biotite and 

sphene grains may be pseudomorphs of melanite. 	Some dark green 

amphibole crystals, both fresh and altered, are also present. 	When 

altered they have been converted to an accumulation of green biotite 

grains. The groundmass which constitutes about 70% of the rock, 

consists of pilotaxitic feldspar laths with scattered high bire-

fringence sphene grains probably derived from the alteration of the 

garnets. 

Iron-muscovite bearing rock 

Another variant of the potash-feldspar-bearing dykes outcrops on 

King's Hill road near the saddle of Mt. Mary (X50). 	In hand specimen 
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TABLE II-1 

Electron Microprobe Analyses of Fe-Micas from Inclusions in Sanidine 
Porphyry Dyke. X50. 

Na 20 0.22 0.26 0.00 0.22 0.00 0.00 
MgO 1.15 1.19 1.42 0.25 0.57 0.25 
A1 20 3  34.76 34.63 34.16 36.13 35.86 35.98 
Si0 2  45.07 45.48 45.45 45.85 46.12 46.32 
K 2 0 10.99 11.20 11.19 10.94 11.06 11.00 
CaO 0.17 0.00 0.10 0.00 0.13 0.13 
TiO 2  0.49 0.36 0.29 0.13 0.14 0.00 
FeO 5.28 4.62 4.90 4.31 4.31 3.23 

Un-normalised 
Total 

98.12 97.85 97.51 97.82 98.19 96.90 

Atomic Proportions on basis of 22 Oxygen 

1.857 1.895 1.901 1.838 1.853 1.855 
Na 0.056 0.067 0.000 0.056 0.000 0.000 
Ca 0.024 0.000 0.014 0.000 0.019 0.018 

Site Total 1.937 1.962 1.915 1.894 1.872 1.873 

Ti 0.049 0.036 0.030 0.012 0.013 0.000 
Mg 0.227 0.236 0.281 0.048 0.111 0.049 
Fe* 0.390 0.342 0.363 0.317 0.316 0.238 
Al 3.393 3.442 3.407 3.655 3.610 3.726 

Site Total 4.054 4.056 4.081 4.032 '4.050 4.013 

Al 2.032 1.969 1.951 1.958 1.941 1.878 
Si 5.968 6.031 6.049 6.042 6.059 6.122 

Site Total 8.000 8.000 8.000 8.000 8.000 8.000 

0 22.000 22.000 22.000 22.000 22.000 22.000 

*Fe Calculated as Fe 3+  

The lack of pleochroism in these relatively high iron micas indicates 
oxidised iron (Fe 3+) where the d5 octahedral electronic configuration 
is associated with colourless ions. 



Plate 38 From CY44. Glomeroporphyritic zoned melanite 
crystals with clear rim surrounded by a reaction rim 
of platey scapolite with included pyrite grains 
with some associated biotite. x190. 

Top - plane polarised light. 
Bottom - crossed nicols. 
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the rock appears to have an aphanitic texture with small vugs contain-

ing pyrite crystals. 	It is heavily iron-stained on numerous joint 

surfaces. 	In thin section euhedral fresh rectangular and terminated 

sanidine crystals occur. 	These have dimensions up to 1 cm x 0.25 cm 

in a groundmass of pilotaxic sanidine laths (0.1 x 0.01 mm) which are 

partially sericitized. Within the rock are xenoliths of ferriferous 

muscovite with the largest up to 1 cm in diameter. These consist of 

well crystallized plates (up to 1 mm) of iron-muscovite biaxial 

negative with 2V about 30 ° . 	Some uniaxial plates also occur. 	They 

show high second-third order maximum interference colours and are 

colourless in plane polarized light. 	Sanidine crystals have crystallised 

about some of the inclusions (Pl. 40). Opaque grains of pyrite are 

scattered through the groundmass. This may be the sanidine biotite 

dyke referred to by Edwards (1947). 	Mica compositions by electron 

probe are given in Table II-1. 

Mixed Feldspar Rocks 

Two dykes of interest occur, one on the King's Hill road near the 

base of Mt. Mary (CY61) and the other as a small outcrop which can 

only be sampled at low tide in the Huon River, off the north-western 

headland of Petchey's Bay (CY92). 	They have characteristics between 

those of the syenite porphyry and the more potassic rocks. 	These dykes 

have tabular feldspar phenocrysts, but are composed of plagioclase as 

well as sanidine with plagioclase more abundant. The larger pheno-

crysts are subhedral rectangular, being poorly terminated and having 

maximum dimensions of 1 cm x 0.25 cm. 	Smaller crystals tend to be 

euhedral in form. 	The plagioclase is oligoclase with some crystals 

having larger extinction angles at the rims, indicating albite 

enrichment. The compositions from electron probe do extend into the 
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Plate 39 Melanite garnets in various stages of alteration. 
Growth-zoned melanite with clear rim and included 
dusting of sphene. Other garnets are altered to 
pyrite aggregates with surrounding reaction rims 
of scapolite. x77. CY44. 

Top - plane polarised light. 
Bottom - crossed nicols. 



Plate 40 Xenolith of iron-muscovite included in a 
sanidine crystal from X50. Crossed nicols. x60. 

Plate 41 Sanidine phenocryst from CY92 with included 
oligoclase crystals. Crossed nicols. x75. 
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- albite field. 	Well defined fine lamellar twinning as well as coarser 

twin lamellae are present, with many of these having undulose and 

unsymmetrical extinction. 	The sanidine crystals may have small 

rectangular oligoclase inclusions present (Pl. 41) and sanidine over-

growths occur on a few of the larger oligoclase phenocrysts (Pl. 8). 

A few dark green-yellow euhedral crystals of pyroxene with 1 mm 

diameter are present together with sporadic euhedral melanite and 

occasional sphene crystals. 	Some small grains of pyroxene and melanite 

may be scattered through the groundmass which is made up of pilotaxitic 

feldspar laths and rectangles. 	Some of these show multiple twinning 

and also a tendency to microperthitic exsolution. Small opaque grains 

of magnetite are scattered throughout the rock. The groundmass 

constitutes about 70% of the rock and is light brown, hence the name 

of brown matrix rocks. 

Garnet Trachyte 

Between the outcrops of the tinguaite dykes with the swirl 

structures there occurs one of the most unusual rocks of the area. 

This is the rock referred to as a garnet trachyte by Macleod and 

White (1898). 	The dyke (Pl. 10) is about 40 cm wide with some evidence 

of multiple intrusion at the margins, and has caused some thermal meta-

morphism of the surrounding Permian country rock. The rock is dense, 

dark grey with a porphyritic texture produced by the presence of 

rounded phenocrysts of pinkish brown garnet and green epidote with 

diameters up to one centimetre. The garnets are much more abundant 

than the epidotes. The phenocrysts are rimmed with a white halo of 

sanidine crystals. 

A thin section shows phenocrysts of spessartite garnet, which 

are euhedral to subhedral rounded, colourless to slightly pink, weakly- 
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strongly anisotropic and having clearly defined growth zones (Pl. 42). 

The epidote phenocrysts are not usually composed of small grains, 

but many are multigranular with large, constitutent crystals. 	The 

epidote and spessartite occur as distinct phenocrysts. 	In some cases 

the epidote may enclose or overgrow the spessartite crystals (Pl. 12) 

but with no evidence of reaction between them. 	One crystal of 

epidote had a form suggesting it may have pseudomorphed a spessartite 

crystal. 	Both sets of phenocrysts range in sizes from 2 cm maximum 

to smaller grains which may occur in the groundmass. 	The crystals 

of epidote are mostly unaltered but rarely may have small needles of 

amphibole reaction rims with the groundmass. 	Both sets of phenocrysts 

have white rims due to the subsequent crystallization of potash feld-

spars on to them from the fluid medium (Pl. 11 and Pl. 43). 

Pyrite crystals accompany many of the spessartite crystals but are 

always of later formation with no evidence of the spessartite having 

pyrite inclusions. Minor pyrrhotite occurs in the groundmass. 	The 

epidote may enclose pyrite crystallized with the spessartite. Some 

epidotes have enclosed individual pyrite grains formed in the ground-

mass. The textural evidence suggests the sequence spessartite-pyrite- 

epidote-potash feldspar. 	Phenocrysts of sanidine are rare in this 

rock. The largest would only be 3 mm x 0.25 mm with a rectangular 

habit and some showing evidence of two stages of growth. Occasional 

square habits occur. 

One garnet phenocryst shows an overgrowth of a low birefringent 

mineral which is pseudomorphing an original crystal. 	A remnant core 

of the original is present having a higher first order birefringence 

(Pl. 44). 	This core has a composition close to labradorite gable VII-6). 

Its alteration product is a zeolite, probably chabazite whose composition 

is also given in Table VII-6. 	Both the garnet and its altered over- 
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Plate 43 Detail of garnet trachyte with potash feldspar 
crystallised on to edge of epidote crystal. 
Crossed nicols. 	x380. 
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Plate 44 Zeolitized labradorite crystal  growing  off 
spessartite garnet in garnet  trachyte.  x75. 

Top 	- plane polarised light. 
Bottom - crossed nicols showing unaltered 

core. 



11-40 

growth have a further rim of small green epidote grains and potash 

feldspar laths. The texture may be interpreted as the garnet 

developed a rim crystal of labradorite followed by an overgrowth of 

epidote and feldspars after which the labradorite was hydrolysed to 

zeolite by high water activity with the epidote remaining stable. 

The groundmass is 80% of the rock or greater due to the uneven 

distribution of phenocrysts in the rock. 	It is mainly of lath- 

shaped crystals of sanidine, with simple twinning, having a trachytic 

texture. 	In the groundmass scattered between the feldspars are 

numerous small grains of highly birefringent epidote and small plates 

of chlorite which may vary in colour from green to brown to reddish 

brown. The chlorite is only confined to the groundmass and does not 

appear as larger crystals or phenocrysts. 

SUMMARY OF THE ALKALINE ROCKS 

The syenite porphyries have euhedral phenocrysts of oligoclase 

which may show growth zoning from Abso to Ab90. 	There is evidence 

of multiple growth of the phenocrysts. These occur in a groundmass 

of potash feldspar and quartz grains which may vary from very fine 

grained (less than 0.025 mm) to a relatively coarse grained (2 mm) 

aggregate. Occasional embayed quartz grains are present. Ferro-

magnesian minerals are not abundant but are represented by pargasitic 

hornblende which varies in quantity but reaches its greatest development 

in the variant referred to as hornblende porphyry. 

Inclusions of marble and quartzite are present but the most 

abundant inclusions consist of amphibolite occurring in the syenite 

porphyry near Mt. Windsor. 

The sanidine porphyries are later than the syenite porphyries. 
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They all show flow structure and may be loosely grouped into grey 

groundmass and green groundmass rocks. 

The grey groundmass rocks have euhedral sanidine phenocrysts with 

melanite and occasional pyroxene with sphene and apatite. The ground-

mass is of fine grained sanidine laths with some interstitial analcime 

and cancrinite. 

The green groundmass rocks have a felted mass of aegirine and 

sanidine laths in the groundmass, hence the colour, and the name, 

tinguaite, applied to these by A.B. Edwards (1947). 	Variations of 

these have: 

sanidine-nepheline-aegirine-eudialyte 

sanidine-melanite-nepheline-aegirine 

sanidine-hauynite-melanite-analcime-aegirine 

Variants of the sanidine porphyries are represented by the dyke (CY44), 

containing scapolitized garnets, the muscovitebearing dyke (X50) and 

the mixed phenocryst, brown groundmass rocks (CY61 and CY92) containing 

euhedral plagioclase with overgrowths and associated phenocrysts of 

sanidine. 

The garnet trachyte with phenocrysts of spessartite and epidote 

in a groundmass of sanidine laths is regarded as a modification of the 

parent magma of the sanidine rocks (see later chapter), and is a unique rock. 

THE HYBRID ROCKS 

In hand specimen two main groups can be recognised: 

melanocratic rocks whose composition is dominated by ferromagnesian 

minerals giving them a dark appearance while the lighter coloured 

leucocratic rocks are dominated by potash feldspar to the exclusion 

of most of the ferromagnesian minerals. The melanocratic rocks have 
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been derived largely from dolerite and the leucocratic rocks from the 

alkaline magma. 

A multitude of names was given to specimens from the Regatta Point 

by Twelvetrees and Petterd (1898) where Edwards (1947) was subsequently 

able to show that the variation was due to reaction between an intrusive 

potash-rich magma and pre-existing fractured dolerite to produce a 

series of hybrid rocks, 	rather than a differentiation sequence 

as suggested by Twelvetrees et al. 	Edwards' main mineralogical 

conclusions are still valid, but his mapping of different zones of 

alteration striking approximately perpendicular to the shoreline, may 

be an over-simplification. Magnetite is generated as part of the 

reaction process, and consequently the hybrid rocks are associated with 

a significant magnetic anomaly. 	Leaman and Naqvi (1965) and Leaman 

(1977) have shown that the Regatta Point area is marginal to a marine 

magnetic anomaly located within Port Cygnet and bearing approximately 

NNW-SSE. 	This area is the only place where large scale reaction and 

alteration of dolerite has occurred and where there is evidence of 

thermal metamorphism of country rocks on both sides of the Port Cygnet 

estuary. 

The Dolerite 

The fresh unaltered dolerite is medium to coarse grained. 	The 

pyroxenes occur as glomerophyritic anhedral aggregates with ragged 

edges up to 3 mm in diameter and showing some ophitic texture with 

respect to the feldspars. 	The pyroxenes are colourless with some 

unexsolved cores. Most however are completely exsolved with regular 

exsolution lamellae, some of which appear to be rod shaped opaque 

material. 	Where twinning occurs this gives them a 'herringbone' 

appearance. 	With a 2V in the range of 0 0  to 10 °  the pyroxenes are 
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pigeonite. 	Occasional subhedral magnetite grains are scattered 

through the rock. 	Subhedral laths of plagioclase feldspar with a 

composition ranging from andesine to labradorite (An40-An58) are 

present. 	Some small potash feldspars are present, crystallized 

between plagioclase laths with quartz in the mesostasis (Pl. 45). 

Melanocratic Rocks 

These have been formed as a result of the alteration of dolerite. 

Pyroxene is the first mineral affected, most changing colour from 

colourless to green, with an increase in positive 2V, and a few to a 

somewhat bluish tinge with a small negative 2V, which represents a 

chloritic and later amphibolitic alteration. 	At the same time the 

original pyroxene developes a dust of included magnetite, often 

concentrated about the margin (Pl. 46). 	It appears that the ortho- 

pyroxene component of the exsolved pair is relatively unstable and 

breaks down. 

The plagioclase feldspars of the dolerite do not show significant 

alteration at this stage and the dolerite texture is preserved. 	There 

is recrystallization of the mesostasis to produce relatively large 

clear anhedral grains of quartz which consequently are much more 

prominent than is normally so with unaltered dolerite. The grainsize 

of these is 0.25 mm. 	Small rounded grains of a dark green to 

brown pleochroic biotite may also occur here. The grainsize of these 

is near 25 microns. 	The clinopyroxene component of the exsolved 

pyroxene has high second order interference colours and may be altered 

to relatively coarse, anhedral, rimming, crystals of yellow green - 

pale green - very dark green hornblende. 	Both the hornblende and 

remnant pyroxene may be altered to fine grained rounded aggregates of 

green biotite. 	There may also be occasional larger plates of biotite 



11-44 

Plate 45 Fresh dolerite (CY57) showing glomeroporphyritic 
exsolved pyroxene with plagioclase  (An4o-58) 
laths  and occasional magnetite  grains.  x190. 

Top  -  plane polarised light. 
Bottom  -  crossed nicols. 
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which are recognized by their strong pleochroism, uniaxial negative 

sign and high birefringence. 

The next stage of alteration shows the development of reaction 

rims of subhedral rectangular plates of brown biotite about magnetite 

grains, both those of the original matrix and those produced during 

alteration of the pyroxene. The larger magnetite grains in the rock 

may also have small reaction rims of sphene grains surrounding them. 

At this point the beginning of change of the feldspar crystals 

occurs. The original feldspar laths with multiple twin lamellae now 

begin to lose their precise extinction characteristics with the 

lamellae becoming coarser and showing undulose extinction in the albite 

twin zone. 

A further development which is seen readily with plane polarized 

light appears when the original feldspar which usually shows a typical 

cloudy surface now develops clear rims of fresh feldspars which may be 

soda or potash rich, with the soda derived from plagioclase breakdown. 

The lime component is absorbed by the formation of melanite, sphene and 

pyroxene. The original laths have now lost most of their structure to 

become untwinned granular feldspars of sanidine and albite compositions 

(Pl. 47). 	The resulting rock develops a granular hornfelsic texture 

in which the mineralogical composition consists of a pale green 

granular pyroxene with some original traces of the pyroxene exsolution 

structure. 	It is non ophitic. 	There are subhedral biotite plates 

having pleochroism from light brown to very dark brown. Hornblende 

is present in occasional clots. 	Euhedral to subhedral opaque magnetite 

grains are abundant throughout the rock. The feldspars have largely 

lost their lath-like habit and now have a granular interlocking 

texture with occasional evidence of an original core. 	There is some 

fresh multiple twinning in some grains giving composition ranging from 
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Plate 46 Exsolved pyroxene (70-209) with  peripheral 
dusting of magnetite altered to green hornblende 
and biotite. Note brown biotite  reactions  about 
large magnetite grains. Dolerite  plagioclase 
still intact. x190. 

Top -  plane  polarised  light. 
Bottom - crossed nicols. 
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An20-An34 (oligoclase). 	Some veins of coarser potash feldspar with 

evidence of exsolution and having sutured borders can intersect the 

altered dolcrite. The total development of feldspar compositions 

is summarised in Fig. 111-23. 	Some large apatite and sphene crystals 

may be developed. 

The subsequent evolution of the system is mainly due to additional 

increments of essentially potash feldspar-rich material to, and with 

consequent dilution of, the material of doleritic origin. 	Thus there 	is 

an addition and dilution process which leads to the leucocratic rocks, 

regarded by Edwards as contaminated variants of the parent "syenite 

porphyry", consisting of aplitic and pegmatitic veins intersecting and 

mixing with the altered dolerite. 	In the coarser varieties, laths of 

subhedral sanidine may crystallize with the material derived from the 

altered dolerite being squeezed between the coarser feldspar crystals 

giving rise to a schlieren texture. 

In the more uniform grainsize rocks the texture is one of inter-

locking potash feldspar crystals of grainsize near 2 mm and having 

sutured margins. These crystals invariably have a cloudy alteration, 

seen best in plane polarized light, which tends to etch potential 

exsolution zones, not always observable with analysed light. 	There 

are variable degrees of mixing with the coarser feldspar grains now 

often exhibiting ophitic texture by enclosing grains of recrystallised 

sodium bearing pyroxene. 	The pyroxene may be euhedral showing laths 

of tabular form up to 1 mm 	in length as well as typical basal 

sections (Pl. 48). 	Pyroxene grains may also be included within light 

brown - very dark brown biotite (Pl. 49). The interstices between 

the pyroxene grains may be filled with iron stained zeolitic material. 

This material is in fibrous aggregates with first order grey-straw 

interference and length fast with straight extinction. It is probably 

thomsonite, 



Plate 47 Altered dolerite (RP10). Pyroxene altered. 
Biotite reaction rim around magnetite. Feld-
spars beginning to alter with some undulose 
extinction, formation of clear rims and 
granular alkali feldspar. 	x75. 

Top - plane polarised light. 
Bottom - crossed nicols. 
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Plate 48 Recrystallised hybrid rock (S6) with pyroxene 
laths, biotite plates, granular  and lath 
feldspars. x75. 

Top - plane polarised light. 
Bottom - crossed nicols. 



The pyroxenc may be mantled by dark green - light brown pleochroic 

hornblende. 	Where there is a large amount of hornblende there is 

zeolite (Pl. 50) present, but the zeolite does not always have the 

amphibole associated with it. 	Biotite is usually associated with 

magnetite grains but may also occur with amphibole and pyroxene. Some 

large euhedral apatite and anhedral sphene grains can occur in the 

rock. 	These well-crystallized granular-textured hornfels-type rocks 

represent the extreme recrystallization product. 

The presence of excess dark minerals leads to the formation of a 

deeper green coloured pyroxene (CY34, S2). 	The pyroxenes may still 

have pale cores, but these are not abundant. Grainsize is up to 5 mm x 

2 mm. 	With an extinction angle of 28 °C, the pyroxene is aegirine- 

augite, and has an electron-probe analysis of 4% Na 20. The pyroxenes 

are mainly anhedral laths with rims containing biotite and small 

grains of melanite (Pl. 51). 	Included in the rock may be inclusions 

of subhedral aggregates of lath shaped pale green pyroxenes which may 

have a rosette arrangement of crystals due to their initial mode of 

crystallization. These also have a groundmass of interlocking feld- 

spar crystals. 	Some dark-brown to light-brown biotite is crystallized 

with the pyroxene but does not appear to have a reaction relationship 

with it. 	It may contain small included crystals of melanite. 

The groundmass of the hybrid rock consists of an interlocking 

mass of anhedral grains of sanidine and albite as well as laths of 

sanidine within which are aggregates of somewhat coarser lath-like 

subhedral, simply twinned crystals. These latter have very few other 

minerals in them and suggest a mixing process. The feldspathic ground-

mass of the hybrid is peppered with a dusting of small melanite 

dodecahedra, having perfectly developed crystals with 0.05 mm maximum 

diameter. 	Occasional euhedral sphene crystals of similar size occur. 
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Plate 49 Hybrid rock (70-187) with intergrowing pyroxene 
and green-brown biotite. Sphene grain near centre 
and alkali feldspar matrix. Plane polarised light. 
x75.. 

Plate 50 Hybrid rock (RP18). Hornblende (yellow brown), 
melanite (orange brown), biotite (dark-light brown), 
zeolite (light brown patchy), sphene (euhedral 
high relief), light brown), apatite (clear lath), 
and potash feldspar (clear). Plane polarised 
light. x190. 
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Small green-brown biotite plates tend to crystallize about the melanite 

crystals and also about the pyroxene (Pl. 52). 	Larger euhedral 

melanite crystals with diameters 	of 2 mm 	occur throughout the 

rock. 

A typical hybrid rock contains coarse sutured-edge potash feldspars. 

These have a low 2V (30° ) and are sanidine in spite of their anhedral 

form. Their average grainsize is from 2 to 3 mm. 	Between the grains 

may be formed irregular aggregates of melanite, hornblende, biotite, 

sphene and magnetite grains, together with some zeolite. The biotite 

ranges from very light brown to very dark green-brown pleochroism. 	It 

is usually associated with magnetite and hornblende of similar pleochroism. 

There appears to be a band of biotite between the - hornblende and 

associated melanite, with sphene rods in the melanite. These are all 

associated with fresh zeolite which is length fast and in fibrous 

aggregates. The ferromagnesian minerals and associated zeolite occur 

in interstices between the much coarser sanidine crystal-grain groups. 

Melanite has a complex relationship to the green pyroxene. 	They 

appear to have crystallized concurrently (Pl. 53). 	Because of the 

crystal growing power of the melanite it is difficult to assess if it 

pseudomorphs original pyroxene as claimed by Edwards (op. cit.). 	In 

these rocks melanite garnet appears more frequently than in those 

, more closely allied to the original dolerite. 

In some rocks it may be concentrated enough to produce aggregates 

up to 2 cm maximum dimension. 	Single euhedral melanite crystals may 

be up to 5 mm in diameter, with a very dense colouring (suggesting a 

relatively high titania content, if due to Fe' + Ti 3+  Fe 2+ + Ti"), 

although probe analysis does not indicate this . 	Colour zoning is 

present and the most frequent inclusions are sphene and occasional 

apatite. In most cases the melanite is associated with dark green and 
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Plate 5] Hybrid rock (RP6). Anhedral green pyroxene 
with grains of melanite and dark green biotite 
included. Matrix is alkali feldspar (clear) and 
nepheline (cloudy). Plane polarised light. 
x75. 

Plate 52 Hybrid rock (RP18). Brown biotite, dark green 
biotite, light green pyroxene, melanite (dark 
brown), magnetite (black) in matrix of clear 
alkali feldspar. Plane polarised light. x190. 
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light green pyroxene and biotite. 	Those rocks with the largest 

melanite crystals usually have the largest grainsize feldspars in their 

matrix. 

Co-crystallized with the sanidine in CY29 is nepheline. 	Super- 

ficially and texturally the mineral may be confused with sanidine 

because it develops rectangular forms similar to sanidine which may 

also be uniaxial negative. 	The basal sections have hexagonal symmetry 

emphasised by zoning due to minute inclusions (Pl. 54). The normal 

rectangular sections which have a maximum dimension of about 1 mm also 

contain numerous small inclusions. 	The nepheline may contain small 

inclusions many of which are small melanite crystals and green pyroxenes, 

usually aegirine-augite. 	The rock may contain up to 20% nepheline. 

In less fresh specimens the mineral is very cloudy and gives a poor 

interference figure - probably due to the inclusions, however these 

together with the basal sections are distinctive. Probe analyses of 

the nepheline (Table III-1) are invariably slightly non-stoichiometric, 

which is a characteristic feature of stuffed derivatives of the tridymite 

structure. Repeated analyses show no alkali loss. Some nepheline is 

altered to irregular patches of fibrous zeolite. It could well be that 

the zeolite of the pyroxene rocks may represent original nepheline as 

this also tends to have sub-rectangular form. 

Irregular grains of sphene and euhedral apatite may also be 

present. 	This rock is probably the ijolite of Twelvetrees and 

Petterd (1898). 

Leucocratic Rocks 

The leucocratic rocks are composed of potash feldspar with a 

variety of grainsizes. They can range in composition from almost 

pure potash feldspar rocks to those in which there is a significant 

proportion of pyroxene and to a lesser extent, biotite and melanite. 
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In the field the contact relations of the leucocratic rocks are very 

complicated with both fine and coarse grained veins intersecting each 

other. 	The fine grained rocks generally form the smaller veins while 

the coarser pegmatitic phases are fissure fillings with crystals growing 

off the walls. 	Pegmatite dykes up to 30 cm in width occur in the area, 

but in these there is no obvious growth of crystals from the dyke wall. 

Feldspar Rocks 

These rocks may be classified following Streckeisen (1976) as 

syenite pegmatite and syenite aplites according to grainsize, with 

prefixes if any other characteristic minerals are present. The finest 

grained veins are composed of close-packed granules of potash feldspar 

approximately 0.1 mm in diameter, in a granuloblastic mosaic. These 

are untwinned, unexsolved and show little surface alteration and 

permeate the Regatta Point area. 

Coarser grained aplites occur and are of two types: potash 

feldspar aplites and potash feldspar-plagioclase aplites. The potash 

feldspar aplites consist of anhedral grains having diameters of 

approximately 1 mm. These are close packed with strongly sutured 

edges. 	In some of these, surface alteration suggests exsolution 

lamellae but these are not obvious with crossed nicols. Other examples 

show feldspars with clear cores and exsolved borders (Pl. 55). 	Some 

specimens show completely perthitic feldspars and these are perhaps 

correctly classified as perthosites.. In these rocks there is also 

about 10% quartz present. 

Other aplites have textures which can be described as mixtures 

Of the above types, thus there are aplites with a type of glomero-

porphyritic texture with aggregates of larger feldspars with sutured 

margins, in a groundmass of the finer interlocking granular material. 
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Plate 55 	Syenite aplite (71-311) with exsolved alkali 
feldspars and some clear cores. Crossed nicols. 
x75. 

Plate 56 Syenite aplite, Regatta Point, with exsolved potash 
feldspar overgrowth on plagioclase core crystal. 
Crossed nicols, x75. 
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These are mainly sanidine but albite grains also are present. Some of 

the grains in these rocks have a tendency to form rectangular subhedral 

crystals seen as its most extreme in the syenite pegmatites. 

The plagioclase-bearing aplites occur as two dyke-like intrusions 

outcropping near the centre of the Regatta Point area. These are the 

rocks originally described by Twelvetrees and Petterd (1898) as the 

alkaline members of a differentiation sequence. 	It is interesting to 

note that the texture of these aplites is very similar to the groundmass 

textures of the syenite porphyry occurring elsewhere in the area. 	These 

aplites contain subhedral tabular sanidine crystals with fresh rims and 

altered cores, making up about 70% of the rock. 	Oligoclase crystals 

also occur constituting about 20% of the rock and may have potash feld- 

spar overgrowths (Pl. 56). 	There is also about 5% of quartz in the 

rock. 	The grainsize averages 	1 mm. 	Within the rock are 

occasional small clots (5 cm x 1 cm) of green pyroxene (often colour 

zoned with clear cores) and magnetite grains. 	Small subhedral to 

euhedral pale green pyroxene grains (0.5 mm) are scattered through the 

rock together with occasional melanite and brown to dark green amphibole 

grains. 

The grainsize of the aplites is usually about a few millimetres 

but the coarsest phases contain tabular potash feldspar crystals up to 

2.5 cm x 0.5 cm. 	It is impossible to collect completely fresh 

specimens of this rock. 	These are euhedral to subhedral with complete 

terminations absent, when viewed with the microscope. The crystals 

show no overall preferred arrangement, but groups of them have grown 

parallel. The feldspars are sanidines with 2V ranging from 0 0  to about 

300  with some alteration. 	Because of their overall lack of orientation 

groups of crystals tend to abut each other perpendicularly, in bundles. 

Optically there is a slight disorientation hence there is probably 
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some degree of micro-exsolution present. The groundmass makes up 

less than 10% of the rock, and in most cases is now heavily sericitized, 

with the crystallization of some larger muscovite laths. 	The best 

resolved parts of the groundmass contain the remains of magnetite 

grains and biotite plates. 	Some small melanites occur in the sanidine. 

The groundmass is quite subordinate so that the rocks do not have a 

porphyritic texture. These are the rocks named garnet orthoclasite 

by Edwards (1947) (Pl. 57). 

SUMMARY OF HYBRID ROCKS 

The hybrid rocks have formed by potassium metasomatism associated 

with thermal metamorphism of dolerite by a potassic alkaline magma. 

Two groups of rocks may be recognized in the resulting assemblage. 

The first group consists of melanocratic (dark) rocks which have been 

derived largely from dolerite minerals by reaction with potash to 

form biotite from magnetite and augite. Addition of water also 

produced hornblende. Breakdown of plagioclase and original pyroxene 

also formed melanite garnet and sphene from ilmenite as well as a new 

generation of pyroxenes. Soda from the plagioclase formed albite and 

nepheline with further addition of water producing zeolite. 	Potash 

feldspar also crystallized producing a granular hornfelsic rock which 

could also have sanidine laths present. 

The second group consists of leucocratic (light) rocks whose 

dominant component is potash feldspar, occasionally with oligoclase as 

well as varying amounts of pyroxene, biotite and melanite. The feld-

spar rocks occur as fine to coarse grained aplites intruded as veins in 

the melanocratic rocks and associated with two larger alkaline dykes 

through Regatta Point. Many of the potash feldspars are perthitic and 
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occur as overgrowths on core plagioclase crystals. 	In some dykes 

larger tablets of sanidine with little groundmass have formed the 

sanidine rich rocks originally described as orthoclasites by Edwards 

(1947). 

Plate 57 	Garnet orthoclasite (CY31), x75. 	Crossed nicols. 
Sanidine crystals with melanite (black) and inter-
stitial oligoclase (yellow). 



CHAPTER III 

MINERALOGY 

The mineralogy of the rocks reflects the conditions under which 

formation occurred with respect to the physical and chemical parameters 

existing at that time. One important parameter is the temperature of 

formation of the rocks. Mineralogical geothermometers which could be 

applicable to the Port Cygnet rocks are: nepheline, nepheline-feldspar, 

sanidine-biotite-magnetite and plagioclase-alkali feldspar. 	The first 

three geothermometers may apply to the hybrid rocks while the plagioclase-

alkali feldspar method might be applicable to the coarser grained 

alkaline rocks. 

THE NEPHELINE GEOTHERMOMETER 

Nepheline occurs in the hybrid rocks and also in the groundmass of 

the tinguaite dykes, e.g. CY85. 	Nepheline may be used in two modes as 

a geothermometer; using the presence of excess silica and the kalsilite 

mole-fraction which is the development of the method of Hamilton (1961) 

and Hamilton and McKenzie (1965), and also using the distribution of 

soda between co-existing alkali feldspar and nepheline. The theoretical 

basis and outline of the latter method has been given by Perchuk and 

Ryabchikov (1968) and . subsequently modified by Powell and Powell (1977). 

Nepheline belongs to a group referred to as stuffed silica 

structures in which the mode of linking of the tetrahedra in one of 

the high temperature forms of silica (in this case a-tridymite) is 

retained, but some silicon is replaced by aluminium and cations (alkali 

or alkaline earth ions) are accommodated in the interstices to maintain 

electrical neutrality. The interstices in the a-tridymite structure 



are big enough to accept larger ions (e.g. potassium) which is a typical 

constituent of nepheline. 	Thus while electrostatic neutrality is 

maintained, atomic proportions may vary considerably from the simple 

ratios expressed in the basic formula NaAlSiO4, and such variations 

cause non-stoichiometry with respect to these. 

The excess silica diagram (Fig. III-1), following the method of 

Hamilton (1961) has been constructed using weight percent of the K-Na 

equivalent molecules and determining the excess of silica over these. 

Because of the low amount of calcium present; the observation by Gupta 

and Edgar (1974) that there is no preferential acceptance of calcium 

or potassium into the nepheline structure; and that it probably has a 

negligible thermodynamic effect (Grover 1977), calcium has been included 

with sodium in the calculation of silica excess. 	Repeated probe 

analysis has indicated no appreciable alkali loss due to interaction 

with the electron beam. 

In the hybrid rocks, nepheline and potash feldspar have crystallized 

together in an apparently equilibrium coarse grained hornfels texture. 

Assuming that these minerals have formed an equilibrium assemblage 

then the Perchuk and Ryabchikov geothermometer might be applicable. As 

there is no evidence of exsolution in the feldspars crystallizing with 

the nepheline it can be assumed that whatever the original structural 

state might have been, there has been no physical or chemical redistribution 

and the original would have been at least a relatively high temperature 

polymorph. 

The data for nephelines from the Pt. Cygnet hybrids zone, in 

particular CY29, are given in Table III-1. 	These are plotted on the 

excess silica diagram of Hamilton (Fig. III-1) where it can be seen that 

the data group well about the 775 °C isotherm. 	If calcium is subtracted 

from the analyses and the data recalculated for Na and K molecules only, 
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Figure III-1 	Plot of excess silica in nepheline geothermometer 
after Hamilton (1961). 	M is the Morozeuricz 
nepheline composition of Tilley (1958); B is the 
Buerger composition for nepheline from Buerger (1954). 
Molecules plotted as wt. percent. 
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Figure 111-2 	Perchuk and Ryabchikov (1968) plot for distribution 
of sodium between co-existing nepheline and alkali 
feldspar of hybrid rocks. 	This plot is for the 
randomised structure model. 
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the apparent temperature falls to approximately 500 °C and the compositions 

fall into the field between the Morozewicz and Buerger compositions which 

Hamilton (op. cit.) regarded as unreliable. 

The data for the nepheline in the groundmass of the tinguaite dyke 

are somewhat more scattered and more difficult to obtain because of the 

intimate intergrowth with potash feldspar and aegirine. The excess 

silica in these minerals is greater than in the hybrid rocks and would 

suggest a temperature greater than that of the hybrid rocks, possibly as 

high as 900°C, but with a relatively wide scatter due to the close 

isotherms in this part of the diagram. 

If the method of Perchuk and Ryabchikov (1968) is applied, the mole 

fractions of soda in co-existing nephelines and potash feldspar are 

plotted. 	In this case it is assumed that the distribution of the 

alkali metal atoms in the nepheline is statistically random. 	These 

data are plotted in Figure 111-2 for the hybrid rock nephelines and 

co-existing potash feldspars, where it can be seen the results group 

consistently between the 700 ° C and 800 °C isotherms with 50% of the 

points between 750 °C and 800 °C in good agreement with the Hamilton 

method. 	Perchuk and Ryabchikov (1968) offered an alternative solution 

that assumed the mixing is not totally random, with sodium and potassium 

randomly distributed over one quarter of the cation positions. Using 

this proposition, the temperature of crystallization falls to less 

than 600 ° C. 	These results are plotted in Figure 111-3. The determin- 

ative curves do not have good resolution in this area with most values 

less than 700 °C and some as low as 500 ° C. 	Since there is an inconsis- 

tent result here, perhaps it is due to the mixing mode adopted. 

Possibly for these minerals the random site distribution model may apply. 

In the case of the tinguaite it was found that the potash feldspar had 

very low to absent soda and apparently not in equilibrium with the 

groundmass nepheline, and Perchuk and Ryabchikov model could not be used. 
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Figure 111-4 Powell and Powell (1977) geothermometer for 
co-existing nepheline and alkali feldspar. 



Powell and Powell (1977) proposed a nepheline geothermometer which 

differed from the Perchuk and Ryabchikov model in that two distinct 

sites were allocated to the sodium and potassium atoms and allowance was 

made for the presence of excess silica. 	Once again, nephelines from 

the tinguaite dyke do not give sensible results. 	For the hybrid rocks, 

the Powell and Powell method gives a result from about 550 °C to 625 °C 

(Figure 111-4). This is a narrower range than the Perchuk and Ryabchikov 

ordered model. 	The Powell and Powell (1977) thermometer gives lower 

temperatures rather than higher temperatures as indicated by Powell and 

Powell (1977) in their paper. 

THE TWO FELDSPAR GEOTHERMOMETER 

Stormer (1975) developedd-a two-feldspar geothermometer using modern 

thermodynamic data based on the original model of Barth (1934) and 

subsequent modifications (Barth 1951, 1956, 1962). 	The thermometer 

is based on the equilibrium distribution of the albite molecule between 

co-existing plagioclase and alkali feldspar. 	The syenite porphyry 

contains phenocrysts of plagioclase with co-existing alkali feldspar. 

Although the sanidine porphyries have no co-existing plagioclase, the 

brown matrix rocks (CY92 and CY61) have co-existing plagioclase and 

sanidines, with potash feldspar overgrowths on some of the plagioclase 

phenocrysts. 

Because of the porphyritic texture of the syenite it was realised 

that the feldspars may not constitute an equilibrium assemblage. For 

this reason analyses were performed only on the coarser grained rocks, 

where the groundmass crystal size approached that of the phenocrysts, 

in an attempt to see if the Stormer geothermometer could be successfully 

applied to these. 	Rim compositions were measured for adjacent crystals 
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MOLE FRACTION ALBITE IN ALKALI FELDSPAR 

Figure III-5 Stormer geothermometer plot for Ab 
distribution between co-existing 
feldspars. 
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on the assumption that these were the most likely to have been in 

equilibrium with the last common liquid. There is no evidence of 

exsolution in the alkali feldspar phases in the syenite porphyries. 

Electron probe analyses, for rim compositions of the co-existing 

feldspars in the above mentioned rocks, appear in Table 111-2. 	These 

data are plotted in Figure 111-5 on a Stormer diagram equivalent to 

five kilobars. The five kilobar isobar was taken as a probable 

maximum, assuming limitation by the crustal thickness available, for 

the pressure pertaining to the crystallization of the feldspars and 

also because variation due to pressure effects are of minor importance 

up to this value. 

There is not a very great scatter of the mole fraction of albite 

in the plagioclase, compared with the scatter of the mole fractions 

of albite in the alkali feldspar. 	In the petrographic section it was 

reported that plagioclase crystals in the syenite porphyry are euhedral, 

with well-developed faces, but the alkali feldspars are subhedral to 

anhedral with a consequent poor development of crystal faces. These 

observations, together with the data on the plot, would suggest that 

these are not equilibrium assemblages. 

The interpretation of the Stormer plot is of low temperature non-

equilibrium crystallization with a possible maximum of 700 °C for the 

syenite porphyries. The brown matrix rocks appear to have a higher 

temperature of crystallization than do the syenites, with a minimum 

of 700 °C and a possible maximum over 900 °C. However the spread of the 

data once again point to disequilibrium. 

Powell and Powell (1977) modified the Stormer geothermometer by 

allowing a temperature correction proportional to the mole fraction of 

anorthite present. 	According to these authors, without this' correction, 

the Stormer temperatures are too high. The above data have been 
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replotted on the Powell and Powell diagram (Fig. 111-6) using the mole 

fraction of anorthite as 0.08, a good approximation for the present 

data. 	The influence of the anorthite molecule causes the estimate of 

the crystallization temperature to drop by about 100 °C. Thus the 

maximum temperature for the syenite porphyry is now just below 600 °C. 

The brown matrix rock is still above the syenite porphyry temperature 

with the range from 600 °C to approximately 800 °C. Once again the 

values are scattered and suggest disequilibrium. 

The distribution of the data is not compatible with the Stormer 

Geothermometer. Repeated analysis of the feldspars confirm the 

distribution pattern for these minerals. Thus while the mole fraction 

of albite remains largely within the range 0.60-0.75 for the plagioclase 

and is consistent for crystallization over a small temperature interval, 

the wide range of Ab in the alkali feldspar distorts the Stormer plot 

(Fig. 111-5) pointing to the alkali feldspar not being in equilibrium, 

which would follow from the porphyritic texture. 

Probably the ideal rock type for which this thermometer could be 

applied would be one containing both plagioclase and alkali feldspar, 

but with a matrix containing abundant aegirine, in which case the 

system would have been buffered with sodium throughout its 

crystallization history and equilibrium distribution of soda between 

the feldspars would have been attained and maintained. 
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TABLE 111-3 

Distribution data for the albite molecule from Table 111-2. 

CY70 

Mole Fraction Ab in Plagioclase 
0.62 0.61 0.66 0.88 0.60 0.60 0.60 0.60 0.60 0.64 
average = 0.64 

Mole Fraction Ab in Alkali Feldspar 
0.17 0.04 0.12 0.15 0.18 0.19 0.15 0.17 0.19 0.18 
average = 0.15 

CY8 

Mole Fraction Ab in Plagioclase Feldspar 
0.67 0.67 0.73 0.69 0.67 0.75 0.67 0.66 0.81 0.70 

- average = 0.70 

Mole Fraction - Ab in Alkali Feldspar 
0.05 0.15 0.00 0.25 0.22 0.36 0.27 0.25 0.15 0.16 
average = 0.19 

CY45B 

Mole Fraction Ab in Plagioclase 
0.72 0.72 0.73 
average = 0.72 

Mole Fraction Ab in Alkali Feldspar 
0.21 0.04 0.02 
average = 0.09 	CY92  

Mole Fraction Ab in Plagioclase 
CY64 	 0.68 0.73 0.55 0.67 0.71 0.67 0.70 

Mole Fraction Ab in Plagioclase 	average = 0.67  
0.56 	 Mole Fraction Ab in Alkali Feldspa .  
average = 0.56 	0.29 0.32 0.40 0.29 0.47 0.42 0.33 

Mole Fraction Ab in Alkali Felspar average = 0.36  
0.10 
average = 0.10 

CY120 

Mole Fraction Ab in Plagioclase 
0.68 0.70 0.82 0.59 0.73 0.76 
average = 0.71 

Mole Fraction Ab in Alkali Feldspar 
0.25 0.15 0.09 0.10 0.23 0.18 
average = 0.17 

CY49 

Mole Fraction Ab in Plagioclase 
0.72 0.68 0.67 0.69 0.69 0.66 0.69 0.72 0.68 
average = 0.69 

Mole Fraction Ab in Alkali Feldspar 
0.13 0.10 0.16 0.09 0.14 0.16 0.11 0.15 0.19 
average = 0.14 
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THE BIOTITE THERMOMETER 

Work by Wones and Eugster (1962), Wones and Eugster (1965) and 

Rutherford (1969) has defined limits of biotite stability and its 

: 
composition with respect to sanidine and magnetite. 	As co-existing 

sanidine, magnetite and biotite exist in the hybrid rocks, then it may 

be possible to apply these equilibria to these rocks. 	Rutherford 

(1969) determined the effect of sodium on the equilibrium with respect 

to sodium-bearing micas and to the two feldspar scheme of Orville 

(1963), as a development of the Wones and Eugster model. As many of 

the granular hybrid rocks do not contain exsolved feldspars and the 

biotites do not contain any sodium in solid solution, the model of 

Wones and Eugster was used to try to determine the formation 

temperature and f0 2 . 

Only biotites in contact with crystals of magnetite and sanidine 

were measured. The compositions of these minerals are summarized in 

Tables 111-4 and 111-5, and the data are plotted on the (Temperature)- 

(Fe/Fe+Mg)-(log f0 2 ) diagram of Wones and Eugster (op. cit.) (Fig. 111-7). 

Since these rocks resulted from the alteration of pre-existing dolerite 

intruded into Permian sediments and because the maximum depth of 

burial of the Permian rocks has probably been about 2.5 km (M.R. Banks 

pers. comm.), the 1 kbar isobar of Wones and Eugster has been chosen 

as being the best applicable in this case, with their data recalculated 

to this pressure. 	The biotites range from 0.37 to 0.47 in the ratio 
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(Fe/Fe+Mg) and these have been plotted on the Eugster-Wones diagram 

for 1035 bars. 

From this it can be seen that log f0 2  is fixed within about 3 

units and does not vary much due to the low slope of the isopleths 

in this area of the diagram. The median value for log £0 2  is between 

-11 and -14.0. 	On the basis of the plot of the data the minimum 

temperature will be about 625 °C where the 0.7 annite isopleth inter- 

sects the hematite-sanidine curve. 	As no hematite has been observed 

in the rocks then the formation temperature must lie on one of a 

series of curves parallel to the sanidine-hematite boundary; consequently 

the minimum formation temperature must be somewhere above 625 °C. The 

highest possible temperature is limited by the breakdown of the 

biotites, with the formation of fayalite and quartz. 	Fayalite has 

not been observed in any of the rocks. 	The highest Mg-biotites are 

also those with highest temperature of formation and do not show any 

evidence of equilibrium with hematites hence these biotites would 

indicate a minimum temperature of formation of 710 ° C. 	As there is no 

evidence of biotite altering to fayalite for the high Fe biotites this 

would put a limiting maximum temperature of 810 °C for the biotite. 

There is no microscopic evidence of biotite breakdown in any of 

the rocks. 	Thus based on the evidence from the biotites, if the 

Wones and Eugster relationships holds here, then the formation 

temperature of the hybrid rocks must lie in the range between 710 °C 

and 810 ° C, with log f0 2  between -11 and -14. 

It can be seen that a consistent formation temperature from the 

models of Hamilton and Perchuk and Ryabchikov is indicated between 750 °C 

and 800 ° C for the hybrid rocks. 	All these methods suggest a range 

from 710 ° C to 810 ° C. 

From the pattern of alteration of the dolerite in the hybrid zone, 
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particularly the initial formation of biotite from magnetite, there has 

probably been a diffusive transfer of potassium from the alkaline rocks, 

in which case a feldspar exsolution curve of the Orville (1963) type is 

probably more applicable than that of Tuttle and Bowen (1958). 	The 

maximum temperature for a two feldspar field, in a diffusion system 

according to Orville's data is about 700 °C. Some feldspars from the 

leucocratic rocks of the hybrid zone do show extensive exsolution with' 

unexsolved cores (e.g. 71-311, Plate 55). These feldspars have enough 

soda to lie on the high part of Orville's solvus curve (see data 71-311, 

------ "Vol. 2). They may have inherited the soda from breakdown of the plagio-

clase of the dolerite country rock. This is probably near their original 

crystallization temperature since heat losses would be high at the time 

of intrusion because of the small amount of material present, its 

consolidation at a relatively shallow depth and the presence of some 

unexsolved cores in the crystals suggesting a quenching process. It 

could therefore be expected that these feldspars exsolved at some 

temperature greater than the 660 °C solvus maximum established by Tuttle 

and Bowen (1958) up to the maximum permitted by Orville's solvus. 

A further indication of the temperature reached in the hybrid area 

of Port Cygnet is offered by the presence of pyrrhotite nodules in thermally 

metamorphosed Permian sediments which crop out on the eastern shore of Port 

Cygnet, approximately 500 metres away from the hybrid rocks, coupled with 

the evidence of Leaman (1977) that the hybrid zone extends into the Port 

Cygnet estuary. These nodules probably formed from the metamorphism of 

original sedimentary pyrite-marcasite nodules which elsewhere are abundant 

in certain horizons of the lower Permian rocks. Using the data from 

Barnes (1979) the minimum temperature for the formation of pyrrhotite from 

pyrite is 729°C. 
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For the reaction: 

FeS 2 	FeS + S 

the Gibbs free energy change becomes positive below 729 °C. Assuming 

only a small confining pressure this could be regarded as a minimum 

temperature for the processes operating in this area. 

MELANITE MINERALOGY 

Melanite garnet is a constituent of the hybrid rocks. 	Because 

----its stability, among other factors, is also a function of £0 2  and 

temperature, it would be useful to see if the presence of melanite in 

the hybrid rocks is compatible with the conditions suggested by the 

Wones-Eugster (1962, 1965) model for biotites from the altered dolerite 

and hybrid rocks. 	Investigation of the stability of andradite was 

carried out by Gustafson (1974) as part of an investigation in the 

system Ca-Fe-Si-O-H. 	He found that andradite at 2000 bars was stable 

above £0 2  = 10-15  at 800°C and above f0 2  = 10-32  at 400° C. 	This 

stability limit just covers the area delineated by the biotites in the 

Wones-Eugster diagram outlined above (Fig. 111-7), with Gustafson's 

data recalculated to 1 kbar. However, the melanites are titaniferous 

andradite garnets and the incorporation of TiO 2  into their structures 

could modify their fields of stability. 

Huckenholz (1969) synthesized titaniferous andradites at a 

pressure of one atmosphere. Under these conditions pure andradite 

was stable below 1137 °C and above this temperature contained Ti-garnet 

solid solution in equilibrium with para-wollastonite and hematite. 

In a further report on titaniferous garnets, Huckenholz, Holz', 

Huggins and Virgo (1976) made a reconnaissance study of the stability 

of titaniferous garnets at .defined oxygen fugacities, using artificially 
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crystallized minerals as standards and comparing these with natural 

specimens from various localities (Frascati and Kaiserstuhl). 

At higher temperatures across the boundary curve these minerals 

break down to garnet solid solution, wollastonite, kirschsteinite and 

magnetite. 

The artificial minerals were characterised by having the sum of 

Si + Ti = 3.0 based on an oxygen total of 12 which contrasts with a 

natural melanite from Frascati, Italy and a schorlomite from the 

Kaiserstuhl area, W. Germany which have Si + Ti > 3.0 per formula unit. 

-----The stability field of these garnets were determined in terms of f0 2  

and temperature. With Si + Ti > 3.0 there is an excess of oxygen 

which requires the presence of Ti" and Fe"' for charge balance in the 

structure. The Cygnet melanite electron probe analyses confirm the 

observation of Huckenholz et_ai. that the titanium content always 

exceeds the silicon deficiency and that titanium must be present as 

Ti" and Ti. 	electron-hopping between iron and titanium cations 

creating the dark colour so typical of these garnets. 	Since the Port 

Cygnet melanites exhibit oxidised characteristics (due to Si + Ti 

exceeding the simple cation requirement) they could have stability 

characteristics similar to those studied by Huckenholz et al. 

Table 111-6 shows some compositions of melanites from Port Cygnet, and 

of Frascati melanite, for comparative purposes. 

The measure of oxidation of the melanite may be gauged by the 

silicon deficiency. 	With a large deficiency the garnet is oxidised 

and has a larger unit cell parameter than for one saturated with silica. 

X-ray powder and analytical data are given in Table 111-7 for a melanite 

segregation from the hybrid rocks, with a unit cell dimension of 

12.050 A.U. 

The unit cell dimension was measured using a Philips-Straumanis 
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TABLE 111-7 

X-ray Debye-Scherrer Pattern and X.R.F. analysis, Melanite garnet, 
Hybrid rock, Port Cygnet 

Camera: Philips-Straumanis type. 
Diameter: 114.6 mm 
Collimator: Fine 
Radiation: FeKa = 1.9373 A.U. 

0 filter = Mn; 	X.R.F. tube = Rh - 2.7 kwatt side window. 

Line 
. 	+ 

Intensity d (obs.) d (calc.) h k 1 Analysis 

	

1 	VW 
2 

	

3 	VS 

	

4 	VW 

6 
7 
8 
9 

	

10 	VVW 
11 
12 

	

13 	VS 
14 

	

15 	VVW 
16 
17 

	

18 	VVVW 
19 

	

20 	VVW 
21 
22* 	VS 

	

23 	VS 

	

24 	VS 

	

25 	VS 

	

26 	Vs 

	

27 	Vs 

4.255 
3.013 
2.697 
2.569 
2.464 
2.367 
2.203 
1.958 
1.909 
1.778 
1.743 
1.674 
1.612 
1.508 
1.484 
1.347 
1.313 
1.298 
1.283 
1.269 
1.216 
1.1189 
1.1000 
1.0653 
1.0043 
0.99055 
0.97737 

4.260 
3.013 
2.694 
2.569 
2.460 
2.363 
2.200 
1.955 
1.905 

- 1.777 
1.739 
1.671 
1.610 
1.506 
1.483 
1.347 
1.315 
1.299 
1.285 
1.270 
1.217 
1.1188 
1.1000 
1.0651 
1.0042 
0.99050 
0.97738 

2 2 0 
4 0 0 
4 2 0 
3 3 2 
4 2 2 
5 1 1 
5 2 1 
6 , 1 	1 
6 2 0 
6 3 1 
4 4 4 
6 4 0 
6 4 2 
8 0 0 
8 1 1 
8 4 0 
8 4 2 
9 2 1 
6 6 4 
9 3 0 
9 4 1 

10 4 0 
10 4 2 
8 8 0 
8 8 4 

12 2 0 
12 2 2 

+ estimated intensities: VW = very weak; 
VS = very strong 

* al and a2 doublets present 
a = 12.050 ± 0.001 A.U. 	Density measured = 

3.806 gm/c.c.; Density calculated = 
3.793 gm/c.c. 

Fe203 	22.85 
FeO 	2.47 
MnO 	0.79 
TiO2 	3.10 
CaO 	31.97 
K20 	0.05 
P205 	0.00 
Si02 	36.13 
A1203 	2.19 
MgO 	0.23 
Na20 	0.00 
loss 	0.58 

Total 	100.36 

Formula on basis 
of 24 Oxygen: 

Ca 	5.710 

2 	Mn 	0.111 
R6

+  Mg 0.058 
Fe. 	0.030 
K 	0.010  

TOTAL= 5.919 

Fe 	3.18 
3+ 

R4 	Al 	0.431 
Ti 	0.389 

TOTAL 4.000 

R4+ 	Si 	6.020 
•

6 
TOTAL= 6.020 

Total cations = 
15.939 

0 	=24.000 
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type powder camera and determining a value of "a" for a 6 of 90 0  using 

the extrapolation function of Nelson-Riley and Taylor-Sinclair (Henry, 

Lipson and Wooster, 1951). This is about the middle of the range for 

titaniferous garnets which have smaller unit cells as they become 

less silica deficient. 	It is larger than the cell for Huckenholz's 

Frascati garnet and smaller than the cell size for pure andradite 

as measured by Huckenholz (1969) at 12.053 A.U. ± 0.003. 	Huckenholz 

gives the increase in unit cell parameter as 0.038 ± 0.002 A.U. per 

10% wt. Ti garnet. 

The X.R.F. analytical data for this mineral are significantly 

different from the electron probe data of Table 111-6 in that this 

sample is saturated with silicon and only permits titanium in the R 3+  

position in the structure. This is consistent with the unit cell 

dimensions and there is good agreement between the calculated density 

of 3.793 gm/c.c. and the measured density of 3.806 gm/c.c. 	The 

reason for this difference is unknown, however the probe data differ 

most with respect to Fe 20 3  and Si0 2  when compared with the X.R.F. 

analysis. 	As the probe standard contained 3.93% FeO and 51.90% Si0 2  

and the correction program is greatly influenced by each in an inverse 

manner, the large amount of Fe 20 3  in the melanite may have been 

responsible for the discrepancies particularly when coupled with the 

relatively low silica in the garnet with respect to the standard. 

The differences in stability of the melanite garnets were related 

by Huckenholz et al. to the degree of silica undersaturation as 

indicated by the ratio: 

ETi 4 ' 4. Fe" 
E (Ti + Fe) 

This ratio has been calculated for the melanites in Table 111-6. 	The 

values of FeO and its consequent molecular proportions have not been 



gar + sphene + wollastonite 
+ quartz + V 
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_28 	.gar + wollastonite + kirschsteinite 
+ magnetite + V 

1•00 
	

0-95 
	

0.90 
	

0-85 

Ti +4  + Fe+3  / X Ti + X Fe 

Figure 111-8 Data (shaded area)for melanite garnets of hybrid 
rocks plotted on log f0 2 -silica undersaturation 
diagram of Huckenholz et ca. (1976). 
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determined but an independent analysis of Fe0 on a massive melanite 

(Table 111-7) accumulation from the hybrid rocks, gave a value of 2.57% 

FeO which would correspond to an atomic proportion of about 0.1 for 

Fe2+ , thus making a negative correction of about 0.03 necessary for 

the values indicated above, assuming this to be representative. 

The lower temperature stability curve for the Frascati mineral 

as determined by Huckenholz et al. at 1 kb has been plotted on 

Fig. 111-7. 	If this curve is applicable to the Cygnet data then this 

would place a very restricted range for the formation conditions at 

800°C and log f0 2  = -14. 

Huckenholz et al. constructed a set of curves relating f0 2 , 

. temperature and silicon deficiency from their artificial melanites 

(Fig. 111-8). 	Assuming the f0 2  range as determined from the Wones- 

Eugster plot (Fig. 111-7) to be 10 -11 	10-14 , then using the 

'Huckenholz et al. curves within the range of 

• 	 ETV'  - 0.891 - 0.954 E (Ti + Fe) 

with the empirical -0.03 correction for Fe2+ , the Port Cygnet melanites 

would be stable over the approximate temperature range from over 700 ° C, 

but less than 850 °C, up to a maximum of 940 °C. Not enough information 

is available to locate the lower temperature precisely but it would 

probably be about 800 °C. 	The experimental data of Gustafson (op. cit.) 

on andradite stability at 1 kb would place a maximum temperature 

constraint between 830 ° C and 870 ° C'at a log £0 2  = -12 to -14. 	The 

data are summarised in Figure 111-8, and suggest a temperature of 

formation somewhat higher (800 ° C+) than that derived for the biotites 

and nephelines. At this stage the latter are preferred because of 

their better consistency and theoretical and practical foundations. 
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Because of the inconsistencies in the interpretation of the 

melanite garnet data it is inferred that more information will be 

required before this mineral will be useful for establishing conditions 

of formation of the hybrid rocks of Port Cygnet. 

AMPHIBOLE MINERALOGY 

Amphiboles are not very abundant in the Port Cygnet alkaline rocks, 

a consequence of the relatively low CaO, MgO and FeO contents. 

Amphiboles associated with the alkaline complex occur in four distinct 

associations which are: the hybrid rocks, syenite porphyries, 

.hornblende porphyry and amphibolite inclusions within the syenite 

porphyry. The analytical data for minerals from the various associations 

are summarized in Table 	Although scarce most amphibole is found 

in the hornblende porphyries, CY91 and CY2 where phenocrysts of euhedral 

dark green crystals having dimensions up to 1 cm x 2 mm in CY91 and 

somewhat smaller at 0.5 cm x 1 mm in CY2. 
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Figure 111-9 Plot of amphibole compositions superimposed on 
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The most obvious features shown by the analyses are that all 

amphiboles are closely related to the pargasite molecule as defined 

by Leake (1977) and shown in Figure 111-9 in terms of Mg-Fe-Si, and 

in Figure III-10 in terms of tetrahedral Al and alkali metal atoms. 

Except for some amphiboles within the hybrid zone of alteration the 

amphiboles from both the igneous rocks and metamorphic inclusions, 

with very few exceptions, are members of the calcic amphibole chemical 

group as defined by the International Mineralogical Association sub-

committee on Amphiboles (Leake 1978). 	The main compositions are 

'covered by the end member molecules from edenite-ferroedenite to 

pargasite-ferropargasite thus: 

NaCa 2 (Mg,Fe)5A1Si70 22 (OH) 2  - NaCa 2 (Mg,Fe)4A1.Al 2 Si60 22 (OH) 2  

edenite-ferroedenite 	pargasite-ferropargasite 

with most lying in the ferropargasite field. 

The oxidation state of the iron is not available for the probe 

results. 	However from the FeO values for the X.R.F. analyses of the 

amphibole (Table 111-8 ) obtained independently using the method of 

Mg  
Shapiro (1960) it is clear that should the (Mg+Fe)  ratio increase for 

most samples, they would still essentially lie within the ferroan 

pargasite field. 	The trend indicated by the analyses of the 

amphiboles is towards an increase in the amount of iron oxides (Fig. 111-9) 

in the minerals and possibly also to an increased amount of oxidized iron 

(Fe 20 3 ). 

While all amphiboles are essentially pargasite there are some 

differences apparent within the group. 	The first is that the amphibolite 

minerals have less tetrahedral and more octahedral aluminium than the 

syenite porphyry consistent with Leake's (1965) observation that meta-

morphic amphiboles usually have greater octahedral aluminium than their 
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x Hybrid rocks 

Core amphibole X60 
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T541 recrystallised 

Mg 

Figure 111-12 Ca-Mg-Fe plot for amphiboles and pyroxenes of 
all rocks. 	Core and rim compositions are for 
minerals from amphibolite inclusions. 	T541 
represents amphibole from an inclusion 
recrystallized at 8 kb pH 20 and 800°C. 
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igneous counterparts. 	The distributions are shown on a Leake plot 

(Fig. III-11). 	This follows because the metamorphic minerals are 

more silica-saturated than their igneous counterparts. Nockolds 

and Mitchell (1948) suggested that amphiboles formed at higher 

temperatures have greater substitution of silicon by aluminium and 

this also appears to be the case for these minerals with the amphibolite 

minerals having least aluminium replacing silicon. 

The recrystallized inclusions (X54, X55), and the recrystallized rim 

amphiboles (of X60) have a higher content of iron than the core amphiboles 

of the amphibolite inclusion (X60), Table 111-8. 	They would have 

recrystallized and may have been in equilibrium with the molten feldspathic 

groundmass from the original amphibolite. The distribution for the 

inclusions is plotted in Figure 111-12 where the iron enrichment can be 

observed and compared with the syenite and hornblende porphyry minerals. 

From the information in - Fig. 111-12 there appears to be a trend 

of iron enrichment between the amphiboles of the amphibolite inclusions 

and those of the hornblende porphyry (described in Chapters I and II) 

via the intermediate syenite porphyry. 

A further similar relationship is shown in Fig. 111-13 where 

there is a trend in potassium enrichment from the amphibolite inclusion 

amphiboles, through those of the syenite porphyries to the hornblende 

porphyry phenocrysts. 	This suggests that the amphibolite amphiboles 

could have been incorporated in and modified by the alkaline melt. 

There is no reaction relationship between the inclusions and incoming 

magma, although as shown earlier there is recrystallization of the rim 

amphibole. 

As part of the problem of determining the origin of the Port 

Cygnet alkaline rocks, an amphibolite inclusion from the Mt. Windsor 

outcrop was re-equilibrated at 8 kbars H 2OP 	and 800 °C in a Boyd- 
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Figure 111-13 The variation of K/Na and Si atoms for amphiboles 
from amphibolite inclusions, syenite porphyry and 
hornblende porphyry. 
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England high pressure apparatus. 	These conditions were considered the 

lowest P and T at which equilibrium would be reached within a few days. 

The composition of the recrystallized amphiboles are presented in 

Table 111-8 for experiment No. T541, High Pressure Laboratory, University 

of Tasmania. These can then be compared with those of the original 

inclusion (X60, X54 and X55) and those of the hornblende-bearing 

rocks CY2 and CY91 in Fig. 111-12. 

The results (Figs. 111-12 and 111-13) suggest a relationship 

between the amphiboles of the amphibolite inclusions and those of the 

syenite porphyry and particularly the hornblende porphyry where the 

interpretation may be that amphiboles from the parent amphibolite were 

recrystallized and re-equilibrated to produce the phenocrysts in the 

latter rock leading to a progressive enrichment in iron and the K/Na 

ratio. 

The amphiboles of the P6rt Cygnet rocks are ferroan pargasites 

(Fig. 111-9) and as such represent a general association with many 

basaltic rocks. With higher temperatures of formation there is a greater 

substitution of Si by Al, and with the incorporation of sodium the thermal 

stability of the mineral increases. 	Thus tremolite with no included 

sodium has the lowest thermal stability of the Ca-amphiboles, but with 

increase in sodium thermal stability may increase to a maximum in 

richterite and potassium richterite (Gupta and Yagi, 1980). 

Amphibole stability data have been summarised by Merrill and Wyllie 

(1975). 	They concluded that between 10 kb and 20 kb amphiboles are 

stable at higher temperature with greater TiO 2  but break down at lower 

temperatures with increasing Si0 2  and Na 20/(Na 20 + K 20) ratios. 

Amphiboles show characteristic stability fields with a high pressure 

limit around 30 kb and a thermal maximum around 1100 ° C which are much 
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greater than probable conditions at Port Cygnet where a pressure of 7 kb 

is regarded as the limiting value and no evidence of thermal breakdown 

of the amphiboles in the rocks. 

Gilbert (1969) established that pargasite was stable in the range 

800 °C-900° C at 20 kb. In the presence of CO 2  and H20, Holloway (1973) 

found the decomposition temperature of pargasite to be 1042 ° C at 4.5 kb 

and 1053 ° C at 7.5 kb. Oba (1980) has investigated the tremolite- 

pargasite join of the hornblende molecule. 	At 5 kb tremolite and 

pargasite form a continuous solution series above 800 ° C and at 1 kb 

exsolution occurs at 80 mol. percent pargasite at 850 ° C and expands to 

90 mol. percent pargasite at temperatures below 800 °C. With addition 

of Fe 2+  the thermal stability is reduced. 	With Fe 2+/(Fe2+  + Mg 2+ ) = 0.2 

there is a gap between actinolite 85 pargasite 15 and actinolite 45 

pargasite 55 at 700 °C and 1 kb-however at higher pressures and temperatures 

the miscibility gap appears to close but further data are required. The 

relationships of Fe/Mg and Fe 3+  have still to be established experimentally. 

The Port Cygnet amphiboles lie well away from the tremolite end member 

(Fig. III-10) and close enough to pargasite to be clear of any exsolution 

field. 

The experimental work of Holloway (op. cit.) would put a maximum 

stability temperature for pargasite from the Port Cygnet rocks. With an 

addition of iron, which is so with the rocks investigated, the stability 

will fall. It would be reasonable to assume that the amphiboles from 

the Port Cygnet alkaline rocks never exceeded 1000 ° C and formed at a 

somewhat lower figure which would be closely related to the amount of iron 

substitution and the £0 2  of the system during the amphibole crystallization. 

The stability of ferropargasite has been summarized by Ernst (1968) 

and Gilbert (1966) who shows that f0 2  and water pressure are very important 

parameters in determining the formation of this mineral. Pure pargasite 
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has a maximum stability temperature of approximately 1050 0  at 1.5 kb. 

Pure ferroan pargasite is very f0 2  sensitive, but if the Wones-Eugster 

data for the hybrid rocks are applicable then the maximum temperature 

would be about 650 °C at 2 kb. 	Thus a rough estimate for the maximum 

stability temperature for the Port Cygnet hornblendes might be about 850 ° C. 

PYROXENE MINERALOGY 

As with the amphiboles, and for similar reasons, pyroxenes are 

not abundant in the syenite porphyry. They are somewhat more common 

in the sanidine rocks, where the groundmass of the tinguaites contains 

abundant needles of aegirine having a minimal range of composition, and 

occasional larger crystals of sodium-bearing salitic pyroxenes. 

Inclusions of salitic pyroxenes occur in the hornblende porphyry rocks 

(CY2 and CY91). 	Diopsidic-salitic pyroxenes and aegirine-augites 

also occur in the hybrid rocks as derivatives from the alteration of 

the dolerite. 	All pyroxenes are clinopyroxene with no evidence of 

orthopyroxene. 

The Ca-Mg-Fe compositions are shown in Figure 111-12 where not all 

hybrid analyses have been shown for clarity of plotting. The feature 

of these is the very restricted range of composition for the syenite 

porphyries and the hybrid rocks; where the compositions fall almost 

exclusively into the salite field as defined by Poldervaart and Hess 

(1951) (Fig. 111-14). 	It is not possible to determine if the pyroxenes 

of all the syenite porphyries are direct primary crystallates. 	In the 

case of CY2 the pyroxene occurs as an inclusion and has the same 

composition of pyroxenes in the mottled zones of CY91 where it appears 

to be part of a disrupted previously existing material (Pl. 25). 	The 

compositions of these can be compared in Table 111-9. 	In these two 

rocks, at least the pyroxene has been derived from some other source, 
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Figure 111-14 •The main compositional field of pyroxenes 
for all rocks superimposed on the pyroxene 
nomenclature scheme of Poldervaart & Hess 
(1951). 

possibly related to the amphibolite inclusions noted elsewhere. 	These 

also have significantly greater alumina compositions than the other 

pyroxenes. 	In the other alkaline rocks the compositions are quite 

similar but still appear to be part of the normal crystallization 

sequence. 	Most of the pyroxenes have less than 5% A1 20 3  content, those 

with higher contents may represent higher temperatures of formation 
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(Deer, Howie and Zussman, Vol. 2a, p.235), higher alumina in source 

melt or perhaps a higher pressure environment. 

The occasional pyroxenes in the sanidine rocks are sodium-bearing 

salites. 	These have been included in Fig. III-11, where the effect 

of sodium, which replaces calcium in the M2 site is to cause the 

apparent composition in the standard pyroxenes quadrilateral to be 

pushed towards the ferrosalite field. 	For this exercise aegirine- 

augite is defined with a soda content greater than 2.00% Na 20, distinct 

yellow-green pleochroism and has the smaller extinction angle between 

the 110 cleavage, on the 010 section, and the fast ray. 

While most of the pyroxenes of the alkaline igneous rocks are 

dominated by the saute composition indicated on the appropriate 

diagram (Fig. 111-14), there is always a significant amount of soda 

present, and some may approach an aegirine-augite composition. 	In 

order to show this, the pyroxene compositions have been replotted on 

a diopside (Di)-hedenbergite (Hd)-Acmite (Ac) triangle (Fig. 111-16), 

where those from both the syenite porphyry and sanidine rocks are 

shown in the appropriate symbols. 	The relatively low pyroxenes in 

the syenite porphyry can be compared with the pyroxenes from a 

xenolith in CY2 and the clots of disseminated pyroxene fragments of 

CY91. 	As can be seen from Fig. 111-16 there is overlap in the 

compositions of the pyroxenes in this system with perhaps a tendency 

for the minerals from the potash-rich rocks to contain a small extra 

amount of soda. 	This plot indicates that the pyroxenes for all of 

these rocks are very similar and probably had the same origin with 

those of CY91 probably representing fragmented pyroxenes brought in 

with the later potassium-rich magma. On the plot are also 
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TABLE III- 9 (cont inued)  

Atomic  proport ions  on  bas is  of 6 oxygen  
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shown the trends for pyroxenes from the eastern Uganda alkaline 

complexes from Tyler and King (1967) and the crystallization trends 

for clinopyroxenes of the diopside-hedenbergite series of Aoki (1964). 

The Tasmanian rocks have an affinity to the diopside-hedenbergite 

trend rather than to the diopside-aegirine series. 

The plot of the pyroxenes from the alkaline rocks in Fig. 111-16 

suggests an association with the alkali basalt-trachyte trend with the 

addition of sodium causing a slight divergence of the sanidine porphyry 

towards the more soda-rich types. 	It can also be noted that this 

divergence has a tendency to follow the South Qoroq trend. 

When compared with the other pyroxene trends shown in Fig. 111-16, 

the pyroxenes from Port Cygnet do not represent a highly differentiated 

sequence. They do not show a high degree of sodium enrichment nor do 

they contain significant mounts of exotic elements such as zirconium, 

exemplified by extreme differentiation as shown by the pyroxenes 

from the Ilimaussaq complex (Larsen, 1976). 	Larsen has also commented 

on the variation of calcium and its association with silica activity. 

While the pyroxenes of the Port Cygnet syenite porphyries and sanidine 

rocks do not show significant differences, notwithstanding their 

oversaturated-undersaturated character. 

PYROXENES IN THE HYBRID ROCKS 

The pyroxenes from the unaltered dolerite are co-existing 

augites and pigeonites. 	They fall into three distinct groups: 
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pigeonites, ranging from intermediate to magnesium pigeonite; and 

augites of two distinct types: one relatively calcium-rich and the 

other relatively calcium-poor. 	When compared with the pyroxenes from 

the hybrid rocks, it is clear that there has been a direct addition of 

calcium to the pyroxene, or the removal of equivalent amounts of iron 

and magnesium oxides. As pigeonite and magnesium-iron rich pyroxenes 

are also absent from the hybrid rocks, then this suggests removal of 

iron and magnesium. 	This process can be accomplished by reaction 

with potash, forming biotite as observed previously and proposed by 

Edwards (1947). 

Under the influence of the invading alkaline material, the exsolved 

pyroxenes of the dolerite re-equilibrate, with the less stable Mg-pyroxenes 

decomposing to produce magnetite and releasing magnesia, which react 

with incoming potash, alumina, silica and water to produce biotite. 

The augite recrystallizes to produce a molecule richer in calcium thus 

moving its composition into the salite field. 	It may also receive 	lime 

and alumina from the breakdown of the plagioclase of the dolerite. 

These are largely sub-solidus reactions. 

The following idealized reactions are proposed for producing the 

above changes. 	For purposes of balancing the equations, the small 

amounts of alumina present in all of the pyroxenes have been omitted 

and it is necessary to add oxygen to partially oxidise iron for the 

magnetite. 	It is to be noted that Fe 20 3 /Fe0 is greater than unity 

for most of the alkaline rocks, although the work of Huckenholz et al. 

(1976) suggests that oxidation states may also be related to charge 

transfer processes between ions in the magma rather than as a direct 

consequence of the activity of oxygen. 
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8Ca 0 . 5 Fe 1 . 0Mg 0 .5Si 206 + SFeMgSi 2 06 + 20 2  = 4CaMg 0 .7 5 Fe 0 . 2 5Si 20 6  

augite 	orthopyroxene 	saute 

+ 4Fe304 + 6Mg0 + 18Si0 2  

magnetite 

2Fe30 4 +6Mg0+12Si02+2A1203+2K20+2H20 = 2K(MgFe)3(A1S13010)(0)(OH). 
magnetite 	 biotite 

The reactions generate excess silica for biotite formation, assuming 

this is related to MgO production. Thus silica and iron (also in excess) 

are available for the formation of other minerals such as melanite and 

salitic pyroxene. Exsolution lamellae, defined by lines of magnetite, in 

the pyroxenes (Pl. 46) indicate the breakdown of exsolved iron-rich 

pyroxene from original pyroxene to form magnetite with magnesia-rich 

material released for formation of biotite. 

Aegirine-augite also occurs in the hybrid rocks, although the soda 

content is rarely greater than 3.0%. 	Originally Edwards (1947) 

considered all the pyroxenes to be aegirine-augites on the basis of 

their green colour, and pleochroism, however the saute pyroxenes also 

have a deep green colour and —as such are superficially indistinguishable 

from aegirine-augite. 	Aegirine and soda-bearing salite pyroxenes 

occur as primary phases in the potash rich rocks and can be directly 

contributed to the hybrids by the alkaline magma. 	It is also possible 

for soda from the breakdown of plagioclase, to contribute to the 

formation of the soda-pyroxene as originally proposed by Edwards. 

This addition of soda to the Ca site is shown from the analyses of 

Fig. III-15. 	Most of the soda in the hybrid zone contributes to the 

formation of albitic feldspars and nepheline. 

FELDSPATHOID MINERALOGY 

Feldspathoids present in the rocks are nepheline, hauynite and 

analcime. 	The characteristics and relationships of the nephelines 

have already been discussed. 	Hauynite is isotropic and lacks an 



111-67 

interference figure and has lower silica content in microprobe analyses 

while analcime is distinguished by its relatively high soda and silica. 

The best development of hauynite and analcime occurs in the tinguaite 

CY73. 	The hauynite occurs as euhedral phenocrysts, but analcime occurs 

as irregular anhedral grains and masses in the groundmass where it is 

intergrown with aegirine laths and is a late stage phase. 	A small 

amount of sulphur must have been present to contribute to the formation 

of hauynite. 	This process fixed the sulphur in the system. The remain- 

ing soda and a hydrous late stage fluid phase led to the formation of the 

analcime (Pl. 37). 

The microprobe analyses of the hauynite suggest an idealized 

proportion of Na/Ca = 6/1 for the mineral. 	Sulphur is apparently 

oxidized to sulphate because the mineral is not coloured blue, which a 

preponderance of sulphur as sulphide would indicate (cf. lazurite). 

Thus oxidizing conditions are required for the formation of hauynite 

which on textural grounds (euhedral phenocrysts and no intergrowths) has 

crystallized, as a primary phase, well before the analcime. The most 

likely species for sulphur in the system is SO 2  (see discussion concerning 

scapolite). 	This would hydrolyse with water thus: 

4S0 2 (v) + 4H20 (v) 	HS 	3H2 SO4 

The formation of hauynite could then be specified: 

3Na 20 + CaO + 3A1 20 3  + 6Si0 2  + H 2 SO4 = Na6CaAl6Si6024SO4 + H 20 

hauynite 

Na 20 + A1 20 3  + 4Si0 2  + 2H 20 = 2NaAlSi 206.H 2 0 

analcime 

Both equations could be combined to give: 

7Na 20 + 2Ca0 + 7A1 20 3  + 16Si0 2  + 2H 2 SO4 = 2Na6CaAl6Si6024.SO4 

hauynite 

+ 2NaA1Si 20 6 .H 20 

analcime 
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TABLE III-10 

Electron microprobe partial analyses of hauynite and analcime# 

Hauynite 	 Analcime 

Na20 	15.28 14.49 13.46 15.06 	13.43* 14.62* 13.78* 13.69* 14.33* 
A1 20 3 	26.62 25.35 23.52 26.72 	24.53 24.26 24.32 24.35 24.91 
Si02 	32.63 31.27 26.48 32.81 	52.37 52.47 52.41 52.48 54.91 
1(20 	5.32 	5.04 	5.34 	5.91 	0.21 	0.16 	0.17 	0.21 	0.00 
CaO 	4.48 	7.87 12.33 	4.00 	0.00 	0.00 	0.00 	0.00 	0.00 
+S 

Unnormal- 84.33 84.03 83.25 84.49 
• ized total 

90.54 91.51 90.68 90.74 94.17 

 

  

Cations on basis of 24 Oxygen-- 	Cations on basis of 6 Oxygen 

Na 	5.255 5.070 4.886 5.172 	0.969 1.049 0.994 0.987 0.994 

	

1.203 1.160 1.227 1.337 	0.010 0.008 0.008 0.010 0.000 
Ca 	0.851 1.522 2.473 0.759 	0.000 0.000 0.000 0.000 0.000 
Al 	5.564 5.390 5.190 5.579 	1.077 1.058 1.066 1.067 1.050 
Si 	5.787 5.639 5.331 5.809 	1.948 1.942 1.950 1.951 1.964 

Total 	18.660 18.781 19.107 18.656 	4.003 4.057 4.018 4.025 4.008 

0 	24.000 24.000 24.000 24.000 	6.000 6.000 6.000 6.000 6.000 

# analyses taken from specimen 
CY73. 

* If repeated analyses of analcime 
are performed beginning with 
large area scans and ending with 
spot analyses, the sodium concen-
trations increase slightly due to 
loss of H 20 from the sample. 
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It is apparent that the two minerals did not form concurrently because 

of their textural relationships in the rocks. 	The sequence could have 

begun by hydrolysis of SO 2  and subsequent fixing of the sulphate by 

hauynite, at an early stage, with H 2 S escaping from the system. 	The 

H2 S would normally be fixed by iron if in high concentrations, but iron 

sulphides are rare in the sanidine bearing rocks. With fixing and 

removal of excess sulphur, H 20 dominates and analcime is formed as a 

very late stage mineral. 	This assumes hydrolysis of SO 2  as the prime 

cause of these minerals. 	Obviously the relative fugacities of SO 2  and 

H2O are important in determining the particular mineral which may 

crystallize. As hauynite formed, sulphur was removed from the system 

so that the fugacity of H 2O reached the point at which analcime formed 

as the last phase as grains and intergrowths in the groundmass. 

As discussed earlier (Chapter II) the analcime is in a reaction 

relationship with sanidine ph-enocrysts and groundmass. 	According to Roux 

and Hamilton (1976) this places a maximum restraint of 8 kb 	and 800 °C 

for the equilibrium association of analcime and sanidine, which is outside 

the range for these rocks because the analcime is a groundmass phase. 	On 

the other hand the reaction of nepheline + albite + H 2 O to form analcime is 

at subsolidus equilibrium between 500 °C and 600 °C over most of the likely 

pressure range (Greenwood, 1961) for these rocks. 	As albite does not 

appear in these rocks and the analcime is fresh then the maximum temperature 

at which it formed would be below 600 °C. This would be consistent with the 

late stage interstitial appearance of the analcime in the tinguaite and the 

work of Edgar (1978) (see Chapter IV). 

FELDSPAR MINERALOGY 

The feldspar mineralogy of the Port Cygnet rocks is comparatively 

simple with the syenite porphyries containing mainly oligoclase with 



Sanidine rocks 
Syenite porphyry 

Amphibolites 
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Or 

Ab 	 An 

Figure 111-17 Ternary feldspar plot for feldspars from all 
the alkaline rocks with the solvus for the 
900 °C isotherm and 0.5 kb pH 20. 	Curve in 
figure represents the approximate locus of 
compositions of liquids with which two feld-
spars may co-exist in equilibrium with 
leucite omitted. 



some compositional spread into the adjacent andesine and albite fields. 

Some crystals have andesine cores of which many represent original 

grains onto which oligoclase has subsequently crystallized (Pl. 16). 

The rocks with flow textures have sanidines with co-existing oligoclase 

and andesine only in specimens CY61 and CY92 where overgrowths of potash 

feldspar armour plagioclase phenocrysts. 	Both the syenites and the 

trachytic rocks have groundmasses composed essentially of potash feld- 

spars. 	Some larger potash feldspars occur in the syenites but these 

are not euhedral phenocrysts as are the plagioclases. 	The total feld- 

spar compositions for all alkaline rocks are plotted in the ternary 

Ab-Or-An diagram (Fig. 111-17). 

Data are also presented in ternary feldspar plots of core-rim 

plagioclase compositions and co-existing potash feldspar compositions 

for various representative alkaline rocks (Figs. 111-18, 111-21). 

Plagioclase compositions from the amphibolite inclusions on Mt. Windsor 

have also been added for comparison. 	These feldspars do not show 

twinning under the microscope. 

The potash feldspars from both groups of alkaline rocks show an 

interesting trend with most compositions outside the field of anorthoclase 

as defined by Wright and Stewart (1968). 	Using the data of Seck (1971) 

the solvus for 900 ° C at 0.5 kb 	H20 pressure has been added to Fig. 111-17. 

The plagioclases for the sanidine rocks in this figure are contributed by 

CY61 and CY92 (also Fig. 111-20) which appear to have a more complicated 

origin by virtue of the potash feldspar overgrowths on the plagioclase 

crystal. 	By virtue of their normative plots near the equilibrium line, and 

the observation that the tie-lines for feldspar pairs are incompatible with 

those of Seck (1971) (Figs. 111-17 and 111-22), the sanidine crystals in the 

brown matrix rocks have a reaction hence non-equilibrium relationship to the 

oligoclase phenocrysts. 	The other rocks have only sanidine as the feldspar 

phenocryst. Ftom the figure it can be seen that the feldspars from the 

sanidine rocks plot towards the inner part of the field relative to the feld-

spars of the syenite porphyries. The two possible interpretations of this 

distribution are that: 
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the syenite porphyry was formed at a higher pressure than 

the sanidine rocks, since for a specific temperature an increase in 

H2O causes the solubility field to contract, 

the sanidine rocks formed at a higher temperature than the 

syenites because an increase in temperature will increase the solubility 

field of the feldspars. 

It would be unlikely that there would be a great pressure difference 

during the formation of these rocks hence it is more probable that the 

relative distributions are due to temperature differences. 	It should 

also be noted that because the sanidine rocks contain euhedral feldspar 

phenocrysts they were more likely in equilibrium with melt at the time 

of their formation whereas the potash feldspars of the syenites occur 

mainly as anhedral crystals formed after the plagioclase and in the 

groundmass and therefore at a lower temperature not in equilibrium 

with the plagioclase phenocrysts. 	This problem has been noted in other 

chapters. The data would indicate a minimum temperature of formation 

of 900 °C for the sanidine rocks at a pressure of 0.5 kb. 	As the 

real pressure was probably higher, as suggested by the absence of 

leucite, then the temperature of formation would have been somewhat 

greater. 	The extremely potash-rich varieties do show a tendency 

towards a higher formation temperature, if the pressure is assumed to 

be uniform for all rocks. 	This probably represents crystallization in 

a deeper magma chamber with the subsequent quick injection of the later 

dykes freezing the equilibrium. 	While the co-existing feldspar 

geothermometers do not apply to these rocks, the sanidine rocks probably 

have a higher formation temperature than do the syenite porphyries. 

An apparent anomaly exists for the feldspars of CY92 and CY61 where 

potash feldspar phenocrysts occur with/and mantle plagioclase pheno-

crysts which do not appear to plot on the same isotherm but on one of 

a lower temperature value which relate them to the syenite porphyries. 
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Euhedral crystals of oligoclase-andesine in the rocks frequently have 

overgrowths of potash feldspar , with some crystals showing resorption 

phenomena (Pl. 9). 	Normatively these are low in the anorthite molecule 

with about six weight percent the calculated maximum. 

If the final consolidation temperature was about 900 °C or greater 

then the potash feldspars would have the high sanidine structure. The 

optical studies of the sanidine crystals indicates their optica axial 

planes are perpendicular to 010 with low 2V and places them in the 

partially ordered sanidines as stated by Marfunin (1966). 	The euhedral 

crystals with tabloid development of (010) show the classical sanidine 

form. 	Because of their gross development these are regarded as having 

high temperature structures because metastable low temperature disordered 

- structures are usually associated with small crystals. 

The structural states of the potash feldspar phenocrysts were 

determined by using the three peak method of Wright (1968) in which the 

20 values of CuKal for the diffraction peaks 060, 204 and 201 were 

obtained. 	These were measured using a Philips PW1025 vertical gonio- 

meter, equipped with a lithium fluoride monochromator aligned for CuKal. 

The diffractometer was calibrated using silicon and potash alum 

standards. 	The data obtained are listed in Table III-11. 

No splitting of the 130 peak (McKenzie, 1954) was observed for any 

of the specimens measured, thus indicating the monoclinic symmetry of 

these. 	The above data are plotted in Figure 111-22 following the 

procedure of Wright (op. cit.). 	All feldspars plot towards the high 

sanidine part of the diagram but only CY73 and CY74 would be regarded 

as within the high sanidine structure of Wright (op. cit.) whereas the 

other specimens are anomalous with respect to cell volume. 	If the 

final consolidation temperature for the sanidine crystals was about 

900° C then the anomalous character could well be explained by partial 

ordering between high and partially ordered sanidine following Laves 

(in Marfunin, 1966) or possibly ordered orthoclase phases (Martin, 

1974 in Feldspars: McKenzie - Zussman). 	This would be compatible 

with the optical orientations observed earlier for the sanidine. 
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Compos itions  for  feldspars  with structural  state  data  
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While distinct exsolution patches are not obvious under the micro-

scope, the electron microprobe analyses indicate the inhomogeneity of 

the crystal compositions which no doubt contributes to the scatter of 

the structural results. 	However, it can be seen from Figure 111-18 

that the structural and compositional data scatter covers the same 

area of the diagram so that while they may differ in detail, the results 

are in general, compatible. 	Clear evidence for unmixing is shown by 

soda and potash-rich patches in sanidine from specimen X44. 

The compositions of the ternary feldspars for the hybrid rocks 

have been plotted in Figure 111-19. 	Here the compositions of the 

original dolerite plagioclases (andesine and labradorite) appear, 

together with the potash feldspars produced by the alkalinemagma. 

The outstanding feature here is the presence of anomalously high 

anorthite component in these feldspars, which may represent a degree of 

disequilibrium in the reaction between the introduced potash and the 

original dolerite feldspars. 	The range of the feldspar compositions 

here could also be due to the release of the albite component from 

the dolerite plagioclase together with a contribution from the alkaline 

magma. 

In the case of the syenite porphyries, there are euhedral pheno-

crysts of plagioclase with either fine grained altered groundmass or 

with a better crystallized coarse groundmass containing subhedral 

alkali feldspar crystals and some interstitial quartz. 	Once again 

with these rocks the empirical plot of the data indicates that the 

plagioclase crystals have formed at a lower temperature than have the 

subhedral alkali feldspars. 
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Associated with these there is evidence of two periods of growth 

of the plagioclase phenocrysts. 	This apparent reversed process would 

suggest that the alkali feldspar was a later addition rather than 

evolution from a single parent magma. 	However, there is a significant 

anorthite component in the CIPW normative values for the host rock 

(Appendix No. 3). 	This is mainly related to feldspar composition 

as calcic ferromagnesian minerals are not abundant in most rocks and are 

absent in many. 

From the work of von Platten (1965) and also that of James and 

Hamilton (1969) it can be seen that with a significant amount of 

anorthite present, the crystallization of alkali potash feldspar is 

suppressed and with an anorthite content of about 12%, alkali feldspar 

is suppressed completely and only a plagioclase will form and eventually 

crystallize with quartz and alkali feldspar in the matrix. 	James and 

Hamilton presented their results for 1 kb pressure. 	When compared 

with the simpler system of Bowen and Tuttle (1958) it can be shown 

empirically that an increase in pressure should drive the equilibrium 

boundary towards the albite apex of the triangle. Thus for the 

higher values of anorthite it is not likely that an equilibrium potash 

feldspar can form. 	Many of the plagioclase crystals show evidence of 

at least two stages of growth and some occasionally have irregular core 

grains of andesine, while with some crystals there is evidence of 

fracturing and re-cementing processes having taken place (Pl. 15). 

Referring to Fig. 111-17 where the compositions of feldspars from all 

rocks have been plotted, there is no evidence from the syenite 

porphyries of plagioclase compositions tending to approach the alkali 

feldspar field. 	This indicates a discontinuity between the two sets 

of minerals and evidence at least of disequilibrium within these 

rocks. 
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Ab 
	 An 

Figure 111-19 Ternary feldspar plot for feldspars from the 
hybrid rocks. 



Shoshonite trend 

Nepheline trachyte trend 

• Amphibolite feldspars 

Or 

Ab 
	

An 

Figure 111-20 Core-rim compositions for co-existing feldspars 
in syenite porphyry CY49. 	Compositions of 
amphibolite feldspars and shoshonite and nepheline 
trachyte trends (Carmichael et al., 1974) have 
also been added together with normative composition 
of CY49. 	Curve in figure represents the approxi- 
mate locus of compositions of liquids with which 
two feldspars may co-exist in equilibrium with 
leucite omitted. 
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The potash feldspars in particular, do not follow the crystalliz-

ation trends observed by Nichols and Carmichael (1974) and the plagio-

clase phenocrysts follow an apparent trend parallel to the Ab-An edge 

whereas for an equilibrium crystallization trend they should trend 

towards the alkali feldspar apex of the triangle (Or-Ab-An). 

The compositions for the cores and rims of feldspar crystals from 

the syenite porphyries (CY49 and CY70) are featured in Figures 111-20 

and 111-21. 	On these diagrams are also plotted the expected equilibrium 

crystallization trends of Carmichael et al. (1974) for nepheline trachyte 

and shoshonite trends. The trends shown seem to be non-equilibrium. 

For CY70 there is apparently a simple crystallization trend largely 

independent of the potash feldspars and parallel to the Ab-An edge with 

some reversals. 	Texturally, the plagioclases are usually euhedral, 

and precede the potash feldspars in their formation. 	For CY49, once 

again there is no obvious dependence of the plagioclase trend, upon the 

potash feldspars. There is more evidence of a reversal of trend for 

some of the plagioclase crystals in this rock. 

Perhaps the most interesting feature of these rocks is the 

consistent trend to potassium enrichment from core to rim in the alkali 

feldspar crystals. 	This indicates that these crystals were not in 

equilibrium with the associated liquid which apparently was being 

progressively enriched in potassium, whereas in a normal crystallization 

sequence, the liquid should become progressively enriched in soda as 

potash rich feldspars and/or plagioclase are removed from the system. 

This together with the earlier observations leads to the conclusion 

that equilibrium crystallization was not operative for the Cygnet 

porphyries. 	For comparison, the compositions of the plagioclases from 

the amphibolite inclusions are also plotted in the above figures. 



Shoshonite trend 

	 Nepheline trachyte trend 

Amphibolite feldspars 

III-3 

Ab 

Figure 111-21 Core-rim compositions for co-existing feldspars 
• in syenite porphyry CY70. 	Compositions of 
amphibolite feldspars and shoshonite and nepheline 
trachyte trends (Carmichael et al., 1974) have 
also been added together with normative composition 
of CY70. Curve in figure represents the approxi-
mate locus of compositions of liquids with which 
two feldspars may co-exist in equilibrium with 
leucite omitted. 



111-84 

For the dykes where there is a mixed phenocryst assemblage present 

(CY61 and CY92) the relationships show a better correlation than for 

those described above. 	The compositions for centres and rims of pheno- 

crysts from these rocks are plotted in Fig. 111-22. 	In these rocks 

the trends for the plagioclase rocks are more like an equilibrium trend. 

Some potash feldspars show the expected trend towards sodium rich rims 

but there are still many reversals. 	This, together with the armouring 

of the pre-existing plagioclase by a later superposition of potash 

feldspar (Pl. 9), suggests the addition of a later stage liquid richer 

in potash, or that crystallization of plagioclase had pushed the melt 

to the co-tectic line with the consequent precipitation of the co-existing 

potash feldspar or that the plagioclase had reached a resorption point 

with the remaining melt. 	The tie lines in Fig. 111-22 represent 

associations of rim composition for the plagioclase and the armouring 

potash feldspar. Where measurable a core value for the potash feldspar 

has also been given. 

Empirically it can be seen that the normative plots of CY61 and 

CY92 are close to the cotectic trough on the Ab-Or-An triangle 

(Carmichael et al., 1974) whereas the syenite porphyries CY49 and CY70 

do not plot near this (Figs. 111-20 and 111-21). 

From this it would appear that the most likely cause of the potash 

feldspar armouring the plagioclase is due to resorption of the plagio-

clase by the magma and precipitation of the potash feldspar as outlined 

by Stewart and Rosenboom (1962), Rahman and MacKenzie (1969), Carmichael 

et al. (1974) although co-precipitation near the system minimum is still 

a possibility. 

Neglecting the detail of the relationships of the feldspars, it is 

sufficient to recognise that the brown matrix rocks have crystallized 

near the minimum for the system and thus may represent a late stage, 



Nepheline frachyte trend 

• 

111-85 

Figure 111-22 Core-rim compositions for co-existing phenocrysts 
in CY61 (open circle) and CY92 (closed circle). 
Tie lines connect crystals with K-feldspar over- 
growths. 	Shoshonite and nepheline trachyte trends 

• (Carmichael et al., 1974) have been added together 
with normative compositions of CY61 and CY92. 
Solid lines for CY61 and dashed tie lines for 
CY92. Curve in figure represents the approximate 
locus of compositions of liquids with which two 
feldspars may co-exist in equilibrium with leucite 
omitted. 
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TABLE  1 11- 13 

E lectron  microprobe  analyse s  o f cores  and rims  of feldspar  phenocrysts  and crystals.  

Sy enite  Porphyries  
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CY49 con t inued 

Syenite  Porphyries  

TABLE 1 11- 13 (continued)  
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TABLE 111- 1 3 (continued)  
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TABLE 111- 13 (cont inued)  

Mixed Phenocryst  Sanidine  Rocks  
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Figure 111-23 Core-rim compositions for feldspar phenocrysts 
from the sanidine porphyry rocks. 
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near-equilibrium, fractionation of the syenite porphyries. 	When 

compared with the plagioclase compositions for the syenite porphyries, 

CY49 and CY70 (Figs. 111-20 and 111-21), the plagioclase of CY61 and 

CY92 are slightly more evolved if the scheme of Carmichael et al. 

(1974) is followed. 

To complete the sequence Fig. 111-23 summarizes the data for the 

rim and core compositions from the sanidine phenocryst rocks. 	In 

this plot the phenocryst trends are closer to normal with smaller 

variations, but still with some significant reversals. 	As field 

relations suggest these rocks were intruded towards the last part of 

the active period it can be visualized that these phenocrysts formed 

under conditions conducive to equilibrium euhedral crystal growth in 

some type of small magma chamber. 

The trends recorded above may explain the failure of the feldspar 

thermometers reported earlier, which depend for their interpretation 

on the attainment of equilibrium. 	In the case of the rocks where 

sanidine forms the only phenocryst feldspar the lack of a coexisting 

plagioclase negated the application of the two feldspar geothermometer. 

The trends in Fig. 111-24, apart from the Californian rhyolite 

and the syenite porphyry trends, are comparable with the feldspar 

equilibria demonstrated by Seck (1971) (Fig. 111-17) but the former 

two and in particular the syenite porphyry trend transgress Seck's tie 

lines and on this basis must be considered to be not in equilibrium 

although many authors have commented on the divergent trends for over-

saturated and undersaturated rocks (Carmichael 1965, Sobolev 1959). 

In making comparisons with the feldspar equilibrium compositions 

determined by Seck (1971), there may be a discrepancy due to non-

saturation with water of the melts when compared with Seck's results, 

but so far the evidence favours water saturation. 



Average Cygnet 
syenite porphyries 
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Or 

Ab 	 An 

Figure 111-24 Averaged values of co-existing feldspars from 
the syenite porphyry plotted on Ternary feldspar 

, triangle. Other groups have been added for 
comparison (from Carmichael, Turner & Verhoogen, 
1974). 
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SCAPOLITE MINERALOGY 

Scapolite occurs only in dyke CY44 where it is relatively abundant 

and related to melanite garnet by a reaction relationship (Pl. 38). 

In the more normal associations of scapolite and garnet in metamorphic 

rocks the conditions favour the formation of garnet from scapolite, 

e.g. White (1959). 	Shaw (1960), Newton and Goldsmith (1975) and 

Goldsmith (1976) summarized the main parageneses of scapolite which 

virtually encompass the realms of high temperature metamorphism with 

hydrothermal or pneumatolytic alteration of pre-existing rocks. Von 

Knorring and Kennedy (1958) described a sulphate rich mizzonite occurr-

ing in a garnet-hornblende-pyroxene-scapolite gneiss of the Mampong 

Inselberg, Shai Hills, Ghana, and suggested that the scapolite had 

formed from the interaction of sulphide with other minerals present 

in an originally basic igneous rock. 

In the case of CY44, because of the higher fugacity of sulphur 

species causing reaction with the melanite phenocrysts, there is the 

possibility that this increase was due to contamination from an 

alternative source. 	In the other potash dykes melanite is stable in 

the presence of hauynite which is a primary mineral. 	Where the 

melanite of CY44 has reacted it is surrounded by a rim of clear garnet 

with small crystals of highly birefringent sphene and a scattering 

of pyrite grains. There is then a further rim of strongly birefringent 

scapolite which may have included pyrite grains (Pl. 38). 	Pyrite may 

also show alteration to biotite and scapolite. 	Electron probe analysis 

of the scapolite shows it to be a sodium rich variety containing 

sulphur. 	A summary of the mineral .compositions is given in Table 111-14. 
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TABLE 111-14 

Electron microprobe analyses of phases from CY44 

Fresh 
melanite 

Altered zone 
about fresh 
melanite 

Scapolite Biotite Sphene 

Na2 0  0.42 0.00 8.26 0.32 0.00 
MgO 0.60 0.00 0.00 4.64 0.23 
A1 20 3  6.81 10.91 19.87 18.07 6.26 
Si0 2  35.12 36.24 50.19 32.31 32.47 
K20 0.00 0.00 2.32 9.09 0.00 
CaO 31.65 32.41 1.38 0.50 29.03 
TiO 2  3.51 5.57 0.00 1.77 24.92 
MnO 0.99 1.74 0.00 2.13 0.92 
FeO 20.63 12.58 0.00 25.97 5.91 

Unnormalized 
Total 103.09 101.24 82.12* 94.81 95.34 

Cations on basis of equivalent oxygens 

Fresh 
melanite 

Altered 
Zone Scapolite Biotite Sphene 

Na 0.138 0.000 Na 2.630 Na 0.051 Ca 2.064 
Mg 0.151 0.000 0.480 0.936 Mg 0.023 
Ca 5.778 5.676 Ca 0.240 Ca 0.043 
Mn 0.099 0.241 

Total 6.166 5.917 Total 3.350 Total 1.030 Total 2.087 

Ti 0.450 0.685 Fe 1.752 Ti 1.244 
Fe 2.940 1.719 Mg 0.558 Al 0.490 
Al 1.352 2.022 Al 0.325 Fe 0.328 

Mn 0.146 Mn 0.052 
Ti 0.107 

Total 4.742 4.426 Total 2.888 Total 2.114 

Al 0.016 0.079 Al 3.840 Al 1.393 
Si 5.984 5.921 Si 8.220 Si 2.607 Si 2.155 

Total 6.000 6.000 Total 12.060 Total 4.000 Total 2.155 

Oxygen 24.000 24.000 Oxygen 24.000 Oxygen 11.000 Oxygen 10.000 

* Sulphur not analysed. 
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Initial fixing of sodium leads to potassium later reacting with 

the pyrite to form biotite. 	The following reactions are suggested 

as expressing the mineralogical changes involved. As sodium activity 

is lowered, potassium activity increases and later alteration of 

pyrite to biotite occurs. 	There must also be a balance between the 

activity of water and sulphur species. The clear pink garnet formed 

in the reaction is anisotropic hence it may be partially hydrated. 

The physical chemistry of sulphur in magmatic melts has been 

summarised by C.W. Burnham in Barnes (1979). According to Burnham 

the solubility of sulphur in an aluminosilicate melt is related to the 

non-bridging oxygen 0 2- , thus: 

S02 (v)  + 02°70 	S2(;)  + 02(v)  

In the presence of H 20 the SO 2  will hydrolyse to the more soluble H 2 S 

which may dissolve in the magma in the manner: 

	

HS (v)  +0 2(1-11)  + Na+(m) 	SHim)  + 	Ma 	+im) 	Iff(m)  

Under the f0 2  conditions of typical acid rocks, about log f0 2  = -14 

(Carmichael et al., 1974) most of the sulphur exsolved from a magma 

may form SO 2  via such reactions as: 

SHE )  + (OH) -(m)  1: 30 20-0  + S0 2(v)  + 3H2(v)  

At sub-solidus temperatures and higher than normal f0 2 , SO 2  may undergo 

hydrolysis according to the scheme: 

	

4 S0 2(v) + 4H 20 (v) 	H2 S (v)  + 3H2 SO4 

For CY44, which crops out within 400 m of the hybrid rocks of 

Regatta Point, the conditions established there could be applied to 

the former locality. Thus log f0 2  would be about -13 and the maximum 

pressure at 1 kb. 	Because pyrite is produced the temperature 

probably did not greatly exceed 742 °C. 

Eastoe (1979) has developed equations describing likely sulphur 



111-99 

species at varying values of f0 2 . 	The equation applicable here is: 

log k = log f H2O- 	log fs02  - 	log f02  - log f -H2S 

For 1 kb and 727 °C, that is 1000 ° K, and using the appropriate value 

of fH 20 then: 

log 'SO2 . log k - log fH20  + 	log f02  
log f -H2S 

Hence 

= 23 - (2.8) + ! (-13) = 0.7 

fS02 	= 5.01 

   

fH 2 S 

The data have been taken from Eastoe (op. cit.) who based his equation 

on the H-M buffer data of Haas and Robey (1973) and Newton (1935). 

Thus the sulphur species in the magma are probably dominated by SO 2  and 

in the presence of excess water would hydrolyse as outlined above with 

production of H 2SO4 favoured. 	The formation of scapolite could then 

be formulated as follows: 

Ca3Fe2(SiO4)3 + 3Na20 + 6Si02 + 4A1203 + 4H2S + H2SO4 = Na6A16Si6024SO4 

iron garnet 	 magma 	scapolite 

+ 2FeS 2  + Ca 3Al 2 (SiO4) 3  3H20  H2 

pyrite aluminium garnet 

Reaction of pyrite with potash gives: 

6FeS 2  + 1(20  + A1 20 3  + 6Si0 2  + 12H 20 = 2KFe 3A1Si 3010(OH) 2  + 10H 2S + 2S0 2 

pyrite 	 biotite 

Occasionally an outer rim of biotite can be seen with no obvious pyrite 

cubes, which would suggest both of the above equations could be 

amalgamated to give the following: 

3Ca 3 Fe 2 (SiO4) 3  + 3Na 20 + 1(20  + 12Si0 2  + 7A1 20 3  + H 2 SO4 + 21-1 2  

iron garnet 	magma 

= Na6A16Si 60200 4  + 3Ca3Al2(SiO4)3 + 2KFe3A1Si3010(OH)2 + H20 

scapolite 	aluminium garnet 	biotite 

Any titanium released by stoichiometric adjustments of the garnets 



III-100 

crystallizes as sphene. 	The fugacities of the sulphur species and 

water components are very important in the above equilibria and are 

related in a complex way. 	In this particular dyke sulphur activity 

was the highest of all the Port Cygnet rocks as similar reactions 

have not been seen in other rocks. 	In CY74, also a grey groundmass 

rock, there has been formation of calcite reaction rims around some 

of the melanites (Pl. 29) indicating a high fco 2  but in the other 

dykes the melanites are unaltered and co-exist with feldspathoids. 
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CHAPTER IV 

THE MAJOR ELEMENT CHEMISTRY OF THE ROCKS 

Approximately 138 analyses of major elements on selected specimens 

from the area were determined by x-ray fluorescence analysis. They 

were analysed using a Philips PW1410 spectrometer, following the method 

of Norrish and Hutton (1969), with rock-standards set up at the 

University of Tasmania and calibrated against various International 

Standards. 	As all iron is reported as Fe 20 3  by X.R.F. techniques, 

FeO was determined independently on most samples using the method of 

Shapiro (1960). 	The full analytical results are tabulated in 

Appendix II. 	From the data, the C.I.P.W. norms were calculated and 

these (together with the original data) were used to prepare appropriate 

variation diagrams. 	The data were also subjected to a factor analysis 

program, Statistical Package for the Social Sciences, written for the 

-Burroughs 86700 computer, to test any correlations which might have been 

present, but were initially not obvious. 

A convenient method of distinguishing syenites uses the concept of 

agpaitic co-efficient or index which was originally defined by Ussing 

(1912) as the molecular ratio Na20 + 
K20 and referring only to nepheline 

A 1 20 3 

bearing syenites: equivalent to the sanidine-bearing rocks at Port 

Cygnet. 	Later authors, Goldschmidt (1930) and Polanski (1949) also 

included oversaturated rocks in their definitions, which may be conveniently 

used here. When the agpaitic coefficient is greater than unity, syenites 

are defined as agpaitic and those with the coefficient less than unity are 

known as miaskitic syenites. Thus the Port Cygnet alkaline rocks are 

miaskitic with low values of Zr, Nb and R.E.E. 	Zircon, apatite and 

sphene are typical accessory minerals whereas agpaitic syenites contain 

higher values of Zr, Nb, Zn and R.E.E. Typical accessory minerals include 
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Table IV-1 

Chemical analyses of some syenite porphyries from 

CY5 CY8 

Port Cygnet. 

CY16 	CY18 CY49 CY67 CY70 CY120 

S102 59.82 62.90 66.35 62.22 65.05 64.91 65.89 65.31 
TiO2 0.59 0.43 0.37 0.51 0.28 0.42 0.34 0.39 
A1203 16.82 17.77 19.24 17.05 17.36 17.45 17.56 18.00 
Fe203 3.13 2.22 0.59 2.95 1.16 2.07 2.14 1.53 
FeO 2.48 1.17 0.00 2.31 0.91 1.32 1.48 1.17 
MnO 0.22 0.18 0.00 0.17 0.05 0.04 0.02 0.06 
MgO 1.85 0.66 0.00 1.80 0.44 0.73 0.59 0.94 
CaO 4.88 4.49 2.26 4.41 3.64 3.82 2.49 4.37 
Na20 5.01 5.11 4.49 3.81 4.69 4.20 4.82 4.62 
1(20 3.68 3.98 4.35 3.25 4.23 4.14 3.71 3.42 
P20 5 0.09 0.04 0.01 0.21 0.05 0.15 0.11 0.18 
loss 0.98 0.87 1.30 2.32 0.61 1.32 1.83 0.00 

Total 99.55 99.82 98.96 101.01 98.47 100.57 100.98 99.99 

CIPW norms 

Q 5.70 9.29 18.77 15.64 13.95 16.05 17.55 15.41 
C 3.06 - - 1.35 - 
or 21.75 23.52 25.71 _ 19.21 25.00 24.47 21.93 20.21 
ab 42.39 43.24 37.99 32.24 39.68 35.54 40.78 39.09 
an 12.54 13.80 11.15 19.83 13.83 16.54 11.63 18.28 
di 7.71 3.55 - 0.54 3.01 1.12 - 1.76 
wo - 1.39 - - 0.06 - - 
hy 2.32 - 5.50 - 1.39 1.89 1.86 
mt 4.54 3.11 - 4.28 1.68 3.00 3.10 2.22 
hm 0.07 0.59 - - - - 
il 1.12 0.82 - 0.97 0.53 0.80 0.65 0.74 
ap 0.73 , 0.21 0.02 0.50 0.12 0.35 0.26 0.42 

Trace elements 
(ppm) 

Rb 
Sr 
Cs 
Ba 
Sc 
Y 
Zr 
Nb 
Ni 
Cu 
Zn 
Pb 
Ga 

100 
2026 

<1 
991 

13 
18 

157 
1 

<1 
45 
61 
<3 
23 

119 
2171 

<1 
1071 

5 
27 

217 
13 

2 
<1 
47 
<3 
23 

104 
2384 

<1 
1475 

7 
11 

200 
1 
3 

10 
19 
67 
21 

81 
1517 

<1 
1125 

14 
45 

160 
8 

12 
<1 
95 
<3 
20 

80 
2113 

<1 
1058 

3 
22 

142 
9 

<1 
<1 
11 
<3 
20 

111 
1559 

<1 
1173 

7 
. 41 
142 

10 
29 
23 

133 
<3 
19 

139 
1755 

<1 
1108 

8 
58 

153 
6 
4 
3 

34 
<3 
22 

g u 
0 

E 
0(1) 

CD .4 
4..) 

f-1 
00 
04-1 
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Table 1V-2 

Chemical analyses of some sanidine porphyries from Port Cygnet. 

CY13 CY19 CY40 	CY74 CY44 CY85A CY73 CY46 

Si02 56.63 58.95 56.54 	55.78 60.04 55.78 57.04 55.73 
TiO2  0.66 0.29 0.95 	0.57 0.30 0.35 0.33 0.61 
Al2 03 17.45 18.92 17.41 	17.95 17.73 20.15 19.76 18.94 
Fe2  0 3  4.45 2.33 3.65 	4.35 2.89 3.75 3.15 - 3.98 
FeO 1.10 0.71 3.99 	1.27 0.28 0.74 0.50 0.60 
MnO 0.16 0.15 0.15 	0.21 0.15 0.16 0.13 0.19 
MgO 0.85 0.13 0.86 	0.54 0.46 0.20 0.24 0.42 
CaO 2.43 3.59 3.11 	4.70 1.50 1.51 2.75 3.41 
Na20 4.49 4.71 1.20 	6.52 6.83 6.31 7.08 4.88 
1(2 0 8.06 7.88 9.18 	7.36 7.90 10.31 7.93 8.52 
P2 0 5 0.16 0.02 0.22 	0.09 0.06 0.02 0.05 0.08 
loss 3.03 2.52 1.63 	3.65 1.09 0.92 2.60 1.82 

Total 99.47 100.20 98.89 	102.99 99.23 100.20 101.56 99.18 

CIPW Norms 

Q - - 5.72 	- - - 
Or 47.64 46.57 54.26 	43.50 46.69 60.94 46.87 50.36 
ab 27.57 30.73 10.15 	18.28 26.54 1.21 20.01 18.53 
an 3.66 7.21 13.99 	- - - - 4.62 
ne 5.64 4.94 - 	- 	17.92 11.20 24.40 20.30 12.33 
ac - - 3.35 8.36 6.29 2.12 - 
di 4.57 0.70 2.90 3.03 1.07 1.29 2.26 
WO 0.62 4.00 - 	7.94 1.36 2.50 4.87 3.71 
hy - 5.16 	- - - - 
mt 2.15 1.94 5.29 	3.12 - 1.89 1.08 0..79 
hm 2.96 0.99 - 	1.03 - 0.27 1.67 3.44 
il 1.25 0.55 1.80 	1.08 0.57 0.66 0.63 1.16 
ap 0.38 0.05 0.52 	0.21 0.14 0.05 0.12 0.19 

Trace Elements (ppm) 

Rb 234 213 .287 220 135 238 239 278 
Sr 1922 3097 2373 3240 4637 4279 2740 3626 
Cs 14 4 <1 8 11 4 7 10 
Ba 2338 2288 3190 3240 3457 2825 • 1843 2220 
Sc• <1 2 7 4 3 _ 	3 3 5 
Y 19 4 36 11 	. 24 0 4 22 
Zr 187 245 192 273 342 156 253 233 
Nb 15 18 20 24 37 23 20 16 
Ni 11 1 6 3 <1 1 2 13 
Cu 26 <1 59 2 <1 <1 <1 6 
Zn 100 85. 106 113 89 178 98 110 
Pb 6 14 <3 <3 62 30 28 8 
Ga. 26 23 27 27 28 31 29 32 



IV-4 

Table IV-3 

Average alkaline igneous rock chemical compositions 
from Le Maitre (1976). 

Nepheline 
syenite 

Monzonite Tinguaite Phonolite Syenite Trachyte 

Si02  54.99 62.60 54.08 56.19 58.58 61.21 
TiO2  0.60- 0.78 0.54 0.62 0.84 0.70 
A1 20 3  20.96 15.65 18.65 19.04 16.64 16.96 
Fe20 3  2.25 1.92 3;92 2.79 1.04 2.99 
FeO 2.05 3.08 2.28 2.03 3.13 2.29 
MnO 0.15 0.10 	- 0.22 0.17 0.13 0.15 
MgO 0.77 2.02 1.07 1.07 1.87 0.93 
CaO 2.31 4.17 2.77 2.72 3.53 2.34 
Na20 8.23 3.73 8.10 7.79 5.24 5.47 

1(20  4.06 5.52 5.24 4.95 4.98 
H20_ 1.30 0.90 2.10 1.57 0.99 1.15 
H20 0.17 0.19 0.23 0.37 0.23 0.47 

P2°5 0.13 0.25 0.20 0.18 0.29 0.21 
CO2  0.20 0.08 0.06 0.08 0.28 0.09 

Total 99.69 99.53 99.74 99.86 99.74 99.94 

CIPW norms 

Q - 14.02 0.83 5.00 
C - 
Or 32.98 24.00 32.63 30.96 29.29 29.41 
ab 29.45 31.56 26.03 35.48 44.34 46.26 
an 3.78 11.97 - 1.50 7.24 7.05 
lc - - 
ne 21.77 21.22 16.50 
ac - 2.90 
ns - 
di 4.53 3.78 7.24 6.89 5.35 2.14 
WO - 1.26 0.73 
hy 6,01 4.16 2.06 
ol 
hm 
mt 

0.28 

3.27 

- 

2.78 4.22 4.05 4.41 4.33 
il 1.13 1.48 1.03 1.18 1.60 1.34 
ap 0.30 0.60 0.48 0.41 0.70 0.49 
CC 0.45 0.17 0.13 0.15 0.64 0.20 
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Table IV-4 

Average alkaline igneous rock chemical compositions from 
Nockolds (1954), plus T541, the felsic matrix of amphibolite 
inclusions from Port Cygnet. 

Nepheline 
syenite 

(Juvet type) 

Alkali 
syenite 

Alkali 
trachyte 

T541 
glass 

Si02  55.38 61.86 61.95 69.59 
TiO2  0.66 0.58 0.73 0.00 
A1 20 3  21.30 16.91 18.03 18.48 
Fe20 3  2.42 2.32 2.33 0.00 
FeO 2.00 2.63 1.51 2.73 
MnO 0.19 0.11 0.13 0.00 
MgO 0.57 0.96 0.63 0.43 
CaO 1.98 2.54 1.89 5.11 
Na20 8.84 5.46 6.55 1.51 
K20 5.91 5.53 2.13 
H20 0.96 0.53 0.54 0.00 

P2°5 0.19 0.19 0.18 0.00 

Total 99.83 100.00 100.00 99.99 

1.71 38.78 
4.40 

Or 31.56 34.93 32.69 12.59 
ab 31.19 46.20 53.73 12.78 
an 2.68 4.18 3.47 25.35 
ne 23.62 0.92 
di 4.82 5.92 3.38 
wo 0.16 
hy 1.63 6.08 
mt 3.51 3.36 3.17 
hm 0.14 
il 1.25 1.10 1.39 

. 
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Sanidine rocks 

Syenite porphyry 
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QUARTZ 

NEPHEUNE 

igute 	Albite-quartz-orthoclase-nepheline normative plot for 
411 'rock types. 
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eudialyte,Fe-arfvedsonite, villiaumite and chkalovite. 	It may be noted 

here that grains of eudialyte occur sporadically in some of the green 

groundmass (tinguaites) rocks at Port Cygnet otherwise their characteristics 

are clearly miaskitic. 

For convenience in plotting on the variation diagrams, these data 

have been divided into three groups, namely syenite porphyry (plagio-

clase-bearing), sanidine rocks (sanidine-bearing) and hybrid rocks 

(including unaltered dolerite and alkaline dykes associated with the 

hybrid rocks). 

The normative data are shown plotted on combined quartz-albite-

orthoclase-nepheline triangles (Fig. IV-1). 	Because leucite does not 

appear in the normative compositions this field has been omitted for 

ease of plotting. Tables IV-1 to IV-4 show a comparison of average 

syenite porphyry analyses and sanidine rocks from this complex with the 

average values for syenite and trachyte given by Nockolds (1954) and 

Le Maitre (1976). 

THE ALKALINE INTRUSIVE ROCKS 

The data for these rocks have been plotted on several variation 

diagrams in the following section. A feature of the plots, is that 

they usually demonstrate the presence of two distinct groups. 

The normative plot in Fig. IV-2 shows that the syenite porphyries 

are Q-normative, reflecting the groundmass quartz grains and occasion-

ally larger grains that are present in many thin sections. The 

sanidine-bearing rocks are generally undersaturated with only a few 

specimens being slightly saturated. 	Modal feldspathoid is present 

in the undersaturated rocks. Hybrid rocks have also been added to 

this plot and it is evident there are saturated and undersaturated 

members in these. 
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Fig. IV-3 shows the variation of potash and silica for the alkaline 

rocks. There is a reverse trend here with the sanidine rocks showing the 

higher potash values and the lower concentrations in the syenite porphyry, 

represented by subhedral orthoclase phenocrysts and groundmass grains. 

The data for eight of the major element oxides have been plotted 

against the Thornton-Tuttle differentiation indices for all the 

analysed rocks (Figs. IV-4 to IV-6). 	The dashed lines on the diagrams 

show the most common trends for the data used by Thornton and Tuttle 

(1960) in defining their model which is based on superior chemical 

analyses from Washington's compilation. 	The aim of the Differentiation 

Series is to reveal differentiation trends in magma series: 	In a 

normal differentiation sequence for a magma series it would be expected 

that all analyses would lie within some general trend defined by the 

differentiation index and have a consecutive trend. 

The trends for the.hybrid rocks have been commented on elsewhere, 

hence the rocks to be considered here are the syenite porphyries and 

the sanidine rocks. 	If the Port Cygnet alkaline rocks are part of a 

differentiated stock as suggested by Edwards (1947), then the Thornton- 

Tuttle model should reveal this. 	From Figs. IV-4 to IV-6 it can be 

seen that the Cygnet alkaline rocks do not follow the most common 

trend of Thornton and Tuttle. The most important feature, particularly 

well displayed for the oxides Si0 2 , K 20 and Na 20 and to a lesser extent 

for the oxides A1 20 3  and Fe 20 3 , is the development of parallel trends 

for the syenite porphyry and the sanidine rocks. 	These parallel trends 

are particularly apparent for K 20 (Fig. IV-S) where the syenite 

porphyries closely follow the main trend but the sanidine rocks (and 

hybrids) form a distinct and parallel trend. 	For Si0 2  (Fig. IV-4) the 

trend also reflects the difference between the oversaturated and under-

saturated rocks. 
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The existence of parallel trends does not favour a simple 

differentiation mechanism as a means of deriving either group. 	If 

the Differentiation Indices are accepted then there may be two 

differentiation trends with the potash-rich rocks as part of one trend 

and the syenite porphyries part of. another, which may be related to 

each other by a fractionation process. 	If this is true then other 

representatives of the two trends should appear, but there is no 

evidence of these. 	The Thornton-Tuttle plot, with regard to silica, 

potash, soda and ferric oxide indicates there may be two sources for 

the alkaline rocks. 

Harker Plots of syenite porphyries and sanidine rocks have been 

prepared in Figures IV-6a - IV-6d. 	In these plots, the presence of two 

groups is more clearly shown than by the Thornton-Tuttle indices. The 

only possible trend occurs on the Fe 20 3  plot where it probably reflects 

the presence of melanite and-aegirine in the sanidine rocks. 

Because the alkaline rocks are dominated by feldspars, to the 

exclusion of ferromagnesian minerals, in large amounts, normative plots 

of the data via Q-Ab-An-Or-Ne should be useful in its interpretation. 

Although Steiner et al. (1975) suggest that normative interpretation 

of simple experimental systems may not truly represent the conditions 

of formation, Abbott and Clarke (1979) claim that with two feldspars 

the liquids should approximate the conditions of Tuttle and Bowen 

(1958). 	Bowen and Tuttle (1950) considered that in the granite system 

Q-Ab-Or normative plots approximated equilibrium conditions for the 

coarse grained plutonic rocks. 

Since the syenite porphyry is quartz normative then it may be 

interpreted using the Q-Ab-Or triangle or if comparison with the under-

saturated rocks is made then the Q-Ne-Ks triangle would be more 

appropriate. However because of the porphyritic nature of the rocks 

they may not represent an equilibrium assemblage. 	If this is so it 
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may be that due to the small amount of melt involved, disequilibrium 

might not be very large. 

The Syenite Porphyries 

As a preliminary the syenite porphyry compositions were plotted on 

a Ab+An-Q-Or triangle (Fig. IV-7) to determine the presence of any 

trends. 	On this diagram the syenite porphyries plot as a group with 

no trends apparent. 	The basic Ab-Q-Or triangle for the syenite 

porphyries is also plotted in Fig. IV-10)with the minima for the 

system shown up to 10 kb total water pressure (after Luth et al., 1964). 

The distribution is quite similar to Fig. IV-7 with the syenite 

porphyries forming a group towards the higher pressure minima. 

Because the compositions of the rocks are dominated by feldspars 

with only minor quartz or feldspathoid, a test of their equilibrium 

state would be to check their plots on various equilibria diagrams 

involving feldspars and feldspathoids. 	On the Ab-Q-Or plot (Fig. IV-10) 

for various pressures of water saturated liquids the data for the 

syenite porphyries do not fall directly on any particular minimum 

although the closest minimum point is about 5 kb. However most of the 

analyses do not plot about any minimum nor do they appear to fall 

within the usual common trends (Luth et al., 1964). 	On this plot 

there is no support for the attainment of equilibrium, hence this would 

favour the deducations made from the porphyritic texture of the syenite 

porphyries. 	To allow comparison with the sanidine bearing rocks the 

data for both groups have been recalculated and are presented in the 

Ne-Q-Ks diagrams of Figs. IV-8 and IV-9. 

The use of the Ne-Ks-Q plot is justified because all rocks are 

feldspar rich with both quartz and feldspathoid not being major phases 

in either group. 	They are not peralkaline, being miaskitic rather 

than agpaitic (see Fig. IV-10) and while some rocks have modal ground- 
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Figure IV-7 Normative plagioclase-quartz-orthoclase plot 
for syenite porphyries. 
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mass aegirine this does not appear in the normative calculation. 

The normative components recalculated and plotted on a silica-

nepheline-kalsilite triangle are shown for the syenite porphyries and 

the sanidine rocks in Fig. IV-8 . 	In Fig. IV-9 the liquidus base- 

projected plots for 1 atmosphere (Bowen, 1937), 1 kb (Hamilton and 

Mackenzie, 1965) and 5 kb (Morse, 1969) (pH 20=ptotal) have been added 

for comparison. 

Some of the syenite porphyries follow the surface of the 

saturated-undersaturated thermal divide along the albite-orthoclase 

join, and others tend to plot along the 5 kb cotectic line towards 

the ternary eutectic. While no firm conclusions can be made, the 

data plot nearer the 5 kb minimum than for the 1 kb cotectic. These 

would indicate crystallization at water pressures greater than 1 kb, 

and possibly approaching 5 kb for an equilibrium situation. 

In order to see any indication of fractionation and what the final 

melt compositions might have been, Figure IV-9a has been constructed. 

this figure some of the rocks of Fig. IV-9 have been replotted with the 

equivalent compositions of their feldspar phenocrysts removed after 

determination by point counting. As the diagram does not show the 

anorthite component of the oligoclase phenocrysts, from the syenite 

porphyries, they have been calculated as equivalent albite (reduced to 

nepheline and quartz) for accuracy of plotting. 	In this way the 

composition of the groundmass (= final melt phase) can be calculated and 

the relationship to minimum melt trends established. 

The groundmass composition is indicated by an arrow from its whole 

rock conjugate. As the proportion of phenocrysts increases, the ground-

mass composition will lie further from the whole rock plot along a line 

having an origin near NaA1S1308 or KA1Si308, depending on the precise 

compositions of the phenocrysts. 
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Figure IV-8 Nepheline-quartz-kalsilite plot for syenite 
porphyries and sanidine porphyries. 



NoA lS i 30 
KA151 308  

Sanidine rocks 
Syenite porphyry 

Si02  

lb 
1 kb 

5 kb 

lb 

kb 

KAIS1 206  

1 kb 

lb 

NaAlSiO4 
	 KAISiO, 

Figure IV-9 NaAlSiO4-Si0 2 -KAlSiO4 plot for syenite porphyries 
and sanidine porphyries. Main phase bouno=e: 
for I bar, 1 kbar and 5 kbar are shown. 

Ptotal). 



Si02  

Sanidine rocks 
Syenite porphyry 

lb 
1 kb 

5 kb 

lb 

NoAlSiO4 
	 KAISiO4  

IV - 18a 

Figure IV-9a Fractionation trends for selected rocks of Fig. IV-9 
established by subtracting total phenocryst 
composition from whole rock normative composition. 
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Ab 
	

Or 

• Figure IV-10 Ab-Q-Or normative plot of syenite porphyries 
with minima, in the system Ab-Q-Or from 0.5 kb 
to 10 kb, added. 	(H2O = Ptotal)* 
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For the syenite porphyries the minima obtained in this way lie away 

from the 5 kb feldspar cotectic and parallel with the silica cotectic. 

This suggests, if the assemblage is at equilibrium, that the system 

crystallised at some pressure less than 5 kb but no accurate value can 

be found. 

Similarly for the sanidine porphyries, when the phenocryst 

compositions are removed the remaining groundmass composition moves 

towards the albite-silica side of the triangle and the 5 kb minimum. 

While no firm conclusions can be reached an empirical observation 

suggests that the sanidine porphyries could have crystallised at a 

higher pressure than the syenite porphyries. 

According to von Platen (1959), James and Hamilton (1969), Presnal 

and Bateman (1973), Winkler (1965, 1967, 1974), Carmichael et al. 

(1974), and Winkler et al. (1975) it is unwise to plot such data 

without allowing for the anorthite component which forces the apparent 

eutectic/ternary minimum towards the quartz-albite-anorthite face of 

the quartz-albite-anorthite-orthoclase tetrahedron. 	If the method of 

Winkler et al. (1975) is followed, then Fig. IV-11 may be constructed. 

Three components are plotted in the conventional manner and the 

fourth is plotted as a series of spot heights to the intersection of 

the isotherms with the cotectic surface for the fourth component. The 

values for the spots represent the weight percent of the fourth 

component in the melt in equilibrium with crystal of composition defined 

by the other three components. Thus one may plot-An-Q-Or with spot 

heights for anorthite or alternatively, Ab-Or-An with quartz as the 

fourth component. 	From the earlier data using Ab-Q-Ks it appeared 

that the syenite porphyries clustered near the 5 kb minimum. In order 

to allow for the anorthite component, data of Winkler et al. (op. cit.) 

were taken for the 5 kb (total water pressure) isobar and the data for 

the syenite porphyries were plotted on Fig. IV-11. These authors 
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a • 

• Ab 

Figure IV-11 Winkler plot for normative Quaternary Ab-Or-
Q-An. 



IV-22 

also state that the 5 kb form of the equilibrium diagram does not 

change much over the pressure range of 3 kb to 7 kb hence it is likely 

to be applicable to the syenite porphyry system because the maximum 

crustal thickness at Port Cygnet was about 26 km (Leaman et al., 1980) 

corresponding to a load of 7 kb giving a maximum limit to the system. 

At 3 kb the depth equivalent is about 10 km which is regarded as too 

shallow for the maintenance of a magma chamber in which phenocrysts 

began to grow. 	For an equilibrium situation the anorthite content 

of the syenite porphyry shown in spot numbers on the Winkler diagram, 

should equal the anorthite contour value. 	This proposition is 

valid if the sum of quartz plus albite plus orthoclase plus anorthite 

is normalized to 100. 	Since microscopic examination of the syenite - 

porphyry shows that many specimens may have some alteration, only the 

samples of syenite porphyry showing fresh unaltered groundmass have 

been plotted. 	The normalized anorthite contents of these range from 

11% to 20%, but for equilibrium they should be about 4% to 5%. 	For 

the anorthite values of the syenite to be in equilibrium the values 

projected on to the quartz-albite-orthoclase base of the tetrahedron 

should lie much closer to the quartz-orthoclase side of the triangle. 

Once again it would appear that the syenite porphyry is not an 

equilibrium assemblage even though its texture demonstrates crystallization 

from an initial liquid. 

James and Hamilton (1969) have demonstrated that at 	1 kb 

total water pressure with increasing amounts of the anorthite component 

in the system, the crystallization of potash feldspar tends to be 

suppressed with the minimum valley being pushed to the potash feldspar 

apex if the Q-Ab-Or plot is used. 	This would explain the greater 

abundance of plagioclase phenocrysts in the syenite porphyries. Because 

anorthite is not a major molecule in these rocks, if added to the 

normative plots, it only changes their positions marginally as a 

comparison of Figs. IV-7 and IV-10 will show. 
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While the 5 kb minimum for the syenite porphyry initial crystall-

ization is by no means firmly established, reference to Fig. VIII-1 

shows that for a high heat flow environment 5 kb (pH 20=ptotal) would be 

close to the maximum possible for crystallization of the syenite 

porphyry, with melting occurring at higher pressures. This diagram 

would also put a lower limit of approximately 2.5 kb or about 8 km 

depth for the formation of the phenocrysts of the syenite porphyry, if 

the system approximates the minimum melt curve for granite. 	This 

then gives a depth range from about 20 km maximum to about 8 km 

minimum for initial crystallization of phenocrysts. 

If the syenite porphyries and sanidine rocks are considered to be 

an integral part of the system Ne-Q-Ks outlined in Fig. IV-9 the 

interpretation would be one of initial crystallization of the potash 

feldspar rocks with a progressive evolution via the syenite porphyry 

towards the Ab-Q-Or minimum. -  The field evidence (Plate 2) 

shows however that the sanidine porphyries have intruded the syenite 

porphyries, thus the sequence is reversed and the rocks cannot be 

regarded in toto as part of a simple crystallization scheme. 	The 	only 

rocks which might be directly related to the syenite porphyries are 

the brown matrix rocks CY61 and CY92, which are represented by the two 

triangles on the saturated side of the Ab-Or line in Fig. IV-9 and 

lie near the feldspar cotectic atone bar. 

Also the sanidine rocks plot on the undersaturated side of the 

thermal divide which suggests that if a single magma source was 

involved, it would have divided across this barrier and then followed 

the appropriate crystallization paths, thus requiring a particular 

composition for such an initial melt. 

Bailey and Schairer (1966) have discussed the importance of acmite 

and Fe 20 3  in establishing piercing points between oversaturated and 

undersaturated systems. 	Apart from aegirine needles in the (late 
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stage) groundmass of the green matrix rocks there is no evidence of 

such processes operating for the Port Cygnet rocks. 

The Sanidine Rocks 

The rocks are nearer to the kalsilite parameter on the normative 

plot of the data (Fig. IV-8 and IV-9). 	The relatively high soda content 

that leads to the appearance of modal aegirine, nepheline, hauynite and 

analcime appears as nepheline in the norm, resulting in the rocks plotting 

as a group on the undersaturated side of the Ab-Or join of Fig. IV-9. 

Fig. IV-9 shows that the sanidine rocks fall within the projection 

of the leucite field with many values lying between the 1 bar and 1 kb 

boundaries for leucite. 	In spite of this, there is no evidence of the 

prior existence of leucite phenocrysts or their relicts. The phenocryst 

assemblage comprises sanidine crystals in the classical form of (010) 

tablets with 3 cm maximum dimension. 

The results of Goranson (1938) show that in a water saturated 

system leucite is eliminated at pressures greater than 2.6 kb but 

Lindsley (1966) has established that leucite may persist at greater 

confining pressures up to 19 ± 1 kb in the anhydrous system, related to 

the melting of potash feldspar. 

The implication of these results is that the field of leucite plus 

liquid will have a high pressure limit, in a natural system, somewhere 

between 2.6 kb (Goranson, 1938) and 19 kb when PH 20 is not equal to the 

total pressure of the system. 	It is not possible to determine the 

relation of Pu  A  to P total for the Port Cygnet rocks but in the absence 

of suitable evidence it has been assumed the P H 0 = Ptotal* 2 

On the basis of the plots of the sanidine rocks in Fig. IV-9 an 

estimate of approximately 1.5 kb would exclude the leucite field. 	Many 

similar rocks have no leucite present. 	As there is no evidence as to 

precise water pressure the simplest interpretation would be that the 
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system was water saturated at some pressure greater than about 1.5 kb 

with an equivalent depth of about 5-6 km, as a minimum value, subject' 

to the partial pressure of 11 20 which if less than 
Ptotal would lead to - 

an equivalent increase in the above values. 

The presence of analcime in the groundmass together with its 

reaction with pre-existing sanidine phenocrysts, pectolite in the groundmass 

and the generation of large amounts of biotite in the formation of the 

hybrid rocks show that water had a high activity at least in the late 

stages of crystallization. 	Because of the narrowness of the sanidine 

bearing dykes (usually less than 1 metre) and their consequent rapid 

cooling, with absence of glass but with fine-grained unaltered crystals 

in the groundmass, it is considered that the hydrous minerals in the 

groundmass are of late stage magmatic origin than due to post-magmatic 

hydrothermal alteration which might also be expected to produce 

sericitisation of the feldspars. 	The very nature of the flow structures 

in the dykes (e.g. Plate 5) is indicative of large amounts of volatiles 

of which water must have been a major component to lower the viscosit- 

of the magma sufficiently to allow turbulent flow and preserve the 

integrity of the phenocrysts. 

Within the groundmass of the tinguaite dyke (CY85) there are both 

altered and unaltered small anhedral nepheline grains whose compositions 

indicate the presence of larger quantities of silica and potash than is 

usually present in nepheline. 	While it is impossible to resolve the 

altered grains with the electron probe, the analytical results would 

suggest the presence of a hydrous phase and that the grains are intimate 

intergrowths of nepheline, analcime? and potash feldspar. 

Initially it was thought that these might have been pseudoleucite 

and that perhaps some of the mechanisms proposed for its formation 

could be responsible for the alteration of the nepheline. 
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Pseudoleucite formation has been discussed extensively by Knight 

(1906), Bowen and Ellestad (1937), Bowen (1937), Larsen and Buie 

(1938), Fudali (1963), Templeman-Kluit (1968), Davidson (1970), Taylor 

and MacKenzie (1975), and Edgar (1978). 	The analcime present in the 

Cygnet rocks contains no potash, but it is clear from the experiments 

of Barrer and Hinds (1953) and Taylor and MacKenzie (1975) that 

considerable ion exchange is possible: and 
	

an environment with 

nepheline, potash feldspar and liquid could lead to intimate inter-

growth of nepheline, analcime and potash feldspar, as well as later 

subsolidus reactions. 

A further analysis of the pseudoleucite problem has been given 

by Gittins et al. (1980) who, in a study of the alkali ultramafic 

Batbjerg intrusion of east Greenland, found that pseudoleucite from 

this complex consisted of a vermicular or dactylytic intergrowth of 

nepheline and potash feldspar, and suggest that the term pseudoleucite 

be restricted to those examples where there is clear evidence of the 

icositetrahedral form of the parent leucite crystal. 	Other inter- 

growths may have no recognizable crystal outlines and may have albite 

instead of potash feldspar in the intergrowths. 

The "grains" from the groundmass of CY85 are rounded, but many 

do have the hexagonal shape of nepheline (Plate 32). 	These 

consist of intimate reticulate intergrowths of nepheline and potash 

feldspar which are extremely difficult to resolve with the electron 

probe. 	There are also intergrowths of aegirine laths, suggesting 

that the nepheline crystals in this dyke have grown within the ground- 

mass and enclosed pre-existing minerals. 	There is no evidence of 

micaceous alteration of nepheline in this rock. 	The origin of these 

would then be compatible with the work of Edgar (1978) who showed that 

at temperatures between about 550 °C and 370 °C at 1 kb PH20  there is 

an extensive subsolidus field in which analcime, nepheline and feldspar 

can co-exist. 
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Since nepheline and its associates occur only in the groundmass 

it is more likely that these formed under relatively low pressure 

conditions, as co-crystallizate intergrowths in the matrix surrounding 

the coarser sanidine phenocrysts, with no crystallographic evidence of 

the prior existence of leucite. 

Apart from the problem of leucite in the crystallization sequence 

the subsequent evolution of the system after the formation of the 

sanidine phenocrysts followed a path avoiding soda feldspar to the 

cotectic with nepheline, because the nepheline in the groundmass is 

intergrown with potash feldspar and occasional aegirine crystals rather 

than soda feldspar. 	It is unlikely that there was equilibrium 

crystallization of the groundmass phases. 	This can be supported by 

applying the alternative method of Hamilton (1961) for determining the 

temperature of formation of nephelines. 	In this method three points 

relating nepheline composition, melt 	composition and feldspar 

composition should form a triangle from which the formation temperature 

may be estimated. 	For the sanidine rocks a suitable triangle cannot 

be constructed. 

With reference to Fig. IV-8 one composition (CY85) plots in the 

NaA1Si 206-KA1Si 206 join. 	This plane of the diagram was investigated 

by Edgar (1978) and appears in Fig. IV-12 with the plot of CY85 super- 

imposed. 	In a low pressure or anhydrous system, according to this 

plot, leucite should have crystallized, but for this rock (and all the 

others) it is absent. 	From Edgar's data and knowing from the textural 

relationship (Plate 37) that analcime is a late-stage phase, then 

from the position of CY85 the maximum formation temperature of analcime 

was about 450 ° C. 	However with the initial removal of sanidine the 

composition of the remaining liquid would be pushed to the sodium-rich 

part of the system which leads to a higher temperature of formation 

for analcime, the maximum for which, from Edgar's work, would be at 
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550 ° C. 	There is a complication because the natural system has three 

components hence crystallization of sanidine would move the liquid away. 

from the two component join. 	As the paths in the solidus surface are 

approximately parallel to Edgar's plane then the results should not be 

too different. 	Thus crystallization of CY85 was probably completed by 

analcime formation at a maximum temperature between 450 °C and 550°C at 

a relatively low pressure (e.g. 1 kb), since this is a groundmass phase 

and must have formed near the end of the emplacement process. Assuming 

the amount of overburden removed is about 2.5 km (see page 111-22), the 

pressure regime of the experiments cited above would be appropriate. 

However if the actual pressure differs from this then the equilibria 

will also be different but pressure and temperature cannot be increased 

indefinitely for analcime whose dehydration curve is of similar form to 

that of amphiboles and reaches _a maximum of 800 ° C at 8 kb in equilibrium 

with K-feldspar. 

COMPARISONS 

The major element data have also been used to prepare several 

variation diagrams to compare the relationships of the Port Cygnet 

alkaline rocks with other sequences. 	The most useful of these are 

the following: A1 20 3 -Si0 2 -(Na 20+K 20) of Bailey and Macdonald (1969) 

A(Na 20+K 20)-F(Fe0+Fe 2 0 3 )-M(Mg0), total alkali (Na 20-K 20-Ca0), and the 

Q(quartz)-L(leucocratic minerals)-M(melanocratic minerals) of Niggli 

(1954). 

In Fig. IV-13 the data have been plotted on a Bailey-Macdonald 

diagram [A1 20 3 -Si0 2 -(Na 20+K 20)] (Bailey and Macdonald, 1969). 	The 

Bailey-Macdonald diagrams were developed to show trends in strongly 

peralkaline liquids which cannot be plotted on the usual Q-Ne-Ks 

diagram without introducing distortion of the Na 20/K 20 ratios and 

feldspar/liquid relationships. 	The plots are based on the molecular 



Na A I S i206 20 40 60 80 K A I Si 206  

Figure IV-12 Position of CY85 on the NaA1Si 206-KA1Si 206 
join at one kbar (from Edgar, 1978).PH 0 = - 
P 	

2 
total' 

(.) 

a) L. 

CD 

a) 
a. 

a) 
S I- 

900 

800 

700 

600 

500 

400 

300 

Weight percent 

IV-28 



IV-29 

proportions of Si0 2 , A1 20 3 , Na 20 and K 20. 	Added to the plot are the 

average alkali syenite and Juvet-type nepheline syenite from Nockolds 

(1954). 	These have been preferred to Le Maitre's values (1976) which 

are not as closely defined as those of the former author. 	In accord- 

ance with the Bailey-Macdonald method, 	the data have been replotted 

with the plane of feldspar compositions defined in Fig. IV-15 being 

projected on to the Si0 2 -Na 20-K 20 face of the fundamanetal A1 20 3 -Si0 2 - 

Na 20-K 20 tetrahedron (Fig. IV-14). 	According to Bailey and Macdonald 

(op. cit.) this method of presentation of data should show if there 

was fractionation of feldspar during the period of formation of the 

rocks. 

The model pre supposes that alkaline-peralkaline assemblages 

have formed in suites of rocks where feldspar is fractionating. 

Fractionation trends where both feldspars and feldspathoids are 

crystallizing, may distort the projection. 	However in the case of the 

Port Cygnet rocks where the phenocryst assemblage is dominated by 

sanidine in the undersaturated rocks and feldspathoid is absent from 

the slightly oversaturated syenite porphyry, there should be little 

distortion of the final plots. 

The albite-orthoclase saturation plane in the A1 20 3 -Si0 2 -Na 20-K 20 

tetrahedron (vertical line in Fig. IV-13) is not parallel to the plane 

defined by undersaturated rocks and the Port Cygnet rocks which 

lie in a plane passing through the edge at 90Si0 2 -10A1 20 3 . 	As the 

two planes do not diverge greatly, particularly in.the field of the 

potassium-rich rocks it is considered that there is no large distortion 

in the plot of Fig. IV-14 which follows the procedure of Gill (1972), 

for undersaturated rocks. 	The nepheline cotectic passes along the 

bottom of the figure. 



Sanidine rocks 
Syenite porphyry 

Av. alkali syenite 

Av. trachyte 
IC) Av. Neph. syenite 

(Juvet type) 

Averages after Nockolds 

(1954) 

50 
Al203 

Si 0, 

IV-30 

Figure IV-13 	Bailey-McDonald A1 20 3 -Si0 2 -K 20,Na 20 plot 
of Port Cygnet alkaline rocks. 
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IC) 

Figure IV-14 Section across A1 20 3 -Si0 2 -Na 2 0-K 20 tetrahedron corresponding 
to the general trend of the alkaline rocks of Figure IV-13 
with the alkali mole fraction superimposed. 	F is 1:1 
feldspar and X is the plot of the S kb feldspar minimum. 
H2O = total 
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Fig. IV-14 shows the rocks plotting as two groups with the sanidine 

rocks closer to the base because of their having normative nepheline. 

There is no strong feldspar fractionation trend for either group. 

In Fig. IV-15 are plotted the AFM variation data for Port Cygnet. 

Fig. IV-16 shows the comparison of the Port Cygnet data with the AFM 

trends for other complexes. 	The most obvious features of Fig. IV-15 

is the clustering of the rocks towards the alkali apex of the triangle 

with no extended differentiation trend. The Dther important feature 

is the appearance of a dual and divergent trend with a dichotomy between 

the syenite porphyries and the sanidine-bearing rocks with the latter 

having a relatively lower and less variable magnesia content. The 

curve across Fig. IV-15 has been drawn on the basis of the relationship 

exhibited by the amphiboles in Figs. III-10 and 111-13. This reflects 

the relationships noted earlier with regard to the trends (Figs. IV-4 

and 1V-5) shown in the Thornton-Tuttle differentiation index variation 

diagrams. 	The rocks plot in a relatively restricted area, and like 

other similar rocks the Port Cygnet alkaline rocks tend to lie at the 

termination of many trends. 	The sanidine rocks fall along the liquid 

line of descent for the Klokken (Gardar Province, Greenland) intrusion 

described by Parsons (1979) and the St. Helena trend (Baker, 1968), 

but differences in Na 20'and K 20 are not revealed in this plot. 

In Fig. IV-17 a detailed comparison has been made with the Finmark 

and east Ontario rocks (Appleyard, 1974), where the Cygnet potassium-

rich rocks could be regarded as part of a more extensive trend, of a 

sequence similar to the east Ontario rocks. 	But it must be remembered 
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F(Fe0 total) 

Figure IV-l5 AFM plot for the Port Cygnet alkaline rocks 
with amphibolite inclusions and their amphibole 
added. 
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F(NO total) 

Figure IV-l6 Comparative AFM plots for other areas with Port 
Cygnet plot added. Note the similarity of Port 
Cygnet (syenite porphyry) to Glen Dessary and 
Mt. Dromedary. 
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that because of the restricted range of compositions of the former 

group, they would plot near any alkali-rich system on such a diagram. 

This evidence could therefore suggest that these rocks might be 

the final phase of a differentiation sequence but are different from 

the sequence shown,by the syenite porphyries. 	There is no field 

evidence of any rock types from such a sequence in the area. 

The syenite porphyry trend has been extended through the compositions 

of the amphibolite inclusions from Mt. Windsor and their constituent 

amphibole. 	This trend is very similar to those of Mt. Dromedary and 

Glen Dessary. 	In these latter two examples there are associations 

with pyroxenite at Mt. Dromedary and amphibolite at Glen Dessary and 

comparison of these with the Port Cygnet trend suggests that the syenite 

porphyries may have a similar association with their associated 

amphibolite inclusions. . 1. The characteristic downturn towards the MgO 

apex, evident in most of the-other trends is not present in those 

discussed above. 

Use may be made of the total alkali plot (Na 20-K 20-Ca0) (Fig. IV-18) 

where the Port Cygnet data have been compared with other complexes. 

Whereas there are distinctive trends for other localities, the Port 

Cygnet rocks plot as two distinct groups with their boundary largely 

controlled by the proportion of potash present. 	In this plot there 

is no evidence of any trend, however the syenite porphyry group plots 

at soda-potash-rich ends of the comparative trends. 	The sanidine 

rocks appear to have little relationship to the other complexes cited. 

Another comparison has been made in Fig. IV-19 where the sanidine 

rocks have been superimposed on the total alkali plot of the Finmark 

and east Ontario rocks (Appleyard, 1974). 	When presented in this way 

the Port Cygnet rocks are similar to those of Finmark which also plot 

as a group but with a somewhat higher soda content than in the former 

rocks. 	The eastern Ontario rocks show a distinct trend on this plot. 
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F(Fe0 total) 

Figure 1V-17 AFM plot comparing the Port Cygnet potassium-
rich rocks with those of Finmark and eastern 
Ontario (after Appleyard, 1974). 
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Figure IV-18 Total alkali plot for all rocks with trends for 
other areas added. 
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Thus in the total alkali plot the sanidine rocks plot as a group 

distinct from the syenite porphyries and could have an origin different 

from these and from those with which they are compared. 

The major element data for the alkaline rocks of Port Cygnet are 

plotted on the Q (quartz) - L (leucocratic minerals) - M (nelanocratic 

minerals) triangle from Niggli (1954). 	Fig. 1V-20 shows this plot 

together with the compositions of the amphibolite inclusions, amphibole 

from the inclusions, matrix of the inclusions and the phengitic 

inclusions from the dyke X50. 	The amphibolite matrix represents the 

oversaturated limit of the sequence while the undersaturated limit 

occurs at the phengitic end of the spread. 

The extra details have been included to see if it is possible to 

relate them to the origin of the alkaline rocks. 	The trachyte and 

phonolite trends of King and Sutherland (1960) have also been added. 

On this plot the data for the Cygnet rocks again fall into two 

groups but there is now more evidence of a trend. The petrography 

indicated that the amphibolite inclusions have been recrystallized and 

their feldspathic matrices melted out. 	The plot for the matrix glass 

composition as determined by experiment T541 (Table IV-4) 	is shown 

in Fig. 1V-20 and could well represent a limiting value for the 

syenite porphyry composition on this plot. The phengite inclusions 

from X50 have been added to the diagram, but because of their high 

1(20 content they plot near the L apex of the triangle and may not 

necessarily represent a source of the sanidine rock's. 

The hornblende porphyry, which is a unique rock. in the complex, 

and has petrographic characteristics (pyroxene aggregates) suggesting 

a mixed source origin i from its position on the Q-L-M diagram could be 

interpreted as a mix of the more potash rich rocks and amphibole from 

the recrystallized amphibolite. 
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Figure IV-19 Total alkali plot comparing the Port Cygnet 
potassium-rich rocks with those of Finmark 
and eastern Ontario (after Appleyard, 1974). 
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SUMMARY OF MAJOR ELEMENT DATA FOR THE ALKALINE ROCKS 

When plotted on the variation diagrams already referred to the 

rocks from the Port Cygnet alkaline complex tend to fall into two 

groups. 	Because of the relatively restricted compositional range 

strong fractionation trends would not be demonstrated by the major 

element data. 	Thus the Thornton-Tuttle differentiation index plot shows 

two parallel rather than consecutive trends, the Ne-Ks-Q shows 

saturated and undersaturated groups, the total alkali plot favours 

two groups and the A.F.M. plot indicates two diverging trends. 	The 

Bailey-McDonald diagrams also indicate two groups of rocks with no 

evidence of fractionation of feldspar within them. 

Harker Plots of the rocks also indicate that two groups are present. 

The A.F.M. diagram with the compositions of the amphibolite inclusions 

added defines trends similar to those of Mt. Dromedary (New South Wales) 

and Glen Dessary (Scotland). 

The Q-L-M plot shows a trend for the alkaline rocks between one 

extreme that corresponds to the quartz-feldspathic matrix of the 

amphibolite inclusions and another corresponding to the phengite 

inclusions of X50. 	The hornblende porphyry appears as a mix of 

amphibole (from the inclusions) with the more potassic alkaline rocks. 

This association can be compared with the Q-L-M plot of the 

Phalaborwa complex, East Transvaal (Frick, 1975) where there is a 

close association of syenites with feldspathic pyroxenite and 

pyroxenite (Fig. IV-21). 

The data, apart from those for the brown matrix rocks, suggest 

that the rocks do not have equilibrium phenocryst assemblages. 
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Figure IV-20 Niggli QLM plot for alkaline rocks and their 
inclusions. 	Trachyte and phonolite trends 
from King & Sutherland (1960) have been added. 
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Figure IV-21 Niggli QLM plot for the Phalaborwa Complex 
showing the relation between syenite (o), 
feldspathic pyroxenite (A) and pyroxenite (+) 
(from Frick, 1975). 
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The syenite porphyries probably began crystallizing at depths between 

20 km and 8 km. 

The mixed phenocryst, brown matrix rocks plot near the feldspar 

minimum and are apparently associated with the syenite porphyries. 

The absence of leucite in the presence of volatiles places a 

lower pressure limit of 2.6 kbars (= 10 km) on the pressure = depth of 

crystallization conditions for the phenocryst assemblage. 	If H2OP 	< 

total then this limit may go as high as 19 kbar for the case where 
P   

H20 is absent. 

HYBRID ROCKS 

The hybrid rocks are the crystallized product of the reaction of 

the potassic alkaline magma and associated fluids with pre-existing 

Jurassic dolerite. 

Considering the hybrid rocks, it can be seen that these plot 

virtually as a band about the equator of Fig. IV-1 with a strong bias 

towards the orthoclase apex resulting from the addition of potash to 

these rocks. 	Even though albite-rich feldspars may occur these do 

not have a great influence on the overall chemistry. Many of the 

potash-rich dykes also plot in this band. 	The general trend of the 

uncontaminated alkaline rocks is concentrated around the centre of the 

figure. 	Analyses of hybrid zone rocks appear in Table IV-S. 

The petrography (Chapter II) shows that the first evidence of 

chemical interaction of the dolerite and alkaline rocks leads to 

the formation of biotite reaction rims on iron-bearing minerals. 	The 

sequence of alteration is then primarily one of metasomatism of the 

dolerite by potassium. 

An empirical relationship should then be apparent between 

potassium, being the dominant characteristic element of the alkaline 
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rocks, and iron and magnesium which are elements characteristic of 

dolerite. 	In Fig. IV-22 are plotted the molecular proportions of 

Fe 20 3  against the ratios of the molecular proportion of K 20 to MgO. 

This method has been used to enable the three most typical components 

to be plotted on a biaxial diagram. 	Thus dolerites with high iron 

and magnesium and low potassium plot as a group distinct from the 

alkaline rocks with high potassium and low magnesium. 	The melano- 

cratic hybrid rocks fall into a group between these with the resulting 

distribution for all rocks being dominated by the potassium variation. 

The hybrid rock compositions may also be plotted on a K 20-Fe 20 3 - 

Mg0 triangle (Fig. IV-23) where the influence of potassium in the reaction 

process becomes evident, with the melanocratic rocks not showing large 

variations in their iron-magnesium ratios. 	Other chemical differences 

appear in the Thornton-Tuttle differentiation indices plot (Figs. IV-4 

to IV-6) where the relationship to the high potassium sanidine-bearing 

rocks rather than the syenite porphyry, is evident. 	In addition to 

potash it can be seen that soda (Fig. IV-5) is also overall lower in 

the hybrids than the alkali rocks in spite of the appearance of albite 

in some of these rocks. 

The hybrid rocks cannot be represented by simple mixes of two 

end members because of the selectivity of the reactions involved and 

the recrystallization and breakdown of the original minerals of the 

dolerite. 

The main process has been the addition of pota:sh to the pre-

existing dolerite with consequent formation of biotite and potash 

feldspar and re-equilibration of the ferromagnesian minerals and 

feldspars to produce aegirine-augite, melanite, albite-andesine, 

nepheline and zeolites. 

The major element data may be summarised thus: 	there is a 
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Table IV-5 

Chemical analyses of some hybrid rocks from Port Cygnet. 

CY97 CY98A CY29 CY31 CY33B CY36 CY118 CY114 CY108 

Si0 2  62.91 55.32 53.30 63.57 55.30 51.23 55.92 61.31 48.84 
TiO 2  0.20 0.90 1.01 0.31 1.23 1.08 0.75 0.41 1.13 
A1 20 3  19.43 18.02 18.25 17.47 15.26 12.13 14.20 13.12 12.62 
Fe 20 3  2.77 4.44 4.61 1.41 5.72 4.90 2.40 3.39 6.59 
FeO 0.46 2.07 1.90 0.16 1.79 5.10 7.05 2.47 3.97 
MnO 0.05 0.12 0.18 0.06 0.12 0.23 0.19 0.35 0.21 
MgO 0.32 1.17 0.95 0.33 2.27 5.40 5.01 1.41 4.80 
CaO 0.84 1.46 5.42 1.36 6.41 10.33 10.05 4.62 11.06 
Na 20 4.44 2.61 3.32 2.15 2.31 0.39 2.66 2.69 2.18 
1(20 8.51 9.05 8.77 11.26 7.00 5.80 1.42 9.94 4.88 
P2°5 0.05 0.19 0.20 0.04 0.48 1.16 0.14 0.30 0.82 
loss 0.54 3.63 1.59 0.38 1.11 1.52 1.52 0.43 1.44 

Total 100.52 98.98 99.50 98.50 99.00 99.27 101.31 100.44 98.54 

CIPW norms 

Q 2.37 1.16 0.00 5.04 3.20 4.40 7.50 1.42 0.00 
C 1.51 1.73 - - - - - 
or 50.30 53.40 51.84 66.55 41.37 34.28 8.39 58.75 28.84 
ab 37.57 22.08 9.62 18.19-  19.54 3.30 22.51 12.14 12.45 
an 3.84 6.00 9.00 4.76 10.60 14.22 22.62 - 10.24 
ne - 10.01 - - - - 3.25 
ac - - - - - - 9.35 
di - 5.10 1.17 12.19 23.54 21.63 15.81 26.48 
wo - 4.19 - 1.00 - 0.83 2.24 
hy 0.80 2.91 - 0.28 - 6.17 11.92 - 
mt 1.07 4.45 3.78 - 2.60 7.10 3.48 0.23 9.55 
hm 2.03 1.37 2.00 1.41 3.93 - - - 
il 0.38 1.71 1.92 0.47 2.34 2.05 1.42 0.78 2.15 
ap 0.12 0.45 0.47 0.09 1.13 2.74 0.33 0.71 1.92 
sph - - 0.16 - - - 

Trace elements (ppm) 

Rb 126 241 191 305 202 165 72 211 110 
Sr 1552 872 2552 1293 2260 1746 48 580 2706 
Cs <1 28 1 2 <1 1 6 1 31 
Ba 815 6423 3863 1106 2465 1221 - 324 802 1943 
Sc 3 5 3 3 13 22 42 12 25 
Y nd 109 10 nd 30 31 34 5 nd 
Zr 255 129 86 104 142 94 71 38 20 
Nb 10 24 12 8 19 5 4 57 8 
Ni <1 1 <1 2 6 19 36 <1 <1 
Cu 72 171 61 140 0 141 119 <3 113 
Zn 36 173 60 37 78 134 77 228 126 
Pb 6 16 <3 1 <3 <3 <3 <3 <3 
Ga 29 24 24 25 21 18 17 95 19 
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Fe203 
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	 Mg0 

Figure IV-23 K20-Fe 20 3 -Mg0 molar plot for the alkaline 
and hybrid rocks. 
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variation between the alkaline rocks and Jurassic dolerite which is 

reflected by the addition of potash to the dolerite, with formation of . 

biotite from magnesia and iron oxides, and recrystallization of pyroxenes 

and alkali feldspars to produce the hybrid rocks. 
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CHAPTER V 

MINOR ELEMENT CHEMISTRY 

Specimens were prepared by fine grinding in a Siebtechnik 

tungsten carbide mill after a preliminary crushing in a Sturtevant 

jaw crusher. Minor elements were determined in all rocks by X.R.F. 

Methods using standards prepared from pressed powders with boric 

acid backing following the methods of Norrish and Hutton (1969). 

Standards and specimens were pressed at 12500 p.s.i. 	Mass absorp- 

tion corrections were made knowing the compositions of the matrices 

of the standards and the total Major element composition of the 

• rocks. 	The analyses are detailed in Appendix II. The minor 

elements which have been determined are Rb, Cs, Sr, Ba, Sc, Y, Zr, 

Nb, Ni, Cu, Zn and Ga. The results will be discussed in the above 

order which approximates their association in the Periodic Table of 

the Elements. 	All rocks will be covered but specific characteristics 

of the hybrid rocks will be discussed in a later section. 

THE ALKALINE ROCKS 

Rubidium 

The rubidium concentration of the alkaline rocks varies from 

70 ppm to 290 ppm with the syenite porphyry averaging 125 ppm. The 

sanidine rocks contain somewhat higher values averaging 225 ppm (Fig. V-1) 

reflecting the geochemical association of potassium and rubidium. 

These represent some enrichment over the crustal average of about 

37 ppm. 	 • 

The values may be compared with the early phases of Lovozero 

nepheline syenites (130 ppm) and Ilimaussaq augite syenite (200 ppm) 
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Figure V-1 Thornton-Tuttle differentiation index plot 
for Sr, Ba and Rb. 
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however for the depleted StjernOy nepheline syenite it is 115 ppm 

(Heier, 1964) and nepheline syenite gneisses from Bancroft Ontario 

(40-60 ppm) (Appleyard, 1969). 	These figures would suggest that 

the source materials for the Port Cygnet rocks have not been depleted 

in rubidium. 

The significance of K/Rb ratios was first described by Ahrens, 

Pinson and Kearns (1952) and it has since been generally accepted 

that K/Rb increases from the crust down into the mantle due to the 

depletion of rubidium in the lower rocks (as a function of crustal 

evolution). 	Thus rocks with lower ratios of K/Rb could be modelled 

as of crustal rather than sub-crustal or lower origin (Heier and 

Adams, 1964; Taylor, 1965). 	However there may be many inconsistencies 

(Taubeneck, 1965; Shaw, 1968) and later work (e.g. summaries by 

Carmichael 'et al., 1974) has shown that care must be taken in the 

interpretation of K/Rb ratios. 

The relationship of potassium to rubidium is shown in Figure V-4, 

with rubidium ranging from 80 to 305 ppm, and may be expressed as 

K (ppm) = 257.72 Rb + 3311.10 with a correlation coefficient of 0.77. 

Because the graph does not pass through the origin as indicated by the 

constant in the equation, it suggests that potassium may have been 

added to the system or rubidium removed. 

The K/Rb ratio of 258, a reasonable approximation, follows the 

main trend of Shaw (1968) (Fig. V-5). 	If these rocks were part of 

a differentiated sequence, as proposed by Edwards (1947), the evidence 

shows that the process had little influence on the K/Rb ratio 

(Carman et al., 1975). 	Some of the larger alkaline complexes which 

have been derived from a parent basic source also retain higher K/Rb 

ratios indicative of their original source (Nyambok, 1980). 

Variation in the K/Rb ratios may be due to extreme fractionation 

involving alkali feldspar (see Price and Chappell, 1975). Many of the 
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ultra-potassic rocks which appear to have had a deep seated origin 

(e.g. Leucite Hills, Kuehner et al., 1981) have unusually low K/Rb 

ratios (Carmichael et al., 1974) as does the Tasmanian Jurassic 

dolerite (Heier et al., 1965) but many of these rocks also have 

strontium isotope ratios (especially the Tasmanian dolerite) which 

suggest an interaction with the earth's crust. 

The values of K/Rb appear consistent for both the sanidine 

porphyries and the syenite porphyries. 	In the case of the Port 

Cygnet rocks two questions may be asked concerning the modification 

(if any) of the K/Rb ratio. 

The first of these asks if there is any evidence of feldspar 

fractionation which might have modified the ratio. The evidence from 

the Bailey-McDonald plots (Figs. IV-13 and 14) is that there is no 

such fractionation and the R.E.E. patterns (see later) are also not 

indicative of strong feldspar fractionation. 

The other asks if there is any evidence of interaction with 

crustal materials. The form of the K/Rb graph could suggest a 

depletion of Rb which might preserve the low initial strontium isotope 

ratio (see Chapter VI). However the observations on Tasmanian 

dolerite indicate that addition of rubidium and an increase of initial 

strontium isotope ratio was more likely. 

The K/Rb ratio for the Port Cygnet rocks is not definitive but 

tends to favour a shallower rather than a deep-seated source for the 

rocks. For comparison it can also be noted that amphibolite facies 

rocks may have K/Rb values of 150-250 (Lambert and Heier, 1968). 
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Cesium 

The cesium values (Fig. V-2) are greater for the sanidine 

porphyries which average about 5 ppm with one extreme value of 56 ppm 

for CY92 which is a mixed feldspar dyke rock. 	The detailed 

geochemistry of cesium is not well known because of its low abundance 

and the dispersed nature of the element away from its concentration 

in late stage pegmatitic dykes. 	The crustal value has been 

estimated at about 3 ppm (Heier and Billings, 1969). 	Gerasimovsky 

(1966) indicates that miaskitic nepheline syenites have higher 

values than agpaitic types. 	The Cygnet rocks are miaskitic (see 

Fig. V-10). 

While Heier and Billings query Gerasimovsky's figures which 

may be inaccurate because the analyses are relatively old, the 

values from Pt. Cygnet would tend to support Gerasimovsky. 	It is 

considered by Heier and Billings (1969) that all cesium is confined 

to the crust of the earth, with the upper mantle value at an estimated 

0.01 ppm. If this model is accurate the relatively high values would 

favour a crustal origin for the rocks, particularly if these are compared 

with those from the Kola Peninsula (0.4 ppm) (Kukharenko et al., 1965) 

where there is an association with parent mafic rocks. 	It is also useful 

to note that the cesium values for the sanidine rocks are comparable with 

the values for the phonolitic rocks from Dunedin volcano (Price and 

Chappell, 1975) which are regarded as the final fraction of a fractional 

crystallization sequence from a basaltic parent. 

Gulson and Godber (1979) found that they could distinguish the 

I and S type granites of Chappell and White (1977) on their cesium 

contents with the higher cesium related to the S types. For 

other rocks of eastern Australia the division was not so clear. 
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Strontium 

Strontium concentrations in the alkaline rocks vary from 670 ppm 

up to 5000 ppm with the mean value being about 2500 ppm (Fig. V-1). 

The strontium contents of alkaline rocks are extremely variable. 

Heier (1962) and Turekian (1978) show that strontium is preferentially 

accommodated in soda-rich plagioclases with labradorite being about 

the most calcium rich plagioclase to accept appreciable strontium. 

High values may also be associated with potash feldspars. With 

-plagioclase fractionation the values tend to fall. 	For trachytes 

these range from 3 to 1750 ppm (Peterman and Hedge, 1971). 	The 

syenite porphyry from Port Cygnet averages about 1550 ppm and the 

sanidine rocks 3000 ppm (Fig. V-7). The crustal average for 

strontium is about 140 ppm (Peterman and Hedge, op. cit.). 	The 

concentration is greater than those of the Lovozero and Ilimaussaq 

massifs but are quite comparable with the StjernOy complex at' 3500 

ppm Sr (Heier, 1964, op. cit.). 	As late stage differentiates of 

basaltic melts are usually depleted in strontium the high values 

present in the Port Cygnet rocks may show that there has been little 

plagioclase fractionation of the melts associated with these rocks. 

High values of strontium may also occur in alkaline rocks 

associated with carbonatites (Peterman and Hedge, 1971). However, 

this association does not occur at Port Cygnet. The relation between 

strontium and calcium shows a cluster for the alkaline rocks and 

hybrid rocks with the latter differentiated by virtue of the higher 

calcium content of the melanocratic types. 

Barium 

The average value of barium for the syenite porphyry is 1250 ppm 

with the range from 475 to 2600 ppm but most values lie between 1000 

and 1500 ppm. For the potassium rich rocks the average is 2300 ppm. 
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Figure V-1 shows the relation between the rock types. The syenites 

show a much narrower spread than for the sanidine porphyries. The 

crustal average for barium is about 700-800 ppm. 

The barium concentrations are greater than the syenites in 

differentiated massifs like Lovozero and Ilimaussaq and quite similai 

to the StjernOy complex (Heier, op. cit.) but are much different from 

those of Blue Mountain, Canada (Payne, 1968). The barium values at 

Port Cygnet fall into two groups which are related to the concentration 

of potassium (Fig. V-6). The high barium concentrations suggest 

these rocks are not highly differentiated when the tendency is for 

values to fall for such rocks, e.g. oceanic trachytes (Baker, 1969). 

The relation of potassium to barium is frequently useful in the 

interpretation of geochemical data. 	Figure V-6 shows the data for 

these rocks with a K-Ba plot. The syenite porphyry and sanidine rocks 

have been differentiated on the plot. There is not a simple relation 

as with K/Rb. The values for the syenite porphyries show no great 

variation with potassium content while the sanidine rocl:s are higher 

and have a greater scatter. Barium-strontium for all rocks is 

plotted in Figure V-8 which shows overall values greater for the 

sanidine rocks than for the syenite porphyry with a range through all 

values for the hybrid rocks. 

Scandium 

Scandium is a dispersed element and occurs as such in the Port 

Cygnet rocks. All concentrations are less than 20 ppm, ranging from 

2 to 14 ppm. The potassium rich rocks tend to have the lower values. 

As these are the undersaturated rocks this result tends to confirm the 

low values for nepheline syenites found by Russian workers (Handbook 

of Geochemistry 1974). The range overall is similar to the figures 
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of Norman and Haskin (1968). There is a positive correlation between 

scandium, and FeO (Fig. V-9). Data are not abundant for scandium, 

however agpaitic syenites also appear to have greater concentrations 

of scandium particularly when occurring as differentiation-derived 

rocks. Scandium in syenites varies from 1 to 8 ppm. The correla-

tion of scandium with ferrous oxide suggests its possible association 

with ferromagnesian minerals. 

This correlation has been observed in many rocks but the precise 

nature of this relationship has not been determined (Norman and Haskin, 

1968; Frondel, 1970). 	The average crustal value for scandium 

has been given by Frycklund and Fleischer (1963) at 30 ppm. The Port 

Cygnet rocks are less than this figure, but there is not enough 

information about scandium to draw any conclusions. Scandium is more 

abundant in the syenite porphyries than in the sanidine rocks. 

Yttrium 

The yttrium values for the alkaline rocks vary from <3 to about 

65 ppm with two "rogue" values greater than 100 ppm. Most values 

are less than 50 ppm with an average of 25 ppm. Thus these rocks are 

among some of the lowest for syenites and trachytes. There is no 

distinction between abundances in the syenites and the sanidine 

porphyries but tend to fall into two groups when related to the 

agpaitic index (Fig. V-10) or to Ti % (Fig. V-11). 	The crustal 

average for yttrium is about 35 ppm (Herman, 1969). 

The port Cygnet values for yttrium compare with 210 ppm for 

Lovozero Massif average and 76 ppm for early stage nepheline syenites 

of this massif. Nepheline syenites from the Turpi Massif, Aloi 

Range have one of the lowest values reported, of 36 ppm (Balashov, 

1963). Although data for yttrium in alkaline rocks are scarce, 
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nevertheless it is apparent that the values reported here are rather 

low for alkaline rocks of a differentiated sequence. The source of 

these rocks may have been depleted in yttrium. 

Zirconium 

The zirconium concentrations range from 100 ppm to 483 ppm. The 

more potassic rocks tend to have higher values but there is no clear 

distinction between them. The mean value for these rocks is 175 ppm. 

The values are consistent with those for miaskitic syenites which 

tend to be impoverished in most trace elements when compared with 

agpaitic rocks. The crustal abundance of zirconium for igneous 

rocks has been variously estimated at 156 ppm (Degenhardt, 1957), 

170 ppm (Vinogradov, 1962), and 165 ppm (Taylor, 1964). Oceanic 

trachytes range from 369 ppm - 1800 ppm. Most syenites have values 

greater than 175 ppm particularly Lovozero and Ilimaussaq. 	A notable 

exception is a maximum 80 ppm for the nepheline syenite from Stjern0y, 

Norway (Heier, 1964). The Blue Mountain complex, Ontario, has only 

47 ppm Zr. The zirconium abundance in the Port Cygnet rocks would 

negate a high degree of concentration and suggests that the source 

was probably depleted in zirconium. Zirconium and yttrium are 

compared in Figure V-12 and show no correlation. 

Niobium 

All niobium values with one exception are less than 30 ppm with 

an average of 10 ppm. They show no correlation with TiO 2  (Fig. V-13) 

but the syenite porphyries average 10 ppm and the sanidine rocks about 

20 ppm. The lower concentration of niobium is consistent with the 

miaskitic character of the rocks, but these are among the lowest 

values ever recorded for these rock types. Some similar values occur 
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in some trachytes associated with the Magnet Cove alkali complex, 

• Arkansas, U.S.A. (Erickson and Blade, 1963), but other members of 

that complex have much higher concentrations up to 400 ppm. Niobium 

values for oceanic trachytes from Easter Island (150 ppm) and Guadalupe 

Island (120-140 ppm) have been reported by Baker and Buckley (1974) 

and Engel, Engel and Havens (1965) respectively. The low abundance 

of niobium might be compared with the average for syenites and related 

rocks of 100 ppm (Wedepohl, 1978). The source of Cygnet rocks was 

probably depleted in niobium. 

Nickel 

The rocks are low in nickel. Most values are less than 5 ppm 

(Fig. V-3) with two greater than 25 ppm; the reason for which is 

unknown at this stage. 	These concentrations are expected for these 

rocks and no differentiation trend is apparent. They are lower than 

Lovozero and Ilimaussaq and are comparable to Blue Mountain (Payne, 

op. cit.). Gerasimovsky and Belyayev (1963) showed that nickel values 

increased with differentiation for Lovozero rocks and agpaitic syenites 

usually had higher nickel than miaskitic types. Their values are 

generally less than 10 ppm for miaskitic syenites which agree with the 

Cygnet rocks. 

Copper 

Copper values range widely from <3 ppm to 90 ppm with most being 

below 20 ppm (Fig. V-3). These concentrations are not unusual for 

syenitic rocks and a similar scatter and values have been observed 

by Gerasimovsky and Belyayev (op. cit.) for syenitic rocks of various 

Russian alkaline complexes and also for the Ilimaussaq complex from 

Greenland. 
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Zinc 

The values for zinc are much more scattered for the Port Cygnet 

rocks than for any of the aforementioned elements. The common 

range is from 5 ppm to 453 ppm (Fig. V-3) with two exceptional values .  

of 2030 and 3320 ppm which will be discussed later. The average is 

about 70 ppm with the potassium rich rocks having higher values than 

the syenite porphyries. Again, even with the greater scatter the 

concentrations are much lower than for Ilimaussaq or Lovozero and 

close to the crustal average of 70 ppm (Wedepohl, 1974). 	For 

syenites generally there is a wide scatter of reported values. 

Trachytes have values greater than the crustal average where once 

again there is apparently an increase with differentiation. As the 

average is about the same as crustal values with a scattered range 

zinc is of little value in determining the origin of the alkaline 

rocks but the very high values give an important clue to the origin 

of the garnet trachyte. 

Gallium 

Gallium is a dispersed element, usually related to aluminium. 

The gallium range over all rocks is very low, with the values falling 

between 17 and 33 ppm with the sanidine rocks having slightly higher 

values than the syenite porphyry (Fig. V-1). There is a relationship 

to A1 20 3  (Fig. V-14) but the values still plot into two distinct 

groups. These concentrations are generally equivalent to the lower 

parts of ranges for syenites. Miaskitic syenites are lower than 

nepheline syenites where in general, as the agpaitic coefficient 

decreases so does the gallium concentration (Gerasimovsky in SOrensen, 

1974, p.402-404). The values are similar to those of amphibolite 
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(Burton and Culkin, 1970). They might also be compared with those 

for Ilimaussaq (110 ppm), Lovozero (60 ppm) and Blue Mountain, 

Canada (17.7 ppm) (Gerasimovsky, op. cit.). 	The crustal average. 

for gallium is estimated at 18 ppm (Burton and Culkin, 1972). 	The 

syenite porphyries contain an average of 20 ppm gallium with the 

sanidine rocks having a slightly higher average of about 26 ppm. 

This limited variation is typical of gallium and only becomes larger 

with extreme differentiation (Nockolds, Mitchell, 1948; Nockolds and 

Allen, 1953; Douglas, 1964. 

Rare Earth Elements 

Samples from the main rock types represented at Port Cygnet 

were submitted to the Australian Atomic Energy Commission Research 

Establishment at Lucas Heights, N.S.W., for analysis of their rare 

earth element content. The determinations were made in the Chemical 

Technology Division by the method of Spark Source Mass Spectrometry 

(Project S47CT001). The results are estimated to be within ± 20% 

of the true value for the heavy R.E.E. with the relatively large 

amount of barium present in most samples being the major factor 

affecting the precision of the results, which are listed in Table V- 1 

The data have been normalised against average chondrite, R.E.E. 

(Taylor and Gorton, 1977) and are plotted in Figs. V-15, V-16, V-17 

and V-18. 

The plots for the sanidine-rocks and syenite porphyries appear 

in Figs. V-15 and V-16 respectively. 	The features of these are 

the moderate enrichment of the light R.E.E. with the sanidine rocks 

having about double the enrichment of the syenite porphyries, and 

the absence of any significant europium anomalies in spite of their 

being feldspar-rich. The results usually show positive anomalies 
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 Amphibolite 
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Figure V-17 Chondrite normalised rare earth element plots 
for syenite porphyry, sanidine porphyry and 
amphibolite inclusions. The data have been 
normalised to the chondrite values of Taylor 
and Gorton (1977). 
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about terbium, dysprosium, and ytterbium. The reason for this is 

unknown at this stage. It may be due to interference or to some 

instrumental parameters, however the interpretation is based on the 

light rare earth range up to gadolinium where the curves appear to 

be consistent. 

A possible model, stemming from the strontium isotope results, 

discussed later, is that the syenite porphyry may have been produced 

by the mixing of a partial melt of a source rock similar to the 

amphibolite inclusions, with a potassium-rich melt representing a 

melt parental to the sanidine rocks. The amphibolite pattern is 

typical of light rare earth depleted oceanic tholeiites (Frey et al., 

1968). On the other hand the feldspathic matrix of the amphibolite 

is significantly enriched in the light rare earths as the ferro- 

magnesian minerals in the amphibolite are depleted in these. A small 

europium anomaly in the total amphibolite pattern has disappeared 

• 
from the matrix pattern. 

To test this proposal a mixture of the averaged values for the 

sanidine rocks and the feldspathic matrix of the amphibolite inclusions 

has been plotted in Figure V-17 and can be compared with the syenite 

porphyry pattern in that figure. 	It can be seen that the resulting 

patterns are similar and would be consistent with the mixing model 

proposed. 

Fig. V-18 has the chondrite normalised plots for the mixed 

feldspar phenocryst brown matrix rocks. These are significantly 

different from the other alkaline rocks in possessing distinct 

europium anomalies in their patterns. This has been interpreted 

as showing some feldspar fractionation and will be related to other 

observations when discussing the origin of these particular rocks. 

Haskin and Paster (1976) and Hanson (1978) have considered the 
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Figure V-18 Chondrite normalised plots of the rare earth 
element values for the brown matrix rocks, 
CY61 and CY92. 
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interpretation of rare earth element patterns and the following 

conclusions may be drawn from their work, with regard to the 

significance of europium anomalies. When europium is reduced to 

the Eu 2 + state it is preferentially incorporated into feldspar 

structures, thus depending on the way europium partitions in a melt-

solid system there may be enhancement or depletion in relation to 

the other rare earth elements: 

Europium anomalies in feldspars are related to decreasing 

f0 2  and temperature. 

A europium anomaly will be produced if feldspar occurs in 

the residue of a partial melt. 

An anomaly may not be produced if the melt was produced from 

a non-feldspar bearing source. 

If the whole feldspar bearing component of the source was 

melted an anomaly may not necessarily be formed. 

According to Hanson (op. cit.) a europium anomaly could be 

suppressed by a residual consisting of equal amounts of plagioclase 

and clinopyroxene or with twice as much plagioclase as hornblende. 

Of the above possibilities the first option may not be favoured on 

the grounds that Fe 2 0 3 /Fe0 ratio for most of the rocks is greater 

than unity which suggests the f0 2  was relatively high and thus not 

favouring the formation of Eu 2+ . 

The other options will be discussed later when dealing with the 

origin of the sanidine-bearing rocks. 

At this stage, it can be noted that the chondrite-normalised 

R.E.E. patterns for the Port Cygnet alkaline rocks are very similar 

to those of alkali basalts and 'intermediate' basalts (Frey, Green 

and Roy, 1978; Haskin and Paster, 1979). 
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They are not typical of those for alkaline rocks derived from 

differentiated sequences such as ocean island trachytes (Zielinski, 

1975), Ilimaussaq (Larsen, 1976) and Dunedin volcano (Price and Taylor, 

1973). 

THE HYBRID ROCKS 

The most useful trace element data for the hybrid rocks are 

obtained from rubidium, strontium and barium. _•-_-_-• 
Other trace elements do not show any significant trends for 

these rocks and have values generally similar to the alkaline rocks 

with the possible exception of copper where some hybrids may have 

values ranging up to 20 ppm with the average value about 10 ppm for 

the alkaline rocks. 

In most geochemical environments, correlations between potassium- 

barium and calcium-strontium are usually found. This situation does 

not exist with the hybrid rocks of Port Cygnet. 

The potassium-barium and calcium-strontium data for the hybrid 

rocks are scattered (Figs. V-19 and V-7) with no clearly defined 

trends apparent. The relationship of barium and strontium for the 

melanocratic (i.e. dolerite derived) hybrids, does show an interest- 

ing trend (Fig. V-20). 	The curve is of the form: y = 215.72 e ( 0000856 ) X 
 

with concentration units in parts per million. 	For the rocks whose 

alteration is restricted to alteration of magnetite to biotite and 

preliminary break down of the pyroxene crystals, the barium content 

does not vary from the range 250-400 ppm while the strontium values 

may rise up to 1250 ppm. With increasing alteration particularly with 

formation of potash feldspars, the barium concentration increases at a 
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rate only slightly less than that of strontium. As biotite is the 

main new mineral forming in the initial stages of reaction then 

strontium must enter this mineral in preference to barium, and also 

the subsequent ferromagnesian minerals as they form. Thus as 

complete recrystallization takes place, barium and strontium are 

added in approximately equal amounts from the alkaline magma. 	The 

differential movement of strontium and barium during the alteration 

of the dolerite is indicative of a diffusion process which favours 

the application of the Orville model of alkali feldspar exsolution 

over the Bowen-Tuttle model as referred to in Chapter III. The amounts 

of barium and strontium present in the hybrids can be compared to 

those of 200-222 ppm of barium and 121-163 ppm of strontium as ranges 

for unaltered Jurassic dolerite from the area, and the average value of 

130 ppm for Sr for Tasmanian Jurassic dolerite (Compston et al., 196g). 

These trace elements show the additive process involved in the 

production of the hybrid rocks. The concentrations of these elements 

in the leucocratic rocks is also scattered as found for the other 

alkaline rocks. 

The rubidium values of the melanocratic hybrid rocks are about 

150 ppm. However the potassium-rubidium ratigyis more instructive 

and gives further evidence of the mixing process involved in the 

production of these rocks. The plot of these values appears in 

Figure V-4 with a value of 442 for the slope and hence K/Rb ratio, 

for the melanocratic hybrid rocks. This value can be compared with 

258 for the alkaline rocks and .200 for Tasmanian Jurassic dolerite 

(Compston et al., 1968). 	These slopes have been replotted on a 

log-log scale in Figure V-5. 

.Since the ratio has changed between the hybrids and original 

dolerite, then potassium/rubidium has partitioned from the alkaline 
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sanidine porphyry, hybrid (CY29) and altered 
dolerite (CY119). 	Red Hill dolerite from 
Philpotts & Schnetzler (1968). 	Data normalised 
to values of Taylor & Gorton (1977). 
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magma with a coefficient of about 2.21. This would be expected from 

the data of Gast (1968) and Shaw (1968) where partition of potassium 

and rubidium into mafic minerals will favour potassium. The main 

minerals involved here are clinopyroxene and biotite. While precise 

values of distribution coefficients are unknown the above figure may 

be compared with 1.5 for clinopyroxene from Gast (op. cit.) and also 

knowing that potassium is preferred in biotite which is abundant in 

the hybrid rocks.. The other minerals are mainly potash feldspars 

where no significant fractionation would be expected. 

In the plot of titanium against yttrium (Fig. V-11) the hybrids 

show two distinct groups related to their titanium content. 	Those 

with the higher value correspond to the melanocratic rocks, reflecting 

the presence of titanomagnetite and melanite, while the other group is 

due to the leucocratic rocks where titanomagnetite is absent and 

melanite relatively rare. 

For rare earth elements in the hybrid rocks, a comparison has 

been made (Fig. V-21) between a relatively unaltered dolerite (CY119); 

CY29, which is a nepheline-bearing hybrid and represents the greatest 

amount of recrystallization in the hybrid zone at Port Cygnet; and the 

averaged sanidine porphyries which probably most closely represent the 

original potassium-rich Magma. Also shown on the plot is the REE 

pattern for a dolerite from Red Hill (McDougall, 1962; Philpotts & 

Schnitzler,1968) which is situated near the north-east limit of the 

area of alkaline rock outcrop. The partially altered dolerite pattern 

is very similar to that from Red Hill and probably reflects the absence 

of any significant amounts of added potash feldspar, with the alteration 

consisting of altered pyroxene and secondary biotite. The rare-earth 

pattern for the hybrid rock shows it is dominated by the alkaline 

contribution rather than by the dolerite component, which follows from 



TABLE V-2 

Determination of Trace Elements in Standard Rocks 

Element Standard Found Recommended Reference 
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40 
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31 
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Element Standard Found Recommended Reference 

Ba 

Nb 

Pb 

Cu 

BCR1 
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G2 
GA 
GH 
BR 
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GSP1 

BR 
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the greater abundance of R.E.E. in the former. Trace element analytical 

accuracies may be estimated from Table V-2. 

THE AMPHIBOLITE INCLUSIONS IN THE SYENITE PORPHYRY 

The average values of five fresh specimens of amphibolite were - 

analysed. The range of values of these are shown in Table V-3. 

For comparison the values for an average tholeiitic basalt and 

gabbro (Nockolds, 1954) are included. 

Figure 111-11 shows the distribution of aluminium between the 

tetrahedral and octahedral sites of the amphibole in the amphibolite 

after Leake (1965). These amphiboles are of a higher pressure 

origin than those of the alkaline rocks, but do not belong to the 

high pressure regime defined by Leake (op. cit.). 

If the "immobile" element discriminant diagrams of Floyd and 

Winchester (1975) and Winchester and Floyd (1977) are used (Fig. V-22) 

the amphibolite inclusions are shown to be related to tholeiitic 

basalts. 	These results are a consequence particularly of low Ti0 2 , 

P 2O5, Zr and Nb present in these inclusions. As stated by Floyd and 

Winchester (1977) that provided one is dealing with volcanic rocks 

the preceding model should be applicable. 	On these grounds it is 

then possible to suggest that the amphibolite inclusions could 

represent an original tholeiitic basalt. 	Figure V-23 shows values 

of TiO 2  and chromium plotted according to the scheme of Leake (1964) 

for the differentiation of ortho-amphibolites of igneous origin from 

para-amphibolite of sedimentary origin. The high chromium contents 

place most of the specimens in the igneous origin field. 

The potassium-rubidium ratio for the amphibolite inclusions 

varies from about 500 to 800. These are shown on the Shaw plot 

(Fig. V-5) where they may be compared with the main trend of this 

author. Their trend traverses the main trend somewhat like the 
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Figure V-23 Leake plot for the differentiation of igneous 
and sedimentary derived amphibolites. 
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oceanic tholeiites shown by Shaw (op. cit.) however these differ by 

virtue of their curvature being reversed and their K/Rb ratio covers the 

lower part of the range for oceanic tholeiites (700-1700). These data 

would then suggest that the amphibolite inclusions may represent an 

original rock related in composition to a tholeiitic basalt. 

SUMMARY OF MINOR ELEMENT DATA 

As with many of the major element data there is the distinct division 

into two groups for much of the minor element data. 	Thus the values for 

scandium, gallium, cesium, zinc, rubidium, barium, strontium and niobium 

are divided while those of copper, yttrium, zirconium and nickel cannot . 

be differentiated from either rock type. The hybrid rocks have scattered 

values covering those of the other rocks. 

The diadochy of potassium, barium and rubidium is well known and 

needs no amplification here beyond the observation of their enrich-

ment in the sanidine rocks. 

Cesium probably has a similar relationship fundamentally due to its 

very large ionic radius and its concentration is also likely to be as a 

result of volatiles in the system. 	It may reflect a crustal source 

because of its apparent depletion in mantle rocks (Heier & Billings 1969) 

but it can be noted that Price & Chappell (1975) found similar values in 

the basalts from the Dunedin volcano. 

The greater enrichment of strontium in the sanidine rocks rather 

than in the syenite porphyry is significant and important in assessing 

the origin of that rock. 	The field evidence shows the syenite 

porphyry intruded by the sanidine porphyry hence if these rocks had 

a common single magmatic parent which fractionated and formed the 

syenite porphyry first, then because of its crystallizing sodium rich 

plagioclase feldspars, this rock should have extracted most of the 
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strontium (Heier, 1962) leaving the potash rocks depleted. 	This 

process can only be demonstrated for CY61 and CY92 which probably 

represent the final phase of crystallization of the syenite porphyry. 

On this basis the strontium distribution points to dual sources 

for the rocks. 

Nickel is apparently not preferred by either group of rocks 

with most values being below 20 ppm and consistent with concentrations 

in granites. About 7 analyses of syenite porphyry have concentrations 

between 25 ppm and 50 ppm which is rather high and may suggest nickel 

in the source material. 

Yttrium is not biased to any group, is about crustal average and 

may have come from a depleted source but could also be lowered by 

partitioning into a ferromagnesian remnant of a partial melt. 

Copper does not have any preference and with values somewhat scattered, 

but overall less than 50 prim, is typical of-alkaline rocks (Wedepohl, 

1974). 	Some of the hybrid rocks have higher values probably due 	to 

contributions from the dolerite. 

Zirconium has some scattered values with most lying between 100 

and 300 ppm and having no preference for either syenite or sanidine 

porphyries. However when compared with other alkaline rocks the values 

are rather low. This would suggest a depleted source for the zirconium. 

Partitioning into remnant ferromagnesian minerals and oxides could also 

have caused this phenomenon. 

Niobium values are extremely low when compared with other alkaline 

rocks, reflecting a depleted source. 	Residual ferro-magnesian minerals 

with magnetite and ilmenite could lead to the production of a melt 

depleted in niobium. 	The low concentration is not consistent with a 

liquid differentiation origin where it would be expected to accumulate, 

being an incompatible element. 	The low values of niobium for all 

rocks, prompted the testing of a trace element mixing model (cf. Sr 
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isotopes (relating sanidine rocks, syenite porphyries and amphibolite 

inclusions. 	Figure V-24 shows the plot of Nb-Rb for all rocks with 

the associated reciprocal plot. 	The reciprocal plot does not favour 

the amphibolite, in toto, as a mixing component, and data could not be 

obtained about niobium in the matrix, and the reciprocal curve is 

inconclusive, possibly indicating non-equilibrium mixing. The fact that 

the sanidine rocks have more niobium than the syenite porphyries is 

consistent with a liquid differentiation and accumulate model but the 

magnitude of the concentration is not great enough, unless there is 

extreme depletion of niobium in the source material. 

In a normal liquid line of descent whereby fractionation of a 

mafic parent by removal of plagioclase, gives rise to alkaline rocks, 

the latter tend to become enriched in zirconium and niobium and 

depleted in strontium (Carmichael et al., 1974). 	The trend in the Port• 

Cygnet alkaline rocks for these elements are not consistent with such a 

model. 

Scandium is divided between the syenite porphyry and sanidine 

rocks, being more abundant in the former. 	This is not related to Fe 20 3  

which is more abundant in the sanidine rocks (Fig. IV-6) although an 

overall relationship exists with FeO (Fig. V-9). 	Because of its 

dispersed nature it may indicate a dual source for the rocks. 

Gallium is more concentrated in the sanidine rocks than the 

syenite porphyry. 	It has a relationship to A1 203  (Fig V-14) but 

there is a strong tendency for parallelism in the plot which would 

point to two sources for the rocks. 

Empirically the concentrations of niobium, gallium, scandium, 

rubidium, strontium and barium in the syenite porphyries are bracketed 

by the values in the amphibolite inclusions (Table V-3) and the 
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sanidine rocks which may suggest a mixing process for the production 

of the syenite porphyries. 

Zinc has a wide range of values but two groups are present with 

the greater concentrations in the sanidine rocks. 	Ferromagnesian 

minerals were probably not important in the original melt which was 

apparently not greatly depleted in zinc. 

The chondrite-normalised R.E.E. patterns indicate that the 

syenite porphyries and the sanidine rocks have not fractionated from 

a common source magma because of the suppression of any europium 

anomalies (Fig. V-15 and Fig. V-16). 	If such a magma had fraction- 

ated into a primary plagioclase bearing part ultimately forming the 

syenite porphyries, followed by a later potash rich fraction then a 

distinct positive europium anomaly should characterise the syenite 

porphyry and the converse, i.e. a negative europium anomaly should be 

the feature of the sanidine rocks. That their patterns are relatively 

flat with no significant europium anomaly shows no fractionation 

taking place between these two intrusive types. 

The patterns show a moderate degree of enrichment of the lighter 

elements, with a greater enrichment shown by the sanidine rocks over 

the syenite porphyries. The patterns characteristically have no 

pronounced europium anomalies with indication of anomalies in the 

tinguaites cancelling out. 	The inference is that the source was not 

greatly enriched in R.E.E. and that feldspar fractionation was not an 

important process in their generation. Superficially the patterns 

are similar to those of alkali basalts or moderately enriched granites. 

They are also similar to some East African alkaline lavas (Haskin and 

Taster, 1979). 

The R.E.E. patterns for the mixed feldspar rocks CY61 and CY92 

are depleted and have europium anomalies consistent with fractionation. 
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of plagioclase, also indicated by the relative depletion of strontium 

in these rocks. 

Apart from the relatively high concentration of strontium, barium 

and cesium the trace element assemblage of the Port Cygnet complex is 

one of low concentration suggesting a small degree, if any, of 

fractionation and does not represent a late stage differentiation 

accumulate. 

There is evidence of two melts but no fractionation between these. 
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CHAPTER VI 

ISOTOPE GEOLOGY 

As part of the investigations of the origin of the Port Cygnet 

Alkaline rocks, some measurements were made of sulphur and strontium 

isotopic compositions for selected minerals and rocks. 

.SULPHUR ISOTOPES 

Associated with the alkaline rocks, there is a weak mineral-

ization which led to the production of some 3,000 ozs of gold, 

mainly from alluvials, during the latter part of the nineteenth 

century (Twelvetrees, 1907). 	The gold was spatially associated with 

the alkaline rocks and has been positively identified in the 

tinguaite from the dyke (X44) 100 metres north of the old Lymington 

deep water jetty at Langdon's Point (Pl. 6). 	Minor sulphides occur 

in the syenite porphyry and the garnet trachyte, mostly as pyrite but 

small amounts of pyrrhotite, arsenopyrite, and galena are also 

associated with the latter rock. 	In the syenites the pyrite occurs 

as sporadic cubic crystals and grains. 	It shows its greatest 

development in CY70, east of Holland's Quarry. 	The pyrite in the 

garnet trachyte is in close association with the spessartite garnet, 

often forming a partial coating on the surfaces of the crystals. 

Thermal metamorphism of Permian sediments in contact with the 

garnet trachyte has produced a siliceous hornfels in which there is 

a significant amount of pyrite. 	The Permian rocks mapped as Basal 

tillite by Leaman and Naqvi (1967) contain pyrite nodules. At 

Wilson's shipyard on the eastern shore of Port Cygnet opposite 

Regatta Point these rocks have been thermally metamorphosed to a dark 



VI-2 

siliceous hornfels, in which erratics are still visible, and the 

original pyrite of the nodules has been converted to pyrrhotite. 

This has already been mentioned in connection with the hybrid rocks 

which crop out on the opposite shore about 500 metres to the west. 

Samples of Sulphides were collected from specimens where sulphides 

were more abundant and submitted to the D.S.R. laboratories, Lower 

Hutt, New Zealand for sulphur isotope analysis through the courtesy 

of Dr. D.C. Green of the Tasmanian Department of Mines. 	It is well 

known that the isotopes of sulphur may be fractionated during 

geological processes and that various isotopic ratios may be 

indicative of specific sources for the sulphur (e.g. Rankama, 1954; 

Barnes, 1979). 

The aim of the investigation was to prove the origin of the 

sulphur in the sulphides with the aim of establishing the following 

possibilities: 

the sulphur is of primary origin and hence brought in by 

the alkaline magmas, 

the sulphur had its origin in the pyrite nodules of Permian 

sediments and was remobilized by the heat of the intrusion, 

the sulphur may have had some other source. 

Natural sulphur is composed of four isotopes whose mass numbers 

are 32, 33, 34 and 36 with respective abundances of 95.02%, 0.75%, 

4.2% and 0.01% (MacNamara and Thode, 1950). 	The best isotopes to 

measure, with respect to 'fractionation are the 32-34 mass numbers 

because their mass differences are almost the maximum possible for 

this element, and they are relatively more abundant. 

Fractionation factors for various sulphide reactions have been 

determined by Sakai (1968) and Ohmoto (1972). The fractionation of 

sulphur between co-existing sulphide minerals has been studied by 
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several authors, Grootenboer and Schwarz (1969), Kajiwara and Krouse 

(1971), Cyzamanske and Rye (1974) and their results have established 

that 6 34 S values for mineral pairs follow the form of: 

A 34 s  . A x 10 6  

T 2  

where A 34 S is the difference between 0 4 S 1  and P 4S for a mineral 2 

pair 1 and 2, T is the absolute temperature, and A is a constant 

characteristic of the particular exchange reaction. 	P 4S is defined 

as: 

1.34S 1 	34S  
'32SJ 	- ( 32S

) 
6 34 s  . 	sample 	standard x 10

3 %0 
4S  

(
32S

)  
standard 

The standard used is sulphur from troilite of the Canyon Diablo 

meteorite. . Fractionation factors for sulphides become negligible at 

temperatures in the region of 800 °C and higher (Sakai, 1968; Barnes, 

1979) so that in the temperature regime of the Port Cygnet rocks 

which would appear to range from about 750 °C to 900 °C there should be 

very little fractionation of sulphur even if there had been develop- 

ment of equilibrium mineral pairs. 	Thus any differences may be due to the 

source of the sulphur rather than to mineral exchange reactions which 

would have negligible influence under the probable conditions of 

formation of the rocks. 

The values for the syenites and -sanidine rocks (Table VI-1) 

confirm the observation that igneous rocks show little fractionation 

of sulphur isotopes. 	Ohmoto and Rye (1979) give the range of (5 34 S 

values of mafic and ultramafic igneous rocks ranging from -1 to +2%. 

and for crust and acidic igneous rocks the (S 34S = 0 4-  3%0. 

The value for the pyrrhotite with its large negative value is in 

keeping with the large negative 15 34 S values usually found in 

sediments, Vinogradov et al. (1962), Kaplan et al. (1963), Thode 
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TABLE VI-1 

04S values relative to Canyon Diablo Troilite 

634s 
Specimen Mineral Specimen Type (CDT) 

CY5 .  Pyrite 70.1% 0  Pyrite included in amphibole nodule 
in syenite porphyry 

CY70 Pyrite +1.4% 0  Pyrite cubes in syenita porphyry 

X50 Pyrite -0.2% 0  Pyrite from sanidine dyke with 
phengitic inclusions 

J.R. 	(Garnet 
trachyte) 

Pyrite +2.96o Pyrite associated with spessartite 
in garnet trachyte 

Contact 
pyrite 

Pyrite -11.0%0 Pyrite from hornfels near garnet 
trachyte 

Pyrrhotite 
nodule 

Pyrrhotite -13.3% 0  Pyrrhotite from thermally metamor-
phosed pyrite nodule 

Standard deviation for all values = ± 0.3% 

VI-4 
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(1970), Barnes (1979). 	The large negative value for pyrite from the 

contact rocks would suggest that this sulphide has formed largely from 

sulphur mobilized from the Permian sediments by breakdown of the pre-

existing pyrite nodules with a 14% addition from the alkaline rocks. 

The garnet trachyte is very interesting in that it has double 

the positive value of the nearest syenite porphyry even though it 

might be still considered to have a typical igneous sulphide ratio 

(Ohmoto and Rye, 1979). On the basis of its high manganese and 

anomalous lead and zinc values it is proposed that this dyke may have 

assimilated a mineralised carbonate pod of similar composition to 

those associated with the sulphide ore deposits at Zeehan, western 

Tasmania (Solomon, 1981). 	Since the pyrite in the garnet trachyte 

is usually a co-crystallizate of the spessartite garnet, it is postu- 

lated that the sulphur had part of its origin in such a pod. 	Hydro- 

thermal sulphides invariably-have positive 6 34S values (Sakai 1968, 

op. cit.) so that if any sulphur from these minerals was incorporated 

into the igneous rock it would tend to push the isotopic ratio of the 

resulting sulphur mixture to a more positive value. 	Both et al. 

(1969) have reported 5 34S values for sulphides from the Zeehan field, 

although ranging from -3.6 to +12.08 (5 34S%0,90% of the values are 

positive. 	Thus it would be possible for assimilation of a similar 

assemblage to produce the more positive 6 34S of the garnet trachyte 

relative to the other rocks although it is recognized that the 

measured ratio is not of sufficient magnitude to be definitive. 

STRONTIUM ISOTOPES 

Because of the relatively large amounts of strontium and 

rubidium present in the alkaline rocks it was decided to have some 
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initial 87 Sr/ 86 Sr ratios determined in order to gain some information 

concerning the origin of the alkaline rocks, particularly as some of 

the chemical compositional data imply that the rocks could have been 

generated by melting of crustal rocks. 

It has been well established that there is an overall world-wide 

increase in the initial ratios of 87Sr/ 86 Sr from a primordial initial 

value close to 0.699 (Papanastassiou and Wasserburg, 1969; Allegre 

et al:, 1975). 	Due to the early formation and addition to it of 

granitic rocks enriched in rubidium, the continental crust has 

become relatively enriched in radiogenic strontium. This enrichment 

is in contrast to the much lesser growth rate of 87Sr in the upper 

mantle due to depletion of rubidium in this region. Thus rocks 

'which have been derived from a crustal source should have initial 

ratios of 87 Sr/ 86 Sr showing a significant increase over those rocks 

derived from an upper mantle source. 	This in many ways parallels 

the use of K/Rb ratio as an indicator for the sources of rocks. 

Initial strontium isotope ratios (Faure, 1977) that would be 

expected for tholeiites in the following environments are: 

87 Sr/ 86 Sr = 0.70290 

- 

oceanic tholeiites from mid-oceanic ridges 

87 Sr/ 86 Sr = 0.70386 - tholeiites from oceanic islands 

87Sr/ 86 Sr = 0.70437 

- 

tholeiites from island arcs 

87 Sr/ 86Sr = 0.70577 

- 

tholeiites from continental areas. 

These values may be regarded as mean values which may be subject 

to contamination by various processes which usually lead to an 

increase in the ratios. 	For example, tholeiites from continental 

sources show a pronounced range to higher values, biased in fact by 

Tasmanian dolerite. 

.While it is arguable as to what might be the ratios for the 

average mantle or even for parts of it, mechanisms have been proposed 



by various authors e.g. Long (1964), Krogh and Hurley (1968), and 

Heier and Compston (1969) to account for variations of isotopic 

ratios. These variations may be summarized as being due to: 

Strontium isotope mixing between rocks of differing Rb/Sr 

ratio with variable results. 

Total loss of radiogenic strontium from the system with a 

consequent increase of Rb 87 /Sr 87 . 

Dilution by the introduction of large amounts of common 

strontium with a consequent decrease in the Rb 87 /Sr" ratio.. 

It is to be noted that the last great event in the geological 

history of Tasmania before the formation of the Cretaceous alkaline 

rocks of Cygnet was the injection of the Jurassic dolerites approxi-

mately 75 million years earlier. 	These intrusives feature an 

unusually high initial strontium isotope ratio of 0.71 (Heier, 

Compston and MacDougal, 1965). 

Samples were prepared from representative rocks of the Port 

Cygnet area for strontium isotope analysis by the Australian Mineral 

Development Laboratories, Adelaide, South Australia. 	The rocks 

chosen consisted of four amphibolite inclusions from Mt. Windsor, two 

syenite porphyries CY49 and CY70, and two-specimens of the sanidine 

rocks CY74 and X44. 	The aim of this investigation was to test the 

indication of the geochemical data that the alkaline rocks were of 

crustal, rather than sub-crustal origin and the relationship, if any, 

between the amphibolite and the alkaline rocks. 	The results are 

shown in Table VI-2, corrected to initial ratios using the K-Ar data 

as their relatively young age (95 m.yr. - Evernden and Richards, 

1962) makes the construction of a reliable Rb-Sr isochron difficult. 

For the amphibolite the above results are virtually the present 

day ratios because of the low rubidium abundance. 	An independent 
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age determination is not available for the amphibolite, however, if 

an age of 600 m.yr. is assumed (Cambrian) then the initial ratio 

would have been within the range 0.7040-0.7045. 	No amphibolites of 

age younger than Cambrian are known, at the present time, from 

Tasmania. 

The value of the ratios from the above table have been plotted in 

Figure VI-1 where it can be seen that there seems to be a mixing curve. 

To test this the reciprocals of the strontium values have also been 

plotted against the initial ratios (Fig. VI-1) from the models of 

Boger and Faure (1974). This confirms the mixing curve with respect 

to the alkaline rocks but the amphibolites do not lie on the line. 

However from the microscopic and chemical evidence it is not envisaged 

that the amphibolite in toto contributed to the syenite porphyry, but 

that at least the major mixing component was the matrix of the 

amphibolite, that is, the predominantly feldspathic 	part. 	Because 

of the difficulty of obtaining a clean matrix fraction, this was not 

analysed directly for its initial strontium isotope ratios. 	It is 

assumed that the initial ratios for the matrix were the same as for 

the whole rock ratios. A small amount of the amphibolite matrix was 

separated using an electromagnetic separator and this was analysed 

for strontium using the absorption flame photometry technique. The 

result gave Sr = 1284 ppm ± 43 ppm. At the same time the value for 

AGV1, which has a recommended value of 660 ppm (Abbey, 1980), was 

determined at 688 ppm ± 17, as a check on the accuracy of the analysis. 

If this value is plotted it can be seen to be consistent with the 

other values for the reciprocal-Sr curve and indicates that a 

component dominated by the feldspathic matrix of the amphibolite is 

compatible with the syenite porphyry end of the mixing curve. 	The 
87 

reciprocal curve is described by the relation: 86sr  initial = 0.000275 

x 10 4 )  0.702983. 	The correlation coefficient (R) = 0.933. 

Sr . . . 
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These results then demonstrate, on the basis of initial strontium 

isotope ratios, that the Port Cygnet alkaline rocks could have been 

formed by mixing of a partial melt of the quartzo-feldspathic matrix of 

the amphibolite inclusions with a potassium, strontium rich material 

having an initial 87Sr/ 86 Sr ratio of about 0.702, if the graph is 

extrapolated to -s-T7  = 0. 	However this ratio implies a source rock with 

an infinite amount of strontium which is an unrealistic situation. 

The highest recorded concentrations of strontium occur in some of the 

alkaline rocks of the east African rift system (Powell and Bell, 1974). 

These reach at least 7000 ppm Sr. 	Using this as a limiting value for 

the amount of strontium likely to have been present in the original 

material and substituting this into the mixing curve of Fig. VI-1, 

an initial ratio of 0.7033 for 87Sr/ 86 Sr is the likely extreme for the 

other mixing component of these rocks. 

While the Port Cygnet values are much less than the high values 

for the Tasmanian Jurassic dolerites, they are closer to those of some 

Tasmanian Tertiary basalts (Compston, McDougal and Heier, 1968). 

Apart from one apparently anomalous ratio of 0.7078 the values for 

these rocks vary from 0.7026 to 0.7039 which would be regarded as 

upper mantle ratios. 

A conventional interpretation of the initial strontium isotope 

ratios suggests an upper mantle, rather than a crustal origin for 

the potassium rich sanidine rocks. 

in 
It can be noted here that,their study of the strontium isotope 

geochemistry of the Dunedin volcano, Price and Compston (1973) found 

that the basalt, intermediate and phonolitic rocks had initial ratios 

about 0.703 while the quartz normative trachytes have values about 

0.704 which is somewhat similar to the underSaturated-saturated rock 

association at Port Cygnet. 	Price and Compston came to the 
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conclusion that the trachytes of the Dunedin volcano had formed by 

the partial melting of an alkali feldspar rich portion of older 

igneous rocks (compare with feldspathic matrix of the amphibolite - 

inclusions as a parent component for the Port Cygnet syenite porphyries). 

SUMMARY 

Sulphur isotope studies do not reveal any formation temperature 

because the temperature was probably too high for fractionation of 

isotopes and suitable mineral pairs are absent. 

Sulphides in the hornfels near Langdon's Point contain a 

component of remobilized local sulphur of sedimentary origin. 

The garnet traehyte has sulphur isotope ratios slightly more 

positive than the other alkaline rocks whose ratios are within the 

normal igneous range. 

The initial strontium isotope ratios show two sources for the 

alkaline rocks and these lie on an apparent mixing curve linking the 

green matrix rocks (X44), grey matrix (CY74), syenite porphyries 

(CY49 and CY70) and the quartzo-feldspathic matrix of the Mt. Windsor 

amphibolite inclusions. 
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CHAPTER VII 

THE ORIGIN OF THE PORT CYGNET ALKALINE ROCKS 

The origins of alkaline rocks, particularly those of high potash 

content, have posed many questions, only some of which have been 

answered. 	The diversity of the alkaline syenitic rocks reported in 

Appendix 1 seems to demand equally diverse origins. Many of these 

rocks form part of an association that also includes more mafic rocks, 

and may be differentiates. Other rocks usually of minor occurrence 

have formed by assimilation processes. 	There are also syenitic 	rocks 

which have crystallized from a magma, of small outcrop and with no 

obvious parent or residual rocks. 	In many of these there is an 

association with mafic rocks and their metamorphic equivalents. 

As a result of the observations of many investigators it has been 

recognized that alkaline rocks cannot be related to a single universal 

magma and that there is a variety of processes_ by means of which 

alkaline igneous rocks may be derived and appear in many petrological 

associations. 	These processes have been summarised by various 

authors in Sorenson (1974). 

The proposed mechanisms capable of generating alkaline rocks are: 

Anatexis, Fractional Crystallization, Limestone Assimilation, Volatiles, 

Liquid Fractionation, Resorption of Silicate Minerals and Metasomatic 

Processes. 

Using the evidence gathered from the Port Cygnet rocks an attempt 

can now be made to see which of the aforementioned mechanisms could 

have produced these rocks. 

Using the data and conclusions reached in earlier chapters a 

model will be proposed to explain the origin of the syenite porphyries 

and sanidine rocks which constitute the great bulk of the Port Cygnet 

alkaline complex. 	On account of its unique nature the proposed 
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origin of the garnet trachyte will be outlined separately. 	Other 

variants of the rock types will also be modelled. 	A summary of the 

relationships of the various rock types is outlined in Fig. VIII-2. 

The following important points emerge from the field relationships 

and analytical studies of the Port Cygnet rocks: 

The Port Cygnet alkaline rocks are spatially dispersed with 

the largest bodies appearing near Mt. Windsor and Farewell Hill. 

There was a small amount of melt intruded into the district. 

A maximum of 75 km 3  for the volume of the alkaline rocks can be computed, 

assuming a source at the base of the crust, by simply extrapolating the 

maximum surface area (approximately 3 km 2 ) to this depth (25 km) thus 

arriving at the computed value. 	This is almost certainly an overestimate 

since the gravity data do not indicate such a simple structure. 	A 

modification may be incorporated by assuming a point source at the crustal 

base with an overall inverted pyramidal or conical form which reduces the 

maximum volume by 50% to 37.5 km 3 . 	The latter is a more realistic figure 

which could be reduced by assuring a pipe-like structure from depth to 

a higher level magma chamber in the crust (suggested by inclusion in the 

syenite porphyries). 	Supposing the syenite magma chamber occurred at 

15 km depth (from the aeromagnetic traverse) and a conical dispersion from 

this source is considered a volume of 22.5 km 3  is derived, which could be 

considered a minimum value. 

Thus the most likely volume of alkaline magma lies somewhere between 

22.5 km 3  and 37.5 km 3 . 	It was emplaced as a host of small irregular dykes 

and occasional sills. 

The major element differentiation index plots show some 

parallel trends (Chapter IV) for the alkaline rocks suggesting that these 

may not have had a simple origin. 	Harker Diagrams doe not show any 

significant fractionation trends but rather plot as two groups. 
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Many of the minor element differentiation plots also show 

parallel trends (Chapter V). 

The sanidine-bearing dykes post-date the emplacement of the 

syenite porphyry. 

The presence of amphibolite and phengitic inclusions, whose 

plots on the Q-L-M diagram of Niggli bracket the compositions of the 

alkaline rocks, suggest that these might be related to the source of 

these rocks (Fig. IV-20). 

The flow and swirl structures of the sanidine-bearing dyke 

rocks and presence of some broken and reconstructed crystals together 

with the occurrence of minerals such as analcime, pectolite, hauynite, 

scapolite, cancrinite, and small calcite reaction rims on melanite 

demonstrate the presence of volatiles and the probable emplacement of 

the dykes as volatile-rich systems. 

The high concentrations of strontium and barium coupled 

with the low concentrations of niobium and zirconium suggest that crystal 

fractionation was probably not an important process in their formation but 

partial melting is possible. 	A depleted source for the latter two elements 

is also a possibility. 

Strontium concentration is higher in the sanidine rocks than 

in the syenite porphyries, although calcium does not show much variation, 

indicating that they have not fractionated from a common magma source. 

The K/Rb ratio favours a crustal source. 

There is a relationship between the K/Na ratio and Si atoms/ 

unit cell linking the amphiboles from the amphibolite inclusions through 

the syenite porphyries to the hornblendel porphyry. 

(1) Europium anomalies in the rare earth patterns are either 

absent or minor implying that feldspar fractionation has only occurred 

if the Eu was unoxidised. 
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This lack of europium anomalies suggests that the syenite 

porphyries and sanidine rocks are not fractionates of a more mafic 

magma. 

The feldspar mineralogy indicates non-equilibrium conditions 

of growth for these minerals, with a general indication of higher 

temperatures of formation for the sanidine-bearing dyke rocks than for 

the syenite porphyries. 

The Bailey-McDonald diagrams (Figs. IV-13 and IV-14) also 

indicate the absence of feldspar fractionation. 

The mineralogy indicates a saturated quartz-bearing group 

(syenite porphyry) and a feldspathoid-bearing group (sanidine porphyry). 

The relationship of niobium to rubidium tends to define a 

mixing curve. 

The initial strontium isotopes may fit a mixing curve relating 

the sanidine porphyries, syenite porphyries and feldspathic matrix of 

the amphibolite inclusions. 

On the basis of the major and minor element chemistry, mineralogy 

and initial strontium isotope values it is proposed that there are two 

main rock groups, represented here by the syenite porphyries and 

sanidine rocks. The syenite porphyry may have been formed by contamin-

ation of the magma parental to the sanidine rocks. 

SUMMARY OF MECHANISMS CAPABLE OF GENERATING ALKALINE ROCKS 

Metasomatic Processes 

These are usually related to regional metamorphism and are 

recognized by various types of zoning in the field and appropriate 

metamorphic and replacement textures within the rocks. 	The Port 

Cygnet rocks are spatially restricted and have typical igneous textures; 

having gone through a melt stage which has obliterated any textural 
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evidence of the traces of any initial metasomatic period and would have 

been related to anatectic melting in this model. 

Resorption of Silicate Minerals 

, A summary by Luth (1974) suggested that production of silica-

undersaturated assemblages by resorption of muscovite and similar per-

aluminous minerals by a granitic magma as first suggested by Bowen, 

was an inefficient mechanism of generating alkaline rocks, particularly 

because a large amount of peraluminous material is required. 	Biotite 

is also a possible source of potash rich undersaturated magma, however 

the process is still inefficient and if resorption of ferro-magnesian 

phases occurred it would lead to associated ferro-magnesian minerals 

of which there is no evidence in the rocks which have a low, range for 

Mg  mg+Fe . This process is therefore not regarded as important for the 

generation of the Port Cygnet rocks. 

Liquid Fractionation and the Role of Volatiles 

Kogarko, Ryabchikov, and Sorensen (1974) have summarised the role 

of liquid fractionation in producing the alkaline rocks. They recognized 

two distinct processes: the first a pneumatolytic differentiation with 

migration of volatiles to the apical parts of magma reservoirs; and the 

second process one of liquid immiscibility leading to splitting of the 

magma during or before crystallization into two or more fractions. 

The first process may lead to production of excess hydrous minerals 

such as zeolites, and loss of potassium with the derived alkaline rock 

having a close field relationship to the parent body (fenitization?). 

Metasomatic processes involving alkalies, volatiles and alteration of 

country rocks produces fenits via a process known as fenitization. 	Follow- 

ing the scheme of Borodin and Paulenko (1974), three main processes of 

fenitization can be recognised. 	These are regional metasomatism 
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preceding anatexis, metasomatism at contacts of alkaline intrusions and 

postmagmatic alkaline metasomatism. 

Small intrusions of alkaline rocks in dykes and stocks are not 

regarded as forming directly from metasomatic processes but might 

represent differentiates of alkaline magmas with accumulation of niobium, 

zirconium and strontium. 	Niobium and zirconium are not concentrated in 

the Port Cygnet alkaline rocks. 

Fenitization of mafic-ultramafic rocks may lead to the formation of 

minerals such as nepheline, phlogopite and biotite which with ultimate 

development can lead to remnants of olivine and pyroxene with schorlomite, 

perovskite, melilite, magnetite and titanomagnetite as accessory phases. 

Fenitization of country rocks such as granites and related rocks 

leads to the formation of alkali amphiboles, pyroxenes, soda plagioclase 

and potash feldspar. 

As well as exotic minerals the absence of quantities of alkali 

amphibole and pyroxene and the small amounts of magnesia in the rocks, 

suggest these have not been formed by metasomatic processes. With regard 

to the second process (liquid immiscibility) the authors regard this 

as important only for late stage crystallization leading to the production 

of exotic rocks such as carbonatites and others enriched in apatite, 

sodalite, analcime and villiaumite. 	Such rocks have not been found at 

Port Cygnet nor is there a close association with any parent rock types 

or evidence of fenitization. 

The role of volatiles has been summed up by Kogarko (1974) who 

pointed out that crystallization of miaskitic alkaline rocks (agpaitic 

index <1) must have proceeded with the separation of an aqueous vapour 

phase. 	The main role of volatiles according to Kogarko (op. cit.) is 

their influence on viscosity and mineral growth; features well exhibited 

by the Port Cygnet sanidine porphyries with their turbulent flow 

textures. 	Kogarko (op. cit.) concluded that high concentrations of 
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volatiles might lead to immiscible liquids as above, but there is no 

evidence of the expected exotic mineralogy. 	She also states that 

with high concentrations of volatiles the ratio Fe 2+/Fe 3+  tends to 

rise, but as this ratio at Port Cygnet is less than unity then volatiles 

were probably not a dominating factor to the extent of creating an 

immiscible liquid fraction or a reduced environment. 	The Fe 2+/Fe 3 " ratio 

is also related to the types of volatiles and to their source. 	For 

example, Perchuk (1977) has concluded that mantle fluids are reduced 

gases derived by decomposition of parent alkali metal compounds. 	It is 

only within the crust in the pressure range of 8 to 3 kb that reduced 

pore fluids become enriched in H 2 0 and CO 2  by oxidation processes. 

The role of volatiles in magmatic systems has been summarised by 

Wyllie (1979). 	Of these H 20 and CO 2  are the most important but sulphur 

and fluorine may also be important in specific situations. A feature 

of CO 2  is its influence in the generation of alkalic subsilicic magmas 

from peridotite beneath continental shields. 

When compared with anhydrous melts the addition of H 20 will produce 

a water-saturated melting curve having a negative slope up to high 

pressures. 	This has the effect that melts generated at or near their 

water-saturated liquidus curves may not rise to the surface (or near 

surface) without crystallization. 	However if liquids are undersaturated 

with respect to water at their depth of origin then they may move to the 

surface without crystallization until they intersect the water-saturated 

liquidus at shallow depths. 	The general effect of H 20 is to considerably 

reduce liquidus temperatures (Wyllie op. cit.) and particularly to 

promote the growth of amphibole in a ferromagnesian dominated system. 

For magmas from the continental crust where the deep crustal rocks are 

most likely related to the calc-alkaline series in the presence of 

aqueous pore fluids, melting begins at moderate temperatures with 

migmatitic products in rocks of amphibolite grade. 
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The influence of HF is to act as a flux, depressing melting points 

a little but contributing to the production of water-bearing melt. 	The 

-presence of HC1 acts to destroy feldspars and transfer alkalies into the 

vapour phase. 

Wyllie and Tuttle (1959) found that CO 2  under pressure had little 

effect on the rates of melting or crystallisation of granite or feldspars 

and was less soluble than H 20 in granitic melts. 	Solution of CO 2  in 

these melts is probably a function of the presence of suitable cations 

not structurally bound into the silicate network. 

Mysen (1976) found that CO 2  solubility in silicate melts is about 

one half to one order less than that of H 20. 	With increasing pressure 

and basicity of the melt the solubility increases. At 5 kb the maximum 

relative solubility of CO 2  is approximately 5 mol. percent. 

In considering fluids in the evolution of granitic magmas, Holloway 

(1976) found that the small amount of CO 2  in granitic magma could 

influence the activity of water in the system. 	If the mass ratio 

CO2 /H 20 is ao.4 and the initial ratio of total volatiles to silicate 

magma is 2_0.5 then little or no loss of fluid phase occurs and the 

activity of H 20 remains nearly constant for the magmatic evolution. 	In 

all other cases the activity of H 20 increases rapidly with decreasing 

pressure and/or anhydrous phase crystallisation. The presence of 

fluid bubbles would also change the physical characteristics of the 

magma. At 5 kb and 5 wt.percent CO 2  the liquidus temperature could be 

lowered by about 100 °C. 

By lowering the H 2OP 	to less than Ptotal  (in this case with 

PCO 2 
= 0.4 and PH 0 = 0.6). 	Holloway and Burnham (1972) demonstrated 

2 
that liquidus temperatures in a basaltic system could be increased, 

however, the amount of CO 2  present was much greater than in the 

experiments cited above. 

The available data for SO 2  have been summarised by Burnaham 

(in Barnes, ed., 1979) and discussed in Chapter III. 
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Limestone Assimilation 

This model for deriving alkaline rocks by desilification of a 

sub-alkaline magma by assimilation of limestone was first proposed by 

Daly in 1910 and subsequently developed by Shand (1930, 1943, 1945). 

Indeed, Cygnet was cited as an example of the alleged close field 

associations of limestones with alkaline rocks. 	In his summary 

(Wyllie, 1974) came to the conclusion that the field evidence is 

inconclusive and there is considerable experimental evidence against 

the hypothesis. 	Wyllie observes that there should be some sign of 

primary calc-silicate minerals which do not appear in the alkaline rocks 

although an inclusion of marble was noted in one syenite porphyry 

(Pl. 19) and there is evidence of appreciable CO 2  in the system (Pl. 29). 

However in the case of the garnet trachyte variant where a carbonate 

assimilation model is proposed (see later), an exotic calc-silicate 

(epidote) does crystallize. 	A feature of the analytical data for the 

Cygnet alkaline rocks is their low lime content. 	There is no evidence 

from inclusions of a parent sub-alkalic magma from which to draw the 

alkali magma. 	There is no firm evidence from the Port Cygnet alkaline 

rocks favouring the limestone assimilation model for their formation. 

Fractional Crystallization 

This process is believed to have been responsible for the production 

of many alkaline rocks. 	This can be demonstrated as a possibility from 

the experimental work of Bowen (1937) and the common association of 

alkaline rocks with more basic rocks (e.g. Coombs, 1963; Kuno, 1968; 

Coombs and Wilkinson, 1969). 	In a simple fractional crystallization 

system with removal of ferromagnesian minerals to concentrate a felsic 

residue, minor elements such as niobium and zirconium should also 
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accumulate with the felsic component. 	The zirconium concentrations 

are somewhat low and the niobium values extremely low when compared 

with probable differentiates of more mafic melts such as oceanic 

trachytes. 

The niobium values for the sanidine rocks (Chapter V) are greater 

than for the syenite porphyries which may suggest fractionation 

relating these two groups because field evidence (Pl. 2) shows that the 

sanidine porphyry was intruded later than the syenite porphyry. 	The 

Bailey-McDonald plots (Chapter IV) do not suggest that these rocks are 

related by feldspar fractionation. 	If the syenite porphyries were an 

initial fractionate of a single magma crystallizing sodium rich plagio-

clase, then these should have concentrated strontium (Heier, 1962). 

However, most of the strontium is in the later sanidine rocks. 	This 

evidence together with that of the strontium isotopes (Chapter VI) 

and the presence of oversaturated and undersaturated rocks indicate dual 

sources rather than a fractionated single source. The high strontium 

values show that plagioclase fractionation was not related to the 

formation of the sanidine rocks. 

On the basis of the above observations it is doubtful if the 

alkaline rocks have been derived from fractional crystallization 

although the evidence of armouring of plagioclase phenocrysts (Mueller 

and Saxena, 1977), the low strontium values and the europium anomalies 

in the chondrite normalised rare earth element patterns (Fig. V-18) 

shows that the brown matrix rocks are probably a fractionated product 

of the syenite porphyry. 

Anatexis 

This leaves anatexis as the remaining option for derivation of the 

alkaline rocks. 	This could be of either lower crustal or sub-crustal 

origin on the basis of the initial strontium isotope values (Chapter 
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VI) and also it seems likely that two sources for the rocks may have 

to be evoked. On the basis of the amount of magma involved in the 

Port Cygnet complex and the high concentrations of barium, strontium 

and rubidium it is most likely that partial melts were responsible 

and that these melts could represent secondary melting of original sub-

crustal material that had been emplaced in the crust. 	The presence of 

amphibolite, quartzite and marble inclusions together with the epidote 

xenocrysts of CY76 show that the syenite porphyries crystallized in a 

crustal environment and the formation of sanidine phenocrysts about the 

phengite inclusions of the dyke XSO suggests that this dyke also started 

to crystallize in the crust. 

It is proposed to develop an anatectic model for the formation 

of the Port Cygnet alkaline rocks based on the indication of separate 

sources for the syenite porphyries and sanidine rocks as outlined above. 

SYENITE PORPHYRIES 

The proposal for the origin of these rocks is based on the 

observation that the amphibolite inclusions from the Mt. Windsor 

locality appear to have lost their 	feldspathic matrices with 

recrystallization of the remaining amphibole (Pl. 26 and Pl. 27) 

and that there is a well defined initial strontium isotope mixing 

curve extending from the sanidine porphyries, at one extreme, through 

the syenite porphyries to the feldspathic amphibolite matrix at the 

other limit (Fig. VI-1). 

An experimental investigation has been made of the proposition 

that the matrix was melted from the amphibolite. 	A sample of fresh 

powdered amphibolite from an inclusion was taken and 15 mg of powder 

was sealed in a platinum capsule and subjected to 800 °C at 8 kbar 

(H2O = total for 24 hours in a Boyd-England high pressure apparatus. 
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Figure V11-1 	Niggli QLM plot for alkaline rocks and their 
inclusions. 	Trachyte and phonolite trends 
from King & Sutherland (1960) have been added. 
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These were considered to be the minimum necessary to establish 

equilibrium in the above apparatus, and are not inappropriate. 	The 

experiment caused melting of the matrix to a glass in which were 

embedded recrystallized amphiboles. 	The experiment is listed as 

number T541 of the high pressure laboratory, Geology Department, 

University of Tasmania and the analysis of the matrix glass is reported 

in Table IV-4, where compositions are given for other rocks that are 

typical of the Port Cygnet Complex. The position of this glass is 

shown on the variation diagrams of Figs. VII-1 to VII-3. 	From these 

plots it can be seen that the matrix of the amphibolite inclusions lies 

in a position which is commensurate with its forming one component 

(plus the potassium rich component) of a simple mix producing the 

syenite porphyries. 

Referring to Figs. VII-2 and VII-3 showing the partial melt 

compositions derived from HeIz's work (1976), it can be seen that T541 

is similar to the partial melt - of the 1921 Kilauea olivine tholeiite 

at 5 kb. 	Helz also points out in her paper that the melt compositions 

produced in this way do not show much variation in composition until 

the ferromagnesian minerals commence melting at which stage the iron 

and magnesium concentrations in the melt rise rapidly. 	The low 

iron and magnesium in the syenite porphyries reflects the low abundances 

of ferromagnesian mineral present. 

T541 is a composition similar to that of the 1921 Kilauea 

tholeiite and could produce the syenite porphyries by mixing with the 

more potassic component (see below). 	Helz's values gable VII-3) 

are less siliceous. 	From the Niggli Q-L-M diagram (Fig. VII-3) the 

range from T541 to the potassic CY73 covers most of the rocks. 

It is noteworthy that CY91, the hornblende porphyry, could be 

regarded as formed from large recrystallized amphiboles from the residual 

amphibolite mixed with a component from the more potassic rocks. 



• Syenite porphyry 

Ab 

Figure VII-2 Ab-Q-Or plot of partial melts at 5 kbar of 1801 
Hualalai alkali basalt, Picture Gorge tholeiite 
and 1921 Kilauea olivine tholeiite (after Helz, 
1976) with syenite porphyries and sanidine rocks 
CY73 and CY74 added together with the partial 
melt of amphibolite inclusions at 8 kbar and 800 ° C 
(T541) ' 	PH 20 = 'total' 
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Figure VII-3 Ab-Q-An plot of partial melts at 5 kbar of 1801 
Hualalai alkali basalt, Picture Gorge tholeiite 
and 1921 Kilauea olivine tholeiite (after Helz, 
1976) with syenite porphyries and sanidine rocks 
CY73 and CY74 added together with the partial 
melt of amphibolite inclusions at 8 kbar and 800 °C 

(T541). 	P H 2O = Ptotal' 
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TABLE VII-1 

COMPARISON OF CHEMICAL COMPOSITIONS OF TYPICAL PORT CYGNET ALKALINE ROCKS 
WITH MIXES OF AMPHIBOLITE MATRIX (T541), TINGUAITE, AMPHIBOLE AND SYENITE 

PORPHYRY 

MATRIX 
T541 

AMPHIBOLE 
SYENITE PORPHYRIES 	TINGUAITE FROM CY70 	CY120 	CY8 	. 	,CY73 	AMPHIBOLITE 

SiO2 69.59 65.89 65.31 62.90 57.04 43.55 
TiO2 0.00 0.34 0.39 0.43 0.33 0.73 
Al 20 3 18.48 17.56 18.00 17.77 19.76 12.26 
Fe 2O 3 2.14 1.53 2.22 3.15 3.28 
FeO 2.73+ 1.48 1.17 1.17 0.50 11.56 
MnO 0.00 0.02 0.06 0.18 0.13 0.34 
MgO 0.43 0.59 0.94 0.66 0.24 11.12 
CaO 5.11 2.49 4.37 4.49 2.75 11.70 
Na2O 1.51 4.82 4.62 5.11 7.08 1.70 
1(20  2.13 3.71 3.42 3.98 7.93 1.22 
P20 5 - 0.11 0.18 0.09 0.05 0.00 
loss - 1.83 0.18 0.87 2.66 3.20 

99.98 100.98 100.17 99.87 101.62 100.65 

1:1 .  MIX SYENITE 	APLITE. 2:1 MIX HORNBLENDE PORPHYRY 
T541+CY73 CY26 CY26+AMPHIBOLE CY91 

SiO2  63.32 62.95 56.48 55.27 
TiO2 0.16 0.21 0.38 0.80 
A1203 19.12 18.43 16.37 16.66 
Fe2O3 3.12* 2.14 2.52 3.28 
FeO - 0.18 3.97 5.34 
MnO 0.07 0.08 0.17 0.19 
MgO 0.51 0.01 3.71 2.04 
CaO 3.93 1.66 5.01 5.15 
Na2O 4.30 5.13 3.99 4.47 
1(20 5.03 7.14 5.17 6.75 
P20 5 0.02 0.00 0.00 0.49 
loss 1.33 0.29 1.26 0.91 

100.91 98.25 -100;93 

* all iron as Fe2O3 

+ all iron as FeO 



VII-13 

TABLE VII-2 

Parental compositions from Helz (1976) compared with Port Cygnet 

1921 Kilauea 
olivine tholeiite 

amphibolite. 

Picture Gorge 
tholeiite 

Typical amphibolite 
from Cygnet 

Si0 2  49.11 50.71 49.58 
TiO 2  2.51 1.70 0.49 
A1 20 3  12.74 14.48 15.05 
Fe 20 3  3.23 4.89 3.35 
FeO 8.40 9.07 7.59 
MnO 0.17 0.22 0.21 
MgO 10.31 4.68 9.36 
CaO 10.73 8.83 11.91 
Na 20 1.97 3.16 2.24 
K 20 0.49 0.77 0.58 
P205 0.27 0.36 0.05 

99.93 98.87 100.41 

Q - 0.73 - 
Or 2.90 4.55 3.43 
Ne - - - 
Ab 16.67 26.74 18.95 
An 24.67 23.05 29.30 
01 7.30 - 9.25 
Di 21.96 15.44 23.80 
Hy 19.77 20.90 9.78 
Mt 1.16 3.13 4.86 
Il 4.77 3.23 0.93 
Ap 0.63 0.83 - 

Si0 2  

1801 Hualalai 
alkali basalt 

46.53 Q 

1801 Hualalai 
alkali basalt 

TiO 2  2.41 Or 5.73 
A1 20 3  14.91 Ne 3.07 
Fe 20 3  3.69 Ab 19.55 
FeO 9.09 An 24.44 
MnO 0.19 01 21.32 
MgO 8.69 Di 18.43 
CaO 9.86 Hy - 
Na 2 0 2.98 Mt 1.54 
K 2O 0.97 Il 4.58 
P20 5 0.31 Ap 0.72 

99.63 
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TABLE VII-3 

Partial melt compositions and CIPW norms at 875 °C from Helz (1976) 
at 5 kbar water pressure. 

1921 Kilauea 
olivine tholeiite 

Picture Gorge 
tholeiite 

1801 livalalai 
alkali basalt 

Si0 2  68.60 67.3 66.10 
TiO 2  0.38 0.2 0.37 
A1 20 3  19.00 19.5 19.30 
FeO 1.78 2.18 1.45 
MnO - - 0.06 
MgO 0.40 0.46 0.32 
CaO 6.02 4.95 5.08 
Na 20 2.60 4.20 5.20 
1(20 1.00 1.10 2.00 

P205 0.18 0.12 0.16 

99.16 100.01 100.04 

Q 5.9 6.5 11.8 
Ab 22.0 35.5 44.0 
An 28.7 23.8 23.4 
01 35.4 26.0 16.5 
Hy 3.6 4.8 2.6 
Di - - 0.6 
Ap 0.4 0.3 0.4 
Ii 0.7 0.4 0.7 
C 3.2 2.6 
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Because the field evidence shows that there are only small and 

very dispersed intrusions, it is considered 

that only small amounts of melt were formed and mixed with ultimate 

complete crystallization and no significant amounts of residual liquids. 

The paucity of pyroxenes and the chloritic alteration of these suggest 

a high PH 20• 	Also the evidence of non-equilibrium crystallization of 

the feldspars (Figs. 111-19 and 111-21) would support a mixing model 

rather than a single source for the syenite porphyry. 	With potassium 

increasing on the rims of the potash feldspars it could mean that 

potassium was being added during crystallization for those rocks not 

close to the equilibrium curve (e.g. CY49 and CY70). 

The major element compositions for typical rocks are presented 

in Tables IV-1 and IV-2. 

Thus from the data and mixes of Table VII-1 assuming simple dis-

equilibrium mixing, the matrix composition may be mixed with a 

sanidine porphyry composition represented by CY73 to give the typical 

syenite porphyry composition while the addition of the amphibole 

composition of the amphibolite gives a close approximation to the 

composition of CY91 when added to the syenite aplite. 

The light rare earth element data plotted in Fig. V-17 are 

compatible with a simple disequilibrium mix of the sanidine porphyry 

pattern with the amphibolite matrix pattern. As stated in Chapter V 

the analyses for the heavier rare earths may be subject to error. 

The concentrations of the trace element strontium, rubidium and 

barium and perhaps niobium can be accounted for by such an explanation. 

It was not possible to determine other trace elements on the 

amphibolite matrix due to the lack of enough material for analysis by 

X.R.F. 
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THE SANIDINE ROCKS 

The chemical, mineralogical and strontium isotope data point to 

a different source for the sanidine-bearing rocks which appear to 

represent the primary magma at Port Cygnet. 

The minor element concentrations, particularly cesium and including 

the potassium-rubidium ratio are not inconsistent with a crustal source 

for these rocks but with an initial strontium isotope ratio of 0.7036 

for CY73 there is some difficulty in producing a crustal source with 

this ratio, especially when most evidence shows contamination by crustal 

strontium or the presence of a heterogeneous source invariably leads to 

ratios greater than the value measured above. 

Le Maitre's work at Mt. Elephant (1974) showed that on a minor 

scale it is possible to produce a syenitic material by partial fusion 

of granite hence a crustal source might bp a source of the sanidine rocks. 

Crustal Source for the Sanidine Rocks 

It would appear that likely source materials for potash rich melts 

are potash mica-, potash feldspar-, plagioclase rocks. 	Partial melts 

of these could generate a liquid with high potash, soda, alumina and a 

significant volatile component. 	Such a source could explain the high 

strontium, barium, cesium and low niobium values found in the Port 

Cygnet rocks. 	It does not explain the low initial strontium isotope 

ratios, and under complete melting conditions would give rise to a 

liquid which would contain more alumina than observed in the present 

rocks. 

Steuhl (1962) and Winkler (1966) have investigated the anatexis 

of gneisses with free water available. 	Two main gneiss types were 

considered by these workers, one composed of alkali feldspar-, plagio-

clase-, quartz and the other lacking the alkali feldspar. 
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For rocks containing alkali feldspar, plagioclase and quartz, 

Steuhl (1962) showed that in the melting of a high grade gneiss at 2 kb 

water pressure, melting began at 675 °C. 	When 84% of the gneiss had 

melted the composition tended not to follow a simple path. Residual 

minerals present in these melts were cordierite, garnet, ore-minerals 

and sillimanite. 

For rocks with K-feldspar absent and containing muscovite, plagio-

clase and quartz at P 0  = 5 kb and 680 °C, an anatectic melt will begin H2   

to appear. 	Thus muscovite - quartz - plagioclase K-feldspar - 

plagioclase - quartz in the melt with an anorthite richer plagioclase 

and sillimanite and H 20. 

At a limiting value of 5-7 kb derived from geophysical estimates of 

the thickness of crust in the Cygnet area (Leaman et al., 1980) and a 

temperature greater than 750 °C, the equilibrium involves muscovite + 

quartz = orthoclase + sillimanite + liquid (Winkler, 1976). 

Winkler also shows that it is possible to produce an anatectic 

melt consisting of the components of potash feldspar, albite rich 

plagioclase and quartz from the reaction of muscovite + quartz + 

plagioclase + H 2 0. 

According to Winkler in general terms it is possible to produce 

a potassic melt at 5-7 kbar from a metamorphic assemblage, which could 

be the parent for the potassic magmas. 

Green (1976) in testing the proposal that some S-type granites 

(Chappell and White, 1974) were derived by partial melting of pelitic 

rocks, found that fusion of these containing 2% and 5% water at 

pressures of 4, 7 and 10 kbar produced granitic liquids similar to 

those of tonalite-granodiorite composition. 

Thompson and Tracey (1979) have shown that it is also possible to 

generate the most calcic plagioclase compositions observed in high grade 

pelitic rocks in the range of 650 ° -750 °  at 5 kbars and that in the 
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pressure range of 4 to 6 kbars there is maximum overlap between muscovite 

dehydration and initial melting reactions which could generate an 

anatectic melt. 

From the experimental data summarized by Wyllie (1977), the early 

stages of fusion in the system Na 20-K 20-Si0 2 -A1 20 3  are dominated by the 

minerals quartz, alkali feldspar and the sodic component of plagioclase. 

These give rise to quartz-normative liquids. 

Since Winkler's work suggests alumina-rich liquids and Wyllie 

(1977) came to the conclusion that most crustal melts are quartz-normative 

it appears that the formation of the sanidine rocks from quartz-bearing 

crustal material, is unlikely. 

It is also difficult to imagine a low initial strontium isotope 

ratio of the source which would require some sort of isolation mechanism 

leading to a complicated model. 

A Sub-Crustal Source for the Sanidine Rocks 

An upper mantle source for these rocks must now be considered. 

This is compatible with the initial strontium isotope ratios. 	It has 

been shown that volatiles were present at the time of emplacement of the 

sanidine-bearing dykes and it is possible to produce potassium-rich 

liquids in the upper mantle by the breakdown of phlogopite according to 

the reaction: 

phlogopite + gas Z forsterite + liquid 

That potassium-rich sanidine-bearing rocks may be derived from 

upper mantle sources has been demonstrated experimentally by Wendlandt 

and Eggler (1980) and by applying their data convincing evidence has 

been presented by Kuehner, Edgar and Arima (1980) for the origin of the 

Leucite Hills, Wyoming (Cross, 1897) and, as an extension of their 

model, the origin of similar suites from Birunga, Central Equatorial 
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Africa (Holmes and Harwood, 1937), West Kimberley, Western Australia 

(Wade and Prider, 1940; Prider, 1960), Jumilla, Spain (Fuster et al., 

1967) and the Toro-Ankole region, Southwestern Uganda (Bell and Powell, 

1969). 	Many of these rocks are ultra potassic, ranging up to 11% K 20, 

with leucite and sanidine as well as magnesium minerals being typical 

and a trace element assemblage, characterised by high Cr (-400 ppm), 

Ba (3000-12000 ppm), Ni (149-428 ppm), Nb (42-137 ppm), Zr (1150-1300 

ppm), Sr (1650-4900 ppm) and Rb (156-1274 ppm). 

The only rocks at Port Cygnet with high potash and low soda are 

the orthoclasites, which are nearly pure sanidine, and the garnet 

trachyte which can be modelled in another fashion. 

The orthoclasites from the Regatta Point hybrid zone could represent 

a small amount of potash-rich material with volatiles released from the 

upper mantle. 	In summarizing various authors' estimates of potash 

abundance Wendlandt and Eggler (1980) arrived at a value of 0.15 wt.% 

as a realistic value for the upper mantle. 	For H20 a similar compilation 

revealed an estimate of 0.1 to 0.2% which is well in excess of the amount 

required (0.06%) for the above value of K 20, assuming it is restricted to 

phlogopite. 	Their relatively high soda contents, low magnesia and the 

trace element assemblages suggest that the Port Cygnet sanidine rocks are 

not directly related to the ultra potassic rocks, and must have had their 

origin elsewhere. 

A basaltic source would be a sufficient source of soda for these rocks. 

Green and Ringwood (1968) and especially Helz (1976) have shown that partial 

melting of basic rocks can give rise to derivative feldspathic and silicic 

liquids which may crystallize or mix with other liquids producing various 

alkaline and/or calcalkaline rocks. Wilkinson (1966) has also shown the 

undersaturated character of residual glasses from some alkali basaltic rocks. 

From Helz's (1976) data the partial melts of several basaltic 

types at 5 kb are always quartz normative, however as the temperature 

increases the amount of quartz (and total silica) decreases. 	FeO and 
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MgO always remain relatively low until hornblende begins to melt. 

Lower temperature melts favour the release of K 20 as Na 2 /K 20 tends to 

increase with the temperature of the partial melt. 	The findings of 

Presnall et al. (1978) suggest that K 20 may increase with a pressure 

increase. 

100  Mg  The values of Mg+Fe 
 range from 9 to 21 over the temperature 

range 725-1000 °C for the Hualalai alkali basalt and cover a similar 

range for the Port Cygnet sanidine rocks, i.e. 9-29.4. On this basis 

there is some similarity but the melts, as noted earlier are quartz 

normative and lose alkalies at higher temperatures. 	If this is the 

source of the potash rocks a different process must have occurred as 

alkalies and alkaline earth trace elements have to be further 

concentrated. 	A parent alkali basaltic rock with greater normative 

feldspathoid would have suitable chemical characteristics for the 

partial melt. 

A Basaltic Source of the Rocks 

It seems empirically that a basaltic source for these rocks is 

Mg  feasible and because of the low Mg+Fe  partial melting took place with 

no significant contribution from the mafic minerals. 	In alkali 

basalts the following range of concentrations of minor elements occurs: 

barium averages about 600 ppm, strontium 80-2400 ppm, zirconium 200-300 

ppm, niobium 60-113 ppm and cesium <1 ppm. 

Frey, Green and Roy (1978) have published data on alkali basalts 

from Victoria; in particular an alkali olivine basalt from Mt. Frazer 

and a basanite from Mt. Porndon, both of which are nepheline normative. 

The composition of these are given in Table VII-4. 

It could be expected that Ba, Sr, and Rb would be concentrated in 

the feldspathic phases and that zirconium not in zircon, sphene and 

oxides would be in pyroxenes. 
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Using the Mt. Porndon data from Frey et al. (1978) and following 

Gast's (1968) scheme, presented by Cox et al. (1979) the partitioning 

of the important trace elements in partial melting of this rock was 

calculated. 	For the purpose of the exercise, the minor oxide components 

were neglected and only the major silicate phases were considered. 

Distribution coefficients used were taken from Cox et al. (op. cit.). 

Mt. Porndon 

recalculated to major phases 

Mineral KD  = crystal/intermediate melt 

Rb 	Sr 	Ba 

Orthoclase 13.20 0.40 4.0 6.0 
Albite 16.50 treated as 
Nepheline 9.10 plagioclase 0.07 2.2 0.2 
Anorthite 13.20 
Diopside 22.06 0.03 0.5 0.13 
Olivine 25.90 

100.00 

Bulk rock . KD  = rock/intermediate melt 

KD
Rb = 0.074 

KDSr = 2.346 

KDBa = 0.937  

Using the partial melt curves for simplebatch melting, given by 

Cox et al. (op. cit.), rubidium could be concentrated sufficiently to 

satisfy the alkaline rock concentration by a partial melt of about 10%, 

but not so for strontium and barium. 	Because of the high bulk rock 

KD, for strontium and barium, a melt enriched in these elements cannot 

be produced while feldspars, in the parent rock, remain in equilibrium 

with it. Any partial melt in equilibrium with feldspars would be 

• relatively impoverished in barium and strontium and consequently in its 

turn would crystallize feldspars with relatively lowered concentrations 

of these elements whereas for the Port Cygnet rocks a high degree of 

enrichment of strontium and barium is required to account for the observed 

values. 
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With regard to the other important minor elements, niobium and 

zirconium, these elements are concentrated in titaniferous oxides (e.g. 

ilmenite)and titanium bearing minerals . Niobium and zirconium are 

also accommodated in ferromagnesian minerals, hence if a basaltic 

component is associated with the source of the sanidine-bearing rocks, 

then a depletion of niobium and zirconium could be expected. 	The role 

of cesium is not clear but because of its incompatibility it will be 

taken up by any melt formed. This may be further enhanced by volatiles 

from below, possibly from dehydrated phlogopite, which could concentrate 

the elements. 	As stated earlier (Chapter V), the basalts from the 

Dunedin volcano do contain appreciable amounts of cesium (Price and 

Chappell, 1975) so that an association with basaltic rocks can be 

established even though the concentration mechanism is not clear. 

Could the sanidine rocks have formed from a melt which itself 

represented complete melting of the feldspathic component of the source? 

For a source like Mt. Porndon, this would represent about 50% partial 

melting. 	Because of the small amount of melt represented by the Port 

Cygnet rocks then this could mean 50% melt of a small amount of a parent 

similar to Mt. Porndon or a partial melt of a similar source in which 

the feldspathic component was much less. Any excess calcium component 

of the parent plagioclase could be accommodated as calcic pyroxene in 

the residuum and as melanite and sphene in the alkaline rocks. 

The chondrite-normalized rare-earth patterns of the sanidine rocks 

have been given in Chapter V. These show only moderate enrichment of 

light rare earth elements and europium anomalies are not prominent. 

The patterns are similar to those of unfractionated granites or 

unfractionated alkali basalts (Haskin and Paster, 1979), with the 

suppression of the europium anomalies negating any large scale feldspar 

fractionation. 	Most chondrite-normalized R.E.E. patterns for Tasmanian 
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granitoids have prominent europium anomalies related to their degree of 

fractionation (Higgins et al., submitted for publication). 	The question 

might be asked if the sanidine rocks could have derived their rare-earth 

patterns by fractionation from these granitoids, with the separation of 

hornblende and plagioclase to depress any europium anomaly. 	While this 

could give a compatible R.E.E. pattern, other evidence is against this 

derivation. 	The lowest initial strontium isotope ratio for the 

granitoids is 0.706 (Cocker, 1978) any fractionation of these rocks would 

produce a quartz-normative melt, and gravity surveys indicate no 

granitoids under the Port Cygnet area (Leaman et al., 1980) (Fig. VII-4). 

Miller (1977, 1978) has offered a R.E.E. model for saturated and 

slightly undersaturated feldspathic rocks. 	In discussing the origin 

of monzonite plutons in California, he came to the conclusion that these 

could have been derived by the partial melting of a garnet-bearing, 

virtually feldspar free source which was rich in LIL elements. 	Miller 

did not define his monzonites Precisely but claims his model could apply 

to silica-saturated rocks such as monzonites, syenites, latites and 

trachytes. 	Slightly undersaturated rocks may also be included with the 

chief chemical characteristics being high Na 20 + K 20, (about 10 wt.%), 

Sr 1000-2000 ppm, moderate Si0 2  (53-63 wt.%) and negatively sloping 

R.E.E. patterns from >100 to <10x chondritic abundance. 	A moderate 
87 	86 

initial ratio of Sr/ Sr ranging from 0.705 - 0.707 is also postulated. 

To explain the lack of the europium anomaly, Miller suggests that 

the sodium is derived from eclogitic minerals such as omphacite or 

jadeite replacing the feldspar in an original alkali basalt. 	Ringwood 

(1975) states that any eclogitic bodies would be most likely of small 

dimensions and this would be consistent with the small amount of melt 

involved with the Port Cygnet rocks. 	Ringwood also points out (p. 99) 

that eclogites of undoubted mantle origin are associated with diamond 

pipes and some types of alkali basalts although, Binns (1967) has 
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MODEL OF CRUST - GRANITE SURFACE 

Figure VII-4 	Contours show depth (km) to granite. 
Granite density = 2.62 t/m 3  
Crustal density = 2.73 t/m 3 . 
From the gravity data of Leaman et al. 
(1980). 
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'presented evidence for a primary eclogite at Naustdal in Norway. 

O'Hara and Yoder (1967) have also observed that partial melts of 

omphacite-bearing rocks are undersaturated and nepheline normative at 

30 kbar. 	If the Naustdal eclogite is used as an example, this 

eclogite has the important trace elements strontium, barium and zircon-

ium less than 10 ppm and potassium oxide at 200 ppm and sodium oxide 

at 2.7%. 	This composition would not produce potash-rich rocks with 

a suitable trace element component and would be sodium-rich. 

In other eclogite models, Green and Ringwood (1968) investigated a 

sanidine-bearing quartz eclogite and found that progressive fusion of 

this rock led to andesitic compositions. Arth and Hanson (1972) derived 

quartz diorites by partial melting of eclogite or amphibolite at depths 

greater than thirty kilometres. The oversaturated nature of these 

derivatives is not compatible with the Port Cygnet sanidine porphyries. 

Many authors (e.g. Bailey in Bailey and McDonald, (eds)1976) have 

noted the difficulty of deriving potash rich rocks from an eclogitic 

parent and that the melts are quartz normative unless derived at high 

pressures and substantially greater depths. 

Anhydrous eclogites are considered to have a minimum pressure 

stability limit of 5 kb (Green and Ringwood, 1968) but in the presence 

of water, amphibole bearing (so-called metamorphosed) eclogites are 

produced having stability limits down to 300 °C at one atmosphere. 

On the basis of their mineralogy the following eclogites may be 

recognized, namely: omphacite and garnet, hornblende and zoisite or 

glaucophane and epidote eclogites. 

Whatever the mineralogy of the potential parent eclogite from which 

to derive the Port Cygnet magma, which has comparable amounts of soda 

and potash, the latter molecules are misbalanced particularly the potash 

fraction. 
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An outstanding feature of the potassic rocks from Port Cygnet, is 

their very low magnesia content which according to Helz's experiments 

(op. cit.) can be explained by partial melting, not involving a magnesium 

bearing phase. 

But in an eclogitic model, sodium required for the alkaline rocks has 

to be obtained by the breakdown (melting) of a magnesian mineral which 

must cause a significant amount of magnesia to partition into the melt 

and eventually crystallise in a suitable phase. 

There is no evidence of increased magnesia at Port Cygnet and this is 

taken to further demonstrate the unlikely role of eclogite as a parent of 

the Port Cygnet. 

As this model is based on an initial alkali basalt it seems that 

an unnecessary step (i.e. eclogite formation) is involved and leads to 

a more complicated model. 

There seems little evidence favouring Miller's R.E.E. model for 

the Port Cygnet alkaline rocks, on the basis of no direct evidence 

of an eclogitic parent, low initial strontium isotope ratio, higher 

(>2000 ppm) of trace strontium, rather greater relative amount of 

potash and the small complex relative to those quoted by Miller. The 

rocks may also be too undersaturated. 	Thus a granitic or eclogitic 

source for the Port Cygnet rocks is not favoured and leads to a model 

based on an alkali basalt equivalent with an undersaturated feldspathic 

component as a source of the alkaline rocks. 	The chondrite normalized 

R.E.E. pattern for the sanidine rocks is similar to alkali basaltic 

patterns (Haskin and Paster, 1976). 

If the feldspathic part of this was completely melted then no 

significant europium anomaly would be produced (Hanson, 1978). With 

separation of a calcic plagioclase and pyroxene the light R.E.E. group 

would be enhanced, the europium anomaly suppressed (Hanson, 1978; 

Larsen, 1979), strontium accumulated and niobium and zirconium depressed 

which would empirically satisfy most of the requirements of the sanidine 

rorkc from Port Cyr/net_ 
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In addition, according to the work of McCallum and Charette (1978), 

a residue containing aluminium and titanium would lead to a depletion 

of niobium in the parent melt fraction. 

The melting of the alkali feldspathic fraction of a rock similar 

to the Mt. Porndon basanite, but with greater undersaturation and with 

the removal of a calcium-rich plagioclase, would be compatible with the 

requirements for the formation of the sanidine rocks. 

Evidence of a Parent Material in the Port Cygnet Area 

If the syenites have been derived from some parent material, there 

should be a more mafic associated feature at Port Cygnet by virtue of 

the relatively low concentration of iron oxides and very low amount of 

magnesia present in all rocks except for those in which amphibole is 

present. 	If the proposal that the Port Cygnet syenite porphyries have 

had, in part, an origin from partial melting of the quartzo-felspathic 

components of an amphibolite now represented by the inclusions from 

Mt. Windsor, then there should also be a mafic hornblendite with a 

relative enrichment of iron and magnesium and impoverished, particularly 

in feldspathic component, as a complementary rock beneath Port Cygnet. 

Surface gravity and magnetic surveys have been conducted over 

the Cygnet area (Leaman and Naqvi, 1967) and have not revealed any 

large anomalies which might be ascribed to an underlying body. 	The 

magnetic survey detected localized surface features associated with 

the hybrid rocks at Regatta Point and another feature of surface 

occurrence in the estuary of Port Cygnet (Leaman, 1967, 1977). 	While 

these are very intense, up to 1500 gammas, it is not considered that 

these would be detected on a high level aerial survey. 	However there 

is a general magnetic high over Port Cygnet with a maximum surface 

anomaly of approximately 2800 gammas. 	Leaman and Naqvi (1967) suggested 
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an anomaly due to altered dolerite at a shallow depth but were not very 

confident as to how deep it might be. 	Leaman (1977) also found evidence 

that there may be a deep seated magnetic anomaly beneath Port Cygnet. 

An aeromagnetic survey of Tasmania by the Australian Bureau of 

Mineral Resources (Finney and Shelley, 1966) included one traverse (no. 

18) at 3000 metres which crossed the Port Cygnet complex and also 

covered Tasman Peninsula to the east where gravity indicates large 

dolerite feeder channels with 300 metres of dolerite exposed on Tasman 

Island (Fig. VII-5). 

The traverse showed a large anomaly of 250 gammas over Port Cygnet, 

but no significant anomaly over Tasman Peninsula. 	This is one of the 

largest anomalies observed throughout Tasmania. 	Dolerite also occurs 

abundantly in areas around Port Cygnet (see attached geological map of 

Tasmania), thus there is some suggestion of a body containing a 

significantly greater amount of magnetic minerals than does dolerite in 

the area. 	Gabbros and basaltS could be expected to have a similar 

pattern to that of dolerite. An iron-rich amphibolite or hornblendite 

beneath Port Cygnet could provide a magnetic signature similar to the 

one observed. 	A magnetite body or a magnetite-bearing ultramafic 

body could also cause the same characteristics. The anomaly represents 

the maximum part of an anomaly bearing approximately southwest-northeast 

with areal dimensions at least 50 km x 20 km, and of adequate volume to 

supply the melt fraction proposed to contribute to the formation of the 

syenite porphyry. 

The survey of Finney and Shelley (op. cit.) also showed another 

anomaly similar to the Port Cygnet feature but occurring in the Savage 

River area, North West Tasmania, where there is an ore deposit of magnetite 

associated with amphibolite (Coleman, 1976), bordering an ultramafic 

bearing Cambrian ophiolite complex (Brown et al., 1980). The source of the 

Port Cygnet anomaly could represent a similar association. 
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While the surface geology of Tasmania shows no amphibolite younger 

than Cambrian, another possibility is that fractionation of the Tasmanian 

Upper Devonian granitoids could have led to the derivation of a concealed 

hornblende-plagioclase restite acting ds a parent for the Port Cygnet 

alkaline rocks. 	The Cambrian amphibolite is preferred on the grounds of 

its metamorphic texture, low rubidium value, and the initial strontium 

isotope ratios which for a granitic derivation would have 0.706 as their 

lowest value (Cocker, 1977). 	The precise interpretation of the Port 

Cygnet anomaly is difficult but could represent a body somewhere between 

7 km to 15 km below the surface. 

A gravity survey conducted by Leaman and Naqvi at Port Cygnet was 

aimed at determining the structure of dolerite intrusions in the area; 

however these authors point out (p.77) that the residual Bouguer gravity 

of 4-5 mgals might also be due to a basic or ultrabasic intrusion in the 

basement rock. 	Furthermore they point out that the magnetic and 

gravity anomalies are quite probably related. 

Thus the evidence is that a concealed mafic-ultramafic body, not 

dolerite, which could be associated with the formation of the alkaline 

rocks, may exist at depth beneath the Port Cygnet area. The amphibolite 

inclusions have been suggested as one parent component of the syenite 

porphyries with the parent of the sanidine rocks as the other. 	For 

similar reasons the residual material from the formation of the sanidine 

rocks, must also be mafic-ultramafic but whether it is now present in 

the crust or sub-crustal cannot be determined. 

The Depth of Formation of the Alkaline Rocks 

Assuming that the alkaline rocks formed by some two stage process, 

and have been derived from mafic parental rocks, under conditions of 

water saturation (PH  0 = total (e.g. Bailey in Bailey and Macdonald, 
2 

eds. 1976, p.88) on the basis of the simple mineralogy and flow textures, 
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an estimate of their depth of formation may be made. 	In a water 

saturated environment with the melt on a negative sloping curve there may 

be difficulty in-the melt rising to higher levels in the crust. 	This 

restriction can be overcome if the system is heated beyond the temperature 

required for the equilibrium curve at a particular pressure. 	This can 

lead to a relative undersaturation of the system but allows it to rise to 

higher levels before intersecting the crystallization curve. 

Similarly, for the Port Cygnet rocks there has probably been a degree 

of superheating which has allowed their intrusion relatively high into 

the crust. A consequence of their saturation and negative slope melting 

curve however is that they are emplaced as intrusives with no evidence 

of lava flows or surface activity in the area because loss of vapour at 

lower pressures leads to a higher melting point for the system. 

As the evidence from the grey matrix rock (CY74) shows calcite 

reaction rims on melanite garnet the fCO 2  was low at the time of formation 

of the primary alkali melt with this phenomenon showing a change in fCO 2  

at a later stage possibly due to minor contamination since the initial 

strontium isotope ratios indicate this to be a mixed rock. 

While the presence of other vapour phases (e.g. CO 2 ) will reduce 

PH 0 	total and consequently alter phase boundaries, no CO 2  bearing 
2 

fluid inclusions have been identified. 

Most inclusions occur in the syenite porphyries and are represented 

by amphibolite (most abundant) with quartzite, some epidote, and rarely 

marble. 	This group is representative of the crustal environment. 

The size and degree of development of the syenite porphyry phenocrysts 

is not as great as those of the sanidine porphyry where the evidence 
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is of a deeper magma chamber where euhedral sanidine crystals grew with 

time such that successive intrusions of the sanidine bearing rocks 

contain larger phenocrysts (e.g. the increasing phenocryst size as 

shown at Holland's Quarry, Pl. 2). 

The sanidine porphyries lack inclusions with the allanite inclusion 

(Pl. 31) the only one observed occurring in these rocks. The iron-muscovite 

inclusions in X50 suggest a crustal environment, and as this dyke does 

not have a well developed porphyritic texture the few phenocrysts in this 

rock have developed somewhat higher in the crust. 

The inclusion of epidote with its reaction rim and feldspar over-

growth, in CY76, presumably represents epidote taken from the country 

rocks. Liou (1973) has determined the stability of epidote, with f0 2  

defined by the hematite-magnetite buffer, to 748 °C at 5 kbar. 	Bird 

et al. (1980) find similar results with the possibility of extrapolation 

to about 800 °C at 6 kb corresponding to a depth of 22 km which could 

be regarded as the maximum depth at which the syenite porphyry began 

to crystallize. This would be on the high heat flow geotherm 

(Fig. VIII-1) at 800 °C and above the alkali syenite minimum melt 

assuming a smooth curve. The minimum depth of crystallization would 

then be about 6 km (Fig. VIII-1) and the true depth of formation somewhere 

between these extremes, with the coarser syenite porphyries (which include 

the epidote bearing CY76) possibly forming at the greater depth or simply 

remaining longer in the magma chamber. 

As the micaceous inclusions in X50 are closer to muscovite in their 

compositions their maximum stability temperature would be approximately 

700 °C (Velde, 1965) which would place the maximum depth at 20 km on the 

high heat flow geotherm. 	Since it is unlikely that the inclusions (both 

epidote and iron-muscovite) were derived from source rocks near the base 

of the crust, they would have been incorporated at some lesser depth with 

the enclosing sanidine in X50 growing over these at a later stage. 
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The only inclusion recorded in the sanidine porphyries is of 

allanite which is a crustal rather than subcrustal mineral. 	The optical 

and structural data for the sanidine phenocrysts suggest they were formed 

or annealed at a temperature near 900 ° C (Marfunin, 1966) which if 

extrapolated down the high heat flow geotherm (Fig. VIII-1) gives a 

depth close to 26 km. At this depth Mg-bearing phases are almost 

certainly present and from Helz's experiments (op. cit.) temperatures 

should not greatly exceed 1000 °C otherwise significant amounts of 

magnesium would partition into the melt. 	This temperature could be 

regarded as maximum because the presence of other vapour phases (e.g. CO 2 , 

HF) would reduce the temperature stability of sanidine. The evidence at 

this stage does not indicate a significant fCO 2  in the system, and the 

maximum temperature drop may have been around 100 °C (Holloway, 1976). A 

reliable independent pressure indicator is not available. 

The above data indicate . that the parent melt was generated near the 

crust-upper mantle boundary. - Presumably the finer grained dykes 

represent early formed material, some of which mixed with country rocks 

to form the garnet trachyte, iron-muscovite bearing rock and 

syenite porphyry, after being derived directly from the primary source and 

intruded without having gone through a static stage of crystallisation of 

sanidine phenocrysts. 

Precisely where the sanidine phenocrysts were generated cannot be 

determined. They probably developed in a separate magma chamber (based 

on the lack of inclusions when compared with the syenite porphyries) 

however there is the possibility, because of their later intrusion that 

• they may have crystallised in the chamber originally occupied by the 

syenite porphyry magma. This would then explain the grey groundmass 

rocks as an intermediate mixed rock as indicated by the strontium isotope 

data. 
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The non-appearance of leucite in the feldspathoidal rocks may 

place a minimum depth limit in the range of 5-6 km assuming water 

saturated conditions. 

On the basis of the above and the low initial strontium isotope 

values it is proposed that the sanidine porphyries have been derived 

from partial melting of an undersaturated alkali mafic parent which 

occurs near the base of the crust at Port Cygnet. This may also 

constitute the deep seated source of the gravity anomaly suggested by 

Leaman and Naqvi (1967). 

The Heat Source 

In a summary of heat flow data for Australia, Sass and Lachenbruch 

(1979) delineated three main heat flow provinces. 	They came to the 

conclusion that heat flow from the mantle is uniform across the 

continent with variations in surface heat flow due to variations in 

the distribution of radioactivity for the western two-thirds of the 

continent, however in the eastern third of the continent where the 

natural radio-activity is not high enough, and the crust (.1-40 km) is 

too thick for massive melting, high heat flows have been attributed 

to upper crustal intrusions more widespread than suggested by observed 

vulcanism. 

At the present time Tasmania is part of a high heat flow (>1.5 hfu) 

band extending from the southeast part of the continent to Arnhem Land 

(Northern Territory). These conditions have probably existed through-

out the Cenozoic era, and the Port Cygnet rocks .could well have been 

associated with the precursor of the present situation. 

The palaeomagnetic data for Ordovician limestones from the Ida Bay 

area, approximately 50 km southwest of Port Cygnet, give a pole position 

which falls close to the Late Cretaceous-Early Tertiary parts of the 

Australian apparent polar wander path (Sharples and Klootwijk, 1981). 
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These authors considered this to be a magnetic overprint reflecting 

"an increased geothermal heat flow during initial rift forming 

processes preceding opening of the Tasman Sea", as part of the break-up 

of Gondwana Land. This evidence would favour the extension into the 

Cretaceous of the molten substrate proposed by Sass Lachenbruch (op. 

cit.) and provides a tectonic association, so common with continental 

alkaline rocks. 

Embleton (1981) also comments on a Cretaceous palaeomagnetic 

overprint pole for rocks in the Sydney Basin which he considered was 

related to initial rifting heralding sea floor spreading leading to 

the formation of the Tasman Sea. The removal of overburden associated 

with this, produced uplift thereby reducing temperatures in the upper 

crust of Eastern Australia in mid-Cretaceous times. 	If applied in 

the Tasmanian region this mechanism would explain the small amounts of 

melt generated in the Port Cygnet complex, the very similar Mt. 

Dromedary complex, N.S.W. (Boesen, 1964 - see appendix I) and also in 

the smaller Cape Portland complex (see later). 

The evidence of widespread Tertiary basaltic lavas throughout 

southeast Australia and Tasmania is direct evidence of melting in the 

upper mantle, and the emplacement of the Port Cygnet rocks (and also 

the Cape Portland rocks) probably a consequence of an initial heating 

event that led ultimately to the Tertiary basaltic flows. 

Note on Cape Portland Rocks 

A very small complex of lamprophyric dyke rocks occurring near 

Cape Portland, at the northeastern tip of Tasmania, is about the same 

age as the Port Cygnet rocks (Jennings and Sutherland, 1969). Analyses 

of two of the more siliceous rocks of this complex, recalculated 

anhydrously, are compared with Helz's (1976) partial melt for an 

olivine tholeiite at 5 kbar pH 20 and 1045 °C (Table VII-5). These are 

generally similar to the olivine tholeiite partial melts with the 
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major exception again being potash, markedly enriched in the lamprophyres, 

and Ti0 2 , enriched in Helz's partial melt. 	It may be that in the 

natural environment with a relatively open system as opposed to an 

experimental one, particularly in the presence of volatiles, potassium 

may be preferentially concentrated. Of all the common rock forming 

elements, potassium has by far the largest ion and would be expected 

to be parted from its initial environment more readily than the other 

elements. The composition of the melt has been recalculated assuming 

potassium has been added as potash. 	Empirically the addition of 

potash to a melt derived in a similar manner to Helz's experiments 

may give rise to liquids comparable to those of the Cape Portland 

rocks. These may have formed from mixing of a potash rich liquid, 

having an upper mantle derivation, with a partially melted olivine 

tholeiite. The potash rich source may have been related to the Port 

Cygnet source, but much more - detailed investigation is required to 

establish the truth of this proposition. 	It could also happen that 

partial melting of an olivine basalt at higher pressures than those 

applied by Helz (op. cit.) caused a greater amount of potash to become 

incorporated in the partial melt to improve the similarity noted above 

No trace element or isotope data are available for these rocks which 

also may not represent the freshest specimens from this complex. 

THE ORIGIN OF THE GARNET TRACHYTE 

The most unusual rock from the Port Cygnet alkaline complex is the 

garnet trachyte originally described by Macleod and White (1898), and 

now in Chapter II above. 	The characteristic features of this rock are 

the presence of apparent rounded crystals of green epidote and brown 

spessartite with narrow rims of white potash feldspar, embedded in a 

dense dark grey aphanitic groundmass. 	Because of its unique character 

(Plate 12), and undoubted igneous origin, a model for its formation will be 
proposed. 
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TABLE VII-5 

COMPARISON OF CAPE PORTLAND ROCKS WITH EXPERIMENTAL PARTIAL MELT 

SiO2  57.85 54.84 55.50 54.27 

A1 203 16.59 15.56 17.30 16.92 

Fe203 2.66 3.40 

FeO 5.63 6.70 8.46 8.27 

MnO 0.18 0.20 0.14 0.14 

TiO2 0.68 1.13 2.21 2.16 

CaO 6.35 7.94 9.25 9.04 

MgO 3.07 4.12 3.36 3.29 

Na20 3.58 2.99 2.80 2.74 

(20 3.17 2.89 0.71 2.91 

P20 5 0.38 0.72 0.28 0.27 

100.14 100.49 100.01 100.01 

Sphene-augite- 
hornblende 
spessartite 
(anhydrous from 
Jennings & 
Sutherland 1969) 

Hornblende- Olivine tholeiite 	+2.25% K20 
porphyrite 	pH20 = 5 kb 

temp. = 1045 °C 
(from Helz 1976) 
(partial melt) 

The origin of the epidote and to a lesser extent that of the 

spessartite is a problem, which has to be solved if the origin of the 
• 
garnet trachyte is to be established. The major and minor element 

composition of this rock is given in Table VII-7. 	The notable 

features of the analysis are the large amount of MnO, small amount of 

Na 2O and the unusually high concentrations of lead (2552 ppm) and zinc 

(2030 ppm). 	The high concentration of MnO can only mean contamination 

of the original magma by manganiferous material or partial melting of 

a manganese-rich source. There is no other known process whereby a 

high MnO concentration can be built up in a melt. 	The question still 

arises as to whether the spessartite is a xenocryst or a true 

phenocryst. 

Spessartite can be a primary constituent of alkaline rocks. 
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Epidote may be a constituent of alkaline rocks but it usually occurs as 

a late stage hydrothermal mineral or as an alteration product of 

earlier formed minerals. 	In referring to epidote-rich rocks as 

epidosites, Johannsen (1937) implied that these were derivative rocks 

formed by alteration rather than being of primary igneous origin and 

this is a generally accepted implication. 

Other similar occurrences include the Kamloops garnet syenite 

which from the description is a melanite-bearing rock [Kwak (1964), 

quoted by Currie (1976, pp.141-143)], and hence not very different 

from the sanidine porphyries and the Galore Creek body described by 

Kerr (1948) as representing at least five intrusive phases. 

Brecciated phases of the Galore Creek syenites contain lenses and 

pods of intensely metamorphosed biotite-orthoclase-garnet-epidote 

rocks which are assumed to have been derived from surrounding volcanic 

rocks. 	Some of the latter rocks contain pseudo-leucite phenocrysts. 

Brown garnets and colourless garnets are present, but their compositions 

have not been determined. The epidote occurs associated with the 

alteration of the orthoclase. 

The epidotes and spessartites of the garnet trachyte, apart from 

the feldspar rims, are isolated crystals with no evidence that they are 

'alteration products of other minerals. If these are xenocrysts then it 

would be expected that other signs of their parent environment would ' 

appear in the rock. The evidence from syenite porphyry CY76, for 

example (Pl. 22), 	shows 	epidote as a xenocryst phase reacting 

with the magma to produce a protective rim of amphibole. In the 

case of the garnet trachyte the rim of potash feldspar could also act 

as a protecting layer to stabilize the mineral. 	The spessartites 

are commonly coated with a layer or accompanied by a crystal of pyrite 

which places a limit of about 742 °C for this mineral in a low 
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pressure - low sulphur environment. 	Epidote may enclose spessartite 

and pyrite, but never the reverse (Pl. 12). 

From the data of Bocke (1914) quoted by Winchell (1951) there 

would appear to be a miscibility gap between the pyralspite and ugrandite 

groups of garnets. 	Winchell suggests (op. cit.) that this gap could 

be bridged by manganese garnets because of the better size compatibility 

of manganese and calcium atoms. 	If the garnet molecular proportions 

are plotted on Bocke's diagram they fall well within the miscibility 

gap (Fig. VII-6). 	Smith and Albee (1967) have also drawn attention to 

this gap and have a spessartite garnet plotting within it. 

Brown (1967) found spessartite garnets of metamorphic origin, in 

greenschist facies rock, from Eastern Otago, New Zealand, which also plot 

in this gap, but his minerals had a much smaller range in spessartite 

component (15-17 with one anomalous value at 70 mol.%), and probably did 

not represent an equilibrium situation on a small scale although overall 

the system was regarded as approximating equilibrium. 

Although the garnets and epidotes apparently crystallized 

simultaneously, manganese is favoured by the garnet with little in the 

epidote. With so much MnO in the system the presence of the piemontite 

molecule in the epidote would have been expected. The mineral analyses 

arg given in Table VII-6. 	From these data the following points emerge: 

the garnet cores are invariably richer in the spessartite 

molecule and poorer in grossular than the rims, suggesting crystallization 

from a melt which was being progressively depleted in manganese. 

manganese is a minor component in the epidote crystals whose • 

Al/Fe 3 + ratio varies from about 2.230 to 2.912. 

the iron prefers the epidote structure to that of the garnet 

with the partition coefficient being about 3. 

• Smith and Albee (1967) in describing the petrology of a piemontite-

bearing gneiss at San Gorgonio Pass, California, found that in an 
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Figure VII-6 Compositions of spessartite garnets from 
garnet trachyte, plotted on the variation 
diagram from Winchell (1951). 

environment where conditions were less oxidising, epidote, rather than 

piemontite, crystallized together with a manganese-rich garnet. 	In 

less oxidised zones, trivalent manganese (necessary for piemontite to 

form) is absent. 	Iron and manganese with different valencies have 

been sharply partitioned in these rocks. 	By analogy the relatively 

large amount of manganese in the garnet trachyte melt would have 
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oxidised the iron present, which conversely keeps the manganese reduced, 

thus forcing iron into the epidote structure in preference to divalent 

manganese. 

Under the conditions of formation of the garnet trachyte the partition 

of the elements would have reached equilibrium more rapidly than in the 

metamorphic environment. 	Smith and Albee report 1.30% MnO in epidote 

associated with spessartite containing 24.1% MnO, 11.5% CaO and 18.3% 

A1 20 3  which may be compared with the analyses in Table VII-6. 	The 

buffering of the system by iron (indicated by iron chlorite in the unaltered 

groundmass) has kept the epidote relatively free of manganese which has 

almost exclusively formed the spessartite garnet. 	The influence of 

manganese on the iron in the melt would have been of the following type: 

Mn" + Fe" t Mn" + Fe" 

This equilibrium can be compared with the standard oxidation 

,potentials in acid solution,.e.g. 

Fe" t Fe" + e -  = +0.77 volt 

Mn" * Mn" + e = +1.51 volt (Krauskopf, 1967) 

from which it follows that manganese would act as an oxidising agent 

in the above simple equilibrium. 	Thus with an excess of Fe" all the 

manganese would be reduced and this would have suppressed the piemontite 

molecule and favoured the formation of epidote and spessartite. 	The 

remaining iron is contained in the chlorite in the groundmass. 

In offering an explanation of this rock it is useful to first 

consider the observations of Plimer (1974) who described metasomatic 

alteration of a roof zone from the Bega granite, N.S.W. Here a leuco-

cratic soda syenite is surrounded by concentric spessartitic and 

sericitic alteration zones, with a range from spessartitized soda 

syenite to a rock composed entirely of spessartite garnets. 	The 

spessartite replaces the albite-rich plagioclase in the syenite. 
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Plimer envisaged the metasomatic spessartitization of the pre-existing 

rock by the reaction of Mn" and Fe" with albite to form spessartite 

with the removal of sodium. Plimer's proposed reaction is: 

2NaA1Si 308 + 3(Mn,Fe)" + 2H 20 = (4n,Fe) 3Al 2 (SiO4) 3  + 3Si0 2  + 4H+  + 2Na+  
albite 	 spessartite 	quartz 

He considers that the potash feldspars take no part in the reaction. 

An important implication of Plimer's model is that associated with 

the development of the spessartite there should be a concomittant 

decrease in soda which is significant when applying this model to the 

Port Cygnet garnet trachyte, where the low amount of soda has already 

been noted. 

This deficiency of soda implies a mode of formation which may 

be similar to Plimer's mechanism. 	The anomalous character of this rock 

also extends to the trace elements where the high lead and zinc values 

are unique for the Port Cygnet rocks. 	While occasional sulphides, in 

addition to the pyrite associated with the 'spessartite, occur in the 

rock the fact that the feldspars in the matrix have a weak blue 

fluorescence strongly suggests that lead is incorporated in their 

structures. Also the high concentrations of these elements are greater 

than can be accounted for by the sulphides in the rock. 

As stated earlier in Chapter VI, the unusual chemistry of the 

garnet trachyte may have been due to assimilation of a mineralized 

carbonate pod, e.g. Zeehan type (Solomon et al., 1981). 	The main 

feature of these carbonates is the high concentration of manganese 

with manganosiderite being a major component as well as sulphides of 

iron, zinc and lead. 	The Zeehan deposits occur in rocks which are 

underlain by Cambrian volcanics to the east. 	A deep drill hole at 

Glenorchy, a Hobart suburb about 60 km north of Port Cygnet, has shown 

the presence of similar volcanics (Leaman, 1975). 	It therefore seems 
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not unreasonable to assume that Zcehan-type carbonate pods may exist some-

where beneath the superficial Permian rocks at Cygnet. 	It can also be 

noted from Chapter VI that the AS 34  value for the garnet trachyte is 

slightly greater than the other igneous rocks and could be consistent 

with assimilation of a hydrothermal sulphide such as Zeehan type 

sulphides (Both et al., 1969). 

In deriving the exotic minerals by carbonate assimilation the 

following reactions can be postulated: 

3Na 20 + A1 20 3  + 3Si0 2  + 3MnCO 3  = Mn3Al 2 (SiO4) 3  + 3Na 2CO 3  

magma 	spessartite 

6Na 20 + 2A1 20 3  + 6S10 2  + 2FeCO 3  + 4CaCO 3  + H 20 + 0 = 

magma 

2Ca 2Al 2FeSi 3012(OH) + 6Na 2CO 3  

epidote 

• 	Assuming, following Plimer (op. cit.), that the potash feldspar 

takes no part, then the above reactions, especially in the presence of 

water, will eliminate soda from the system in the form of soluble and 

stable sodium carbonate, leaving a rock ultimately deficient in soda. 

The addition of oxygen is necessary to oxidise iron as a requirement 

for epidote. 

Because the strontium isotope data from Chapter VI indicate that 

the tinguaite rocks could be representative of primary magma, the 

compositions of two of these (X44 and CY85A) have been compared with the 

garnet trachyte in Table VII-7. 	All iron has been calculated as Fe 20 3 . 

If a potash magma assimilated carbonates equivalent to the following: 

1.75% MnO, 1.10% CaO and 0.50% Fe 20 3 , the garnet trachyte analysis may 

be recalculated as shown in the remaining columns of Table VII-7, 

assuming soda to have been displaced as postulated above. 	It can be 

seen that a reasonable agreement can be obtained and that the garnet 
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trachyte composition can be derived from the tinguaite composition. The 

absence Of large potash feldspar phenocrysts comparable with the tinguaite, 

from the garnet trachyte implies that the melt was an early phase of the 

alkaline intrusion. 

Experimental Test of the Model 

To test the proposition that the garnet trachyte may have formed 

from assimilation of carbonates by a melt equivalent to X44 or CY85A, 

experiment (No. T860) was performed in the High Pressure Laboratory of 

the University of Tasmania. 	CY85A after having been fused to a glass 

by a preliminary, melting, was crushed and mixed with the appropriate 

amounts of carbonate as specified above. An aliquot was sealed in a 

platinum capsule with an excess of water and then sealed within another 

capsule filled with ferric oxide to maintain an oxidising environment. 

The charge was held in a Boyd-England type solid-medium high pressure 

piston-cylinder apparatus at a - temperature of 800° C and pressure of 

6 kilobars for 72 hours after which the charge was quenched and 

examined by means of electron microprobe analysis. 	800°C was regarded 

as the lowest temperature at which equilibrium could have been attained 

in this apparatus and 6 kb was taken as a probable pressure needed to 

stabilize epidote at such a temperature, although this apparatus is not 

regarded as being appropriate to carrying out buffered experiments where 

£0 2  and H 20 are critical parameters. 

The experiment produced euhedral spessartitic garnet crystals and 

glass, implying formation above the solidus, whose compositions are 

reported in Table VII-8. 	No epidote was apparent. 	Other minerals 

that occur in the charge are potash feldspars and biotite which 

probably represent quench phases. 	Some of the feldspars contained a 

significant proportion of sodium in contrast to the low soda content 
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of those in the garnet trachyte. 	However, this was probably a 

consequence of the necessarily closed system of the apparatus rather 

than the open system which probably operated during the formation of 

the garnet trachyte. 

The synthetic garnets are richer in the andradite molecule than 

the natural garnets which have more grossular molecule. 	Thus the 

experimental garnet has taken up the iron rather than aluminium and 

has also left the groundmass glass relatively richer in lime. 	If 

aluminium could be persuaded to enter the garnet in preference to iron 

then conditions for the formation of epidote would be more favourable 

with the large amount of lime in the glass. 	The presence of potassium, 

sodium and the apparent excess of silica in the analyses suggests 

there may be some included glass present, although this was not 

observed. 	There may also be a degree of hydration present, particularly 

as a result of the high proportion of andradite and grossular molecules 

present. 	With the entry of ferric iron into the garnet the cell size 

would have been increased and this may also have favoured the introduction 

of titanium which is somewhat higher in the synthetic than in the natural 

garnet. Addition of material to act as a sodium sink would improve the 
• 

	

	 experiment. 
' Green (1977) has observed the formation of spessartite garnet as 

a residual phase in melting experiments on model pelitic compositions 

at pressures greater than 7 kb. 

A summary of data on spessartite synthesis by Deer, Howie and 

Zussman (1962) suggests the mineral may be stable dbwn to SOO bars and 

500 °C (for the aluminium-rich molecule). 	Thus the evidence is that, 

once formed, spessartite is stable over a wide range of physical 

conditions and in the particular rock from Port Cygnet might well be 

stable in the lower pressure, temperature regime which would probably 

favour epidote formation. 
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Hsu (1968) found that hydration of spessartite to form hydro-

spessartite with OH replacing SiO4  began at about 600 °C, with OH being 

increasingly accepted as the temperature decreased. 	A total analysis 

of the spessartite garnet from the trachyte (Ford, 1967) shows (Table 

VII-9) negligible H2O thus indicating a crystallization temperature 

above 600 °C. 	According to Hsu (op. cit.) spessartite is not very 

sensitive to f0 2  variations and in his experiments it was stable up to 

930 °C at 500 bars fluid pressure. 

The presence of anhydrous spessartite garnets in low temperature 

greenschist facies rocks (Hutton, 1957) appears to contradict the 

experimental results of Hsu (1968), however, it must be remembered that 

spessartite is structurally related to the small-ion - small-cell 

garnets, having Mg, Fe and Mn as their characteristic cations, rather 

than to the larger-ion - large-cell group represented by the Ca-bearing 

garnets. 

The small-cell garnets do not hydrate but with the larger Mn ion 

and consequent unit cell increase some small degree of hydration might 

be possible for spessartite. 	However, in a low temperature regime 

where pressure may or may not be a significant factor the formation of 

a hydro-spessartite is not favoured. 

It is of value to note that of all garnet molecules, spessartite 

has the highest coefficient of thermal expansion and that the extension 

curve changes slope to a lower rate at about 500 °C, i.e. the rate of 

extension is at a maximum near this temperature and falls gradually 

for higher temperatures. It is more than co-incidental that Hsu's 

experimental garnets hydi-ated near this temperature. 

Thus the experimental results could demonstrate a hydrous 

phase stable around 500 ° C-600 °C which would be below the 

temperature of crystallization in the garnet trachyte due its 

quick cooling, e.g. fine grained groundmass, which is approxi-

mately 40 cm at maximum thickness. 	Hence the inference is that 

Hsu's experiments still apply here. 

The above summary would then place the formation temperature for 

the spessartite from Port Cygnet somewhere in the range from 742 °C to 

930 °C. 

It may be possible, with other apparatus, to operate at a lower 

temperature and pressure and produce epidote as well as garnet. 
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TABLE VII -8 

Electron probe microanalyses of synthetic garnets and 
a feldspar from experiment T860. 

Synthetic 	garnets K-feldspar 

Na20 0.00 0.00 0.00 0.61 0.00 2.29 

MgO 0.31 0.32 0.37 0.51 0.31 0.00 

A1 203 14.03 12.73 13.37 15.82 11.69 18.88 

Si02  36.75 36.64 36.51 37.30 37.02 63.28 

K20 0.24 0.29 0.20 0.38 0.29 12.42 

Ca0 17.91 18.30 18.62 17.29 21.70 0.96 

TiO2 1.97 2.01 2.02 1.08 1.35 0.48 

MnO 16.30 16.33 15.52 15.94 12.81 0.33 

FeO 12.50 13.40 13.39 11.07 14.83 1.36 

Total 99.40 99.57 101.06 98.91 100.03 101.34 

Atomic proportions on basis of 24 oxygen 

K 0.000 0.060 0.044 0.078 0.061 1.463 

Na 0.000 0.000 0.000 0.194 0.000 0.410 

Mg 0.076 0.078 0.092 0.124 0.077 0.000 

Ca 3.168 3.266 3.310 3.024 3.879 0.095 

Mn 2.176 2.304 2.180 2.204 1.810 0.026 

Fe24- * 0.480 0.285 0.374 0.376 0.073 0.105 

Total 5.900 5.993 	' 6.000 000 .. 6900 5 2.099  

Al 2.732 2.500 2.614 3.042 2.298 2.056 

Ti 0.244 0.252 0.252 0.132 0.170 0.033 

Fe 34. * 0.831 1.109 0.989 0.681 1.331 

Total 3.807 3.861 3.855 3.855 3.856 2.089 

Si 6.068 6.102 6.040 6.086 6.174 5.844 

0 24.000 24.000 24.000 24.000 24.000 16.000 

* Fe2+ -Fe 3+  arbitrarily divided between sites 

And. 21.14 28.04 24.91 17.84 34.20 
Py. 1.29 1.31 1.54 2.17 1.32 
Sp. 36.88 38.83 36.60 38.47 30.99 
Gr. 23.17 18.25 21.44 31.49 25.48 
Al. 13.02 4.80 6.28 6.56 1.25 
Sch. 9.40 8.76 9.23 3.46 6.76 



VII-52 

TABLE VII-9 

ANALYSIS OF SPESSARTITE GARNET-COMPOSITE FROM FORD (1967) 

SiO2 36.60 
TiO2 0.34 
A1203 20.50 
Fe2O3 0.70 
FeO 2.70 
MnO 26.00 
CaO 13.10 
Na2O 0.00 
K20 0.00 

P20 5 0.14 

Total 100.08 

However, although the precise formation of epidote must still be 

conjectural at this stage, it would appear that the model proposed for 

the formation of the spessartitic garnet is feasible for this particular 

rock. 

Formation of the Epidote 

With the depletion of the magma in sodium, an albite-rich plagio-

clase cannot form and the composition is pushed to the anorthite molecule 

which is less stable in the presence of water and CO 2 . The water present 

in the magma is not readily accepted into the garnet structure because of 

its relatively small cell size of 11.690 A.U. (Ford, 1967) due to the 

spessartite molecule. Rock (1976) has suggested that calcic plagioclase 

may be present in alkaline rocks associated with gabbroic rocks but absent 

from those associated with carbonatites, and these differences are a 

function of partial pressure of CO 2  with the involvement of equilibria of 

the form: 
A + anorthite = B + calcite 
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For example the spilite reaction of Eskola, Vuoristo and Rankama (1937): 

CaAl 2 Si 208 + Na 2CO 3  = NaAlSiO4 + CaCO 3  

anorthite 	nepheline 

The influence of water and carbon dioxide does not favour calcic plagio- 

clase. 	Alumina has also been removed in the spessartite formation thus 

suppressing zoisite. 	These factors would be empirically expected to 

favour epidote formation. 

TABLE VII-10 

Microprobe analyses of core plagioclase and zeolite alteration in garnet 
trachyte 

Plagioclase core 
(Labradorite) 

Zeolite rim 
(Chabazite) 

Na20 5.72 3.40 
A1 20 3  28.11 20.35 
Si0 2  56.78 49.85 
CaO 9.40 6.68 
K 20 0.00 1.12 
H 20* 0.00 18.60 

Total 100.01 81.40+ 

Cations on basis of 16 Oxygen Cations on basis of 72 Oxygen 

Na 0.992 Na 3.233 
Ca 0.901 Ca 3.510 
Al 2.964 K 0.702 
Si 5.079 Al 11.759 
0 16.000. Si 24.427 

0 72.000 

*H 20 by difference, + Total less H 20 

The stability of epidote has been studied extensively by Holdaway 

(1972), Liou (1973), Helgeson et al. (1978) and Bird and Helgeson (1980). 

Although these studies have been in hydrothermal systems at conditions 

designed to model the formation of epidote during metamorphism, it is 

obvious that f0 2 , pressure, temperature, and co-existing garnet phases 
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are important. 	With f0 2  defined by the hematite-magnetite buffer under 

the conditions used by Liou, epidote is stable up to 748 °C at 5 kb 

('H 20 = total) and drops to 635 °C at 2 kb, with grandite garnet and 

anorthite as equilibrium silicate phases. 	From the summary of data 

given by Helgeson et al. (1978) it is possible for epidote to exist up 

to about 800 °C and 6 kb where H 2OP 	=total• These conditions are 

equivalent to a depth of 23 km which is approaching the base of the • 

crust at Port Cygnet, but is too deep for the occurrence of a carbonate 

ore deposit. 

If the original primary alkaline magma was contaminated with a 

Zeehan-type carbonate, the stratigraphic column for Tasmania would place 

it at a maximum allowable depth of 7 km which is approximately equivalent 

to 2.5 kb. At this pressure the maximum temperature for epidote 

according to Liou (1973) is close to 700 °C. 	This is consistent with the 

textural sequence of crystallization of epidote after pyrite which would 

have a maximum stability temperature close to 770 °C at this pressure. 

According to Bird and Helgeson (1980) provided there is sufficient iron 

present, an increase in fCO 2  will favour epidote formation. 	Thus growth 

of epidote phenocrysts (which are not as abundant as the spessartite) at 

a temperature around 700 °C is thus possible with the addition of CO 2  to 

the volatile component also assisting in the emplacement of the dyke. 

Increasing f0 2  is important in enlarging the epidote stability field. 

For the hydrothermal system Liou states (p.409) that "introduction of 

albite component into the equilibrium ... would drastically displace the 

equilibrium boundary toward lower temperatures". 	Thus in the case of the 

garnet trachyte it is deduced that the removal of sodium would have 

encouraged a higher temperature for the stability of epidote. When 

compared with Liou's results the epidotes from the garnet trachyte tend 

to be relatively alumina-rich with Al varying from 4.46 to 4.75 and Fe" 

from 1.47 to 1.82 on the basis of 25 oxygen. 
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The latest work on epidote stability is by Bird and Helgeson (1980) 

who calculated the stability of epidote in a hydrothermal system involving, 

among others, grandite and plagioclase solid solutions. They have established 

that epidote may be in equilibrium with plagioclase inter alia only at low 

activities of CO 2  hence carbonate assimilation by the magma would not favour 

crystallization of an anorthite rich plagioclase. 	This is consistent with 

the observation of a zeolitized labradorite rim (Pl. 44), described in 

Chapter II now representing an original alteration of the mineral. The 

presence of the relict supports the proposal that elimination of sodium 

would initially favour the formation of a calcium-rich plagioclase, with 

the replacement of the feldspar by zeolite further supporting the model 

by demonstrating the instability of the labradorite in this environment 

gable VII-10). In their work, Bird and Helgeson (op. cit.) found that 

epidotes with greater iron contents have wider stability fields at higher 

temperatures but in the hydrous system involving equilibria with grossu- 

larite and anorthite the maximum temperature for epidote stability is just 

over 600 ° C. 

From the data presented above it can be seen that the stability 

ranges of spessartite and epidote do overlap but increasing temperature 

of formation requires a higher confining pressure for epidote because of 

its hydrous nature. If.assimilation of a carbonate pod in Palaeozoic rocks 

by tinguaitic magma is the raison d'etre for this rock, the melt must have 

been static in the crust for a period of time sufficient to growth the 

phenocrysts. Many of the spessartite crystals are associated with crystals 

of pyrite, some of which occur as overgrowths and in turn may be enclosed 

by epidote (Pl. 12). 	In a low pressure environment pyrite will lose 

sulphur at 742 °C (Arnold, 1962) with an increase of 14 ° /kbar (Kullerud 

and Yoder, 1959). 	Thus the spessartite would have substantially 

finished crystallizing by this temperature which is just below the 

maximum temperature for epidote stability at 5 kb (Liou, op. cit.). 

If the epidotes formed from the same magma that had produced the 
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• spessartites, it would be expected that there would be a mall 

partitioning of manganese between these two phases. 	From the data 

of Table VII-6 it is apparent that there has been a partitioning of 

manganese between these suggesting that they are phenocrysts in the same 

magma. With the spessartite forming before the epidote the potential 

for anorthite formation would have been depressed by the removal of 

aluminium in the garnet and the presence of volatiles including CO 2  in 

the magma which ultimately favour crystallization of epidote. 

The conclusion is that the garnet trachyte contains primary 

phenocrysts of spessartite and epidote with the latter forming at a 

later stage. The garnet trachyte has then crystallized a primary 

igneous epidote which is most unusual for this mineral which normally 

occurs as a late stage alteration product in this environment. 	A 

feature of the model requires that the melt was static for enough time 

in which to grow two sets of . phenocrysts. 

ORIGINS OF OTHER ROCKS 

The Brown Matrix Rocks 

These rocks, described previously in Chapter II, are found at 

only two small outcrops at Port Cygnet, and contain subhedral oligoclase-

andesine crystals with potash feldspar overgrowths, together with discrete 

sanidine crystals. 	Because of their relatively high potash content, 

and the presence of sanidine, these rocks have been plotted with the 

sanidine rocks in the general chemical diagrams. 	As already outlined 

in Chapter II the interpretation is that they represent a late stage 

fractionation of the syenite porphyries, with potash feldspar overgrowths 

probably representing a resorption of the earlier plagioclase and at 

least representing crystallization along the cotectic line near the 

feldspar minimum. 	Their Ab-Or-An normative compositions are distinctly 
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different from the syenite porphyries. 	In addition they are markedly 

impoverished in strontium and enriched in cesium relative to the 

syeniteporphyries, and their chondrite-normalized rare earth element 

patterns have negative europium anomalies as distinct from the more 

uniform pattern of the syenite porphyries (Fig. V-18). These observations 

would be consistent with fractionation of the syenite porphyry melt with 

crystallization of plagioclase leaving a strontium-depleted residue with 

a chondrite-normalized negative europium anomaly (compare oceanic 

trachytes). The barium values show no trend to suggest that fractionation 

of potash feldspar has occurred. 	This may have been the last material in 

the magma chamber leading to intrusion as dykes with flow textures similar 

to the sanidine-only phenocryst dykes, rather than the granular textured 

groundmass of the syenite porphyries. 

The Hornblende Porphyry 

This rock type is best represented in CY91 from Petcheys Bay but 

also occurs as finer grained varieties from the eastern part of the 

Port Cygnet Complex (e.g. CY2). 	Because of the relationships 

demonstrated in Figs. III-10 - 111-13, the hornblende is considered to 

be recrystallized from a source related to the amphibolite inclusions 

from Mt. Windsor. The source of the pyroxene is not easy to determine 

but its occurrence as disaggregated patches and inclusions in the rock 

is indicative of an alternative source. The hornblende and pyroxene 

probably have a common source but this cannot be unequivocally 

established at this stage. 
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CHAPTER VIII 

SUMMARY AND CONCLUSIONS 

A summary of the data and discussions of the earlier chapters is 

given in the following paragraphs. 

ALKALINE ROCKS 

The alkaline rocks of Port Cygnet were intruded into Permian and 

Jurassic country rocks during the late Cretaceous as numerous small 

dykes and sills. 

Many of the alkaline rocks are slightly oversaturated syenite 

porphyries with oligoclase-andesine as the main phenocryst phase. Others 

are undersaturated and sanidine-bearing, varying from fine-grained non-

porphyritic varieties to rocks - with large euhedral sanidine phenocrysts 

exhibiting pronounced flow textures. 

Direct intrusion of the feldspathic melt without a static period for 

phenocryst formation produced fine-grained dykes lacking phenocrysts and 

carrying sanidine crystals only in the groundmass. 

The porphyritic and pseudo-cumulate texture of some of the syenite 

porphyries shows initial slow crystallization in a magma chamber followed 

by injection into the present day intrusive forms. 

Field evidence shows the sanidine porphyries intruded after the syenite 

porphyries, with the phenocryst size being larger for later intrusions. 

The sanidine porphyries may be divided into green groundmass and 

grey groundmass groups correlated with presence or absence of aegirine. 

Variants of these includeiron-micainclusion-bearing and scapolite-

bearing rocks and a unique garnet epidote trachyte. 

Other unusual rocks are those with a brown matrix and mixed feldspar 

phenocryst assemblage, and the rocks with phenocrysts of euhedral horn-

blende (hornblende porphyry). 
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Major Element Data 

The agpaitic index for the alkaline rocks is less than unity hence 

they are miaskitic rather than agpaitic syenites. 

The major element chemistry is dominated by potassium in the 

sanidine porphyries but less so in the syenite porphyries. 

The major element compositions of the syenite porphyries are close 

to the average alkali syenite of Nockolds (1954), but not the average 

syenite of Le Maitre (1976). 

The major element compositions of the sanidine porphyries are close 

to the Juvet-type syenite of Nockolds (1954) and nepheline syenite of 

Le Maitre (1976). 

Major element compositions for the main rock types can be matched 

by simple mixes of amphibolite matrix, tinguaites (green matrix rocks), 

syenite aplite and amphiboles from the amphibolite. 

Plots of potash, silica, ferric oxide and to a lesser extent soda 

against the Thornton-Tuttle D.I. show parallel rather than common 

trends suggesting two groups of rocks with no simple differentiation 

mechanism relating them. 	Trace elements also show parallel trends for 

the syenite porphyries and sanidine porphyries with regard to rubidium, 

cesium, strontium, barium, scandium, gallium and zinc. Harker plots do 

not show fractionation trends but rather two rock groups. 

The Bailey-Macdonald plots show the alkaline rocks plotting as two 

adjacent groups and imply no feldspar fractionation. 

On the nepheline-quartz-kalsilite triangle the syenite porphyries 

and the sanidine porphyries plot as two groups straddling the feldspar 

thermal divide. 

The normative albite-orthoclase-quartz triangle and the nepheline-

kalsilite-quartz triangles show the syenite porphyries tending to plot 

nearer the higher pressure minima but the core-rim compositions of the 

feldspar phenocrysts are not consistent with an equilibrium system. 
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The above normative plots for the syenite porphyries tend towards 

a high pressure minimum, in a water-saturated system of 5 kb. 

This could represent a maximum depth of crystallization of 20 km, 

near the upper limit of plagioclase stability (Fig. VIII-1) but it is more 

likely crystallisation occurred somewhat higher in the crust. 

Minor Element Data 

Concentrations of the trace elements rubidium, strontium, barium, 

scandium, gallium and niobium in the syenite would also be consistent 

with mixes of amphibolite and tinguaite compositions. 

The light rare earth chondrite-normalised patterns of the syenite 

porphyries would be consistent with a mix of the amphibolite matrix and 

sanidine porphyry patterns. 

The chondrite normalised rare earth element patterns for the 

alkaline rocks have negligible europium anomalies, also suggesting no 

feldspar fractionation to produce syenite porphyries and sanidine rocks 

from a - common parent magma. 

The brown matrix rocks do have chondrite normalised rare earth 

patterns with significant europium anomalies indicating feldspar 

fractionation. 	Reinforcing this conclusion, the trace concentrations 

of strontium and barium are typical of non-plagioclase fractionated 

sequences with the exception of the abnormally low strontium concentrations 

of the brown matrix rocks, apparently a result of fractionation. 

The high concentrations of cesium (6 ppm in CY61 and 56 ppm in 

CY92) are also consistent with a fractionation process for the origin 

of these rocks. These are very high values for syenite porphyry 

derivatives. 

The trace element and major element concentrations of the sanidine 

rocks are empirically similar to the felsic fractions of undersaturated 

alkali basaltic rocks. 
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Whilst most high cesium values are regarded as of crustal origin, 

the concentration of this element in the sanidine rocks is most likely 

due to vapour phase concentration. 

The source of the potassium-rich rocks was depleted in niobium 

and zirconium which would be consistent with a basaltic source if 

these elements were partially incorporated into ferromagnesian minerals, 

magnetite and ilmenite of the parent rock. 

Mineralogical Data 

The feldspar data are not consistent with the co-existing feldspar 

geothermometers of Stormer and Powell & Powell and do not demonstrate 

equilibrium systems, nor does the distribution of feldspar compositions 

on the Seck plot, however they do indicate empirically, a higher 

crystallization temperature for the sanidine porphyries than for the 

syenite porphyries. 

The compositions of sanidines on the Seck plot suggest 900 °C as 

a minimum formation temperature for these minerals, consistent with 

the structural states and optical properties of the sanidine crystals 

which also suggest a crystallization temperature of 900 ° C. 

If the temperature of crystallization of the sanidine phenocrysts 

was 900 °C, this gives a source at a depth of 25 km on the high 

geotherm provided there was no superheating of the system. 

The compositional variation with respect to iron, potassium and 

sodium of the amphiboles shows an evolutionary relationship between the 

amphiboles of the amphibolite inclusions, syenite porphyry and the 

hornblende porphyry. 

Isotopic Data 

The initial strontium isotope ratios show the presence of rocks of 
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two distinct sources but linked by a mixing curve. 

The mixing curve has the green matrix rocks (tinguaites) at one 

limit with the other defined by the feldspathic matrix of the amphibo- .  

lite inclusions. 

The low initial strontium isotope ratio for the sanidine rocks 

suggests these to be of upper mantle or lower crustal origin. 	It is 

considered that models to produce a low initial ratio by other means 

are unnecessarily complicated. 

The green matrix, sanidine-bearing rocks (tinguaite) are considered 

the parent compositions of the alkaline rocks on the basis of the initial 

strontium isotope ratio, mixing curve and the simple chemical mixes. 

The Niggli Q-L-M plot shows a relationship trend between the 

rocks which is consistent with the strontium isotope ratios. 

The temperature of this intrusion was sufficient to alter pyrite 

nodules in the Permian country rock to pyrrhotite nodules with the 

released sulphur contributing to the formation of pyrite, at a later 

stage, in the hornfelses on the western shore of Port Cygnet. 

The sulphur isotope data show that the sulphides in the hornfelsed 

country rocks at Langdon's Point have formed from remobilized sulphur pre-

dominantlyofsedimentary origin but that of the igneous rocks is of 

primary origin. 

The released sulphur may have also contributed to the scapolitization 

of dyke CY44. 

Origin of the Sanidine Rocks 

The work of Helz (1976) has shown that it is possible to produce 

low ferromagnesian melts from basaltic rocks provided the ferromagnesian 

minerals do not melt. 
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The alkaline rocks of the Port Cygnet complex have been derived 

from a dual source with the sanidine rocks formed from an upper mantle-

lower crust partial melt which has mixed with a partial melt of an 

amphibolite to produce the syenite porphyry. 

The sanidine rocks have been formed from a small scale partial 

melt because of their 	small volume, deep seated origin as indicated 

by the strontium isotope ratios, poorly evolved nature with regard to 

their trace element compositions, lack of feldspar fractionation, and 

low ferro-magnesian mineral abundance. 

The Mg/Mg+Feratio for the sanidine rocks is more consistent with 

their being derived from an alkali basaltic component than for an ultra-

mafic source. 

Water may have been derived from a deeper source by dehydration of 

phlogopite. 

The derivation of some Of the potash from breakdown of a phlogopite 

source with subsequent separation of olivine is entirely possible but 

is not Lipported by the Mg/Mg+Fe ratio. 

Origin of Other Rocks 

The fine grained sanidine intrusive gave rise to the garnet trachyte. 

The model favoured to account for this rock is one in which a parent 

magma similar to a tinguaite in composition has assimilated a mineralized, 

manganese-bearing carbonate pod similar to the carbonate-bearing ore 

deposits of Zeehan, western Tasmania. 

The evidence for this arises from: (a) the presence of high 

manganese and anomalous trace concentrations of zinc and lead; (b) sulphur 

isotopes with a slightly larger AS 34  than the other igneous rocks; 

(c) epidote and spessartite crystals which are most likely phenocrysts 

with white rims of potash feldspar crystallized onto them, suggesting 
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the crystals were suspended in the melt. The association of pyrite 

with spessartite suggests that the latter had formed above 742 °C. Some 

of the spessartite phenocrysts have overgrowths of epidote showing the 

post-spessartite formation of the epidote. 	No spessartite grows over 

the epidote. The epidote formed below the formation temperature of 

pyrite in this environment, which would be near 770 °C as a maximum. 

Reduction of manganese by iron has prevented the formation of piemontite 

and favoured the epidote as alumina was first removed from the melt by 

growth of spessartite. The spessartite and epidote crystals probably 

grew at a rapid rate in a hydrous environment. 

The presence of excess sulphur incorporated into dyke CY44 produced 

the scapolitic alteration of the melanite. 	Because this appears to be 

an isolated occurrence at Port Cygnet, suggesting incorporation of 

sulphur, the most likely origin for this is mobilization of the Permian 

sedimentary sulphur, or assimilation of sulphur from a mineralized 

source similar to the model proposed for the garnet trachyte, which 

occurs about 300 m away. No isotopic data are available for this 

sulphur. 

The dyke X50 was produced with inclusions of iron-muscovite from a 

metamorphic source within the crust. There was excess sulphur 

associated with this rock which produced pyrite accumulations. The 

isotopic composition of this sulphur suggests a primary origin. 

On the basis of the trend of amphibole compositions, the hornblende 

porphyry has formed from recrystallized amphibole of the parent 

amphibolite being incorporated into the syenite porphyry and potash-

rich melts. 

The brown matrix rocks with primary phenocrysts of oligoclase-

andesine and later sanidine, are interpreted as fractionates from the 

syenite porphyry magma chamber, because of their low strontium, high- 
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cesium, europium-anomaly rare-earth patterns, armouring of plagioclase 

by sanidine and falling near the equilibrium trough on the feldspar 

normative plot. 

The preceding points have been summarized in a flow sheet form 

in Fig. VIII-2. 

A specific heat source cannot be identified but there is strong 

evidence (Sass and Lachenbruck, 1979) of a high geothermal regime in 

eastern Australia extending back at least as far as the beginning of the 

Tertiary, with many concealed intrusions. 	The evidence of palaeomagnetic 

overprinting of Ordovician limestones approximately 50 km south of Port 

Cygnet with an apparent Late Cretaceous-Early Tertiary pole was probably 

related to increased geothermal heat flow during the rift forming 

processes preceding the opening of the Tasman Sea. 	It is likely that the 

origin and intrusion of the Port Cygnet alkaline rocks was related to 

these processes. 

The modes of formation of the Port Cygnet rocks outlined above 

- require mafic residues. There is positive indication of these from the 

aeromagnetic survey of Finney and Shelley (1966) (Fig. VII-5) which 

probably shows the syenite porphyry complement rather than that of 

the sanidine rocks which might be hinted at from the gravity work of 

Leaman and Naqvi (1967). 

HYBRID ROCKS 

The fine grained and partially crystallized sanidine-bearing magma 

and associated volatiles was intruded into the Jurassic dolerite at 

Regatta Point. 

Potassium-rich components of the alkaline magma reacted with the 

dolerite to produce hybrid rocks as shown by the Differentiation Index 

potash plot. 
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The process began with thermal metamorphism and strontium and 

potassium metasomatism of the dolerite as demonstrated by the increased 

K/Rb ratio and the Ba-Sr plot for the melanocratic hybrids. 

The mixing process producing the hybrid rocks is shown in the 

Fe 20 3 -K 20-Mg0 variation diagrams. 

Hybrid rocks dominated by original dolerite constituents (darker) 

are known as the melanocratic group while those with a dominant 

alkaline component (lighter) are referred to as leucocratic rocks. 

The temperature of formation of the hybrid rocks lies within the 

range of 710 °C to 810 °C with consistent results from the excess silica 

in nepheline method of Hamilton (1965), random structure nepheline of 

Perchuk and Ryabchikov (1968), sanidine, biotite, magnetite of Wones 

and Eugster (1965), exsolution of feldspars of Orville (1963), and 

breakdown of pyrite of Arnold (1962). 

Inconsistent results were obtained from the ordered nepheline 

model of Perchuk and Ryabchikov (1968), equilibrium nepheline feldspar 

model of Hamilton (1965), and melanite garnet model of Huckenholz 

et Al. (1976). 

Log f0 2  for this alteration, according to the method of Wones and 

Eugster (1965) ranges from -11 to -14. 

CONCLUSIONS 

The hybrid rocks have formed by thermal metamorphism, metasomatism 

and recrystallisation between 710 °C and 810 ° C. 

The Port Cygnet alkaline rocks have a mixed source. 

The syenite porphyries have formed by mixing of partial melts from 

two sources. 

The partial melts have probably been derived from alkali-mafic and 

amphibolitic parent materials. 



The garnet trachyte is an example of an alkaline magma modified by 

assimilation of carbonates. 

The minimum depth at which phenocrysts formed was approximately 

6km. 

Miaskitic syenites with relatively high strontium and barium coupled 

with low niobium and zirconium could be derived by partial melting of a 

mafic-alkali mafic parent. 

FURTHER INVESTIGATIONS 

Further isotope work would be useful particularly for strontium, 

sulphur from CY44 and for oxygen, where a comparative study for the 

amphibolite inclusions, syenite porphyry and sanidine porphyries should 

provide further evidence concerning their origins and relationships. 

Measurement of D/H ratios of the sanidine rocks may confirm their 

• proposed lower crust - upper mantle origin. 

Detailed experimental work is required to establish the conditions 

of formation for the garnet trachyte, particularly with respect to 

the epidote phenocrysts. 

More sophisticated geophysical investigations could establish the 

nature and extent of the proposed residual features at Port Cygnet. 

Fresher specimens and trace element and isotope studies of the 

Cape Portland rocks, mentioned earlier, would be useful to more clearly 

define their relationship to the Port Cygnet alkaline rocks and also to 

a possible basaltic parent. 
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