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From all this, it will be now perfectly clear that 

the investigation which has for its object the 

elucidation of the genesis and life-history of the 

ore deposits is fraught with inestimable potential 

benefit to the mining industry. 

Clive Loftus Hills, 1914 

The Jukes-Darwin Mining Field. 



ABSTRACT 

CAMBRIAN VOLCANISM AND MINERALIZATION, 

SOUTH-WEST TASMANIA • 

Cambrian volcanic rocks in South-west Tasmania are 

associated spatially and chronologically with ultramafic-

gabbro complexes and volcaniclastic eugeosynclinal 

sediments. They are composed mainly of rhyolites and 

dacites, but andesites and basalts also occur, and are 

locally dominant. The basalts include varieties that 

resemble present-day ocean floor anecalc-alkaline basalts. 

The rhyolite-dominated calc-alkaline suite (the Mount Read 

Volcanics) is similar to Andean-type volcanic suites and is 

restricted to a narrow, linear, mineralised belt. These 

volcanics range from acid to basic with acid predominating 

in an average ratio of 7 rhyolite-dacite : 1 andesite-

basalt. Volcanic correlates west of the Mount Read Volcan-

ics are largely andesitic in composition, and lateral 

variations suggest generation above an east-dipping Cambrian 

Benioff Zone. 

The Mount Read Volcanics comprise a thick pile of 

massive lavas, ignimbrites, air-fall tuffs and epipyroclast-

ics, with small apparently subvolcanic intrusions. Trace 

element stability studies have enabled determination of the 

original composition of the volcanics despite the superim-

posed effects of metamorphism and hydrothermal alteration. 

Two major stratigraphic subdivisions, separated at least in 

part by an unconformity, have been recognised in the Mount 

Read Volcanics of the southern West Coast Range. Hydrother-

mal alteration and associated mineralization are developed 

only in the lower stratigraphic unit (Intercolonial 



Volcanics). It is believed that an abundance of conduits 

(permeable pyroclastic horizons and faults) and localised 

heat sources within the Intercolonial Volcanics caused 

circulation of sea water. The sea water, and possibly young 

connate brines from the adjacent geosynclinal sediments 

(Dundas Group) are thought to have leached metals from 

volcanics and sediments at shallow crustal levels and 

deposited them in near-surface and surface submarine condi-

tions. 

Mineralization in the Intercolonial Volcanics of 

the southern West Coast Range is an extension of the Mount 

Lyell type of mineralization, and occurs mainly in four 

assemblages: 

1. pyrite-chalcopyrite in sericitised and chloritised 

volcanics 

2. bornite-neodigenite-chalcopyrite 

3. chalcopyrite-pyrite-barite 

4. magnetite-hematite-pyrite-chalcopyrite. 

The Mount Lyell type represents an unusual form of massive 

sulphide mineralization characterised by lack of zinc and 

lead. The copper prospects and orebodies are interpreted as 

sub-surface addition and replacement deposits, eroded pipes, 

and surface exhalative deposits. Compared to areas of 

massive sulphide mineralization elsewhere, surface exhala-

tive deposits are rare, .apparently as a result of post-

mineralization erosion. 

The present distribution of mineralization as a 

narrow linear belt results from the Intercolonial Volcanics 

being confined to the axial zone of a major anticline which 

was initiated in the Jukesian Orogeny (Late Cambrian) and 

accentuated in the Tabberabberan Orogeny (Middle Devonian). 
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1. 

1. INTRODUCTION  

1.1 AIMS OF THE INVESTIGATION 

Sub-economic mineralization is widespread 

throughout the Mount Read Volcanics both north and south 

of the Mount Lyell mining lease, but prior to the present 

study it had not been examined in detail. This was despite 

the possibility that such a study might reveal features 

which at Mount Lyell were obscured by host rock alteration 

and structural deformation. It was in this context that 

the present study was undertaken. 

The purpose of the investigation was 

a) to determine the distribution of metallic 

mineralization in the area south of Mount Lyell, 

b) to examine the known prospects, and as far as 

possible classify them on the basis of their mineralogy, 

physical form, associated alteration, depositional environ-

ment etc., 

c) to determine the controls of mineralization, 

d) to define the stratigraphy and structure of the 

area, and if possible relate the distribution of mineralis-

ation to these, 

e) to determine the overall geological environment 

from consideration of the regional geology, and from this 

determine the tectonic setting in which the mineralization 

occurred, and 

f) to shed any possible light on the nature and 

source of the mineralizing fluids, and to explain the form, 

distribution, mineralogy, and associated alteration of the 

known prospects. 



2. 

1.2 AREA INVESTIGATED 

The greater part of this investigation was 

centred on the area of Cambrian rocks which outcrop from 

South Darwin Peak to Mount Lyell on the West Coast Range 

of western Tasmania (see Figure 3). A total of approxi-

mately thirty weeks was spent on field work in this area 

between January 1970 and January 1972. About four weeks 

were spent in the Birch Inlet - Timbertops - Noddy Creek 

area on the Sorell Peninsula, and two days in the area of 

Double Cove on the Macquarie Harbour coast of the Sorell 

Peninsula. A further twelve days were spent in the area of 

Elliott Bay on the south-west coast of Tasmania. 

1.3 ACCESS, TOPOGRAPHY AND VEGETATION 

Vehicular access to the Lyell-Darwin area is 

shown in Figure 3. In addition there are several pack-

tracks which provide access to most prospects. 

The West Coast Range is characterised by steep 

topography, and Cambrian rocks are found at altitudes 

ranging from 80 metres above sea level in the King River 

Gorge to 1031 metres on Mount Darwin (Plates 1, 2). 

Vegetation cover is highly variable. Near Mount 

Lyell Mines it is virtually absent, however it increases 

southward, and much of the Jukes-Darwin area is covered by 

a low, extremely thick scrub known locally as "bauera", 

after one of its most common constituents (Bauera mboides). 

Access to the Elliott Bay area was by helicopter 

hired by B.H.P. in the course of exploration work. This 

area is of low relief, with a maximum altitude of about 200 

metres. Gradients are generally slight except along the 

shores of the deeply incised streams. Vegetation cover is 
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light, allowing easy access on foot to most parts of the 

area. Outcrop along the coast exceeds ninety percent, and 

there is good outcrop in the Lewis River. Elsewhere, 

however, it varies from poor to non-existent (Plate 3). 

Access to the Noddy Creek area was by boat from 

Strahan to Asbestos Point or to Birch Inlet, and thence by 

four-wheel drive vehicular track. The Cambrian rocks are 

generally thickly forested with very poor exposure, so all 

mapping was confined to bulldozed tracks and traverses. 

Gradients are commonly steep, though the altitude does not 

exceed 300 metres (Plate 4). 

The Double Cove area is also reached by boat. 

Mapping was confined to the coastal exposure, which is 

generally closely encroached on by thick vegetation. Maxi-

mum relief further inland is less than 200 metres. 

1.4 LOCATION TERMINOLOGY 

Wherever possible in this thesis locations will 

. be described in terms of officially accepted geographical 

place names. The term "Jukes-Darwin area" will be used to 

refer generally to the area from South Darwin Peak to the 

King River between Mount Jukes and Mount Huxley. The term 

"Lyell-Huxley area" will be used to refer generally to the 

area from the King River to Mount Lyell. Where it is nece-

ssary to refer collectively to both these areas the term 

"Lyell-Darwin area" will be used (see Figure 1). 

The "Elliott Bay area" includes the entire area 

investigated both north and south of Elliott Bay, and the 

extension of these rocks inland and as far north as Mount 

Osmund. 

The area of Cambrian sediments and volcanics 
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examined on the Sorell Peninsula from Birch Inlet to north 

of Noddy Creek will be collectively referred to as the 

"Noddy Creek area". Similarly, the area examined at Double 

• Cove and further north will be called the "Double Cove 

area". 

No formal names exist for the mining prospects, 

so in general names found in old records will be used, 

particularly those used by Hills (1914a) in his report on 

the Jukes-Darwin area. 

Grid references where given are in yards. The 

grid shown on maps is also in yards except for Prince 

Darwin (Figure 9) where a B.H.P. grid in feet is used. 

1.5 APPROACH TO THE INVESTIGATION, 

AND PRESENTATION OF RESULTS 

The initial stage of this investigation involved 

extensive mapping, especially in the Jukes-Darwin area, in 

order to determine the stratigraphy and structure of the 

area. At the same time the overall distribution of 

mineralization was determined, and particular prospects 

examined to define their form, host rocks, mineralogy, and 

types and distribution of associated alteration. Extensive 

use was made of petrography to support and assist mapping, 

as field evidence alone was insufficient to allow 

confident identification of some of the rocks encountered. 

In addition to supporting mapping, petrographic 

examination was an essential aspect of determining the 

geological environment, and the nature of the host-rocks 

for mineralization, as well as the effects of hydrothermal 

alteration, burial and regional metamorphism, and deforma-

tion. In this laboratory-oriented phase of the 
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investigation use was made of rock analyses, as in some 

cases the field and petrographic evidence was insufficient 

to allow classification of the rock. 

The large number of rock analyses carried out 

(148) allowed the distribution of igneous rock-types to be 

determined independently and, for highly altered rocks, 

more reliably than was possible by field or petrographic 

examination. They also allowed genetic relationships 

between different rocks and different areas to be consider-

ed on a more valid basis than was possible by other means, 

thus shedding light on aspects of the tectonic setting 

into which the volcanics were erupted. 

Thus integrated use has been made of field 

observations, petrographic examination and chemical 

analysis to attack the goals indicated in section 1.1. In 

presenting the results of the investigation an attempt has 

been made to avoid excessive repetition by keeping differ-

ent aspects separate. Thus field observations and the 

resulting stratigraphic subdivisions are first presented, 

followed by the results of petrographic studies from which 

the nature of the volcanic rocks is determined, and hence 

the general character of the volcanic environment. The 

mineralization is considered in the light of both field and 

petrographic evidence relating to its stratigraphic distri-

bution and the forms and nature of the host rocks, and 

associated alteration. Geochemical studies are used to 

support and expand the conclusions drawn in other sections, 

but primarily for evidence relating to the broader tectonic 

environment. 

One danger inherent in such a method of presenta-

tion is that the mutual interdependence of the various 
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aspects of the investigation is easily overlooked. The 

final part of the thesis is given to relating the different 

conclusions drawn in previous sections, to integrate them 

into a unified, and, it is hoped, reasonably complete 

whole. 



FIGURE 1. 	Regional geology of South-west Tasmania, and 
location of areas of Cambrian volcanics. 
(Modified from a compilation prepared for B.H.P. 
by W.D.M. Hall, H. Chudacova, and E.B. Corbett). 
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2. GENERAL GEOLOGY 

2.1 INTRODUCTION 

Field investigations constitute a major part of 

this study. Four separate areas were mapped, namely the 

Lyell-Darwin area, the Elliott Bay area, the Noddy Creek 

area, and the Double Cove area (see Figure 1). In this 

section the regional geology of South-western Tasmania is 

briefly outlined, then the geology of each of the four 

areas is described in turn. 

2.2 REGIONAL GEOLOGY 

The geology of western Tasmania has recently been 

reviewed (Williams et al., in press) and is considered only 

briefly here. For the purposes of this thesis South-west 

Tasmania may be considered to consist of four major 

structural-stratigraphic elements (Figures 1 and 2). 

The oldest element consists of a strongly 

deformed Precambrian nucleus (Tyennan Block) which is 

flanked and apparently overlapped by Lower Palaeozoic rocks. 

The second element of ?Upper Proterozoic to Cambrian age 

consists of a "geosynclinal" accumulation of volcanics, 

greywackes and argillites. These are overlain, locally 

with angular unconformity, by rocks of Ordovician to 

Devonian age consisting of conglomerates, sandstones, lime-

stones and shales. The fourth structural-stratigraphic 

element includes minor Permian sedimentary rocks and' 

extensive deposits of Tertiary and Quaternary elastic sedi-

ments, all of which unconformably overlie rocks of the 

older elements. 
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2.2i 	Cambrian  

The Cambrian rocks are of principal interest in 

this investigation. They consist of those rocks deposited 

after the Penguin Orogeny (Late Proterozoic) and before the 

Jukesian Orogeny (Upper Cambrian). They form an extensive 

arcuate belt sweeping from the west to the north coasts of 

Tasmania, and in the area of investigation form a north-

south belt lying between Precambrian masses (Figure 1). 

The Cambrian succession in Western Tasmania 

consists of a sequence of sandstones, siltstones, and 

dolomites, termed the "Success Creek phase" (Solomon, 1965), 

followed by up to 4000 metres of Crimson Creek Argillite, a 

fairly uniform sequence of unfossiliferous argillites with 

pyroclastic bands throughout (Campana and King, 1963; 

Solomon, 1965). These are conformably overlain by the 

Dundas Group and Mount Read Volcanics. The Success Creek 

phase and the Crimson Creek Argillite have not been 

recognised in the area covered by this investigation. On 

the Sorell Peninsula there is a small area of quartzite, 

phyllite, argillite and limestone informally termed the 

Birthday Group by Hall (in Hall et al., 1969) which may be 

related to the Success Creek phase (see Figure 8). The 

major development of Cambrian rocks in the area investigat-

ed is related to the Dundas Group and the Mount Read 

Volcanics. 

The Dundas Group was defined by Elliston (1954) 

and included basic lavas and minor pyroclastics. Solomon 

(1960) included the volcanics at Mount Lyell in the Dundas 

Group, but Campana and King (1963) erected Mount Read 

Volcanics as a stratigraphic unit, and subsequently all the 

areas of dominantly acid volcanics in western Tasmania have 
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been referred to this unit. 

The Dundas Group as defined consists of slate, 

siltstone, greywacke and greywacke conglonerate, basic 

lavas, and pyroclastics of varying compositions (Elliston, 

1954). The type section is not continuous, and Banks 

(1962a) suggests a possible interval of non-deposition or 

of erosion near the top of the Group on the basis of 

palaeontological evidence. Other sections contain 

considerable thicknesses of keratophyric volcanics- 

The formations erected in the type section are 

not recognised elsewhere, and throughout south-western 

Tasmania the Dundas Group is chiefly recognised as a 

characteristic sedimentary facies. It consists of well-

bedded marine sediments, usually of silt or fine sand 

grade, but commonly up to coarse conglomerate, all composed 

dominantly of lithic fragments of both volcanic and sedi-

mentary derivation. Fossil evidence indicates that it 

ranges in age from Middle to Upper Cambrian (Banks, 1962a). 

The Mount Read Volcanics were described as 

	 a thick volcanic pile, the type section of which is 

exposed west of the Mt. Read summit up to Hercules Mine, 

and east of this summit up to Red Hill. It consists of 

schistose porphyroidal lavas of rhyolitic composition, 

massive pyroclastics, welded tuffs, tuffaceous slates and 

ash beds. Its thickness is probably not less than 8,000 

feet." (Campana and King, 1963, p.15). They also indicated 

the distribution of the unit as a long, narrow arcuate belt 

which' they named the Mount Read Volcanic Arc. 

The volcanics of the Mount Read Volcanics include 

a great variety of effusive and pyroclastic rocks ranging 

in composition from acid to basic, though with a great 



FIGURE 2. 	Diagrammatic column showing stratigraphic 
relationships in South-west Tasmania. 
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preponderance of acid compositions. The proportion of non-

volcanogenic rocks is very small. 

The stratigraphic relationship between the Dundas 

Group and the Mount Read Volcanics has long been a source 

of contention. Campana et al. (1958) first regarded the 

Volcanics as younger than the Dundas Group, but later 

reversed the relation (Campana et al., 1960; Campana and 

King, 1963). Other authors favoured a more or less contem-

poraneous development (Carey, 1953; Banks and Solomon, 

1961; Banks, 1962a; Solomon, 1964; Loftus-Hills et a/., 

1967). The chief difficulty in this correlation was the 

apparent absence of fossils in the Mount Read Volcanics 

until Gee et al. (1970) gave an account of Upper Middle 

Cambrian fossils occurring in sediments apparently inter-

bedded with Mount Read Volcanics at Que River. Fossils 

also occur within the Mount Read Volcanic at Comstock, near 

Mount Lyell, in a fossiliferous limestone separating 

mineralized from unmineralized volcanics. The fossils 

indicate a late Middle Cambrian or early Upper Cambrian age 

(Green, 1971; Jago et al., 1972). Thus recent evidence 

proves that the Mount Read Volcanics are, in part at least, 

contemporaneous. 

Aspects of the depositional environments for 

Cambrian rocks will be considered in greater detail later, 

however it appears that the Mount Read Volcanics developed 

over at least part of the Precambrian Tyennan Block (see 

below), and probably existed in Middle Cambrian time as an 

extensive belt of volcanos. The volcanic rocks interdigi-

tate with Dundas Group sediments which apparently deposited 

in an extensive marine basin (the Dundas Trough) west of 

the volcanic belt. 
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2.2ii 	Precambrian  

The Cambrian rocks of South-western Tasmania are 

underlain by Precambrian rocks which outcrop in two major 

areas (Figure 1). The more extensive occupies the east of 

the area covered in this thesis and forms the Tyennan 

Block. It consists of intensely deformed massive 

quartzites, quartz schists, muscovite schists, phyllites, 

graphitic schists and slates, and amphibolites. The western 

edge of the Tyennan Block is marked by unconformable or 

faulted contacts with younger series. Its western limit 

lies on a well-defined N-S line which parallels the trend 

of the major folds in the adjacent younger rocks and is an 

important feature of the structure of the area. 

The second and smaller area of these rocks is on 

the Sorell Peninsula. It consists of two small blocks, 

separated by a narrow graben of Cambrian rocks. No syste-

matic or detailed study has yet been undertaken but Hall et 

a/. (1969) described the northern block as consisting 

dominantly of white to grey massive quartzite with minor 

conglomerate, sandstone and graphitic phyllite, striking 

north to north-easterly and isoclinally folded. The south-

ern block they described as consisting mainly of 

interbedded quartz-chlorite schist and graphitic phyllite 

with minor quartzite, isoclinally folded along north to 

N.N.E. axes with prominent axial plane cleavage. They used 

the name Modder Group in referring to both blocks. Spry 

(1962), and Solomon and Griffiths (1974) relate these rocks 

to the "Younger Precambrian" (i.e. unmetamorphosed 

quartzites and dolomites of North-west Tasmania), however 

my observations and those of Tasmanian Mines Department 

geologists (S. Cox, pers. comm.) suggest correlation with 
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the Tyennan Block. 

2.2iii 	Ordovician to Devonian  

The Cambrian volcanics and sediments of South-

west Tasmania are overlain by sediments deposited after the 

Jukesian Orogeny (Late Cambrian) and prior to the Middle 

Devonian Tabberabberan Orogeny. In all areas examined in 

this study they rest with probable angular unconformity on 

members of the two older structural elements, although 

elsewhere they are reported to conformably overlie Dundas 

Group sediments (Banks, 1962b). 

The stratigraphic sequence is (Banks, 1962b, 

1962c) 

Devonian 	Eldon Group 	Bell Shale 

Florence Quartzite 

Silurian 	 Austral Creek Siltstone 

Amber Slate 

Crotty Quartzite 

Ordovician 	Junee Group 	"Fenestella Shale" 

Gordon Limestone 

Caroline Creek Sandstone 

Owen Conglomerate 

Jukes Conglomerate 

The Jukes Conglomerate is a distinctive coarse 

to medium-grained polymictic conglomerate consisting 

essentially of clasts of Mount Read Volcanics, which it 

overlies. The clasts are typically angular to sub-rounded 

and poorly sorted. Where the coarsest clast size occurs 

it thickens and thins very rapidly and has usually sharp 

contacts with the overlying Owen Conglomerate. Where it 

occurs as extensive bodies, e.g. Mount Sorell (the Sorell 

Conglomerate) and Mount Lyell, the clast size appears finer, 
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more uniform, and the contact with the overlying Owen 

Conglomerate is gradational. 

The Owen Conglomerate reaches its maximum 

development in the area of Mount Lyell. It consists of a 

thick sequence of oligomictic conglomerate and quartzite. 

The clasts in the conglomerate range up to 60 cm in 

diameter, and consist dominantly of vein quartz, quartzite, 

quartz schist and chert (Banks, 1962b). Roundness and 

sphericity of the larger clasts are typically high, while 

the matrix is typically angular to subangular with high 

sphericity. Sorting is good, and the framework is closed. 

The coarse conglomerates contain thin lenses of sandstone, 

and the medium conglomerates are usually interbedded with 

sandstones which display cross-bedding, cut-and-fill 

structures, and ripple marks. 

The Caroline Creek Sandstone ("Upper Owen 

Conglomerate" of Wade and Solomon, 1958) is developed over 

a far greater area than the Owen Conglomerate. It conform-

ably overlies Owen Conglomerate, or unconformably overlies 

older rocks (Banks, 1962b). It is typically a medium-

grained, well sorted quartz sandstone, commonly containing 

Lower Ordovician fossils. 

The succeeding units have been described by 

Banks (1962b, c) in some detail. They consist of a thick 

bituminous limestone (Gordon Limestone) which passes 

gradationally upwards into calcareous siltstones, quart-

zites, shales and lenticular limestones. All are broadly 

folded, and in areas of localised intense folding a crude 

fissility may be developed. 

In addition to the Eldon Group, Banks (1962c) 

describes a younger unit, the Spero Bay Group, which 
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occurs in a small area on Point Hibbs (Figure 8). It con-

sists of siliceous conglomerate, quartz sandstone, and 

coralline limestone. 

2.2iv 	Devonian to Recent  

The youngest of the structural-stratigraphic 

elements of South-west Tasmania contains all units deposit-

ed after the Tabberabberan Orogeny. Thus it includes 

Permian sediments at Point Hibbs and near Strahan, Jurassic 

dolerite at Point Hibbs, and Tertiary to Recent sediments 

in and around the Macquarie Harbour Graben, and along the 

coast and rivers. 

Basal Permian tillite occurs north of Macquarie 

Harbour, and on Point Hibbs a faulted block contains 

Permian tillite, siltstones, sandstones and conglomerates 

(Banks and Ahmad, 1959; Banks, 1962d). The dolerite which 

forms the end of Point Hibbs is an isolated outlier of the 

Jurassic dolerite which covered most of Tasmania. The 

nearest known occurrence is on Mount Sedgewick, over 60 km 

N.N.E. of Point Hibbs. 

The Tertiary to Recent sediments in the area have 

a maximum thickness of at least 250 metres in the Macquarie 

Harbour Graben. The history of faulting and sedimentation 

is probably complex as some of the sedimentation is cyclic 

in nature, and at least three distinct erosion or deposi-

tional levels are clearly visible south of Birch Inlet. 

The sediments are poorly consolidated and consist of quartz-

rich sands and gravels, with bands of clay and lignite. No 

marine fossils are present and sedimentation is thought to 

be terrestrial, under fluvial or lacustrine conditions 

(Gill, 1962). 
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2.3 GEOLOGY OF THE LYE LL-DARWIN AREA 

2.3i 	Previous Work  

Since the initial discovery of gold in the Linda 

Valley in 1883 the Mount Lyell mining field has attracted 

attention from many geologists (see Wade, 1958). Most 

argument has centred on the nature of the Lyell Schists, 

and the origin of the mineralization. 

Following extensive regional and detailed mapping, 

Wade and Solomon (1958) considered the Lyell Schists to be 

derived from sheared Dundas Group and Jukes Conglomerate, 

and locally from Owen Conglomerate. The Dundas Group was 

considered to be a eugeosynclinal accumulation of lavas, 

pyroclastics, greywacke conglomerates and slates. The Owen 

Conglomerate was considered to include "occasional 

recurrences of Dundas type facies 	 probably the 

result of erosion from temporarily uplifted Dundas 

ridges" (Wade, 1958). Wade and Solomon (1958) also 

emphasised structural control on the localisation of miner-

alization by the intersection of the "Lyell Shear" or 

"Great Lyell Fault" with the "Linda Disturbance" and a 

stratigraphic control of the base of the Owen Conglomerate. 

The hydrothermal alteration and metallization was regarded 

as being Devonian in age, and concentrated near the schist-

conglomerate contact. 

Subsequent to the work of Wade and Solomon there 

has been little disagreement on the nature of the Mount 

Lyell host rocks. Most attention then focused on 

stratigraphic relations, tectonics, and the age and origin 

of mineralization. 

Campana et a/. (1958) argued that the Mount Read 
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Volcanics formed by eruption along the margins of a major 

rift valley. The distribution of the Ordovician conglom-

erates was also explained by deposition in and against the 

margins of this valley. The bounding faults were envisaged 

as supplying channelways for Cambrian and Devonian 

mineralization. This scheme was used to explain all 

significant and many minor prospects from Elliott Bay to 

Mount Bischoff. The Lyell Schists were regarded as 

originally porphyries and pyroclastics which were sheared 

by movement on the Great Lyell Fault which there coincides 

with the western margin of the rift. The copper minerali-

zation was considered to be Cambrian in age. These views 

were criticised by various authors in discussion, e.g. 

Solomon (1959) opposed a Cambrian age for mineralization at 

Mount Lyell, and Hall and Cottle (1959) and Scott (1959) 

disagreed with the model on conflicting grounds. 

Solomon (1960) noted that the volcanics from 

Mount Lyell to Mount Darwin contained a concentration of 

potash rhyolites "along a narrow N-S belt which coincides 

with the axis of the West Coast Range, and locally with the 

Great Lyell Fault Zone 	 Away from this belt the 

lavas vary from basalts to rhyolites but are characterised 

by dominance of soda over potash". 

Hall and Solomon (1962) claimed sulphide deposi-

tion was guided by Devonian cleavage, but that this phase 

may have been merely redistribution of sulphides deposited 

in the Cambrian. This view was further expounded by 

Campana and King (1963) who suggested an exhalative-

sedimentary origin for some of the mineralization. The 

terms Mount Read Volcanics and Mount Read Volcanic Arc were 

first coined and general descriptions given for the 
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included and associated rocks. In keeping with their view 

that the Dundas Group sediments were younger than the Mount 

Read Volcanics, they supported a period of folding and 

faulting prior to the Upper Middle Cambrian, and Lower 

Ordovician epeirogenic movements. 

The most comprehensive study of the area to that 

time was that of Solomon (1964). He indicated that the 

basal volcanics are essentially potassic in nature and 

demonstrated the calc-alkaline affinities of the Mount Read 

Volcanics, although he argued a primary origin for the 

albite in the sodic keratophyres. Hydrothermal alteration 

and cleavage of the volcanics were regarded as Devonian in 

age, and preceded mineralization. Localisation of 

mineralization was chiefly controlled by the Great Lyell 

Fault and the basal potassic keratophyres, influenced by 

cleavage and parallel thrust and transcurrent faults. 

Final emplacement was considered to be Devonian, however 

the possibility of syn-volcanic mineralization was also 

indicated. 

Solomon (1965) claimed a genetic relationship 

between the Mount Read Volcanics and the spilites which 

occur west of the Arc. He also proposed (1965) that the 

Darwin Granite was a sub-volcanic intrusion, rather than 

one related to the Jukesian Orogeny. Evidence for Cambrian 

sulphide mineralization was presented by Solomon (1967) 

when he argued that hematitic bodies associated with some 

deposits at Mount Lyell represent dehydrated gossans or 

limonitic screes formed at a Lower Ordovician erosion 

level. Further evidence was found by Loftus-Hills and 

Solomon (1967) in studies of cobalt and nickel contents of 

pyrite from within the volcanics. Loftus-Hills et a/. 
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(1967) revived the view of Hills (1927) when they argued 

that the Lyell Schists formed by development of Devonian 

cleavage in volcanics previously affected by hydrothermal 

alteration. 

Markham (1968) described the petrography of the 

host rocks and the mineragraphy of the ores at Mount Lyell 

and ascribed to all the mineralization in the volcanics a 

syn-volcanic origin. 

Corbett (1970) in an unpublished report divided 

the volcanic sequence in the Jukes-Darwin area into two 

major units separated by an unconformity. She suggested 

that mineralization was concentrated at the contact 

between these two units, and indicated the possibility of a 

Cambrian anticlinal structure, with associated cleavage. 

Gee et al. (1970) and Jago et al. (1972) reported 

fossils in the Mount Read Volcanics, establishing at least 

partial equivalence with the Dundas Group sediments further 

west. 

Green (1971) mapped the Comstock-Cape Horn area 

at the northern end of the Mount Lyell mining lease where 

drilling had encountered a contact between mineralized and 

unmineralized sequences of the Mount Read Volcanics. The 

evidence indicates that at Comstock mineralization occurred 

prior to an erosional break which followed mild deformation 

in the late Middle or early Late Cambrian (Green, 1971; 

Jago et al., 1972). 

Corbett et al. (1974) give an account of the 

volcanic stratigraphy of the area from east of Rosebery to 

Mount Huxley, and discuss the petrography of this section 

of the Mount Read Volcanics. 



FIGURE 3. 	Geology of the Lyell-Darwin Area, South-west 
Tasmania. 
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2.3ii. 	Geology of the Jukes-Darwin Area 

Preamble 

Mapping was commenced in the Jukes-Darwin area 

and as a result of this work stratigraphic subdivisions 

were made. The Lyell-Huxley area was then examined to test 

the validity of these subdivisions further north, and to 

carry the mapping to the mineralized zone at Mount Lyell. 

For this reason the Jukes-Darwin area will be detailed 

first, then the Lyell-Huxley area. Prior to commencement 

of this work, three geological maps of the Jukes-Darwin 

area had been prepared. Those by Hills (1914a) and Solomon 

(dated 1957, for Mount Lyell M. & R. Co.) indicated the 

overall distribution of volcanics and roughly distinguished 

the Darwin Granite and central zone of massive rhyolites. 

The map by Bradley (dated 1951) has limited usefulness as 

it is based on his belief that the volcanics were derived 

by metasomatic alteration of greywackes and basic volcanics. 

Stratigraphy  

The Cambrian rocks of the Jukes-Darwin area 

consist predominantly of rhyolitic volcanics. The original 

rock-types present include lavas, ash-fall and ash-flow 

tuffs,' various types of volcanic breccias, reworked pyro-

clastics, and minor sediments. All have undergone varying 

degrees of hydrothermal alteration and/or burial metamorph-

ism and many are cleaved. 

The lack of small-scale marker horizons prevents 

detailed stratigraphic mapping but very large scale units 

of distinctive lithological character can be delineated. 

These are extensive along strike and will be erected as 

stratigraphic units. 	It is emphasised that for the 

Jukes-Darwin area only, these terms will be defined as 
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lithoIogical units. Difficulties which arise in the Lyell-

Huxley area will be considered in that section. 

Three units of formation status are proposed 

1. Intercolonial Volcanics 

2. Andrew Volcanics 

3. Clark Volcanics 

and 4. Darwin Granite has already been defined by 

Hills (1914a). Their distribution is shown in Figure 3. 

The following descriptions are intended only to 

briefly define the most important lithological characteris-

tics of the units, and their relations and distribution. 

Details of petrography, palaeoenvironment and geochemistry 

will be considered in later sections. 

1. Intercolonial Volcanics  

Derivation.- The name is taken from Intercolonial Spur 

(3624 8035) which forms the axis of the West Coast Range 

immediately south of Mount Jukes. 

Type Area.- As the bottom of this unit is not exposed, and 

the top is widely marked by an unconformity, and the unit 

has an unknown, though probably complex structure, it is 

not possible to erect a type section. It is however poss-

ible to erect an area where its typical features, including 

lithological variation, are exhibited. On Intercolonial 

Spur the contact between the Intercolonial Volcanics and 

the overlying Andrew Volcanics can be located with difficul-

ty on the access road to Intercolonial Spur at 3629 8019. 

The contact is between coarse-grained pyroclastics of the 

Intercolonial Volcanics, here striking approximately 160 ° , 

with similar rocks of the Andrew Volcanics, striking 

approximately 0 0 . The contact which is here revealed to be 

an angular unconformity, has not been located north of this 
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point, due largely to poor exposure and extremely thick 

vegetation. 

Lithology.- The type area consists predominantly of 

massive rhyolitic volcanics with very fine-grained texture, 

varying in colour from pale pink to buff, light green and 

grey. Phenocrysts where present consist of pinkish albite 

or orthoclase, pale green pseudomorphs after feldspar, or 

quartz. A fine (<1 mm) granular (micropoikilitic or "snow-

flake") texture is commonly present. 

Within the massive rhyolites there are a number 

of lenses which consist of a wide variety of volcanogenic 

rock types from finely banded ash, lapilli tuffs, some 

containing volcanic bombs, coarse volcanic conglomerates, 

to very coarse chaotic volcanic breccias. 

Fine flecks of specular hematite found in places 

are not typical of the unit as a whole. Thin quartz-

barite veins are widespread and are locally intensely 

developed. Magnetite-pyrite-barite veins are also found in 

places, and quartz veins are common everywhere. 

One of the pyroclastic lenses within this unit is 

in part intensely hydrothermally altered and contains 

pyrite-chalcopyrite mineralization (Hydes prospect). 

Localised intense hydrothermal alteration and mineraliza-

tion is widespread in the Intercolonial Volcanics, and is 

only found in that unit. Hydrothermally altered rocks and 

fine pyroclastic bodies usually exhibit pronounced cleavage, 

in contrast to the dominant massive volcanics which usually 

appear in the field to contain only close joints or a spaced 

cleavage. 

Relations to associated formations and boundary conditions.- 

The base of the unit is not exposed, so no statement of 
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lower boundaries is possible. The upper boundary is easily 

located where massive rhyolites are adjacent to the contact, 

due to the dramatic lithological change. Where cleaved 

volcanic phases are adjacent to the contact (e.g. at East 

Darwin) it may prove impossible to locate it with confi-

dence at that locality. The unconformable relation with 

the overlying unit can be demonstrated east of the Darwin 

Plateau where the Darwin Granite, which is intrusive into 

the Intercolonial Volcanics, is overlain nonconformably 

(see Plate 5). The contact between the Intercolonial 

Volcanics and the Andrew Volcanics can be located with some 

difficulty on the Intercolonial Spur access road at 3629 

8019, and can there be shown to be an angular unconformity. 

Elsewhere the contact is poorly exposed (e.g. east of 

Proprietary Peak 3624 8084) or difficult to locate (e.g. 

East Darwin, or on the Lake Jukes track). The Intercolon-

ial Volcanics are also overlain to the west by the Clark 

Volcanics, but again the contact relations are not known 

with confidence. The best exposure is west of South 

Darwin Peak, where the contact can be located to within 

about ten metres, and an unconformable relationship is 

inferred there. 

This unit is approximated to by the zone of 

potassic volcanics delineated by Solomon (1960). It must 

be firmly emphasised that although the "Darwin keratophyre" 

described by Solomon (1960) is one of the typical 

lithologies of this stratigraphic unit, it constitutes 

only a proportion of it, probably less than 50 percent. 

The Intercolonial Volcanics is thought to be the lowest 

stratigraphic unit exposed in the Jukes-Darwin area, and is 

believed to occur within the core of a major north-trending 
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anticline. It is believed that all primary copper mineral-

ization took place prior to the eruption of the overlying 

units. 

West of the Darwin Granite the Intercolonial 

Volcanics outcrop as a series of north-trending massive 

rhyolites, brecciated and magnetite veined rhyolite, 

sericitic and chloritic schistose rocks, tuffs, and 

occasional tuffaceous arenites. Some of the lavas show 

flow layering (Plate 6) and both tectonic brecciation and 

autobrecciation are widespread. Most volcanics contain few 

phenocrysts, except for one flow banded rhyolite lava 

(41091, Plate 6) which could be recognised over a strike of 

1200 metres by the abundance of bipyramidal quartz pheno-

crysts (Figure 9). Pyrite is widespread throughout these 

rocks. Where magnetite veining and dissemination is 

abundant it may be visible at the surface, elsewhere it may 

be found as extremely fine disseminations a few inches 

below the weathered rock surface. It does not appear to 

be present adjacent to the intrusive granite contact except 

as thin veinlets. 

The distinctive "Darwin keratophyre" phase of 

this unit can be mapped for some distance along the western 

side of the granite. It does not appear to constitute a 

single horizon however and outcrops in several places on 

the 14800N traverse (see Figure 9). On the 10000N 

traverse there is an extensive exposure which illustrates 

two important features of this rock. 

1. While it commonly appears pink, the colour is not 

a diagnostic feature, and grey and green phases occur 

irregularly interspersed with the "typical" pink. 

2. The massive rock does not exhibit cleavage but 



24. 

is commonly closely jointed. It may however contain within 

it irregular strongly cleaved zones which clearly could not 

have differed in any primary way from the massive lava, the 

present difference being merely the result of differing 

response to subsequent alteration and deformation. 

Chemically the massive and cleaved varieties do not differ 

significantly. 

The massive pink micropoiklitic rhyolite is one 

of the typical lithologies of the Intercolonial Volcanics. 

It is probable that it occurs at a number of levels within 

this unit and it is not possible to directly correlate the 

different occurrences. 

North-east of South Darwin Peak is a small area 

of volcanics (dominantly pyroclastics) which are tentative-

ly included in the Intercolonial Volcanics. Barite 

veining is common in this area. 

Within the Darwin Granite there is a narrow belt 

of volcanics which stretches as three elongated discrete 

bodies from just north of South Darwin Peak. The northern-

most and longest is about one kilometre in length. All 

three bodies consist dominantly of strongly fractured 

massive rhyolites of the Intercolonial Volcanics, which in 

small areas contain mineralization which closely resembles 

that at Prince Darwin. 

The main belt of the Intercolonial Volcanics 

continues north from the Prince Darwin adit. The massive 

pink rhyolite, which there carries disseminated magnetite-

pyrite-chalcopyrite mineralization, cannot be traced 

beyond the North Prince Darwin adit, due to precipitous 

slopes, thick vegetation, and its probable displacement on 

a north-west trending fault. 
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Razorback Spur and Mount Darwin exhibit a great 

variety of acid lavas and pyroclastics, generally in units 

of less than five metres thickness. Clastic textures, 

autobrecciation and chloritic alteration are exhibited in 

all degrees. The majority of the rocks exhibit only mild 

cleavage, and the more massive ones show a rough hackly 

outcrop due to close jointing. The variability of rock 

types is even more pronounced on the precipitous eastern 

face of Mount Darwin where thin highly deformed and 

strongly cleaved units are intruded by very small apophyses 

of Darwin Granite. 

North of Mount Darwin the Intercolonial Volcanics 

take on a somewhat different aspect. While they still 

exhibit considerable lithological variability, it becomes 

less abrupt, so that the overall impression gained is of a 

greater uniformity. The great majority of rock types 

throughout this section are massive, with commonly closely 

spaced joints yielding rough, broken Outcrops. Lithologies 

include massive rhyolitic lavas, usually buff, brown, grey, 

or pale green in colour, with pale green pseudomorphs after 

feldspar phenocrysts commonly but not necessarily present, 

and occasionally quartz. The micropoikilitic texture which 

gives Darwin keratophyre its characteristic sandy appear-

ance is extensively developed in places, notably on the 

north-west spur of Mount Darwin, at Sumpters Peak (3633 

7982), Findons prospect (3623 8005), and south of Snake 

Peak (3632 8002). Fine pyroclastic rocks are also 

widespread and differ little in outcrop and occurrence from 

the apparently effusive rocks. Volcanic breccias are 

common. 

Throughout this area small irregular zones of 
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chlorite development in most cases simply produce a green 

colouration on freshly broken surfaces. Locally however it 

may have developed to the extent of obliterating pre-

existing textures, in which cases pronounced cleavage is 

also present. The most extreme example of this process in 

this area is at Findons prospect (see section 4.2iii). 

Locally, adjacent to the Owen Conglomerate of 

Snake Peak a fractured and brecciated phase of the rhyolite 

(41212, 41213) has been extensively stained reddish-brown 

with goethite. This is a minor local occurrence though 

identical staining also occurs in rhyolite between Snake 

and Conglomerate Peaks (3631 8007) and in very minor areas 

on Intercolonial Spur. 

Most of the Intercolonial Volcanics are overlain 

by Owen Conglomerate in the narrow north-west trending 

syncline which terminates in Snake and Conglomerate Peaks. 

The elevated area north of this syncline up to the Owen 

Conglomerate-capped peaks of Mount Jukes is known as Inter-

colonial Spur, from which the name and type area for this 

unit was taken. 

West of the top of Intercolonial Spur pale green 

varieties of the micropoikilitic rhyolite are extensively 

developed. Also on the western side of the Spur is an 

extensive lenticular body fully enclosed within the 

rhyolites. This lens contains Hydes prospect (see section 

4.2ii). Prior to mineralization it consisted of coarse 

lithic tuffs, and fine, layered ash. Three other bodies of 

coarse pyroclastic material also occur in the immediate 

vicinity. 

At the northern end of Intercolonial Spur coarse 
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volcanic breccias become common and are identical to those 

which occur on Adit Knob at Upper Lake Jukes (see section 

4.2vi). Adit Knob is a prominent mass of massive rhyolite, 

rhyolitic pyroclastics and breccias (Plate 7) containing 

minor veins of copper mineralization. 

East of Adit Knob is an extensive area of 

volcanics exposed in the Lake Jukes cirque. The sequence 

consists of massive rhyolites, tuffs, and volcanic breccias 

of different types, and containing a narrow belt of 

chloritised and mineralized pyroclastics which form the 

Bean and Thow Prospect (3631 8056) (section 4.2iv). 

From Lake Jukes the Intercolonial Volcanics are 

exposed at Yellow Knob, and in precipitous country 

adjacent to the eastern face of Mount Jukes. Most however 

is overlain by Owen Conglomerate which forms the mass of 

Mount Jukes and its subsidiary peaks. East of Proprietary 

Peak it is poorly exposed adjacent to the Andrew Volcanics 

until the contact is sharply displaced to the north-east 

along a fault adjacent to the Jukes Proprietary prospect 

(see section 4.2v). 

North of Proprietary Peak to the King River is an 

area where Intercolonial Volcanics are again extensively 

exposed. While undoubtedly the same unit as was observed 

further south, certain lateral changes have taken place. 

It is still composed essentially of massive volcanics, 

here striking generally north. Weathered surfaces are 

typically pink and reddish-brown' and fresh surfaces 

commonly are grey to greenish. Layering of lavas with 

massive fine tuffs is more apparent than previously and 

narrow chloritic tuff zones with minor sulphide mineraliza-

tion are also apparent. The very coarse breccias which are 
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a striking feature of northern Mount Darwin and Intercolon-

ial Spur are absent. Magnetite stockwork veining is 

strongly developed to the east, but is absent further west. 

Minor sulphide mineralization is extensively developed 

throughout this area. 

The further continuation of this unit to the 

north will be considered in the section on the Lyell-Huxley 

area. 

2. Andrew Volcanics  

Derivation.- The name is derived from the Andrew River, 

which drains the eastern side of Intercolonial Spur. 

Type Section.- No complete stratigraphic section can be 

given, as the top of the unit is not exposed. The best 

section available is from the base of the unit at the 

unconformable contact with the Intercolonial Volcanics at 

3629 8019, along the access road to the former Darwin town-

site (3650 8003). A less representative section is 

exposed on the access track to the Darwin Plateau. Less 

complete subsidiary sections are also exposed on the lower 

parts of the pack-track to the East Darwin prospect, along 

the upper Andrew River, along the eastern part of the King 

River Gorge, and in the upper Traveller River. 

Lithology.- The Andrew Volcanics are dominantly fine 

grained distinctly cleaved porphyritic volcanics containing 

phenocrysts of feldspar and/or quartz in a pale green to 

grey, and rarely reddish-brown groundmass. A variety of 

fine-grained volcanogenic rock-types are represented. 

Medium-grained pyroclastic units are widespread, and in the 

King River Gorge coarse volcanic clasts are common. 

Disseminated pyrite occurs rarely in very minor amounts. 

Columnar jointing is well developed in Allans Creek. Minor 
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quartz veins are common, barite veins are very rare (noted 

in two localities only) andiron oxide veins have not been 

observed. 

Relations to associated formations and boundary conditions.- 

As noted above the base of the unit is its contact with the 

unconformity which marks the top of the Intercolonial 

Volcanics, or the equivalent lithological contact in those 

localities where unconformity cannot be demonstrated. The 

top of the unit is not exposed as it is unconformably over-

lain in all localities examined by Lower Ordovician 

sediments (Owen Conglomerate or Caroline Creek Sandstone). 

As observed in the field this unit is remarkably 

uniform, varying little from the description given 

previously. Evidence of a clastic origin for the fine-

grained rocks is usually not obvious in the field. 

Occasionally a crude layering may be developed, suggesting 

a pyroclastic origin (see section 3). 

In three areas there are noteworthy variations 

from the typical lithologies. In the King River Gorge 

there is extensive development of a coarse volcanic 

breccia or conglomerate. It consists of varying propor-

tions of porphyritic volcanic clasts, highly variable in 

colour, in a fine uniform volcanic matrix, usually dark 

grey in colour. The clasts and the matrix are strongly 

cleaved, and the clasts are generally lenticular in 

outline, and elongated in the cleavage (Plate 8). It seems 

likely that the clasts were originally fairly well rounded. 

This is supported by the occurrence towards the eastern end 

of the gorge, of occasional well rounded quartzite clasts 

in the same matrix (Plate 50). These clasts have 

resisted the deformation, unlike the volcanic clasts which 



FIGURE 4. 	Dalgrammatic column showing stratigraphic 
relationships in the Lyell-Darwin area. 
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responded in identical fashion to the matrix (specimens 

41368-71). Similar rocks have been noted in the vicinity 

of Jukes Proprietary prospect (3629 8087). 

At the former townsite of Darwin, the strati-

graphically highest part of the sequence is occupied by a 

kink-banded green phyllite (Plate 9) which appears to be 

interbedded with fine pyroclastics of the Andrew Volcanics, 

and probably represents a very fine volcanic ash, or 

shaly sediment derived from the volcanics. 

South of Darwin townsite the Andrew Volcanics 

contain a higher proportion of medium-grained pyroclastic 

debris which results in a generally less uniform appearance 

than is usual further north. 

3. Clark Volcanics  

Derivation.- The name is taken from the Clark River which 

drains the area between Mount Sorell and the Darwin 

Plateau. 

Type Section.- It would be possible to give a partial type 

section for this unit, however as outcrop would constitute 

no more than ten percent of the section, it is of limited 

use. The unit is defined as overlying (with probable 

unconformity) the Intercolonial Volcanics in the Clark 

River valley, and in the headwaters of the Thomas Currie 

Rivulet. It is itself overlain with angular unconformity 

by Jukes and Owen Conglomerates. The unit is poorly 

exposed except in the bed of the Clark River and some of 

its tributaries. 

Lithology.- The rocks exposed in the bed of the Clark 

River are pale green to grey, distinctly cleaved lavas and 

pyroclastics, usually porphyritic in feldspar and/or quartz. 

Both rhyolitic and andesitic varieties are present. 
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Although not seen in situ, unambiguous evidence of two 

other rock types was found. The river contains boulders of 

a coarse grained spilite similar to that which occurs west 

of Mount Huxley (the Lynch Creek basalts of Solomon, 1964). 

The drainage pattern in this area and the absence of any 

significant glacial activity requires that the source of 

these boulders be in this unit. Again, while not found in 

situ, numerous clasts of pyritic carbonaceous slate were 

found, and for the same reason must be of local derivation. 

The ridge joining Mount Sorell to Mount Darwin is called 

Slate Spur, and Hills (1914a) reported slate accompanied 

by coarse feldspathic sandstone at the eastern end of Slate 

Spur, where they strike north and dip east at 42° (Hills, 

1914a, p.41). He also recorded the presence of minor slate 

on the track from Harris' Reward (Newall Creek?) to Jukes 

Proprietary (3629 8087). 

Relations to associated formations and boundary conditions.- 

The Clark Volcanics are believed to overlie the Intercolon-

ial Volcanics. The contact has been seen in only one place 

(3612 7932) west of South Darwin Peak where it could not be 

examined in any detail. From the apparent correlation of 

the Clark Volcanics with the Andrew Volcanics however, it 

is probable that the contact is unconformable although it 

is unknown whether it is an angular unconformity or a 

disconformity. 

The Clark Volcanics are generally very poorly 

exposed, and where exposed usually resemble the field 

occurrence of the Andrew Volcanics. The need to define the 

Clark Volcanics as a different unit arises because the two 

occur completely separated in the field, and thus cannot be 

demonstrated by mapping to be equivalent. 



32. 

4. Darwin Granite  

The Darwin Granite has been unambiguously defined 

by Hills (1914a), who said (p.33) "This rock is developed 

on the south end of Mt. Darwin and constitutes the greater 

portion of the Darwin Plateau. The granite outcrop is in 

shape an elongated belt measuring 3 miles long by half a 

mile wide." He accurately described the field and micro-

scopic character of the rock, and distinguished the pink 

and white phases. He also gave clear evidence for a pre-

Jukes Conglomerate age for the granite and described 

intrusive contacts between the granite and volcanics where 

the contact had been exposed by trenching. These were 

probably along the western margin, or around the included 

volcanic bodies. 

Solomon (1960, et seq.) favoured subvolcanic 

intrusion, late in the volcanic cycle. 

Derivation.- The name is derived from Mount Darwin (3626 

7976). 

Type Area.- 	As noted above the Darwin Granite is 

restricted to the area of the Darwin Plateau east and south 

of Mount Darwin, to and west of South Darwin Peak (3627 

7927) where it is non-conformably overlain by Jukes 

Conglomerate and Owen Conglomerate. 

Lithology.- The Darwin Granite is a composite intrusion 

consisting dominantly of a medium grained pink granite, 

with two areas of "white granite". Aplite veins are 

common, however although pegmatitic phases have been 

previously reported, none were observed during this invest-

igation despite an abundance of new exposure being 

available for examination. 
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Relations to associated formations and boundary conditions.- 

The Darwin Granite is intrusive into the Intercolonial 

Volcanics. Bulldozed tracks have exposed the intrusive 

contacts in at least ten separate locations. Over much of 

its length the eastern boundary of the Darwin Granite has 

been exposed by erosion, and the Andrew Volcanics rest non-

conformably on the erosional contact. For about one 

hundred metres away from the contact rounded clasts of 

granite occur within the pyroclastics (Plate 5). Thus the 

Darwin Granite was intruded and exposed to erosion prior to 

cessation of eruption of the Mount Read Volcanics. 

The Darwin Granite is a sheet-like intrusion 

approximately 800 metres thick, which is broadly concordant 

to the intruded rocks. Along the longest dimension of the 

body it contains three discrete but essentially co-axial 

elongated bodies of volcanics very similar to some Inter-

colonial Volcanics found to the west of the intrusion. 

These bodies have previously been regarded as roof 

pendants (Hills, 1914a), however they are interpreted here 

as representing the disrupted core-zone of a major anti-

cline (see section 2.3iv). The margins of these bodies 

have probably been intruded by the granite. The western 

margin of the granite body is locally discordant and 

adjacent to the margin xenoliths of country rock are 

included. The western contacts have been exposed by recent 

bulldozing in many places and there can be no doubt of 

their intrusive nature. The granite is uniform in grain 

size right up to its contact, with no evidence for chilling 

or contact metamorphism, apart from the presence of biotite 

in volcanics which further from the margin contain chlorite. 

On the precipitous eastern face of Mount Darwin 
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near the northern end of the Darwin Granite there is 

abundant evidence for the intrusive nature of the granite. 

Interfingering of the granite with the volcanics, and 

sills, dykes, and laccolith-like intrusions can be seen on 

a scale of a few tens of centimetres. 

Although the unconformable eastern margin was 

not specifically mentioned, it was apparently recognised 

by Solomon (1960, p.47) when he commented "The adjacent 

rocks to south and east (of the granite) contain pebbles 

of granite and are therefore younger but to the west and 

north consist of the pink potash rhyolites and tuffs, pre-

granite in age." 

The Darwin Granite consists of two principal 

phases, which have previously been called "pink granite" 

and "white granite" (Solomon, 1960). Solomon claimed the 

pink granite occupied the east and the white the west of 

the Darwin Granite body. The present study indicated that 

the white granite is much less abundant than the pink, and 

is restricted to one large area in the north, and another 

small area in the south. Elsewhere surface weathering of 

the pink granite may give it a paler colour superficially 

resembling the white granite. Several kilometres of bull-

dozed traverses did not reveal any pegmatites, however 

aplite veins are locally common. An intensely chloritised, 

strongly cleaved phase of the pink granite (41375) occurs 

as a narrow elongated meridional belt near the middle of 

the granite body. Near its northern end there is another 

minor phase which appears to represent an extreme case of 

cataclastic deformation of the granite. Both this and the 

chloritized granite have developed in the core of the major 

anticline mentioned above. 
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Minor veins are common in the granite, chiefly 

specular hematite with magnetite, pyrite, and barite. 

Jukes Conglomerate and Correlates  

The Jukes Conglomerate was described from the 

Jukes-Darwin area by Hills (1914a). He regarded it as 

overlying the granite and volcanics with high angular 

unconformity. Bradley (1954, p.216) regarded the contact 

between the "porphyroids" and the Owen Conglomerate as 

metamorphic, rejecting Hills suggestion of unconformity. 

Solomon (1960) also questioned the presence of an uncmaform-

ity between the Junee and Dundas Groups (in the latter of 

which he included the volcanics). 

Although it is only occasionally possible to 

trace a particular stratigraphic horizon into the Mount 

Read Volcanics-Jukes Conglomerate contact, my observations 

are in complete agreement with those of Hills (1914a). 

Throughout the Jukes-Darwin and Lyell-Huxley areas there 

is high angular unconformity between the Mount Read 

Volcanics and the Jukes and Owen Conglomerates. This 

unconformity is not obvious where the contact is observed 

in a north-south section as both series are folded on 

northerly axes, which may produce concordance in strike. 

Solomon (1960) emphasised the possibility of a decollonent 

at the base of the Junee Group, which could lead to 

apparent unconformity. The contact between the Junee 

Group and the Mount Read Volcanics is clearly exposed on 

the northern slopes of Mount Jukes, and the contact is 

definitely not a decollement surface (see Plates 10, 11). 

In other places (e.g. west of Mount Owen; west of South 

Darwin Peak) the contact relations support the presence of 

a decollement. 
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The Jukes Conglomerate and its correlates have 

been described by Hills (1914a), Wade and Solomon (1958) 

and Banks (1962b). In particular Hills' (1914a, pp.43-45) 

accurate descriptions of several localities in the Jukes-

Darwin area require little addition. It consists of 

angular to sub-rounded clasts of volcanics, and near the 

Darwin Granite clasts of granite also occur. The volcanic 

clasts are usually derived from the immediately underlying 

Mount Read Volcanics (Plate 10). Clast diameter is up to 

in excess of a metre. Along the axis of the West Coast 

Range (i.e. Mount Jukes to South Darwin Peak) the occurr-

ences of Jukes Conglomerate are lenticular bodies which 

thin rapidly and are commonly absent from below the Owen 

Conglomerate (Plate 11). These lenses contain usually 

coarse conglomerate or breccia, sometimes passing into 

coarse sandy or occasional shaly horizons (e.g. north 

Mount Jukes and Mount Huxley). Crude stratification may 

occur in the finer phases, and rarely fluvial sedimentary 

structures are visible (Plate 13). Contact relations with 

the overlying Owen Conglomerate are usually sharp. On both 

sides of the West Coast Range at Mount Sorell (the Sorell 

Conglomerate) and on the southern flanks of Mount Lyell, 

there is more extensive development of these conglomerates. 

In addition the contact relations with the overlying Owen 

Conglomerate are gradational with early appearance of 

rounded quartzite clasts which increase irregularly in 

proportion until the Owen-type facies has taken over 

completely from the Jukes-type facies. 

Clasts of hematite-breccia and veined massive 

rhyolites occur in the Jukes Conglomerate (Plate 14). 

Their significance in relation to mineralization will be 



TABLE 1. Characteristics of Stratigraphic Units in the Jukes-Darwin Area. 

Unit Dominant Lithologies Alteration Mineralization 
Depositional 
Environment 

Thick- 
ness 

Clark Volcanics rhyolitic pyroclast-
ics; minor andesitic 
pyroclastics; basic 
lavas; minor pyritic 

' carbonaceous shales 

effects of burial 	quartz veins abund- 
and regional meta 	ant; pyrite in 
morphism ubiquitous; shales 
silicification pres-
ent; hydrothermal 
alteration absent 

dominantly sub-
aerial away from 
vents; local ephem-
eral lagoons; unit 
probably passes into 
marine conditions to 
the west 

> 1500 
metres ? 

Andrew Volcanics rhyolitic pyroclast-
ics; epiclastic 
rocks virtually Ab-
sent; lavas 
probably minor 

effects of burial 
and regional meta-
morphism ubiquitous; 
silicification pres-
ent; hydrothermal 
alteration absent 

quartz veins abund-
ant; very minor 
disseminated pyrite; 
very minor barite 
veins 

dominantly sub-
aerial away from 
vents; probably sig-
nificant relief 

> 1500 
metres ? 

Intercolonial 
Volcanics 

rhyolitic lavas; 
massive rhyolitic 
pyroclastics; minor 
reworking 

effects of burial 
and regional meta-
morphism ubiquitous; 
hydrothermal altera-
tion widespread 

pyrite dissemina-
tions and veins of 
pyrite, magnetite-
hematite, quartz, 
quartz-chlorite and 
quartz-aibite are 
Abundant. Copper 
mineralization in 
hydrothermally alt-
ered zones, barite 
veins 

dominantly high 
relief sub-aerial, 
near-vent with minor 
local epiclastic 
accumulations 

> 1200 
metres ? 



37. 

discussed later. 

Owen Conglomerate  

Owen Conglomerate is found extensively throughout 

the Jukes-Darwin area. It is draped over the West Coast 

Range, forming its highest peaks. It runs almost contin-

uously along the eastern side of the Range where it varies 

from several to less than one, hundred metres in thickness, 

generally decreasing to the south. The greatest thickness 

is developed on Mount Jukes where it is approximately 500 

metres. The zone of greatest thickness passes to the west 

of the main part of the Range, to Mount Sorell where it is 

in excess of 300 metres. 

The lithological character of the Owen Conglom-

erate has already been outlined. As mentioned above it 

overlies Jukes Conglomerate conformably, and Mount Read 

Volcanics with high angular unconformity. Campana et a/. 

(1958) reported the occurrence of a "continental 

unconformity" (disconformity) between the Jukes and Owen 

Conglomerates on Mount Murchison. This has not been 

observed in the Lyell-Darwin area. Contact relations with 

the Jukes Conglomerate are usually sharp along the axis of 

the Range (Plate 12) but may be gradational along its 

flanks. 

General 

General features of the stratigraphic units 

erected for the Mount Read Volcanics in the Jukes-Darwin 

area are summarised in Table 1. 

Investigations in the Jukes-Darwin area revealed 

only one facing which could be considered to be of wide-

ranging significance in indicating the relative ages of 

the Cambrian stratigraphic units. This is the nonconform- 
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ity between the Darwin Granite and the Andrew Volcanics, 

which clearly indicates that in that area the sequence is 

younging to the east. This also clearly demonstrates the 

relative ages of the Intercolonial and Andrew Volcanics. 

These units could be mapped continuously to the north where 

their relative positions are preserved. The Andrew 

Volcanics can still be recognised in the King River Gorge, 

but a short distance further north pass under Owen 

Conglomerate. A short distance to the north-east the 

underlying Intercolonial Volcanics can be clearly recognis-

ed north of Mount Huxley. In this area however.. .an 

abundance of facings indicate that the sequence is younging 

to the west. The continuity of the units leaves no doubt 

that the Intercolonial Volcanics are flanked by younger 

volcanic units. The available data appeai.  to be best 

explained by the Intercolonial Volcanics occupying the 

axial zone of a major anticline, with the Andrew and Clark 

Volcanics as laterally equivalent remnants of an originally 

continuous sheet (Figure 5). 

The unconformity which separates Intercolonial 

Volcanics from Andrew Volcanics has not been located north 

of Taylours prospect (3626 8025). No evidence was -found to 

indicate an unconformity west of the Intercolonial Volcan-

ics in the Lyell-Huxley area, although Bradley (1956, 

Figure 7, p.70) indicates the presence of one at the 

appropriate position in a figure, and proposes "for 

structural reasons" the presence of a "discordance some-

where between the Lynch Conglomerate and Miners Slate" 

(Bradley, 1954, p.221). The boundary between the Intercol-

onial Volcanics and the Clark Volcanics has not been 

examined in detail so it is not known whether it is 
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conformable or not, however an unconformity at that level 

is thought likely. Corbett (1970) suggested that an 

unconformity occurs at a slightly lower level at Prince 

Darwin. 

2.3iii 	Geology of the Lyell-Huxley Area  

Following mapping in the Jukes-Darwin area 

reconnaissance mapping was carried out in the Lyell-Huxley 

area in order to determine the validity of the stratigraph-

ic units erected further south, and if possible to carry 

them through to Mount Lyell. Mapping on the basis of the 

units erected in Jukes-Darwin was only possible because of 

familiarity with the units in the Jukes-Darwin area and it 

is unlikely that anyone familiar only with the Lyell-

Huxley area would have erected stratigraphic subdivisions 

directly comparable to those erected here for Jukes-Darwin, 

although no better local subdivision is apparent. 

In dealing with the geology of the Lyell-Huxley 

area the most defensible procedure would be to erect 

another series of stratigraphic units which could then be 

correlated with those erected for Jukes-Darwin. This 

procedure however presents insurmountable difficulties in 

rigorously defining the units. For this reason it is 

proposed to discuss the geology of the Lyell-Huxley area 

under the same subdivisions as have been used for the 

Jukes-Darwin area. It must be clearly understood that it is 

not implied that the rocks discussed under Intercolonial 

Volcanics or Clark Volcanics below necessarily fit the 

definitions of these units given above for Jukes-Darwin. 

What is implied is that these rocks are correlates of those 

units in the Jukes-Darwin area. The basis for the 

correlation will be made clear in the course of discussion. 



TABLE 2. Characteristics of Stratigraphic Units in the Lyell-Huxley Area. 

Unit Dominant Lithologies Alteration Mineralization 
Depositional 
Environment 

Thick- 
ness 

2000+ 
metres ? 

Clark Volcanics 
equivalent 

Rhyolitic pyroclast-
ics dominant near 
base, intermediate 
and basic component 
increasing upwards. 
Reworked and sorted 
pyroclastics, and 
shales and sand-
stones occur 

Effects of burial 
and regional meta-
morphism Ubiquitous; 
silicification pres-
ent; hydrothermal 
alteration Absent 

Quartz and quartz-
epidote veins 
Abundant 

Mostly low relief 
sub-aerial with 
lagoonal and in 
places ? shallow 
marine conditions 

Andrew Volcanics Insufficient exposed 
equivalent 

Intercolonial 
Volcanics 
equivalent 

Massive porphyritic 
lavas and pyroclast-
ics, dominantly 
rhyolitic composi-
tion with minor 
basic and intermed-
iate volcanics. 
Reworked pyroclast-
ics and ash-fall 
tuffs increase to 
the north 

Effects of burial 
and regional meta-
morphism ubiquitous; 
hydrothermal altera-
tion widespread in 
north, decreasing to 
the south 

Pyrite dissemina-
tions extremely 
abundant particular-
ly in the north. 
Chalcopyrite locally 
Abundant particular-
ly at Mount Lyell. 
Minor magnetite, 
hematite, barite 
locally. Bornite 
and many minor min-
eral phases locally 
at Mount Lyell. 
Veins containing 
quartz, chlorite and 
albite widespread. 

Mostly low relief 	1000+ 
sub-aerial with 	metres ? 
lagoonal and in 
places ? marine con- 
ditions 
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General features of the units are summarised in Table 2. 

Intercolonial Volcanics  

In section 2.2ii the Intercolonial Volcanics were 

described for the Jukes-Darwin area, and some lateral 

changes indicated. The trend noted there continues in the 

Lyell-Huxley area. Immediately north of Mount Huxley are 

prominent outcrops of micropoikilitic volcanics, usually 

porphyritic in feldspar (specimens 41406, 41408, 41412). 

Interbedded with them are horizons of tuff, pyritic quartz-

sericite schist, and coarse volcanic breccias. Barite and 

magnetite veins are both absent. There can be no reason-

able doubt about the correlation of these rocks with the 

Intercolonial Volcanics, as they are identical to rocks 

found in that unit at Jukes Proprietary, Intercolonial Spur, 

and north Mount Darwin. 

East of Mount Huxley these rocks persist for 

only a short distance before being overlain by Owen Conglom-

erate. Along the Mount Huxley access track they are 

succeeded to the west by a zone where lithic pyroclastics 

(tuffs and probable ignimbrites; 41409, 41411, 41414) are 

dominant over lavas. This zone also includes interbedded 

shale or very fine banded ash (41410) and includes minor 

development of intermediate (41413) and basic (41416) 

volcanics. This is the southernmost occurrence where 

basic or intermediate volcanics are known to occur within 

this unit. 

Near what is believed to be the western margin of 

this unit, there occurs on Whip Spur an extensive exposure 

which demonstrates in spectacular and unambiguous fashion 

that the unit there faces west. It consists of a lens 

which pinches out rapidly to the north and more gradually 
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to the south, and which has a thickness in excess of one 

hundred metres. The lens consists of repeated units of 

mostly three to four metres thickness. Each unit has a 

sharp base above which occurs a coarse fragmental rock with 

clasts of a pink porphyritic volcanic, average diameter 

about three centimetres, in a sparse grey-green matrix. 

This coarse phase locally contains deformed fragments up to 

a metre in length, of fine layered ash or shale. The 

fragmental material grades upwards until it passes 

imperceptibly into silt-grade horizons. The fine layered 

tops of each graded unit contain excellent slump folding 

and contortions. The upper layers seldom show evidence of 

significant scouring and in most cases are in undisturbed 

contact with the base of the overlying unit. The features 

of this section are illustrated by Plates 15, 16, 17, 18. 

One of the units was sampled at intervals of approximately 

60 centimetres (specimens 41395-41403, section 3.2ii). 

Overlying the unit described above to the west 

are acid tuffs, lavas, minor spilite (41416), and 

siltstones. The top of the Intercolonial Volcanics equiva-

lent sequence is thought to occur in the vicinity of the 

lower slopes of Whip Spur. 

The lateral changes noted previously continue to 

the north. The massive pink micropoikilitic rhyolite 

outcrops as a prominent knoll on the upper part of Whip 

Spur, and other typical phases of the Intercolonial 

Volcanics occur around it and to the south. Similar 

massive or slightly cleaved rhyolites occur along the east-

ern side of Conglomerate Creek, where they were mapped by 

Walshe (1971). They can be traced continuously to very 

close to the Lyell Highway, and contain minor sulphide 
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occurrences at intervals. West of the belt of rhyolites is 

a thin belt of fine banded tuff and shale which contains 

numerous indications of its westerly facing. 

Just north of Whip Spur in the head of Conglomer-

ate Creek is a large irregular plug-like intrusion of 

andesite (41447). The highly discordant contacts and 

relatively unaltered nature of the rock clearly indicate 

that it is younger than the surrounding rocks, and it may 

well have been a feeder for lavas of similar composition at 

a higher stratigraphic level. 

The southern end of the ridge of Little Owen 

includes massive rhyolites clearly identifiable with the 

Intercolonial Volcanics (41446). Further north it consists 

dominantly of acid pyroclastics which include a narrow zone 

of intense sericitic and chloritic alteration with pyrite 

mineralization. West of Little Owen the light-coloured 

pyroclastics are succeeded by strongly weathered apparently 

chloritic pyroclastics probably representing more basic or 

intermediate material. The western margin of that part of 

the sequence which is correlated with the Intercolonial 

Volcanics is placed there, although much more detailed 

mapping is required to precisely locate the boundary with 

confidence. 

The correlation of the central belt south of 

Mount Lyell mines with the central belt of volcanics in the 

Jukes-Darwin area is not new. Solomon (1960, fig. 4) 

joined mapped occurrences of potash rhyolites at Mount 

Darwin, ?Lake Jukes?, Jukes Proprietary and Whip Spur, and 

extrapolated the belt through to include Mount Lyell Mines. 

Localisation of mineralization was claimed by Solomon 

(1964) to be controlled by the Great Lyell Fault and the 
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basal potash rhyolites, and influenced by other factors. 

Clearly control of mineralization requires that these rocks 

be present in or at least adjacent to the mineralized area. 

The Intercolonial Volcanics in the Jukes-Darwin 

area, and their correlates in the Lyell-Huxley area, have 

been traced over a distance of 23 kilometres from South 

Darwin Peak to just south of the Lyell Highway. It is 

believed that the unit continues north and includes the 

host-rocks for the Mount Lyell orebodies. The apparent 

lithological break in the vicinity of the Lyell Highway is 

a result of hydrothermal alteration and localised deforma-

tion in the vicinity of the mines (see section 2.3iv). The 

most convincing evidence for relating the mine host-rocks 

to this unit is the occurrence of lithologies which are 

common within the unit in the south. Noteable among these 

is a pink rhyolite, massive or with a spaced cleavage, 

which occurred in the West Lyell Pit (41463, 41464, 41465) 

and which forms the footwall for the Prince Lyell orebody. 

The macroscopic features of this rock, despite much more 

intense deformation, clearly resemble those of material 

from within the Intercolonial Volcanics, and are unlike any 

material found outside that unit. 

Thus the Intercolonial Volcanics and its correl-

ates are believed to extend continuously for at least 25 

kilometres along the axis of the West Coast Range. There 

are many structural breaks in that distance, but they do 

not alter the essential continuity of the unit. There are 

profound changes in the rock types which occur at that 

stratigraphic level but at least a small proportion remains 

recognisable throughout. All significant sulphide mineral-

ization is found within the unit, the only mineralization 
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known outside it being very minor pyrite, and gold-bearing 

quartz veins (Figure 10). 

Andrew Volcanics  

Andrew Volcanics have not been positively 

identified in the Lyell-Huxley area. Extension of this 

part of the sequence north of the King River Gorge would 

require a small area to occur east of the Intercolonial 

Volcanics, until it was finally completely overlapped by 

Owen Conglomerate south of Mount Owen. One very minor 

occurrence of cleaved quartz porphyry that may belong to 

the Andrew Volcanics has been located east of Mount Huxley. 

Clark Volcanics  

The sequence which overlies the Intercolonial 

Volcanics equivalent sequence to the west would, by compar-

ison with Jukes-Darwin, be correlated with the Clark 

Volcanics. It consists chiefly of acid lavas and 

pyroclastics, but intermediate and basic volcanics occur 

throughout, and become dominant west of Miners Ridge, 

especially in the vicinity of the western end of Lynch 

Creek where a thick sequence of spilites occurs. Interbed-

ded with the volcanics is a variety of sediments, including 

carbonaceous and pyritic shales (41426, 41494), tuffaceous 

arenites, and one thick quartz sandstone horizon which 

forms the Miners Ridge. 

Near the western margin of the Cambrian success-

ion in the Lynch Creek area there is extensive development 

of a peculiar rock type which was described by Solomon 

(1960) as "augite trachyte (?)". Its clastic origin is 

clearly evident on many weathered surfaces where it can 

often be seen to contain fine to coarse volcanic clasts. 

Its mineralogy is dominated by variable amounts of albite, 
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augite, and frequently small amounts of quartz (specimens 

41431, 41433). In view of the fact that in that area acid 

and basic volcanics are commonly interlayered, it would 

appear to be derived by simultaneous deposition of acid and 

basic pyroclastic debris. 

Correlation of this part of the sequence in the 

Lyell-Huxley area with the Clark Volcanics is based partly 

on their both having the same spatial relationship to the 

Intercolonial Volcanics, but is also based on lithological 

similarities, namely 

1) the presence of abundant quartz porphyritic, pale 

coloured cleaved volcanics. They form a higher proportion, 

and are more strongly cleaved in the Clark Valley, but are 

still very similar in appearance, petrography, and geochem-

istry. 

2) the presence of volcanics of andesitic composi-

tion as a minor proportion in both localities. 

3) the presence of pyritic and/or carbonaceous 

shales in both localities. These are not known to occur in 

any other unit. 

4) the presence in both of massive spilite contain-

ing unaltered pyroxenes. Spilite is known at a lower 

stratigraphic level in the Lyell-Huxley area, but it bears 

no resemblance to those at Lynch Creek or elsewhere in the 

Clark Volcanics and their correlates. 

Considering the unstable nature of the depositional environ-

ment and the distance separating the two sequences correlat-

ed, the lithological similarities outlined above allow 

reasonable confidence of the validity of the correlation. 
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2.3iv 	Structure of the Lyell-Darwin Area  

The structure of the southern West Coast Range 

has been considered by many authors, the most valuable 

contributions being those of Hills (1914a), Carey (1953), 

Bradley (1956), and Solomon (1962, 1964). Determination of 

the structure of the Mount Read Volcanics poses consider-

able difficulties because of the absence of suitable 

marker horizons, and because they have suffered two major 

orogenic movements, the Jukesian (late Cambrian) and 

Tabberabberan (Middle Devonian). The effects of the 

Tabberabberan Orogeny can best be assessed by examining the 

structures developed in the Ordovician rocks. Interpreta-

tion of the structure of the Volcanics in the light of 

structures observed in the younger rocks is difficult 

because of the marked differences in physical competence. 

The first-order folding which has affected the 

Ordovician rocks is developed on north-trending axes, and a 

wavelength of about fifteen kilometres. These folds are 

represented by the King Synclinorium and the West Coast 

Range Anticlinorium of Carey (1953). Along the eastern 

limb of the King Synclinorium Owen Conglomerate occurs as a 

thin unit overlying the Precambrian rocks of the Tyennan 

Block. Its outcrop is frequently displaced by faults. 

Within the King Synclinorium the sediments overlying the 

Owen Conglomerate show strong development of the second-

order folds referred to below. 

Along the eastern limb of the West Coast Range 

Anticlinorium (which is the western limb of the King 

Synclinorium) the Owen Conglomerate occurs continuously, 

with great thickening in the area of Mounts Lyell and Owen. 

No pronounced breaks in continuity due to faulting, 
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comparable to those which occur on the eastern limb of the 

Synclinorium are known, although other major faults such as 

those at Mount Lyell (see below) do occur. The contact 

with the underlying Cambrian rocks is always steep and 

locally near Crotty, and along the "Great Lyell Fault", is 

overturned. 

The second-order folding which has affected the 

Owen Conglomerate varies in wavelength from about two to 

several kilometres. Its trend is variable from north-west 

in the vicinity of Mount Jukes, north to N.N.W. on the 

Thureau Hills and Mount Owen, and W.N.W. near Mount Lyell. 

Associated with these folds are many faults which follow 

similar trends. On the crest of the West Coast Range Anti-

clinorium, as at Mount Jukes, these faults have displace-

ments of at most about a hundred metres. East of the crest 

of the Anticlinorium, in the Mount Lyell-Mount Owen area 

they can be inferred to have large displacements of the 

order of up to hundreds of metres. This will be considered 

further later. 

Determining the structure of the Cambrian rocks 

poses extreme difficulty owing to the absence of marker 

horizons, hence it has been mostly ignored by previous 

workers. Hills (1914a, p.64) referred to a pre-Owen 

Conglomerate orogeny which produced isoclinal folding of 

the volcanics and related to it the intrusion of the Darwin 

Granite into an anticlinal crest. Although much of the 

structural detail described by Bradley (1956) is not 

supported by this study, in some essential aspects he is 

thought to be correct. In particular the truth of his 

comment (p.66) that ".... the position of the main 

anticlinal uplift of the Devonian orogeny coincided with 



FIGURE 5. 	Diagrammatic sections showing the structural 
development of the southern West Coast Range. 

A. Pre-Jukesian Orogeny - Darwin Granite intrud-
ed into Intercolonial Volcanics, unconform-
ably overlain by Andrew and Clark Volcanics. 

B. Lower Ordovician - Cambrian rocks with anti-
clinal structure unconformably overlain by 
Jukes and Owen Conglomerates. 

C. Now - The Cambrian anticline was accentuated 
in the Tabberabberan Orogeny when the Owen 
Conglomerate was folded into a broad anti-
cline. The surface shown is a natural scale 
E-W section through Mount Sorell, the Darwin 
Plateau, and Ten Mile Hill. 
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that of the Cambrian movements and it follows that the 

Dundas Ridge was merely one aspect, the late Cambrian 

geomorphic aspect, of an evolving and long enduring 

anticlinal structure." has been overlooked by subsequent 

workers. Solomon (1962, 1964) gave considerable attention 

to the structures present in the Owen Conglomerate, and 

indicated aspects of the structure of the Cambrian rocks in 

the Lynch Creek-Miners Ridge area (Solomon, 1960). 

Aspects of the Cambrian structure have already 

been touched on in previous sections. Facings within the 

Cambrian succession indicate that the volcanics which occur 

both west and east of the Intercolonial Volcanics overlie 

them. Thus a major anticline with north-trending axis is 

indicated within the Cambrian succession. The base of the 

Owen Conglomerate on the West Coast Range lies in direct 

contact with all the Cambrian units, which indicates that 

an anticlinal structure was present prior to deposition of 

the Conglomerate. The close relationship between this 

Jukesian anticline and the Tabberabberan West Coast Range 

Anticlinorium suggests that the Cambrian structure strongly 

influenced the development of the first-order Tabberabberan 

folds. 

Recognition that the Darwin Granite occupies the 

crest of a major anticline sheds light on two features of 

the intrusion. The narrow north-trending bodies of 

volcanics within the granite, thought by Hills (1914a) to 

be roof pendants, are now thought to represent underlying 

volcanics caught up in a disrupted fold core zone. The 

zone of intense cataclastic deformation of the granite or 

porphyritic volcanic near the northern end of the intrusion 

is now thought to result from intense deformation in the 
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axial zone of the anticline (Figure 5). 

As small-scale marker horizons are not available 

in the volcanics in the Lyell-Darwin area, it is not 

possible to determine what smaller scale folding is 

present. The intensity of folding in the extremely 

competent Owen Conglomerate even when its thickness is in 

excess of one thousand metres, leaves no possible doubt 

that the volcanics, which have suffered burial metamorphism, 

and in places hydrothermal alteration, must be more 

intensely folded as they are much less competent and less 

homogeneous than the Conglomerate. One example of smaller-

scale folding is the anticline developed in quartz sand-

stone forming the Miners Ridge south of Queenstown 

(Solomon, 1960). 

For the same reason that it is difficult to 

recognise folds in the volcanics, so too it is difficult to 

recognise faults. Only one fault is known which can be 

confidently referred to the Jukesian Orogeny. That is the 

north-east trending fault between the Andrew Volcanics and 

the Intercolonial Volcanics, and adjacent to which the 

Jukes Proprietary prospect occurs. It is believed to have 

formed in the Jukesian Orogency for three reasons: 

I.  Its trend is discordant to the normal Tabberabb- 

eran trends. 

The displacement apparent in the Owen Conglomer-

ate appears insufficient to explain the much greater 

displacement which has occurred in the Cambrian rocks, 

hence its main movement occurred before deposition of the 

Owen Conglomerate, though minor reactivation did occur in 

the Tabberabberan Orogeny. 

It brings into contact Intercolonial Volcanics 



50. 

and Andrew Volcanics, hence it formed after eruption of the 

Andrew Volcanics and cannot be related to any earlier 

Cambrian movement. 

Another fault which possibly relates to the 

Jukesian Orogeny has a north-west trend, and occurs across 

the northern end of Mount Darwin. It appears to produce 

major displacement within the volcanics, particularly the 

Intercolonial Volcanics, without producing significant 

displacement on the Owen Conglomerate to the east of the 

Range. 

The development of the unconformity between the 

Intercolonial Volcanics and succeeding volcanics is 

presumably related to some kind of diastrophic event, 

however it is not possible on available evidence to 

indicate the nature or intensity of this event. Two faults 

are known which appear to be related to this movement as 

they do not displace the unconformity. The first of these 

has an east trend, and is occupied by the Taylours prospect 

barine veins (section 4.2vii). The second fault which may 

be related to this movement has a north-east trend, and 

passes under the Owen Conglomerate of Snake Peak (3632 8002) 

to produce a marked change in the lithologies present in 

the Intercolonial Volcanics east of Conglomerate Peak 

(3631 8011). This fault may also be responsible for the 

sudden disappearance to the north of the East Darwin 

mineralization. It is marked by a very minor displacement 

in the Owen Conglomerate of Snake Peak ridge. 

The structure of the Mount Lyell-Mount Owen area 

should be considered in the light of the regional features 

outlined above. The Cambrian anticline referred to above 

(the Dundas Ridge of Bradley, 1956) was developed in the 
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Jukesian Orogeny, subsequent to which it was eroded expos-

ing the mineralized core. The Lower and Middle Owen 

Conglomerate were deposited east of this anticlinal ridge 

which continued to rise as the conglomerate accumulated, 

resulting in an extremely abrupt thinning to the west. It 

is suggested that the rising of the ridge may have resulted 

from elevation of the eastern limb of the fold on an axial 

plane fault which died out to the north and south where 

Lower and Middle Owen sedimentation overlapped the anti-

cline. Slumping of part of the Upper Owen Conglomerate off 

the ridge produced the Haulage Unconformity (see Solomon, 

1969, p.40). Similarly slumping or large-scale landslip 

carried abundantly mineralized volcanic material into the 

Owen basin forming a wedge in the Owen sequence (Solomon 

and Elms, 1965, p.481; Solomon, 1969, Fig.5). 

By the time the Gordon Limestone was deposited 

all the controls were present which during Tabberabberan 

deformation produced the intense and, in the regional 

picture, anomalous structures present in the area of Mounts 

Lyell and Owen. There controls were 

a) an extensive north-trending zone of intensely 

altered volcanics, 

b) a thick sequence of massive oligomictic conglom-

erates and quartzites which thin abruptly against the 

linear belt of altered volcanics, 

c) a thin wedge of volcanics deposited locally on 

the western margin of the Owen basin where it was thinning 

rapidly. 

During the Tabberabberan Orogeny this area was 

folded under the same stress regime which further south 

produced accentuation of the north-trending Cambrian anti- 



FIGURE 6. 	Diagram illustrating structural development at 
Mount Lye11. The pre—Tabberabberan (A) shape of 
the Owen Basin, and the varying competence of 
the volcanics against which it was compressed 
resulted in differential movement between 
different parts of the basin (B). See text, 
pages 50-53. 	The vertical plane is for 
reference only. 
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cline, and which superimposed smaller-scale folding on 

north-west trending axes, and produced north-west trending 

faults. In the Queenstown area it resulted in strong 

compression of the Owen Conglomerate against the anticlinal 

ridge of strongly altered volcanics. In the area immed-

iately east of the West Lyell open-cut the great thickness 

of the Owen Conglomerate containing a thick wedge of 

altered volcanics (see Figure 6) was compressed against the 

most intensely altered and mineralized volcanics, which 

responded as a resistant but ductile mass. The sudden 

westerly thinning of the conglomerates together with the 

thick volcanic wedge within them produced sharp upturning 

of the western edge. This produced a vertical wall of 

conglomerate which further compression tried to press 

further and deeper into the volcanics which resisted 

strongly, and the western edge of the conglomerate was 

overturned (see Solomon, 1969, Fig.5). The now highly 

deformed wedge of volcanics which protruded into the 

conglomerate formed what is now known as the Tharsis Schist 

Zone. 

A short distance further north on Mount Lyell the 

absence of the volcanic wedge in the conglomerate, and a 

probably less abruptly thinning western margin to the 

conglomerate resulted in the conglomerate rising in 

compression against the volcanics. Its greater resistance 

to upturning of its western margin resulted in it being 

pressed further west, but less deeply into the volcanics, 

than the conglomerates just south. The North Lyell Fault 

formed to accommodate the differential movement between the 

two blocks.' 

The conglomerates on Mount Owen responded in 
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similar fashion, however the volcanics against which they 

were compressed were less extensively hydrothermally 

altered. The result was that as on Mount Lyell the 

conglomerates rose on the volcanics in response to the 

compression before overturning of the margin was sufficient 

to prevent further movement to the west, but the greater 

resistance of the volcanics reduced the westerly transport 

required before this happened. Again differential movement 

between blocks of conglomerate was permitted by the devel-

opment of faults, such as the Owen Spur and South Owen 

Faults. 

The distribution and structure of the Ordovician 

to Devonian sediments at Queenstown suggests that they may 

have suffered a similar history, although the absence of a 

massive competent unit at the base makes it less apparent 

than to the east. 

The account given above of the possible history 

of development of the structures in the Mount Lyell-Mount 

Owen area is intended to clarify stratigraphic relations in 

the Cambrian rocks. Under the deformation conditions 

outlined it is not to be expected that the major faults 

developed in the Owen Conglomerate in the area of Mounts 

Lyell and Owen would extend into, or cause displacement of 

the Cambrian rocks. The Owen Conglomerate is believed to 

have behaved in a brittle fashion, while the Cambrian rocks 

have undergone ductile deformation. Clearly the thrusting 

into the altered volcanics of a mass of extremely 

competent conglomerate must produce intense deformation of 

the volcanics. The ductile deformation will, however, be 

very local in extent and will not alter the overall 

stratigraphic relations within the volcanics. Such local 
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deformation has been demonstrated by Green (1971) in the 

Cape Horn-Comstock area. 

The cleavage developed in Eldon and Junee Group 

rocks is related to the second-order Tabberabberan folding. 

The trend of cleavage in the volcanics is highly variable. 

The usual trend in the Mount Lyell area is north-west. 

Further south the trend becomes N.N.W.. In neither case do 

these trends strictly parallel the Tabberabberan folds 

although it is probably genetically related to them. 

Within the Cambrian rocks the presence of resistant units, 

usually Owen Conglomerate or massive Intercolonial 

Volcanics or Darwin Granite, have strongly influenced the 

trend of cleavage. This is well illustrated north of 

Mount Darwin where the overall trend of N.N.W. developed 

within the massive rhyolites swings north-west to become 

parallel to the north-west syncline of Owen Conglomerate 

which terminates in Snake and Conglomerate Peaks. At 

Mount Lyell near the Owen Conglomerate contact the cleavage 

is wrapped around the contact. Further from the contact it 

swings back to its regional trend. Where the Owen 

Conglomerate is lying on, rather than folded into, the 

volcanics, it has no effect on the cleavage. 

Hills (1914a) noted the presence of disoriented 

cleaved clasts of volcanics within the Jukes Conglomerate. 

His observation was confirmed at South Darwin Peak and on 

Proprietary Peak near Jukes Proprietary prospect. This 

indicates that at least some of the volcanics were cleaved 

during Jukesian deformation. Volcanics showing two 

cleavages in thin section are widespread (Plates 58, 59), 

however it is not known whether either can be ascribed to 

Jukesian deformation. 
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The "Great Lyell Shear" has figured little in the 

above discussion. Bradley (1956) and Campana et al. (1958) 

regarded it as a major fault which they extended even as 

far as South Darwin Peak. There is no evidence to 

support its existence south of Mount Owen. What has been 

referred to as the Great Lyell Shear is the zone of 

cleaved volcanics adjacent to the sharply upturned edge of 

the Owen Conglomerate near Mount Lyell. The only recognis-

able fault is the boundary between the volcanics and Owen 

Conglomerate, along which differential movement must have 

occurred. Thus the Great Lyell Shear is a Devonian 

structure produced by deformation of the Owen Conglomerate 

in contact with strongly altered volcanics, as described 

previously. It was suggested that the sudden thinning of 

the Conglomerate against the volcanics resulted from 

uplift of the volcanics, possibly along an axial planar 

fault. This fault would have been a Jukesian or Ordovician 

structure and cannot be strictly equated to the Great Lyell 

Shear. The hydrothermal alteration of the volcanics may 

have been localised by faults, but it is now impossible to 

locate them or determine their original trend. The present 

north-south elongation of the outcrop of hydrothermally 

altered rocks need not be an accurate reflection of their 

original distribution. The most it is possible to say with 

confidence is that the north-south structural trend has 

been an important one in Jukesian and subsequent deforma-

tion, it was probably important at the time of 

mineralization, and it is possible that faults with this 

trend acted as conduits for alteration and mineralization. 
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2.4 GEOLOGY OF THE ELLIOTT BAY AREA 

2.4i 	Previous Work  

The Cambrian rocks outcropping south and west of 

Macquarie Harbour have received scant attention in the 

literature. The only general account known to me is a 

brief communication by B. Scott in Banks (1962a, p.138), in 

which the Lewis River volcanics are described as containing 

quartzite with subordinate greywacke and shale, but 

consisting dominantly of "siliceous rocks with angular 

quartz and feldspar porphyroblasts up to 2 mm long in a 

fine matrix of quartz and sericite." 

2.4ii 	This Investigation  

Geological mapping was carried out along the 

coast from the Cambrian-Precambrian contact about two miles 

south of Elliott Point, to Epidote Point, and for several 

miles along the Lewis River. All major rock units 

observed were examined petrographically (section 3.3) and 

chemically (section 5). 

In summary the geology of the Elliott Bay area 

(Figure 7) consists of acid volcanic rocks, dominantly 

pyroclastics and redistributed pyroclastics, extensively 

intruded by acid plutonic rocks, and numerous basic to 

intermediate dykes. Following previous usage in unpublish-

ed reports the acid volcanic pile which occurs in the 

Elliott Bay area is termed the Lewis River volcanics. It 

is considered on three grounds to be the southern extension 

of the Mount Read Volcanics:- 

1) 	Both the Mount Read Volcanics and the Lewis River 

volcanics consist of a thick pile of dominantly acid 

volcanics with relatively minor proportions of other rock 

types. 



FIGURE 7. 	Geology of the Elliott Bay Area. The diagramm- 
atic section shows the geology projected onto 
an E-W plane through the Low Rocky point Light-
house. (Mapping by N.C. White and B. Flood, 
1972). 
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2) The Lewis River volcanics lie on the southern 

extension of the prominant northerly trend occupied by the 

Mount Read Volcanics. 

3) The Mount Read Volcanics and the Lewis River 

volcanics lie in similar positions relative to the Tyennan 

Block. 

The thickness of the Lewis River volcanics is unknown, 

however assuming no repetition of units between the Little 

Rocky River and Low Rocky Point Faults, a thickness of at 

least 3000 metres is indicated. 

Descriptive Geology  

The Precambrian rocks of the Tyennan Block 

adjacent to the Precambrian-Cambrian contact south of 

Elliott Point consist of intensely and multiply deformed 

quartzite and quartz muscovite schist. The contact with 

the Cambrian rocks can be traced as a long linear feature 

on aerial photographs, which suggests that the contact is a 

fault. Examination of the coastal exposure of the contact 

showed the quartz feldspar porphyry phase of the Little 

Rocky River Pluton intruded along small apophyses into the 

Precambrian rocks, and blocks of Precambrian rock up to 

tens of metres across enclosed within the porphyry adjacent 

to the contact. The porphyry is cleaved near the contact. 

It is thought that at some time prior to the intrusion of 

the quartz feldspar porphyry the Precambrian rocks were 

uplifted along a major regional, fault, and subsequently the 

porphyry was intruded into the volcanics on the western 

side of the fault, only slightly intruding the Precambrian 

rocks which consequently define the eastern margin of the 

intrusion. 

The Little Rocky River Pluton is a composite 
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intrusion. Its eastern phase is a medium-grained pink 

quartz feldspar porphyry of granite composition (41470). 

Further north-west along the coast there is a sharp contact 

between this phase and a coarse-grained granite porphyry 

which gradually becomes finer and more uniform to the 

north (41469). Grainsize continues to decrease gradually 

as the western edge of the pluton is approached, and near 

the edge the rock has the appearance of an aplite (41468). 

The rocks of the Little Rocky River Pluton are generally 

massive, with joint spacing usually about one metre. 

Locally jointing becomes intense, and occasionally the rock 

has been cleaved. Cleavage is especially obvious at the 

eastern margin of the pluton, and at the contact between 

the two major phases. Thin aplite veins occur frequently. 

No pegmatite was seen. Irregular basaltic-looking dykes 

are common, with one local concentration at the contact 

between the two phases of the pluton. These are discussed 

later. 

The western margin of the pluton is exposed on 

the coast as a sharp straight contact with volcanics. In 

the absence of any evidence to suggest faulting the contact 

is thought to be intrusive. The intruded volcanics are 

grey to greenish, slightly cleaved vitric-crystal tuffs of 

rhyolitic composition (41480). Occasional lenticular beds 

of fine layered ash indicate a northerly strike, and dip of 

40 to 50 degrees to the west. This unit continues to the 

mouth of the Little Rocky River. 

West of the mouth of the Little Rocky River there 

is no outcrop for several hundred metres, and the marked 

difference in lithology and alteration of the rocks on 

either side of the break suggests that there may be a 
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fault of considerable magnitude. A small isolated occurr-

ence of Owen-type conglomerate located just to the north is 

inferred to be a fault wedge such as those found in the 

Noddy Creek area (see section 2.4), and near the mouth of 

the Lewis River. 

West of the Little Rocky River is a slightly 

cleaved, very dark coloured volcanic containing numerous 

quartz and feldspar grains (41481). This unit is intruded 

to the west by the Barrel Creek Intrusion, a small pluton 

now intensely altered to a dark green rock containing 

abundant quartz and biotite, and numerous small sulphide 

veins and segregations (41475). Its eastern margin is also 

clearly intrusive, in this case into a coarse rhyolitic 

crystal-vitric tuff (41479) which dips west at about 45 

degrees. 

The western margin of this unit is marked by an 

abrupt change to well-bedded fine rhyolitic tuffs. The 

bedding, together with some poorly exposed cross-bedding 

suggests that these tuffs were probably water-deposited, 

though it is unlikely that they underwent significant trans-

port by water. Further west, massive rhyolitic tuffs 

occur, showing little variation apart from the size and 

abundance of quartz grains. Adjacent to the eastern margin 

of the Low Rocky Point Pluton the rhyolite is cleaved and 

in some places shows slight brecciation (41477). 

The eastern margin of the Lock Rocky Point Pluton 

is not exposed, so its contact relations with the volcanics 

at Drake Creek are not known with certainty. Shearing in 

the pluton near the margin suggests a faulted relationship, 

however if present the fault is probably not of great 

displacement, as the pluton is clearly intrusive into 
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similar volcanics in the Lewis River. 

The Low Rocky Point Pluton is a composite intrus-

ion with three main phases. Its eastern part along the 

shores of Elliott Bay is a coarse porphyritic granite with 

phenocrysts of potash feldspar up to five centimetres in 

length (41471). An interesting feature of this rock is the 

occurrence in one place of lenticular biotite accumulations 

up to two metres in length, and having the appearance of 

sedimentary lenses (Plate 19). Similar features have been 

described from a number of localities in Devonian granitic 

rocks of north-eastern Tasmania (Cocker, 1971). It is not 

known how far inland this porphyritic granite extends as no 

outcrop was found away from the coast. 

West of Granite Point there is a sharp contact 

between the porphyritic granite and a uniform medium-

grained pink granite. This continues to Low Rocky Point, 

and with minor variation appears to be the dominant 

lithology of the Low Rocky Point Pluton. A similar rock 

interdigitates with rhyolitic volcanics in the Lewis River 

several miles further north. At Low Rocky Point lighthouse 

it appears as a light coloured adamellite (41472) with pale 

pink K-feldspar and pale green plagioclase. 

Near the lighthouse there are two unusual dykes. 

One is small and irregular with a maximum width of one 

metre. The other is fairly regular, with a width of about 

three metres. Both consist of a light coloured non-

porphyritic rhyolite (41489) which in the smaller dyke 

shows pronounced flow banding (Plate 20). 

North of Low Rocky Point the contact with the 

third major phase of the pluton is highly irregular in 

detail, with local strong cleavage, and numerous small 
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basic dykes intruding the contact zone. This, together 

with consideration of the broad geology of the area 

suggests that this zone is the site of a major fault. 

North of the contact zone is a massive intrusion of quartz 

porphyry (41473). It is a distinctive rock, dark grey in 

colour with abundant phenocrysts of smoky quartz in a fine 

granular groundmass. Basic dykes are very common, and 

there are occasional irregular veins of magnetite (41474). 

The western margin of the quartz porphyry was not 

seen in detail, however for several hundred metres north of 

the contact on the coast, the rocks contain dyke-like 

bodies of similar quartz porphyry concordant with cleavage, 

from which an intrusive contact is inferred. The intruded 

rocks are sericitic acid pyroclastics with pronounced 

cleavage trending about 20 degrees and dipping 65 degrees 

to the northwest. The dominant lithology around Penders 

Prospect is well bedded crystal-vitric and crystal-lithic-

vitric tuffs containing abundant quartz and sericite 

(41488). Some beds are fine grained, dark in colour, and 

probably represent the basaltic tuff which becomes more 

common further north. 

From Penders Prospect north along the coast to 

Sassy Creek there is a progressive decrease in the 

proportion of acid volcanics, and an increase in fine 

grained sedimentary rocks, frequently containing abundant 

carbonate (dolomite?). It is probable that fine volcanic 

ash from both acid and basic sources was deposited under 

quiet marine conditions, together with a generally large 

but variable proportion of carbonate (41497). Near the 

mouth of Sassy Creek carbonaceous slate (41505), dolomitic 

siltstone (41503) and very fine quartz sericitic tuff or 
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siltstone (41504) were collected. These rocks are well 

bedded and show a folded slatey cleavage cut by crenulation 

cleavage. Numerous minor folds are exposed in this 

vicinity (Plates 21-24). 

From Sassy Creek north to Epidote Point the 

lithologies remain similar but take on a pronounced green 

colour due to the presence of epidote which has apparently 

formed from basaltic detritus (41498-41502). At Epidote 

Point basaltic tuffs and breccias occur strongly altered to 

epidote (41506). 

The overall trend in the non-intrusive rocks 

between Low Rocky and Epidote Points is to a decrease in 

the proportion of volcanic rocks relative to sedimentary 

rocks, to a decrease in clastic grainsize and bedding 

thickness, and an increase in detrital material of 

probable basic volcanic origin. All these rocks show far 

greater structural deformation than is apparent elsewhere. 

Tension gashes and veins of quartz and siderite are very 

common, and are probably of at least two generations, one 

of which post-dates the most recent deformation 

(Tabberabberan?), while the other is folded by it (Plate 

24). 

It is thought that the highly deformed volcanic-

sedimentary sequence has been uplifted into contact with 

relatively unaltered volcanics along the Low Rocky Point 

Fault. The strong structural deformation probably results 

from these incompetent units being folded in contact with 

the massive Lewis River volcanics. The presence of an 

inferred fault east of this sequence was confirmed by the 

discovery of a belt of Owen-type conglomerate, several 

kilometres in length and less than 100 metres in width 
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occupying the position of the inferred fault. The only 

reasonable explanation of this feature is that it is a 

fault wedge. 

Dark coloured dykes are extremely common through-

out the whole area described and range in width from a few 

tens of centimetres to ten metres. Some can be identified 

in the field as biotite-rich lamprophyres similar to those 

found at Noddy Creek (41496). Most, however, are cleaved 

and highly altered with little to indicate their original 

nature (41490-41495). 

Age of Granitic Intrusions  

Early workers regarded the granitic rocks of the 

Low Rocky Point and Little Rocky River Plutons as being 

Devonian in age because they are massive and show little 

alteration, in contrast to the cleaved and altered Darwin 

and Murchison granites which were regarded as Cambrian. 

Potassium-argon age dating of biotite from the adamellite 

at the Low Rocky Point lighthouse yielded a Silurian age of 

. 407 million years (McDougall and Leggo, 1965) which was 

regarded as a minimum due to alteration of the biotite. It 

is probable that the granitic rocks were emplaced in the 

Cambrian and are related to either the Lewis River volcan-

ics, or to the Jukesian Orogeny which deformed the 

volcanics in the late Cambrian. A relationship between the 

intrusions and volcanism is suggested by the presence in 

them of dykes which may have been feeders for volcanism at 

a higher level. Post-tectonic (post-Jukesian Orogeny) 

emplacement is suggested by the intrusion of the Little 

Rocky River Pluton into an already faulted Cambrian-

Precambrian contact. In neither of these cases, however, 

is the alternative possibility excluded, and on available 



64. 

evidence it is not possible to say which case applies. 

The Barrel Creek Intrusion is a small subconcord-

ant body which is strongly hydrothermally altered, with 

pronounced cleavage. The hydrothermal alteration and 

associated mineralization is believed to be related to 

volcanism, hence this is thought to be a subvolcanic 

intrusion. 

Deformation  

The volcanics east of the Low Rocky Point Fault 

exhibit a poorly developed cleavage. Where bedding planes 

are visible their dip is usually less than 60 degrees. In 

the northern part of the Elliott Bay area the volcanics 

are overlain unconformably, by carbonaceous shales, and 

Owen-type quartzites and conglomerate. These form the 

Osmund Syncline, which is a gently folded structural basin 

elongated along a northerly axis. This gives some indica-

tion of the intensity of post-Ordovician (i.e. 

Tabberabberan) deformation. 

Three major faults are shown in the section 

(Figure 7). The easternmost of these has already been 

discussed. It formed prior to the intrusion of the quartz 

feldspar porphyry phase of the Little Rocky River Pluton 

and hence is inferred to have formed during or prior to the 

Jukesian Orogeny. The shearing of the porphyry adjacent to 

its margin is probably due to localisation of Tabberabberan 

deformation effects at the margin. 

The presence of the Little Rocky River Fault is 

inferred from the pronounced difference in lithology and 

alteration apparent across a major break in exposure. The 

more strongly altered and cleaved rocks to the west of the 

fault probably represent a lower level which was uplifted. 
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The occurrence of Owen-type conglomerate overlying these 

rocks on the western side of the fault puts severe res-

traints on the movement on the fault. The most reasonable 

explanation of the situation shown on the map (Figure 7) is 

that a major west-side-up movement took place in the 

Jukesian Orogeny, followed by erosion and deposition of 

the conglomerate, followed by a minor west-side-down 

movement in the Tabberabberan Orogeny, leading to preserva-

tion of the small area of conglomerate. 

The rocks west of the Low Rocky Point Pluton are 

more altered and deformed than those to the east, from 

which it is inferred that the western block may have been 

uplifted relative to the eastern block. 

The long very narrow belt of Owen-type conglomer-

ate along the fault demonstrates that at least some of the 

fault movement was post-Ordovician. A Cambrian age for the 

origin of the fault is suggested by the local concentration 

of dykes where the fault cuts the coast, indicating that it 

formed before igneous activity had entirely ceased 

(assuming the dykes are not related to a much younger 

• igneous phase). Again it appears likely that the fault 

originated in the Cambrian and was reactivated in the 

Tabberabberan Orogeny. 

The thin bedding and frequent lithological varia-

tion including an abundance of incompetent units results in 

the development of many easily observed small-scale 

structures near the mouth of Sassy Creek (immediately south 

of Epidote Point). Observations in the field, and of thin 

sections, allow two distinct phases of deformation to be 

distinguished. The first produced tight folding with 

slaty cleavage. The second folded the slaty cleavage and 
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imposed a crenulation cleavage. These two deformation 

phases may have been two phases of one orogeny, however it 

is known from an abundance of evidence throughout Western 

Tasmania that the Cambrian rocks have undergone two orogen-

ies, the Jukesian and the Tabberabberan. The simplest ex-

planation of the two observed deformation phases in the 

rocks at Sassy Creek is that the first corresponds to the 

Jukesian Orogeny, and the second to the Tabberabberan Oro-

geny. 

2.5 GEOLOGY OF THE NODDY CREEK AREA 

2.5i 	Previous Work  

The only published statement on the geology of 

the Noddy Creek area is that by Scott in Banks (1962a, 

p.138). The area has received considerable attention in 

the course of mineral exploration particularly by B.H.P. 

(e.g. Hall et al., 1969; Hall, McIntyre and Hall, 1969). 

This has defined the geology on a regional scale, and in 

addition certain areas have been mapped in detail e.g. Timb-

ertops and the Hibbs Ultramafic Belt north and south of 

Noddy Creek (Langlands, 1971; McGregor, 1972; Close, 1972). 

2.5ii 	This Investigation  

The general geology of the area under considera-

tion had already been defined by B.H.P. geologists, so 

attention was concentrated in this work on checking the 

mapping of bulldozed traverses, and sampling for petrograph-

ic and geochemical examination. 

The Cambrian rocks of the Noddy Creek area 

(Figure 8) are bounded to the north-west by the Modder 

Fault across which they are thrown into contact with 

highly deformed Precambrian metasediments (41564-41566). 



FIGURE 8. 	Geology of the Sorell Peninsula. (Modified 
after mapping by N.C. White and B. Flood from 
mapping by Hall et al., 1969). 
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To the east they are overlapped by Tertiary and Quaternary 

sediments of the Macquarie Graben, and have probably also 

been removed by a major north-trending fault now concealed 

in the vicinity of Birch Inlet. 

Five groups of rocks occur in the Noddy Creek 

area, and will be considered separately:- 

a) Cambrian sediments 

b) Volcanics and associated intrusions 

c) Ultramafics and associated intrusions 

d) Lamprophyric intrusions 

e) Ordovician sediments 

a) Cambrian Sediments  

Most of the area under consideration is underlain 

by Cambrian sedimentary rocks which are largely composed of 

two alternating facies: The dominant facies consists of 

thinly bedded fine lithic arenites and argillites (e.g. 

41557, 41558) which generally show a lack of sedimentary 

structures apart from occasional graded bedding, and fine 

cross-bedding. The other facies consists of fine to medium 

conglomerate (41559, 41561) consisting of subrounded clasts 

of quartz, quartzite, chert, and argillite (probably 

silicified) up to 20 cm in length in a coarse arenaceous 

matrix of similar composition (Plate 25). The conglomerate 

is interbedded with the "siltstone facies" throughout the 

area, usually as a very minor phase. It locally becomes 

the dominant phase however, forming units locally over 

three hundred metres in thickness. 

One thick unit of conglomerate occurs along the 

eastern side of the ultramafic belt (41561). Close to the 

Noddy Creek camp it includes an interval 3 m thick which 

contains an abundance of clasts up to 30 cm in length 



68. 

(41560), which have been altered to fuchsite. Rubenach 

(1973) has indicated that these clasts show cumulate 

textures and have apparently formed by in situ alteration 

of gabbro clasts. 

In addition to the two rock types mentioned, 

minor carbonaceous shales have also been found. Near 

Noddy Creek camp they occur as a phase of the "siltstone 

facies". West of Timbertops another area exposed by bull- 

dozing contains finely bedded carbonaceous shales with thin 

layers and scattered cubes and framboids of pyrite (41554), 

with very minor chalcopyrite. 

b) Volcanics and Associated Intrusions  

The volcanics of this area, hereafter referred to 

as the Noddy Creek volcanics in accordance with the 

terminology adopted in B.H.P. reports, outcrop on the 

shores of Macquarie Harbour east of Asbestos Point (Figure 

8). From there they trend in a SSW direction to Timbertops, 

where they are intruded by a number of small stock-like 

bodies. At Timbertops the volcanics are overlain by 

Ordovician sediments which hide the southern continuation 

of the belt. Recent exploration south of the Timbertops 

Syncline has revealed the presence of basic and intermed-

iate volcanics which represent the continuation of the 

Noddy Creek volcanics (B. Flood, 1972, pers. comm.). It is 

probable that they continue from there in a south-easterly 

direction until overlain by Tertiary and Quaternary 

sediments. 

A considerable area underlain by volcanics has 

been mapped adjacent to the western shore of Birch Inlet. 

Where examined they appear to consist entirely of spilites 

(41507, 41508). It is proposed to name these the Birch 
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Inlet volcanics as they appear from examination of both 

their major and trace element chemistry to be more closely 

related to the Lucas Creek volcanics in the Double Cove 

area (section 2.5), than to the Noddy Creek volcanics (see 

later discussion, section 5). Hall et al. (1969 ) report 

that the area includes thin bands of basaltic tuff, 

volcanic greywacke, and serpentinite. Corbett (in Hall et 

al., 1969 ) noted the possible occurrence of pillow lavas 

in this area along the shores of Birch Inlet. 

In the vicinity of Noddy Creek, the Noddy Creek 

volcanics consist of a thick pile of commonly brecciated 

andesites and basic andesites (41529, 41530, 41531, 41533). 

Near the western margin of the unit relatively minor 

rhyolites and dacites also occur (41534, 41535, 41536). 

Further south towards Timbertops andesites (41528) and 

dacites (41527) dominate the unit. At Timbertops the 

proportion of different types is difficult to assess due 

to extensive faulting and igneous intrusion, however 

rhyolites (41525), basic andesites (41524), and in one 

locality, rhyolite ignimbrite (41526) were found. 

At Timbertops the volcanics are extensively 

intruded. The largest of the intrusions have granitic 

compositions and outcrop as steep sided, roughly circular 

bodies, the largest over a kilometre in diameter (41509, 

41514). Smaller less clearly defined intrusions have 

gabbroic or dioritic compositions (41511, 41513, 41515- 

41518). It is thought that these intrusions were subvolcan-

ic, as most of them are shown to be closely related to the 

associated lavas (section 5.3ii). 

c) Ultramafics and Associated Intrusions  

The ultramafic rocks of the Hibbs Ultramafic Belt 
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have received far more attention than any other rocks on 

the Sorell Peninsula. Hills (1914b) recorded the occurr-

ence of serpentinites at Asbestos Point, and of gabbro, 

saussurite-gabbro, bronzitite and serpentinite near the 

mouth of the Spero River. 

The Hibbs Ultramafic belt occurs continuously for 

20 kilometres from Hibbs Lagoon to about 4 kilometres from 

Asbestos Point, where a gap of approximately 2 kilometres 

occurs in the belt (Figure 8). For about half its length 

it splits into two separate belts. About 5 kilometres 

south of Hibbs Lagoon another considerable area of mafic 

and ultramafic rocks occurs. Mapping has not shown this to 

be connected to the belt, although a possible connection is 

suggested by an aerial magnetic survey (B. Flood, pers. 

comm.). 

The ultramafics in the Hibbs Belt are alpine-

type ultramafics, tectonically emplaced along major faults 

near to, and roughly parallel to the faulted Precambrian-

Cambrian contact. The contacts are cleaved and are 

commonly highly irregular. The dominant rock type is 

cleaved serpentinite, although massive varieties are common, 

in places containing stichtite, or crysotile asbestos. 

Extensive blocks of massive and layered ultramafic rocks 

occur widely. Close (1972) describes the occurrence of 

peridotite, websterite, clinopyroxenite, hypersthenite, and 

enstatolite-bronzitite. Small mafic intrusions are 

abundant along the belt, and include ortho-norite, augite 

norite, enstatite gabbro, hypersthene gabbro, gabbro, 

hornblende diorite (41520), and granodiorite (Close, 1972). 

These intrusions appear to be concentrated about the 

margins of the ultramafic belt. 
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At Timbertops there is an abundance of a dark 

grey-green intensely sheared rock which appears to consist 

mostly of talc (41543). Rarely, unsheared material can be 

found (41546) and is seen to be a coarse breccia. The 

occurrence of this rock adjacent to intrusive bodies 

suggested to previous workers (e.g. Corbett, in Hall et al., 

1969) that it was produced by magnesium metasomatism of 

andesitic volcanics. Thin section examination of unsheared 

material, and chemical analysis indicates that these are 

altered ultramafics, probably originally pyroxenites. 

Shearing associated with faulting, and lack of exposure 

prevented positive determination of whether these rocks are 

fault-emplaced, or are interbedded with the volcanics, 

however the latter appears to be the case for some at 

least. 

d) Lamprophyric Intrusions  

Lamprophyric dykes have been found in most parts 

of the Noddy Creek area. They are usually found as narrow 

deeply weathered biotite-rich bodies. Costeans bulldozed 

at regular intervals across the ultramafic belt during 

asbestos exploration exposed many of these dykes, and 

allowed sampling below the level of surface weathering. 

These rocks were classed as lamprophyres a) be-

cause they are mostly melanocratic porphyritic dyke rocks, 

and b) because they closely resemble in the field rocks 

previously classified as lamprophyres from other parts of 

Tasmania e.g. Mount Lyell (Solomon, 1964), Cape Portland 

(Jennings and Sutherland, 1969). Examination of thin 

sections has shown that some, not all, are holocrystalline 

with a hypidiomorphic granular fabric (see section 3.4iv). 

Of the five dykes analysed in this study, two are 
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holocrystalline (41537, 41538) and are classified as 

vogesites, following the terminology of Nemec (1970). The 

other three have aphanitic groundmass and unusual chemical 

compositions which suggests the possibility that the 

groundmass may have incorporated a considerable amount of 

serpentinite (see section 5.2ii). On the basis of their 

phenocrysts, and with consideration of their K20, Na2O and 

CaO contents, they have been classified, with reservations, 

as pyroxene kersantites. Close (1972) gave petrographic 

descriptions of eleven lamprophyres from the same area. 

He described seven augite minettes, two minettes, one 

vogesite, and one augite kersantite. It is likely that 

some of the rocks classed by him as augite minettes would 

be regarded by me as augite kersantites. 

The dykes are highly irregular and can seldom be 

traced for more than a few tens of metres. They are 

usually less than a metre in width, although one exception-

al case reaches a width of about ten metres. Most lie 

concordant with the cleavage of the serpentinites, but may 

be in part discordant. In at least two localities the 

dyke appears to be boudinaged within the cleavage. The 

contact between the dykes and the ultramafics is usually 

sharp, although Close (1972) notes the rare occurrence of 

gradational contacts. Veinlets of cross fibre crysotile 

asbestos sometimes occur in the dykes. 

e) Ordovician Sediments  

Ordovician sediments occur in three localities in 

the Noddy Creek area. The largest occurrence, the Timber-

tops Syncline, extends south from Timbertops (see Figure 8). 

The youngest rocks known to occur in this basin are 

bituminous limestones lithologically identical to the 
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Ordovician Gordon Limestone. 

Conformably underlying the limestone, and 

unconformably overlying Cambrian sediments and volcanics is 

a fossiliferous orthoquartzite. Fossils from two 

localities in this unit were examined by Clarke (1967), 

yielding a probable correlation on age with Caroline Creek 

Sandstone which it closely resembles lithologically. 

Bulldozing at Timbertops revealed an apparently 

stratiform interval of about five metres near the base of 

• the unit, in which varying proportions of the matrix of the 

rock have been replaced by pyrite (41553). In this area 

the grainsize varies from coarse sand to fine conglomerate. 

The proportion of pyrite varies up to about 50 percent. 

Weathered rock surfaces are white, with no visible indica-

tion of the sulphide present in abundance a centimetre 

below the surface. For this reason it is possible that 

similar mineralization occurs in other areas, but has not 

been detected. 

Another area of Ordovician sediments occurs 

nearby on the western shore of Birch Inlet. It was not 

visited in this investigation, but has been previously 

mapped as Caroline Creek Sandstone. 

The third occurrence of Ordovician sediments is 

in the west of the area. Within Cambrian sediments east of 

the Modder Fault there are at least two major faults, 

approximately parallel to the Modder Fault. On the western 

side of the westernmost of these, Ordovician sediments 

occur as a thin fault wedge for 20 kilometres in a NNW 

direction. Caroline Creek Sandstone occurs along the 

entire distance, with Gordon Limestone present for about 

half the distance. 
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Within the faulted block which contains the 

Caroline Creek Sandstone, fossils have been located in 

Cambrian sediments about 220 feet (70 metres) below the 

base of the Ordovician sediments. Clarke (1967) ascribed to 

the fauna an upper Middle Cambrian age (Lejopyge laevigata 

zone). Quilty (1971) however classed it as belonging to 

the late Upper Cambrian (Petura zone). Hall and Corbett 

(in Hall et al., 1969) regarded these Cambrian sediments as 

conformably underlying the Ordovician sediments however 

extremely poor exposure and probable structural complexity 

make this conclusion suspect. 

Age Relations  

It is not known with confidence which rocks are 

the oldest of the Cambrian sequence in the Noddy Creek area. 

The Birch Inlet volcanics are poorly exposed, and 

apparently form a fault-bound block. Thus their age 

relationship to the other rocks is unknown. The Noddy 

Creek volcanics are interbedded in places with sediments 

identical to the enclosing sedimentary sequence, and 

outside the zone of massive volcanics there are numerous 

thin volcanic horizons interbedded with the sediments. 

Thus although the Noddy Creek volcanics are separated from 

the bulk of the sediments by faults, there is ample 

evidence to indicate that volcanism and some of the sedi-

mentation were contemporaneous. It is probable that the 

oldest rocks in the area are sediments which are not at 

this stage distinguishable from the sediments deposited 

during and after the eruption of the Noddy Creek volcanics. 

The age of the ultramafic rocks is problematical. 

The rocks of the Hibbs Ultramafic Belt have been tectonic-

ally emplaced, and may have undergone several stages of 
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injection into higher levels subsequent to their initial 

emplacement. One such stage clearly took place in the 

Tabberabberan Orogeny, as indicated by the occurrence of 

Ordovician sediments in juxtaposition with the ultramafics, 

and other minor stages may have occurred subsequently. 

Post-emplacement movements appear to have been largely 

confined to the margins of the belt, though shearing of 

serpentinites has also been produced widely. Had wholesale 

re-injection occurred, it is difficult to envisage how the 

large gabbro bodies which in places occupy most of the 

width of the belt, could have escaped extreme shearing or 

brecciation. 

The ultramafic rocks found at Timbertops may in 

part be interbedded as coarse breccias within the volcanics. 

If this interpretation is correct it indicates that one 

stage of emplacement of the ultramafics occurred during the 

eruption of the Noddy Creek volcanics, and that they may 

have been extruded at the surface, as has occurred 

recently in California (Cowan and Mansfield, 1970). 

The presence of clasts of gabbro (now dominantly 

fuchsite) in Cambrian sediments does not significantly 

clarify the situation. If it could be demonstrated that 

the gabbro was one genetically related to the ultramafics, 

then an upper limit would be placed on the age of the 

ultramafics. There are possibly two series of gabbros in 

the area however, one associated with the ultramafics, and 

another associated with the volcanics. Analyses of 

gabbros from the latter group at Timbertops and the Double 

Cove area indicate that they are probably genetically 

related to basaltic volcanics rather than the ultramafics. 

If the gabbro clasts were derived from one of these 
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intrusions, then they imply nothing about the age of the 

ultramafics. The geochemistry of the intrusions into the 

ultramafic belt was not investigated in this study, so the 

possibility exists that all or part of those are also 

related to basaltic volcanism, and found the ultramafics 

occupied an easily intruded zone. 

Rubenach (1974) demonstrated that the ultramafics 

at Serpentine Hill were emplaced in the Middle Cambrian. 

The ultramafics in the Noddy Creek area are part of the 

same tectonic phase, and were probably also emplaced in the 

Cambrian. 

The lamprophyric dykes appear unrelated to either 

the ultramafics, or the volcanism. The presence of similar 

dykes in Devonian sediments at Point Hibbs (Hills, 1914b; 

Sutherland and Corbett, 1973) suggests a younger age for 

them. Jennings and Sutherland (1969) showed lamprophyres 

at Cape Portland to be Cretaceous in age, and it is likely 

that these dykes are also Mesozoic. 

Environment  

The Cambrian sediments in the Noddy Creek area 

show an absence of sedimentary structures indicating 

fluvial transport. The nature of the sediments, their 

uniformity through apparently great thicknesses and over a 

strike length in excess of thirty kilometres is most con-

sistent with their having been deposited under marine 

conditions, probably at considerable depth. It is 

envisaged that they were probably deposited in a 

continental slope environment, or a deep marine basin, and 

that turbidity currents were the chief transporting medium. 

The Noddy Creek volcanics contain local areas of 

carbonaceous shales, possibly indicating a shallow 
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lagoonal environment. One ignimbrite (41526) was found, re-

quiring a terrestrial environment. Thus at the time of 

eruption of the Noddy Creek volcanics conditions, at least 

locally, were terrestrial probably with restricted lagoons 

where organic-rich shales accumulated. Emergence of the 

volcanic pile was probably not great, as in places the 

volcanics pass quickly along strike into normal Cambrian 

sediments. 

Structure  

Little is known about the structure of the Noddy 

Creek area, however something of its complexity can be 

inferred. 

The Modder Fault, across which the Cambrian and 

Precambrian are thrown into contact, is clearly a major 

structural feature. Its throw is unknown but can be 

confidently assumed to be several thousands of metres. It 

is discordant to the regional folding trend exhibited by 

both the Cambrian (northerly) and Ordovician (N.W.-N.N.W.) 

rocks, however in its vicinity both swing into parallelism 

with it. Along its length at least two other major faults 

of unknown displacement lie roughly parallel. At least one 

of these is occupied by the ultramafics of the Hibbs Ultra-

mafic Belt. The well preserved intrusive relations 

between mafic rocks and the ultramafics indicate that the 

fault was already present when the mafic rocks intruded the 

already emplaced ultramafics. Subsequent movements have 

served to produce shearing in the serpentinites, and most 

displacement was confined to the margins of the belt. 

Thus it is thought that these faults were probably origin-

ally formed at least as early as the Middle Cambrian and 

may reflect Precambrian structures. Re-activation has 



78. 

occurred at intervals up to the Tertiary. Tertiary movement 

is inferred from boudinaging of lamprophyre dykes of 

probable Cretaceous age. The only post-Cretaceous tectonic 

activity known in the area is the large-scale faulting 

which produced the Macquarie Graben in the Miocene. 

Because of poor exposure, little can be seen to 

indicate deformation structures present in the Cambrian 

sediments. Where it can be determined dip is usually steep 

to vertical. Fold closures with highly deformed axial 

regions can sometimes be found and cleavage of the fine 

sediments is commonly present although not usually strongly 

developed. 

The Noddy Creek volcanics lie within a fault-

bounded block. Within this block sediments identical to 

those outside it occur with the volcanics. It is probable 

that the faults developed to accommodate strain developed 

between the resistant massive volcanics and the relatively 

easily deformed sediments enclosing them. 

The Cambrian rocks in the Noddy Creek area 

underwent two major deformation phases in the Jukesian 

(Upper Cambrian) and Tabberabberan (Devonian) Orogenies. 

The Timbertops Syncline is a Tabberabberan structure 

produced in Ordovician sediments with dips rarely in excess 

of 40 degrees, in contrast to the near-vertical Cambrian 

sediments. The structure has a NNW trend, in contrast to 

the northerly trend of the Cambrian rocks. The Ordovician-

Cambrian unconformable contact has been exposed in several 

places around the northern end of the syncline, and there 

is no evidence to suggest a decollement. Thus the 

available evidence indicates that the Jukesian Orogeny was 

probably more intense in this area than was the 
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Tabberabberan Orogeny. 

2.6* GEOLOGY OF THE DOUBLE COVE AREA 

2.6i 	Previous Work • 

The Double Cove area was visited by Hills (1914b), 

who regarded all the rocks he saw as Precambrian. 

Regional mapping by B.H.P. showed the overall relations, 

and detailed work was carried out locally (Hall et al., 

1969). 

2.6ii 	This Investigation  

Volcanics  

The volcanics which outcrop along the shores of 

Macquarie Harbour, hereafter referred to as the Lucas Creek 

volcanics, were examined, together with the interbedded and 

enclosing sediments (Figure 8). 

The southern part of the coastal exposure of the 

Lucas Creek volcanics consists of massive, extremely fresh-

looking lavas with pyroxene phenocrysts. They contain 

irregular thin beds of sediments in places, possibly 

indicating that they were originally in part massive tuffs. 

Between massive volcanic units are sediments, usually well 

bedded fine-grained lithic arenites and argillites with 

occasional tuffaceous beds. 

Sedimentary structures occur in some units, and 

include grading, small-scale current bedding and possibly 

ripple marks, and intraformational brecciation (see Plates 

26, 27). 

To the north the volcanics become dominantly 

brecciated, with clasts up to 50 am in diameter (Plate 28) 

in a sparse fine volcanic matrix. These closely resemble 

the "hyaloclastite breccias" of King Island described by 
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Solomon (1969a). 

The northern limit of the Lucas Creek volcanics 

consists of an unknown thickness (but in excess of one 

hundred metres) of pillow lavas (41572). Pillows of vary-

ing shape and up to four feet in length occur in a 

cleaved chloritic matrix, along with brecciated fragments 

(Plates 29, 30). Chilled crusts, amygdules, massive 

cores, and occasionally radial cracks, can be seen. The 

pillows are elongated along strike (11 1W). 

The Lucas Creek volcanics form a massive block 

highly resistant to deformation. The sediments interbedded 

with the volcanics show little evidence of tectonic deform-

ation, in marked contrast to the enclosing sediments. It 

is probable that the south-easterly facing obtained from 

sediments within the volcanics is correct for the entire 

sequence of volcanics exposed. Thus the sequence would 

appear to be a) pillowed basalts at the base, b) coarse 

volcanic breccias, and c) massive lavas and tuffs with 

interbedded sediments. The total thickness of the Lucas 

Creek volcanics is approximately 1200 metres. 

Previous workers identified the massive volcanics 

in the field as andesites. They have the appearance of 

fresh pyroxene andesites, and bear little resemblance to 

the basaltic rocks found elsewhere in the Cambrian of 

South-west Tasmania. Chemical analysis, however, revealed 

that they are all basalts (41569-41571, 41567). 

Intrusions  

Gabbro intrusions occur within the volcanics at 

several localities near the top and bottom of the success-

ion (41573-41575). In places intrusive contacts are 

clearly exposed. The one gabbro analysed (41575) is very 
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close in composition to the associated volcanics, and may 

be a subvolcanic intrusion (see section 5.2ii). 

Sediments  

The sediments outcropping on the shores of 

Macquarie Harbour north-west and south-east of the Lucas 

Creek volcanics are dominantly a thinly bedded sequence of 

fine lithic to quartzose arenites, and argillites, with 

occasional beds of orthoquartzite up to 1.2 metres in 

width (41578, 41579). Rarely, "beds" of extremely 

siliceous breccia occur within the sediments (41577). 

These are thought to be silicified fault breccias. 

Structure  

The deformation of the sediments is usually not 

readily apparent, however it is extremely well exposed on 

the shores of Double Cove. The situation there is complex 

with highly irregular folding of very variable plunge. The 

major folds visible are isoclinal or nearly so, usually 

with a strongly deformed and faulted axial surface (Plate 

31). In some the faulting has diverged from the axial 

surface, producing the features illustrated in Plate 32. 

Small refolded folds can be identified in places (Plate 

33), and in local zones chevron-style folding is common 

(Plate 34). Thicker quartzite beds are boudinaged. 

Environment  

The section of sediments examined (about 300 

metres on either side of the Lucas Creek volcanics) is 

only a small proportion of the Cambrian sedimentary 

sequence in the Double Cove area. No sedimentary structures 

were observed which would indicate depth or conditions of 

deposition, and the only reasonable inferences that can be 

drawn are that the sediments were probably deposited in 
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marine conditions below wave base, and there was a land-

mass nearby from which the abundant detrital quartz was 

derived. It seems most likely that deposition occurred 

chiefly from turbidity currents under deep marine condi-

tions. 

The volcanics give clearer indications of their 

depositional environment. The basal pillow lavas, and the 

overlying hyaloclastite breccias were formed under water, 

for the same reasons as were argued by Solomon (1969a) for 

the King Island spilites. The interbedded sediments within 

the volcanics clearly formed under shallow water, whether 

fluvial, lacustrine, or marine. The presence of current 

bedding, ripples, and intraformational brecciation indicate 

local strong currents. The massive volcanics may have 

formed subaerially, though there is nothing to suggest that 

there was significant emergence. 



Very small 
gabbro intru-
sions, prob-
ably sub-vol-
canic 

Dominantly sub-
marine, poss-
ibly reaching 
shallow depths 
or the surface 
locally 

Lucas Creek 
volcanics en-
closed in Dund-
as Group-type 
sedimentary 
rocks 

TABLE 3. Characteristics of Cambrian Volcanic Units of South-west Tasmania 

Unit Dominant 
Lithologies 

Compositions. 
Igneous Suite Alteration Mineralization 

Thick- 
ness 

Associated 
Intrusions 

• Depositional 
Environment 

Enclosing 
Sediments 

Mount 	Dominantly rhy- Acid >90% 
Read 	olitic lavas 
Volcanics and pyroclast- Calc-alkaline 

ics, minor 
intermediate 
and basic vol-
canics. Re-
working minor, 
epiclastic 
.rocks very min-
or 

Hydrothermal 
alteration 
abundant in 
Intercolonial 
Volcanics, 
absent at high-
er stratigraph-
ic levels. 
Burial and reg-
ional metamor-
phic effects 
ubiquitous 

In lower part 
of stratigraph-
ic column 
pyrite, magne-
tite, hematite, 
barite wide-
spread with 
copper pros-
pects and ore-
bodies 

>4000 	Darwin Granite, 
metres? and minor ande-

sitic and 
basaltic intru-
sions, probably 
all sub-volcam- 

Dominantly sub-
aerial, varying 
from high to 
low relief, 
with local lag-
oons grading 

Not exposed in 
area investiga-
ted. Elsewhere 
interdigitates 
with Dundas 
Group (shale= 
lithic sand-
stone-grey-
wacke conglom-
erate sequence) 

ic 	into marine 
conditions 

Lewis 	Entirely rhyo- Acid 100% 
River 	litic, domi- 
volcanics nantly pyro- 	Calc-alkaline 

clastic. Minor 
_ reworking, epi- 
clastic rocks. 
Absent except. 
in marginal 
facies  

Minor local hy-
drothermal • 
alteration. - 
Effects of bur-
ial metamorph-
ism ubiquitous 

Minor pyrite, 
magnetite, 
chalcopyrite, 
sphalerite, and 
galena 

>3000 	Multiple gran- 
metres? itic intrusions 

numerous dykes 
of basic to 
intermediate 
composition 

Probably mostly 
sub-aerial with 
low relief, 
with local epi-
clastic trans-
port and redep-
osition. Rapid 
transition to 
marine sedimen-
tary rocks to 
west 

In faulted con-
tact with well-
bedded reworked 
tuff-dolomitic 
siltstone-shale 
sequence, with 
basaltic detri-
tus increasing 
to the west 

Noddy 	Dominantly lay- Intermediate 60%? Effects of bur- . Very minor cop- 
Creek 	as of andesite 	ial metamorph- per sulphides 
volcanics and basic ande- Acid 40%? 	ism ubiquitous, Wand pyrite 

site composi- 	hydrothermal 
tion, some 	Calc-alkaline 	alteration 
breccias. Acid 	absent 
lavas and pyro-
clastics also 
present in sub-
ordinate 
amounts 

c.700 	Numerous small 
metres? irregular in- 

trusionsnear 
Timbertops, 
probably sub-
volcanic 

At least partly Interdigitates 
sub-aerial, 	with Dundas 
probably low 	Group 
relief passing 
rapidly latera- 
lly into 
lagoonal or 
marine condi- 
tions 

Birch 	Entirely basal- Basic 100% 
Inlet, 	tic, includes 
Lucas 	breccias and 	Tholeiitic 
Creek, 	pillow lavas; 
Epidote 	minor interbed- 
Point 	ded sedimentary 
volcanics rocks 

Effects of bur- Very minor nat- 
ial and region- ive copper 	Lucas 
al metamorphism 	Creek 
ubiquitous; hy- 	about 
drothermal 	 700 
alteration 	 metres? 
absent 
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3. PETROGRAPHY  

3.1 INTRODUCTION 

Field observations alone are insufficient to 

adequately determine the nature and origin of many of the 

rocks encountered, owing to the obscuring effects of a 

variety of agencies, ranging from primary devitrification to 

hydrothermal alteration and deformation. In this section 

various petrographic features will be considered which must 

be interpreted during petrographic examination. These 

criteria are applied in turn to the rocks of each of the 

four areas studied, in order to determine their mode of 

formation and the effects of their subsequent history. The 

important features of the volcanic rocks of the areas 

investigated are summarised in Table 3. 

The petrography of the rocks of the southern part 

of the West Coast Range have received attention from many 

authors, the most noteworthy contributions being those of 

Hills (1914a), Solomon (1960, 1964), Walshe (1971), Green 

(1971) and Corbett et a/. (1974). 

3.2 PETROGRAPHIC FEATURES 

Adequate interpretation of rocks such as those 

under consideration, which in many cases have had a complex 

history, requires independent assessment of a number of 

different features. These can be broadly classified as 

follows: 

I. 	Features indicative of derivation and/or 

deposition. 

Features indicative of subsequent alteration. 

Features indicative of deformation. 
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The degree of development of these features varies greatly. 

In any given specimen all, or perhaps only one, may be 

recognisable. 

3.2i 	Features indicative of derivation and/or  

deposition  

Under this heading occur all features which indi-

cate the original sedimentary or igneous nature of a rock. 

The characteristics which distinguish epiclastic sediment-

ary rocks or plutonic igneous rocks are well known and 

require no further consideration here. Most important from 

the point of view of this thesis are those rocks which are 

volcanogenic in origin. They include lavas, ash-flow tuffs 

(ignimbrites) and ash-fall tuffs, volcanic mud flows 

(lahars), reworked pyroclastics, and pyroclastic and 

epiclastic volcanic breccias (in the terminology of Fisher, 

1961). 

Differentiation between pyroclastic and epiclast-

ic volcanic breccias must normally be based on field 

evidence. Pyroclastic volcanic breccias should normally 

consist of bombs or blocks in a volcanic matrix of similar 

lithological character. Epiclastic volcanic breccias may 

consist of a variety of lithologies, and may commonly be 

associated with a variety of epiclastic rocks of volcanic 

derivation. The origin and character of various types of 

volcanic breccia have been discussed by Wright and Bowes 

(1963). 

The chief problem in dealing with fine-grained 

volcanogenic rocks in ancient terrane is to distinguish 

between lavas, ignimbrites (i.e. pyroclastic rocks 

deposited from nuee ardente eruptions, Marshall, 1935), air-

fall tuffs, and reworked tuffs. The following criteria may 
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be useful. 

a) Flow banding - True fluidal texture is only 

developed in lavas. An apparently similar compaction 

foliation commonly develops in welded tuffs (Anderson, 

1970) but does not exhibit flow folds (Plate 6). Deposi-

tional layering is typical of ash-fall tuffs (Ross and 

Smith, 1960). 

b) Phenocryst shape - An abundance of dominantly 

euhedral phenocrysts may occur in lavas, but is unlikely in 

rocks of pyroclastic origin. An abundance of crystal frag-

ments is unlikely in a lava. Resorption embayments are a 

common feature of quartz phenocrysts in lavas. In pyro-

clastic rocks embayed quartz may occur in lithic fragments, 

or as discrete grains, or both. 

c) Vitroclastic textures - The characteristic shapes 

of glass shards, and their deformed equivalents are 

inequivocal evidence of pyroclastic origin. They may be 

found in any rocks of fine-grained vitric pyroclastic 

origin, i.e. ash-flow and ash-fall tuffs, and associated 

mud-flows. Where the shard shapes show deformation which 

occurs at elevated temperatures under lithostatic load, 

e.g. flowage, or marked compaction and/or welding, an ash-

flow origin is indicated (Beavon et a/., 1961; Ross and 

Smith, 1960, p.19). The unwelded portion of ash-flow 

deposits (sillars) may be difficult to distinguish from ash-

fall deposits. 

d) Primary devitrification textures - Characteristic 

textures are commonly developed in volcanic rocks from the 

action of residual fluids on the recently solidified rock. 

Devitrification " 	 occurs in the interiors of volcanic 

bodies at temperatures only slightly below melting during 
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and immediately following emplacement. With dropping 

temperature the rate of crystallization decreases rapidly, 

and experimental determinations of crystallization rates 

indicate that lavas cease crystallizing at a few hundred 

degrees below melting temperature." (Lipman, 1965, p.D2,3). 

Devitrification over geological time in the presence of 

abundant water may occur at temperatures about 2000C lower 

than required for thermal crystallization (Marshall, 1961). 

Observed devitrification textures have been produced at 

elevated temperatures in the laboratory (Lofgren, 1971). 

It is not known whether slow secondary devitrification at 

low temperatures would produce the same textures as are 

known to form by primary devitrification. 

The textures which are important in this study 

are axiolitic, granophyric, spherulitic, (see Lofgren, 

1971, p.112) and especially, micropoikilitic (Lofgren, 

1971; Anderson, 1969, 1970; Geijer, 1913). Owing to the 

need for temperatures approaching fusion for the develop-

ment of these textures they occur only in lavas and 

ignimbrites. Anderson (1969, 1970) regards micropoikilitic 

(= "snowflake") texture as indicative of welded tuffs. 

Axiolitic devitrification typically occurs within individ-

ual glass shards and preserves their external outline. 

Ross and Smith (1960, p.37) consider that it provides an 

excellent criterion for distinguishing between ash-flow and 

ash-fall tuffs. My observations in the Carboniferous 

volcanics of northern New South Wales suggest that axiolit-

ic devitrification may occur in ash-fall tuffs (White, 

1969). 

e) 	Pumice fragments - In areas which have undergone 

no significant tectonic deformation the distribution and 
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shape of pumice fragments is one of the most useful criter-

ia, both in the field and in thin section examination. 

Pumice does not occur in lavas, but is common in tuffs. In 

ash-fall tuffs it may be a minor constituent. Its occurr-

ence in ignimbrites is very variable both in size of 

fragments and proportion of the flow. Within the unwelded 

portions of the ignimbrite flow it may be slightly flatten-

ed. As welding and compaction increase it becomes 

progressively more flattened and drawn out. The flattened 

pumice fragments ("fiamme") are commonly seen in the field 

as lenticular pits on weathered surfaces. In thin section 

they appear as originally-glassy lenses with ragged ends, 

sometimes preferentially recrystallized or filled with 

vapour phase minerals (Ross and Smith, 1960). 

f) 	Sorting - Lavas and ignimbrites are characterist- 

ically unsorted, although Beavon et a/. (1961) claim the 

size of shards shows a tendency to decrease towards the top 

of the flow in ignimbrites. Ash-fall tuffs are usually 

bedded (Ross and Smith, 1960) and individual beds may be 

crudely sorted. Reworked pyroclastics would be expected to 

show pronounced sorting. Subaqueous ash-flows such as 

described by Fiske (1963) and Fiske and Matsuda (1964) are 

commonly graded. Terrestrial volcanic mudf lows (lahars) 

are unsorted (Beavon et al., 1961). 

Various other criteria may be useful in the field 

under favourable conditions. Columnar jointing is only 

found in ignimbrites and lavas, and is rare in acid lavas 

(Ross and Smith, 1960; Beavon et al., 1961). Lithological 

zoning within an individual flow is common in ignimbrites 

(Smith, 1960; Martin, 1959). All authors appear to agree 

that ignimbrites may have great areal extent, but views on 



TABLE 4. 	Characteristics of Volcanogenic Rock-Types. 

Rock Criteria Lavas 
Ignimbrites 

Welded 
Sillars 

Tuffs 
Ash-fall 
Tuffs 

Lahars 
Sub-aqueous 
Tuff-flow 

Reworked 
Tuff 

Fluidal texture Yes Pseudo No No No No No 

Phenocrysts MOstly Partly Partly Partly Partly Partly Partly 
Whole Fragments Fragments Fragments Fragments Fragments Fragments 

Vitroolastic texture No Welded Yes, not 
welded 

Yes, not 
welded 

Yes, not 
welded 

Yes, not 
welded 

?Yes? 

Primary devitrifica- 
tion textures 

Yes Yes Yes? No No No No 

Columnar jointing Rare Common Yes No No No No 

Pumice fragments No Flattened Yes Minor Yes Yes ?Yes? 

Sorting No No No? Yes No Yes Yes 
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their response to topography vary. Ross and Smith (1960, 

p.23) claim that "When erupted upon uneven topography the 

ash flows show evidence of having flowed around obstacles 

and down drainage channels." Various other authors (see 

Martin, 1959, p.408) claim that they may occur covering 

ridges and valleys alike with little change in thickness. 

The various criteria discussed above are summari-

sed in Table 4. They vary in their usefulness as they vary 

in ease of recognition and resistance to subsequent 

obscuring agencies. Phenocryst shape and primary devitri-

fication texture are the criteria most readily recognised 

in spite of subsequent deformation. In some cases 

susceptibility to deformation may be itself a useful 

criterion - "In Snowdonia the originally less compact nature 

of sillars as compared with welded tuffs, is well reflected 

in the fact that sillars are commonly much more strongly 

cleaved than the adjacent welded deposits" (Beavon et a/., 

1961, p.607). 

3.2ii 	Features indicative of subsequent alteration  

Numerous changes may occur at any time after, or 

even in the late stages of, cooling of a volcanic rock, and 

some are capable of effecting non-volcanic and even non-

igneous rocks. These changes occupy a continuous spectrum 

of alteration effects which can be usefully classed as 

a) extensive alteration and b) intensive alteration. 

a) Extensive Alteration  

The first of the extensive alterations to effect 

the rocks is diagenesis. Typical of the effects of 

diagenesis is the crystallization of clays, development of 

authigenic minerals such as quartz, feldspars, carbonates, 

and pyrite, replacement of pre-existing minerals, and 
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formation of authigenic overgrowths on allogenic grains. 

Diagenetic effects observed in this investigation include 

the development of authigenic pyrite, and overgrowths of 

quartz of posible authigenic origin. . 

The second of the extensive alteration effects 

might be regarded as burial metamorphism. It involves the 

spilitization of basalts, and the corresponding alteration 

of acid volcanics to quartz keratophyres. The process 

results in the high-temperature mineralogy of the 

volcanics being converted to a low temperature assemblage. 

Thus ferromagnesian minerals are commonly altered to 

chlorite, epidote, tremolite, etc., and calcic plagioclase 

is typically altered to albite or orthoclase (Battey, 1955). 

The corresponding chemical changes include redistribution 

or removal of Ca, and redistribution of Na and K, either of 

which may be enriched in any given rock. 

It has long been a contentious issue whether 

spilites and quartz keratophyres are produced by alteration 

of more "normal" volcanics, or whether they may be primary 

volcanics in their own right. Although the consensus of 

opinion appears to have favoured an origin by alteration 

(e.g. Battey, 1955; Albers, 1959; Dickinson, 1962a, b) 

there have been strong supporters of primary origin (e.g. 

Amstutz, 1958; Hopgood, 1962). The case for primary 

origin has been chiefly based on the structural state of 

plagioclase feldspars (Donnelly, 1963; Noble, 1966). An 

overwhelming case for alteration origin for spilites has 

been made by the exhaustive reviews of Valiance (1960, 

1969), and the systematic analytical work of Smith (1968). 

A different approach was used by Hughes (1973) who showed 

that the spilite-quartz keiatophyre suite lies outside the 
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otherwise continuous but limited compositional range of 

unaltered igneous rocks. In addition the growing use of 

trace elements to determine the petrologic affinities of 

ancient volcanics (e.g. White et a/., 1971; Hart et al., 

1970; Hallberg, 1972; Floyd, 1972) has convincingly 

demonstrated that despite their present chemical and 

mineralogical differences, the majority of ancient volcani-

ics probably originally differed little from their modern 

counterparts. 

The third extensive alteration effect is regional 

metamorphism. Its differentiation from the burial metamor-

phic effects noted above is largely artificial except in 

relation to the development of metamorphic textures. The 

Cambrian rocks of the West Coast Range exhibit mineralogy 

corresponding to the lower greenschist fades (quartz-

albite-muscovite-chlorite subfacies, Turner and Verhoogen, 

1960). The most widespread alteration assemblage in acid 

rocks of the Mount Read Volcanics is quartz-albite-

sericite (muscovite)-chlorite-orthoclase-carbonate. In 

basic rocks it is albite-chlorite-epidote-carbonate. 

b) Intensive Alteration  

The only form of intensive alteration which is of 

importance in this investigation is hydrothermal alteration. 

Hydrothermal effects on igneous rocks have received 

considerable attention in the literature, especially in 

relation to porphyry copper deposits (e.g. Burnham, 1962; 

Lowell and Guilbert, 1970; Creasey, 1959) and modern 

geothermal areas (Nabokes, 1963; Sumi, 1968; Raymahashay, 

1968). 

Recognition of hydrothermal alteration in the 

Mount Read Volcanics poses considerable problems as the 
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early-formed hydrothermal assemblage has subsequently been 

regionally metamorphosed. Characteristic hydrothermal 

minerals such as sericite and chlorite are stable under the 

metamorphic conditions and so are preserved, while outside 

the area affected by hydrothermal alteration the same 

minerals are produced by metamorphism. 

Criteria for recognition of hydrothermal altera-

tion must be judiciously applied. The most useful ones are 

I.  Occurrence of an appropriate assemblage confined 

to a limited area, possibly with successive zones passing 

into rocks unaffected by hydrothermal alteration. Such 

zoning has been recognised in the Cape Horn area by Green 

(1971). 

Intense alteration of all primary volcanic phases 

except quartz. The most intense hydrothermal alteration 

completely alters primary ferromagnesian minerals, and 

alters plagioclase usually with removal of Na20 and CaO, 

although the latter may remain as carbonates. Potash 

feldspar is commonly altered to sericite, with resulting 

loss of K20 (see section 6). 

Anomalous chemical composition indicative of 

significant metasomatic changes. These may be reflected in 

an abundance of iron-rich chlorite which differs from the 

chlorites found in rocks apparently unaffected by hydro-

thermal alteration or they may be reflected in anomalous 

sulphur, iron, copper, or other elements. 

IV. 	Prounounced recrystallization of the alteration 

products. In general the regionally metamorphosed volcan-

ics contain extremely fine-grained alteration products, 

whereas those which have suffered hydrothermal alteration 

are usually coarser. The coarsened grainsize may result 
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from recrystallization during deformation, however it would 

appear that deformation has been localised in areas of 

intense hydrothermal alteration, hence grainsize may be a 

useful criterion even though it may not be a direct result 

of the alteration. 

Particular hydrothermal alteration effects which 

are of significance in the Mount Read Volcanics are 

silicification, chloritization, and sericitization. 

3.2iii 	Features indicative of deformation  

Petrographic evidence of deformation takes two 

forms, not necessarily mutually exclusive a) development of 

planar fabrics, and b) development of cataclastic fabrics. 

The most widespread planar fabric is the cleavage 

which results from alignment of chlorite and sericite. In 

conjunction with this is the common dimensional alignment 

of grains and rock fragments. One example of this (in the 

King River Gorge, see Plate 8) has already been described. 

Cataclastic effects range from closely-spaced 

fractures to intense brecciation. They are confined to 

brittle rock-types. In some cases it may be difficult to 

distinguish some cataclastic breccias from pyroclastic 

ones. An important cataclastic effect is the brecciation 

and in some cases subsequent polygonal recrystallization of 

quartz phenocrysts or grains. In extreme cases this may 

produce strong deformation of the grain leading to its 

dimensional orientation and development of a planar fabric 

(see Plate 60). 



93. 

3.3 PETROGRAPHY OF THE LYELL-DARWIN AREA 

3.3i 	Petrography of the Jukes-Darwin Area  

The petrography of the rocks of the Lyell-Darwin 

area will be considered in the light of the criteria 

previously discussed. In keeping with the procedure 

adopted in considering the geology of the area, it will be 

considered in two parts, the Jukes-Darwin area, and the 

Lyell-Huxley area, when dealing with the features 

indicative of derivation and/or deposition. As the effects 

of subsequent alteration and deformation have much in 

common throughout the area as a whole, they will be 

considered together later. 

Intercolonial Volcanics  

Petrographic examination of the Intercolonial 

Volcanics indicates that a variety of volcanogenic rock-

types are present, and epiclastic rocks of non-volcanic 

derivation are extremely rare. 

Breccias.- Volcanic breccias of varying origins are widely 

distributed within the Intercolonial Volcanics in the 

Jukes-Darwin area. The most common type, found on the 

north-west ridge of Mount Darwin, at the northern end of 

Intercolonial Spur, and on Adit Knob at North Lake Jukes, 

occur as lenticular bodies of limited extent elongated 

along strike. They consist of a chaotic closely-packed 

accumulation of angular volcanic clasts with minor volcanic 

matrix (see Plate 7). Clast diameter commonly is of the 

order of ten centimetres or more, and there is usually 

only minor lithological variation. The similarity between 

the breccias and the associated lavas suggests that they 

are autoclastic flow-breccias. 

Breccias of apparent ash-flow origin are found at 
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East Darwin., One which crops out on the pack track 

consists of angular to subrounded clasts to 15 am diameter 

in an abundant fine-grained matrix (41261, 41262) in which 

probable former shards and fiamme are visible (Plate 38). 

The clasts include fine-grained volcanic ash (41258, 41260) 

and massive micropoikilitic rhyolite (41259). A similar 

breccia (41269) from Dillons No. 1 adit includes chloritis-

ed and completely unchloritised clasts in a sparse 

vitroclastic matrix. 

At the southern end of Intercolonial Spur there 

is a small occurrence of breccia of undoubted pyroclastic 

origin. Beautifully preserved spindle-shaped rhyolitic 

volcanic bombs and numerous lapilli are scattered through 

an abundant fine-grained rhyolitic matrix (Plate 40, 

Specimen 41332). 

Nearby on the prominent knob just south of 

Taylours prospect there is another small area of breccia of 

different origin. It consists of a chaotic mass of 

angular clasts up to a metre in diameter, in a fine volcanic 

matrix. The clasts consist of a number of lithologies which 

can be seen in situ nearby - finely laminated and slump-

folded tuff, lapilli tuff (Plate 41), and lapilli tuff 

containing volcanjc bombs. The breccia is part of a'lens 

within massive rhyolite (lavas?). It seems probable that 

it represents a local accumulation within a small ephemeral 

trough or gully. The breccia probably formed by collapse 

or slide of some of the volcanic debris during earth move-

ments. 

Epiclastic volcanic breccias (i.e. those formed 

by local epiclastic accumulation of clasts derived from 

volcanics) must be expected in areas of prolonged and 
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intense volcanism as a result of the action of normal 

weathering processes in terrane with high relief. They may 

be present to a greater extent than is recognised, due to 

the difficulty of distinguishing them from volcanogenic 

breccias. They may sometimes be distinguishable on the 

basis of variable clast lithology, rounding of some clasts, 

and possible sorting. Probably the best available example 

of an epiclastic volcanic breccia is the Jukes Conglomerate. 

Breccias of this kind appear to be rare in the 

Mount Read Volcanics in the Jukes-Darwin area. One 

example occurs around the portal of the North Prince Darwin 

Adit (41127). It consists of angular clasts of rhyolite, 

and fragments of massive hematite. The rhyolite clasts are 

mostly less than one centimetre in diameter but range up to 

about 15 centimetres, and consist of a variety of textural 

types (B.H.P. slides F33 65/2, F36 65/6). Many are iron 

stained and between clasts there is great variation in the 

proportion of disseminated opaques. Clasts are closely 

packed with only a small proportion of fine quartzo-

feldspathic and sericitic matrix. It is difficult to 

envisage such a rock forming by purely autoclastic or cata-

clastic processes, and seems more reasonable that it 

represents an accumulation of locally derived volcanic 

debris, perhaps in part unconsolidated, deposited by 

epiclastic processes. Another breccia of probably similar 

type is found on Adit Knob, North Lake Jukes (specimen 

41334). 

Many other breccias occur in the Intercolonial 

Volcanics, however it is frequently not possible to 

distinguish between autoclastic and cataclastic varieties. 

This must be expected as extensive cataclastic brecciation 
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is sure to accompany explosive volcanic activity. In some 

cases brecciation, which has been interpreted as cataclast-

ic, has provided a site for mineralization, which is 

believed to be syn-volcanic. Such breccias could in most 

cases be classified as alloclastic volcanic breccias in 

the scheme of Wright and Bowes (1963), however, they do not 

appear to fit any of their sub-classification types. 

Breccias of doubtful origin include examples found near 

Snake Peak (41212, 41213), on Razorback Spur south of Mount 

Darwin (41184), and at Prince Darwin (41101, 41128, 41131). 

In most localities where intense magnetite 

mineralization is present the host rocks, which are 

apparently partially replaced by the magnetite, are to some 

degree brecciated. This is well illustrated in Prince 

Darwin DDH-1 (41115-41117, 41121, 41122, 41142), and parts 

of the axial volcanic belt within the Darwin Granite (e.g. 

41096, 41149, 41176, 41177). 

Another breccia closely related to mineralization 

is 41353 from Jukes Proprietary adit No. 2. It consists of 

extremely angular fragments of iron stained micropoikilitic 

rhyolite in a matrix of quartz and barite with hematite, 

magnetite and pyrite. 

Copper mineralization outcropping in the creek 

near the mouth of the North Darwin Proprietary adit at East 

Darwin also occurs in a breccia but alteration effects have 

obscured any evidence of genesis (41304-41308). 

Fine-grained Volcanogenic Rocks.- The features by which 

these rocks may be classified have already been discussed 

(section 3.2i) and are summarised in Table 4. The occurr-

ence of the individual criteria will be briefly considered, 

then the occurrence of the various genetic types will be 



97. 

discussed in the light of those criteria. 

a)' 	Flow banding. Planar structures are commonly 

seen, mainly as a result Of cleavage or sedimentary layer-

ing. Tue flow banding has been observed in the field at 

Prince Darwin (Figure 9) where it occurs in a massive 
1 

bipyramidal quartz porphyry on both the 13200N and 11600N 

traverses (Plate 6, specimens 41092, 41097). Fluidal 

texture has also been observed in clasts in breccias 

41141, 41184 and B.H.P. No. D4 69/31 from the same general 

area, and in thin sections 41145, 41185, 41203, 41093. 

b) Phenocryst shape. Quartz is rarely euhedral, 

commonly rounded, and generally embayed. Potash feldspar 

is not common as phenocrysts, though it does occur (e.g. 

B.H.P. F55 65/25 and F43 65/12) and is always anhedral. 

Plagioclase feldspar is often euhedral but may also be 

anhedral and occasionally is glomeroporphyritic (e.g. 

41238, 41090, 41097, 41346, and others). Crystal frag-

ments are extremely common. They are usually quartz but 

may be feldspar. The ratio of fragmentary to intact 

grains varies greatly. As a very crude generalization it 

would appear that the higher the proportion of phenocrystic 

grains, the higher the ratio. 

c) VItroclastic textures. In the Intercolonial 

Volcanics it is seldom possible to clearly distinguish 

individual devitrified shards. In many cases however the 

very fine-grained devitrified groundmass is inhonmgeneous, 

and small sericite-enriched areas have the shape of 

flattened and deformed shards or pumice fragments (Plates 

39, 49). 

d) Primary devitrification textures. In the speci-

ments of Intercolonial Volcanics examined in this study a 
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significant proportion had their original groundmass 

texture obscured by deformation and/or hydrothermal 

alteration. In those in which it could be recognised, two 

distinct textures may be distinguished. The simpler of 

these is granular, consisting of very fine-grained quartzo-

feldspathic material with sericite, and sometimes chlorite 

or carbonate. Slight variation in grainsize occurs, and in 

the degree of cleavage development by sericite alignment. 

With strong deformation and recrystallisation it passes 

into sericitic schists. Excluding any effects of metamor-

phic recrystallisation, this texture is thought to result 

from low temperature (secondary) devitrification of an 

originally glassy groundmass. 

The second primary groundmass texture is highly 

variable, however it is clearly identical to the micropoik-

ilitic, or "snowflake" texture described by Geijer (1913), 

Anderson (1969, 1970) and Lofgren (1971). This texture is 

very common in the Intercolonial Volcanics in the Jukes-

Darwin area, and it has been possible to observe its 

development from its first appearance, to where it grades 

into other textures. This is illustrated in Plates 43 to 

48. It was described by Solomon (1960) in specimens from 

Intercolonial Spur. He referred to the "snowflakes" as 

spherulites. 

In its least developed stage it may be present 

with fine granular devitrification. It appears at this 

initial stage in one of two ways, either as extremely fine 

but clearly developed "snowflakes", or else as ill-defined 

incipient patches in the groundmass. These patches are 

only distinguishable under crossed nicols, when they are 

seen to extinguish coherently. As the texture becomes 
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better developed the patches become more pronounced. 

There is an increased tendency for sericite and potash 

feldspar to be concentrated near the margins, or between 

snowflakes, and ultimately the roCk takes on a pelletal or 

sandy appearance which is visible under ordinary light. 

This tendency continues with the appearance of fine quartz 

crystals in the centre of the snowflakes. These quartz 

crystals become larger, and frequently develop in a 

skeletal form. Ultimately the rock assumes a granophyric 

texture as a result of the extreme development of the 

central quartz crystals (see B.H.P. slide no. F63 58/42, 

Plate 48, and Hills, 1914a, p.36). Another extreme of 

snowflake development is exhibited by 41213, in which no 

central quartz crystal is visible, but in which a clear 

extinction and an almost quartzitic fabric is developed 

(Plate 47). Micropoikilitic texture is very common in the 

Intercolonial Volcanics, and was observed in some form in 

about one third of the thin sections examined. It is 

commonly seen in clasts in fragmental rocks, along with 

clasts showing granular devitrification. This is taken as 

support for the early development of the texture. 

The question of the significance of this texture 

in relation to original rock-type is clearly of great 

importance as it is so widespread in the Jukes-Darwin area. 

Anderson (1969) concluded for the Davis Mountains, Texas, 

that snowflake texture is a product of primary crystallisa-

tion (devitrification) within densely welded ash-flow tuff. 

He proposed as a general hypothesis that snowflake texture 

may be a diagnostic texture of devitrified, densely welded 

ash-flow tuff, but conceded that it might occur by hydro-

thermal alteration of lavas. That it may occur by primary 
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devitrification in densely welded ash-flows is accepted. 

It is not accepted that in any cases observed has it formed 

by hydrothermal alteration of a lava after it has cooled. 

It is proposed that it may occur in lavas, where it is 

produced by primary devitrification. This conclusion is 

based on 

I.  reluctance to accept Anderson's ad hoc conclusion 

that a process observed to occur in densely welded ignim-

brite is restricted to rocks of that origin and does not 

occur in lavas of similar composition. The experimental 

work of Lofgren (1971) suggests that under appropriate con-

ditions it may occur in any dense vitric rock. 

the observation that snowflakes occur in the 

groundmass of rocks with fluidal texture of undoubted lava-

flow origin (e.g. 41092, 41097). The small proportion of 

phenocrysts present, and a strong tendency for them to 

occur as crystals rather than crystal fragments, also 

supports a lava origin. 

Other devitrification textures are rare in the 

Jukes-Darwin area. 

e) Pumice fragments. This feature has been briefly 

mentioned before. Probable fiamme have been noted in a 

number of rocks (e.g. B.H.P. F70A 58/51, 41261, 41262). 

f) Sorting. Sorting is rarely apparent. As noted 

previously it may be slightly developed in some breccias. 

Of the other- criteria discussed previously, 

columnar jointing has not been observed in the Intercolon-

ial Volcanics, lithological variation within individual 

flows has not been detected, and as individual flows can 

rarely be delineated it is' Nnot possible to determine the 

extent of original coverage. One distinctive unit at 
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Prince Darwin which probably represents a single lava flow, 

can be traced over 1200 metres (Figure 9).' 

Lavas.-  In the previous discussion it was concluded that 

snowflake texture could develop in lavas or densely welded 

ignimbrites. Massive rhyolites exhibiting snowflake 

texture are one of the dominant and characteristic litholo-

gies of the Intercolonial Volcanics in the Jukes-Darwin 

area. They constitute a small proportion of the volcanics 

west of the Darwin granite, but become more prominent on 

Mount Darwin and in the area of Findons prospect. They are 

extensively developed on and west of Intercolonial Spur, on 

Adit Knob at North Lake Jukes, and west of Jukes Propriet-

ary. In the absence of evidence to support an ash-flow 

origin for these rocks they are thought to represent lava 

flows. Examples are too numerous to list, and many have 

already been quoted. A few examples covering the areal 

extent of these rocks are 41196, 41227, 41238, 41214, 

41220, 41340, 41359, 41128, 41143, 41210, 41263. 

Rocks showing other evidence of lava-flow origin 

are relatively rare. Fluidal texture has been noted in the 

field only at 'Prince Darwin, and has been observed in thin 

section in only a small proportion of cases (e.g. 41092, 

41093, 41097, 41141, 41184, 41203). These rocks also con-

tain a small proportion of crystal fragments relative to 

unbroken grains. 

The presence in a rock of typical porphyritic 

volcanic texture, even in the absence of other indications, 

must be regarded as strongly suggestive of a lava-flow 

origin. Such textures have been observed in B.H.P. slide 

F46A 65/16, and 41087, 41099, 41146, 41346. 
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Ignimbrites.-  Depehding on characteristics such as the 

proportion of fragmented to discrete crystal grains, the 

abundance of crystal and lithic grains and their proportion 

relative to groundmass, ignimbrites may be difficult to 

distinguish on one hand from lavas, and on the other from 

air-fall tuffs. Under the conditions of alteration and 

deformation which prevail in the Intercolonial Volcanics 

this difficulty is considerably aggravated as the most 

significant evidence, namely the presence of flattened 

shards and pumice fragments, is commonly obliterated. The 

outcome is that the number of examples positively identi-

fied as ignimbrites must be far fewer than their true 

abundance. Those which are not readily distinguished from 

air-fall tuffs will be considered later under the 

appropriate classification of tuff, the term being there 

used without any genetic implication pertaining to ash-flaw 

or air-fall origin. 

No estimate of the proportion of the massive 

micropoikilitic rhyolites which originated by ash-flow can 

be given. That snowflake texture can occur in such rocks 

as argued by Anderson (1969, 1970) is supported by speci-

ments 41334, 41364, and 41252, which contain "snowflakes" 

in an apparently vitroclastic groundmass. Snowflake 

texture is also present in the groundmass of 41226, 41094, 

and B.H.P. slide F46 65/15 which appear on the basis of 

broken crystal fragments to be more likely to have been 

produced by ash-flow rather than lava-flow origin. 

The majority of the thin sections examined which 

showed vitroclastic groundmass textures were from North 

Lake Jukes (41335, 41338, 41344, 41345, and B.H.P. slides 

F59 58/38, F59 58/49, F70 58/50, F79 58/59, F80 58/60, 
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F81 58/61, F82 58/62, F83 58/63,F84 58/64). It would 

appear that much of the sequence of volcanics exposed east 

of Adit Knob was deposited from ash-flows. Elsewhere in 

the Jukes-Darwin area probable ignimbrites were collected 

from Intercolonial Spur (41234, 41235), Jukes Proprietary 

(41364), Prince Darwin (41123, and B.H.P. slide F50 65/20) 

and East Darwin (41252, 41261, 41262, 41267, 41290). 

Tuffs.- Fine-grained volcanoclastic rocks may consist of 

varying proportions of three components, namely volcanic 

glass, lithic fragments, and crystal grains and fragments 

of phenocrystic origin. They may be broadly classified on 

the basic of these components. 

Crystal-lithic-vitric tuffs have been found to be 

widespread in minor amounts. They have been collected from 

Prince Darwin (41098, 41101, 41106, 41144), the Darwin 

Plateau (41180), Intercolonial Spur (41231), Lake Jukes 

(B.H.P. slide F76 58/56), and Jukes Proprietary (41351, 

41360). 

Crystal-vitric tuffs are also widespread. An 

unusually fine example is 41171 from the summit of Mount 

Darwin (Plate 49) in which fragments of quartz and feldspar 

" are scattered through an abundant very fine-grained ground-

mass in which can be seen many broken undeformed shards. 

Other examples were collected from Prince Darwin (41086), 

Intercolonial Spur (41228, 41229), East Darwin (41257, 

41258, 41260, the latter two occurring as clasts in a pyro-

clastic breccia), Lake Jukes (B.H.P. slide F86 58/66), and 

Jukes Proprietary (41357, 41367). 41384 forms the matrix 

of a coarse volcanic breccia on Intercolonial Spur. 

Crystal-vitric, and crystal-lithic-vitric tuffs 

would appear those most reasonably expected to be produced 
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by nuee ardente eruptions. Vitric tuffs might also be 

produced by this means, however the complete absence of 

lithic or crystal fragments seems improbable. Production 

of a vitric tuff by the action of sorting processes such as 

settling from an ash cloud, or by reworking by the action 

of streams, seems more likely. A probable air-fall vitric 

tuff is represented by 41204. In hand specimen and in thin 

section it is very fine-grained and uniform, and includes 

small spherical bodies which appear to represent lapilli 

(Plate 41). No shards are visible, the whole consisting of 

very fine granular quartz, feldspars and sericite. 

Similar rocks lacking the lapilli, are found on Intercolon-

ial Spur where they can be seen to be bedded, although this 

is not apparent in thin section (41230, 41232, 41233). 

Small-scale bedding is apparent in 41197 from near Sumpters 

Peak, and 41110 from west of South Darwin Peak. 

Crystal-lithic tuffs are probably complementary 

to the vitric tuffs, although they could be produced in the 

absence of vitric material by gas explosion. They are not 

common and have been collected only from near Sumpters Peak 

(41205) and from Prince Darwin (41114, 41135, 41139). 

41114 is bedded, supporting an origin by reworking. 

No crystal, or lithic-vitric tuffs have been 

noted. Rare lithic tuffs are the small-grainsize equiva-

lents of the volcanic breccias previously described, and 

similarly may be of volcanoclastic or epiclastic origin. 

They are represented by 41215 from Hydes, and B.H.P. slides 

F53 65/23 from Prince Darwin and D8 69/35 from Razorback 

Spur. 

No lahars or sub-aqueous tuff-flows have been 

recognised in the Jukes-Darwin area. Probable reworked 



105. 

tuffs have already been noted. 

Andrew and Clark Volcanics  

Because of the similarity of these two units in 

the Jukes-Darwin area and their apparent stratigraphic 

equivalence it is convenient to consider them together. 

Some of the general considerations outlined for the Inter-

colonial Volcanics also apply here. 

Breccias.- No breccias have been observed in the Clark Vol-

canics. A number of occurrences have already been 

described from the Andrew Volcanics (section 2.2ii). The 

volcanic breccia or conglomerate which outcrops in the King 

River Gorge (Plate 8) is believed to have an epiclastic 

origin. The clasts are scattered through an abundant fine-

grained matrix represented by specimens 41370 and 41371. 

Both consist of numerous fine crystal and lithic fragments 

in a very fine-grained groundmass. 41371 can be seen to be 

bedded and includes a well rounded quartzite clast (Plate 

50). The matrix in both these cases would be described as 

a crystal-lithic-vitric tuff. 

The breccias which occur along the eastern edge 

of the Darwin Plateau are probably of various origins. 

The presence of rounded clasts of granite and occasional 

rounded quartzite pebbles suggests an epiclastic origin for 

these components at least. The abundance in places of 

angular volcanic clasts (see specimen 41154) and the 

overall abundance of fine pyroclastic debris indicates an 

explosive volcanic origin for the bulk of the material. It 

seems probable that in this area initiation of eruption of 

the Andrew Volcanics was accompanied by mixing with minor 

epiclastic debris and reworking of some of the -volcanic 

debris. Evidence of this persists through about one 
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hundred metres. Perhaps by the time this thickness had 
0 

accumulated original local relief was swamped, thus 

removing the source of epiclastic debris. 

Fine-grained Volcanogenic Rocks.- 

a) Flow banding. No true fluidal texture was 

observed in outcrop or thin section. 

b) Phenocryst shape. As for the Intercolonial 

Volcanics the most common feature observed was embayments 

in quartz phenocrysts and grains. Crystal fragments of 

both quartz and plagioclase are extremely common. 

c) Vitroclastic textures. The comments made for the 

Intercolonial Volcanics are equally valid for the Andrew 

and Clark Volcanics. 

d) Primary devitrification textures. The most 

striking difference observable in thin section between the 

Intercolonial Volcanics and the Andrew and Clark Volcanics 

is the virtual absence in the latter of primary devitrifi-

cation textures. Incipient snowflake development is found 

in 41155 and 41156, but is absent elsewhere, except in 

clasts which are clearly derived from the Intercolonial 

Volcanics. 

e) Pumice fragments. Fiamme are even less readily 

observable than they were in the Intercolonial Volcanics, 

due to the more uniform deformation effects. They are 

probably present in specimen 41222. 

f) Sorting. Most of the Andrew or Clark Volcanics 

show no evidence of sorting. It is nevertheless more 

evident than it was in the Intercolonial Volcanics. In the 

Andrew Volcanics it is readily apparent in 41371, 41244, 

41309 and 41225, and in the Clark Volcanics it is obvious 

in the carbonaceous tuffaceous sediments 41187 and 41188. 
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Columnar jointing is well developed in the 

Andrew Volcanics in one locality in Allans Creek (41201). 

Lavas.-  Two specimens which are very likely to be lavas 

are 41190 and 41191, both of which are spilites from the 

Clark Volcanics. The acid volcanics of the Clark or Andrew 

Volcanics can in some cases be classed as lavas on rather 

tenuous grounds, being in essence the absence of evidence 

to indicate a clastic origin, i.e. a high proportion of 

apparently originally glassy groundmass, the presence of 

discrete crystal grains, the virtual absence of lithic or 

crystal fragments, and no sign of vitroclastic structure in 

the groundmass. These criteria are satisfied by 41245- 

41247 from East Darwin, 41380 from near Ten Mile Hill, and 

41386 from the road to Intercolonial Spur. Specimen 41201 

also satisfies these criteria, although the fact that it is 

part of a column suggests the possibility that it might be 

an ignimbrite, since columnar jointing is common in acid 

ignimbrites but rare in acid lavas (Ross and Smith, 1960; 

Beavon et al., 1961). 

Ignimbrites.-  Ignimbrites are recognised on the basis of 

evidence for deformed vitroclastic shapes in the groundmass. 

This requirement undoubtedly excludes many actual ignim-

brites in which evidence of vitroclastic origin has been 

obliterated by deformation. These will be classed as the 

appropriate type of tuff. In addition to evidence of 

vitroclastic texture ignimbrites are also characterised by 

crystal grains, commonly fragmented, and lithic fragments. 

These criteria are best satisfied by 41155 and 41156, which 

have already been noted to show incipient snowflake 

texture, 41150 and 41179, all from east of the Darwin 

Plateau, 41186 and 41194 from the Clark Volcanics, 41198 
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and 41200 from Al1ans Creek, 41242 and 41243 from East 

Darwin, and 41222 from the Andrew River. 

Tuffs.- As before the term is used here without implica-

tions pertaining to eruption or deposition mechanism. As 

was the case for the Intercolonial Volcanics the tuffs are 

dominated by crystal-vitric and crystal-lithic-vitric 

varieties. 

Crystal-lithic-vitric tuffs are widespread in the 

Andrew Volcanics from the King River Gorge (41369), to 

Jukes Proprietary (41362, 41363), the Andrew River (41221), 

the Intercolonial Spur road (41241) and east of the Darwin 

Plateau (41151, 41152, 41158, 41164, 41178). 41189 from 

the Clark Volcanics is crowded with crystal and lithic 

fragments in a sparse originally-vitric matrix. 

Crystal-vitric tuffs are also widespread in the 

Andrew Volcanics. Probable examples include 41368 from the 

King River Gorge, 41224 from the Andrew River, 41240 from 

the road to Intercolonial Spur, 41199 from Allans Creek, 

41157 from east of the Darwin Granite, and 41192 from the 

Clark Volcanics. Two specimens consist dominantly of. 

crystal fragments with a relatively minor vitric component 

(41172, 41379): thus they more closely approach crystal 

tuff. 41187 and 41188 from the Clark Volcanics were 

identified in the field as carbonaceous siltstones. They 

are well bedded and sorted, and consist of fine quartz-

fragments, and fine devitrified glass fragments, together 

with carbonaceous matter. Apart from the carbonaceous 

material their •constituents are clearly of volcanic deriva-

tion, and they would appear to represent reworked crystal-

vitric tuffs. 

The only example of a crystal-lithic tuff (41244) 
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was collected from the pack-track to the East Darwin work-

ings. It consists of numerous angular quartz crystals, and 

very fine lithic volcanic fragments, with a very minor 

vitric matrix. The strong dimensional orientation of the 

clasts is parallel to cleavage. 

Darwin Granite  

The Darwin Granite has been described by Hills 

(1914a) and Solomon (1960). It is typically coarse-

grained with unaltered orthoclase and perthite, thoroughly 

altered plagioclase, coarsely recrystallized quartz, and 

minor partly sericitised biotite. Potash feldspar greatly 

exceeds plagioclase (41174, 41089, 41169, and 41152 which 

is a pebble from within the Andrew Volcanics adjacent to 

the granite contact). 

The white granite is more texturally variable 

than the pink granite described above. It is commonly a 

coarse porphyry with quartz and plagioclase in a fine-

grained granular groundmass. Deformation effects are con-

siderable, and plagioclase and sometimes K-feldspar are 

strongly altered (41162, 41173, 41373, 41374). 

The aplite veins in the pink granite show altera-

tion effects similar to those observed in the granite. 

Plagioclase is less abundant than either quartz or ortho-

clase, and very minor biotite may be present (41372, 41175). 

Occasional grains exhibit granophyric texture. 

3.3ii 	Petrography of the Lyell-Huxley Area  

As Mount Lyell Mines are approached from the 

south it becomes progressively more difficult to determine 

the original nature of many of the rocks. This difficulty 

is reflected in the prolonged argument over the origin of 

the Lyell Schists. Nevertheless it is commonly possible 
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even in areas of intense deformation or hydrothermal 

alteration to recognise clear evidence of genesis. 

The Lyell-Huxley area was not mapped in detail in 

this investigation, and the following remarks are based on 

detailed examination of the sections exposed on the Mount 

Huxley access track, and the Lyell Highway, and reconnaiss-

ance mapping elsewhere. Petrographic work has also been 

reported by Solomon (1960, 1964), Walshe (1971), and 

Corbett et a/. (1974). 

Breccias.-  North of Mount Huxley adjacent to the access 

track there are prominent outcrops of volcanic breccias 

similar to those described previously for Mount Darwin and 

Intercolonial Spur. These are probably of similar origin. 

On the eastern slopes of the same ridge further south there 

is a markedly different breccia which consists of clasts of 

variable lithology up to in excess of 50 centimetres. 

There is some sorting of clast size, which together with 

the variable lithology suggests that it represents an 

epiclastic accumulation of locally derived volcanic debris. 

A spectacular outcrop of volcanic breccia in the 

form of huge rounded boulders occurs further west adjacent 

to the Mount Huxley access track. The clasts are commonly 

about 2 centimetres in diameter but range up to about 50 

centimetres. They are angular and highly variable with 

porphyritic and non-porphyritic, and fluidal types. Other 

breccias, the origin of which is in doubt occur on the 

eastern end of Whip Spur (41405) and in Waterfall Creek 

near its junction with Conglomerate Creek. North of the 

Lyell Highway there is extensive development of breccias in 

Mount Lyell Mines, especially West Lyell where they are 

intensely hydrothermally altered and deformed. 



Just west of Miners Ridge a thin unit of basaltic 

breccia (41425) outcrops in scrub adjacent to the access 

track, but is not exposed on the track. It consists of 

numerous clasts of basaltic derivation, up to 50 centimet-

res in length, and strongly attenuated parallel to strike. 

The clasts are close-packed, with little matrix, and epi-

dote veins are common. In thin section the clasts can be 

seen to be highly variable, including fine-grained fluidal 

varieties, as well as coarse-grained pyroxene-rich variet-

ies similar to 41422. 

Further west along Lynch Creek there is extensive 

development of basaltic breccias. These have been des-

cribed by Scott (1954) and Solomon (1960, 1964) as being 

autoclastic flow-breccias. 

Further west is found the rock which Solomon 

(1960) termed "augite trachyte(?)" but later (1964) termed 

augite-albite tuff. The difficulty of adequately naming 

the rock is readily apparent as it is in places a coarse 

breccia with acid and basic volcanic, as well as 

sedimentary clasts, and in other places it is uniform in 

texture and resembles an intrusive or coarse extrusive 

rock. Even in the uniform phases however it can be seen on 

careful examination to contain a variable content of quartz 

crystals, which are unlikely to be found in an intrusive or 

extrusive rock containing such a high concentration of 

augite. In thin section the clastic nature of the rock is 

clearly evident. Specimen 41431 is a crystal tuff, with 

crystals of albite, augite and minor quartz, crowded 

together with minor lithic fragments of acid and basic 

volcanic derivation. The proportion of matrix is very 

minor, consisting of fine granular quartz or chlorite 
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(Plate 52). 

Considering the geology of the adjacent areas the 

derivation of such a rock is not difficult to understand. 

In Lynch Creek and near the Miners Ridge acid volcanics can 

be observed within a few feet of basaltic flows (e.g. 41422 

and 41423). With such contrasted volcanism occurring, 

probably simultaneously or almost so, within a confined 

area, mingling of weathered material as well as pyroclastic 

debris from both sources is inevitable. This is especially 

to be expected under the conditions of reworking and sort-

ing required to produce a crystal tuff with as little 

matrix as 41431. 

Fine-grained Volcanogenic Rocks.- 

a) Flow banding. No fluidal texture was observed in 

outcrop or thin section. 

b) Phenocryst shape. The features noted previously 

remain common, with widerspread occurrence of embayed 

quartz and fragmented quartz and plagioclase. Glomeroporph-

yritic plagioclase is extremely common in the area north of 

Mount Huxley. 

c) Vitroclastic textures. Only rarely have probable 

shards been noted in the Lyell-Huxley area (e.g. 41453). 

Microscopic features of some rocks (e.g. 41407, 41414) are 

suggestive of a pyroclastic origin. Possible fiamme are 

visible in 41407 and 41409. 

d) Primary devitrification textures. By far the 

most important primary devitrification texture observed in 

the Lyell-Huxley area is snowflake texture, which occurs in 

many of those rocks which are correlated with the Intercol-

onial Volcanics in the Jukes-Darwin area. In addition to 

the specimens collected in this investigation it has also 
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been observed in thin sections prepared for Walshe (1971) 

from the area immediately adjacent to and south of the 

Lyell Highway (e.g. 39199, 39200, 39206, 39222, 39225). 

One minor occurrence in which spherulites, snowflakes, and 

apparently intermediate forms occur has been observed 

(41404, Plates 53, 54). 

e) Pumice fragments. As noted above possible 

fiamme may be rarely observed in thin section. In some 

cases they may be visible in hand specimen. 

f) Sorting. Sorting is apparent in some of the 

rocks previously mentioned, as well as many tuffaceous and 

sedimentary rocks in the area. 

Lavas.- In the lower part of the stratigraphic column 

previously correlated with the Intercolonial Volcanics 

there is considerable volume of rock of probable lava-flow 

origin. North of Mount Huxley there is extensive develop-

ment of massive, micropoikilitic rhyolite, with euhedral, 

frequently glomeroporphyritic albite phenocrysts (e.g. 

41404, 41406, 41408, 41412, 41417). Further north on 

Little Owen possible lavas are represented by 41446 which 

is a non-porphyritic rhyolite with abundant fine but 

clearly developed snowflakes throughout. 41459 from Water-

fall Gully near the Lyell Highway closely resembles the 

albite porphyritic lavas from near Mount Huxley. It is 

from the "Feldspar Porphyry tuffs and lavas" unit of 

Walshe (1971) who reports the presence of flow texture in 

some of the rocks of this unit. 

Basic volcanics occur with the acid lavas in this 

part of the column. 41416 has a fine uniform texture in 

which there is abundant tabular albite, with a mesostasis 

of chlorite, sericite, and opaques. It is probably a lava, 
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although an intrusive origin for it cannot be excluded. 

• This may also be the case for 41451 from the Lyell Highway, 

which is now a chlorite schist, but which is basaltic in 

chemical composition (see Appendix I). 

The rocks which were previously correlated with 

the Clark Volcanics include few acid volcanics which can be 

confidently regarded as lavas from thin section examination. 

One probable example is 41462 from the King River Gorge at 

the old footbridge to the Newall Creek gold workings. It 

contains coarse embayed quartz phenocrysts, with numerous 

altered equant plagioclase and minor biotite phenocrysts, 

in a very fine-grained structureless groundmass. A 

significant proportion of the basaltic volcanics (41422, 

41460) further north are undoubtedly of lava-flow origin. 

Solomon (1960) described amygdaloidal flows and autoclastic 

breccias from Lynch Creek. The basaltic breccia (41425) 

described previously is underlain (east) by massive fine-

grained basalt of probable flow origin. 

Ignimbrites.-  The criteria by which ignimbrites may be 

recognised outlined earlier in this section are poorly 

developed in the Lyell-Huxley area. Possible fianme are 

visible in 41407, along with quartz and albite crystals and 

crystal fragments in a very fine granular groundness. 

Similar forms are visible in handspecimen 41409. In thin 

section it contains rounded quartz and euhedral glomero-

porphyritic albite in a well developed granular to snow-

flake groundmass in which irregular zones of very fine 

groundmass represent the possible fiamme. 

Tuffs.- Crystal-lithic-vitric tuffs are found east of 

Mount Huxley (41393), on the Lyell Highway (41457), and west 

of Miners Ridge (41429). In 41393 embayed quartz crystals 
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and crystal fragments of quartz and plagioclase are found 

with fragments of micropoikilitic rhyolite in a very fine-

grained aphanitic matrix. In 41457 euhedral plagioclase 

occurs with numerous rhyolitic lithic fragments, some of 

which are chloritic, in a very fine granular matrix. 

Crystal-vitric tuffs are admirably represented by 

41453 from the Lyell Highway (Plate 55). Angular fragments 

of quartz are scattered through devitrified apparently 

undeformed glass fragments. Both crystals and shards show 

strong dimensional orientation. Local segregations of 

recrystallized quartz and chlorite are apparently 

responsible for the flecks which are visible on cleavage 

surfaces in hand specimen. In other examples (41419, 

41430, 41458) a clastic origin is inferred from an abund-

ance of crystal fragments. 

The sequence of graded tuffs on Whip Spur has 

been described elsewhere. Thin sections were prepared from 

specimens sampled at intervals of approximately 60 centi-

metres through one of the units. Specimen 41395 from the 

base consists of closely packed albite porphyry clasts, 

some exhibiting incipient snowflake texture, and abundant 

glomeroporphyritic albite between the clasts. The margins 

of clasts are difficult to distinguish except where 

chlorite accumulations occurbetween them. In 41402 which 

is from the base of the succeeding unit the clasts are more 

easily distinguished due to accumulations of broken albite 

crystals (Plate 57). The proportion of matrix material 

which might represent volcanic ash appears to be small. 

Proceeding upwards through the unit, there is a steady 

decrease in grainsize, though the shape and abundance of 

albite crystals shows considerable variation (41396-41399). 
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41400 is extremely fine grained and uniform, with minute 

crystal fragments. In 41401 bedding is defined in thin 

section by carbonaceous(?) matter. Both these sections 

probably consist almost entirely of very fine volcanic ash. 

From the evidence available it is apparent that 

1) The base of the units was deposited under 

conditions in which only minor erosion and scouring of the 

preceding unit occurred. 

2) Deposition was subaqueous at a depth below wave-

base. 

3) Each unit represents a single event involving 

transport and deposition under conditions favourable for 

production of the pronounced sorting and grading apparent. 

The units described above resemble some of the 

smaller subaqueous pyroclastic flows described by Fiske 

(1963) from the Ohanapecosh Formation in Washington. From 

consideration of the features described above and by anal-

ogy with the flows in the Ohanapecosh Formation it is 

suggested that the Whip Spur sequence was deposited from 

low density turbidity currents, derived from the flanks of 

a volcanic cone. Low density turbidity currents are 

favoured as they are more likely to retain the finer 

particles in suspension for sufficient time to produce the 

pronounced sorting of particle size which is apparent. 

Sediments.-  Sediment deposition contemporaneous with 

volcanism is apparent from the common occurrence of 

sedimentary rocks interbedded with volcanics in the Lyell-

Huxley area. In many cases differentiation between 

sedimentary and volcanogenic rocks is arbitrary, as, for 

example, the shaly tops of the pyroclastic units described 

above. Most of the sedimentary rocks observed appear to 
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have been derived from the nearby volcanics, e.g. 41394 is 

a pyritic shale in which occasional very fine quartz 

fragments occur. In 41426 occasional quartz fragments and 

muscovite are scattered in an extremely fine matrix which 

is probably devitrified glass and which includes carbonac-

eous matter. In handspecimen it is a carbonaceous slate. 

One sedimentary rock which may be derived from a 

source other than the volcanics is the quartz sandstone 

which forms the Miners Ridge (41754). The rock is composed 

almost entirely of fine angular quartz grains and muscovite. 

It resembles sandstone phases of the Owen Conglomerate, 

which are believed to be derived from the quartzose 

Precambrian rocks of the Tyennan Block. There is extensive 

development of this sandstone in the area (see Solomon, 

1960, Fig.3) and it is possible that it is also derived 

from a Precambrian source. A similar sandstone occurs in 

the volcanics on the pack-track to North Lake Jukes (41347). 

The quartz sandstone near Miners Ridge is partly inter-

bedded with the shale mentioned above (e.g. 41424). 

The occurrence of significant development of 

sedimentary rocks around Miners Ridge, which appears to be 

fairly high in the exposed stratigraphic column, may 

indicate a local incursion of conditions such as those 

under which the Dundas Group was deposited. 

3.3iii 	Petrographic Effects of Post-depositional  

Alteration  

Post-depositional alteration effects are evident 

to varying degrees in all material examined from the Lyell-

Darwin Area. In many cases these effects have done much to 

obscure evidence of the original nature of the rocks. 
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a) Extensive Alteration , 

I. Diagenesis.- Overprinting of metamorphic effects has 

destroyed most evidence of diagenesis. The only feature 

observed which may have been produced during diagenesis is 

overgrowth on quartz grains. This is commonly observed in 

rocks of apparently pyroclastic origin (e.g. Plate 55). It 

is also possible that the overgrowth occurs during metamor-

phism. 

II. Burial Metamorphism.- The results of alteration of 

intermediate and acid volcanics to keratophyre and quartz 

keratophyre have been admirably described by Gilluly (1935), 

Battey (1955) and Albers (1959). They include the 

extensive development of secondary (i.e. not primary 

igneous) mineral phases such as albite, chlorite, sericite, 

carbonate, etc.; replacement of primary feldspars by 

albite or orthoclase; the presence of veinlets of albite, 

overgrowths on albite crystals and albite amygdule 

fillings; development of albite phenocrysts with a charact-

eristic "chequer" structure (Battey, 1955); development of 

phenocrysts consisting of intergrowths of albite and 

orthoclase. 

In the Lyell-Darwin area albitization of plagio-

clase is ubiquitous. That the albite is of replacement 

origin is indicated by the original zoning of plagioclase 

being outlined by inclusions of secondary.calcium minerals 

(e.g. Plate 56). Chequer-structure has not been observed 

even in the micropoikilitic rhyolites. Battey (1955) noted 

that albite phenocrysts in the micropoikilitic rhyolites 

studies by him were almost invariably chequered. 

Phenocrystic orthoclase is uncommon, but may in 

some cases have escaped attention as where observed it is 



119. 

usually clear and untwinned. No cases of partial replace-

ment of plagioclase by orthoclase were noted. 

All volcanic rocks exaMined contain secondary 

mineral phases, especially sericite, chlorite, and a 

carbonate. These minerals may also result from low grade 

regional metamorphism or hydrothermal alteration. Veins 

containing albite occur in places and tension gashes 

containing milky quartz, pink albite and chlorite are wide-

spread. 

III. Regional Metamorphism.-  The intensity of regional 

metamorphism is difficult to establish conclusively, as the 

secondary minerals which might be taken to be produced by 

metamorphism may alsa result from burial metamorphism as 

outlined above, or from hydrothermal alteration. Cleavage 

development associated with the deformation which accompan-

ied regional metamorphism in the Tabberabberan Orogeny is 

widespread, and with varying intensity occurs also in 

Junee and Eldon Group rocks. Cleavage development in the 

volcanics is commonly associated with sericite and chlorite 

alignment. It might be argued that this alignment results 

from rotation of the minerals in response to the stress, 

however in some cases it is clear that mineral growth 

occurred during deformation. For example in places cata-

clastic deformation has occurred in brittle rocks, with 

growth of strongly aligned sericite in the fractures (e.g. 

.B.H.P. slides F45 65/14, D6 69/33, and 41231, 41753, 

41754). 

b) Intensive Alteration  

Hydrothermal alteration has only been observed in 

the Intercolonial Volcanics, or in rocks which are 

correlated with them. The term Lyell Schists has long been 
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• used for the schistose chloritic and sericitic rocks which 

•are associated with most of the mineralization at Mount 

Lyell. The chlorite and sericite are believed to have 

developed under hydrothermal conditions associated with the 

mineralization. The reduced competence of the rocks which 

resulted from the alteration caused localization of defor-

mation, which in turn resulted in recrystallization and 

rotation of rock components to produce the schistose 

fabric. 

In thin section the strongly hydrothermally 

altered rocks appear to be merely extreme cases in a wide 

spectrum of microscopically visible alteration effects. 

There is a marked tendency for sericite to accumulate on 

anastomosing planes, producing the strong fissility which 

is an obvious feature in the field. Phenocrystic quartz is 

commonly recrystallized. The groundmass texture with 

•increasing intensity of alteration becomes more granular. 

Frequently the texture assumes an appearance closely 

resembling the granular ("quartzitic") extreme of snow-

flake development illustrated in Plate 47. These features 

are apparent in specimens 41443-41445, 41463-41465. 

Depending on physical and chemical conditions 

hydrothermal alteration may produce sericite, chlorite or 

both, in addition to sulphides and carbonates. •Sericitic 

alteration is apparent in 41465 from West Lyell 41455 from 

•the Lyell Reserve 	41443, 41444 from Little Owen and in 

many slides from East Darwin (e.g. 41249, 41250, 41265, 

41266, 	41276, 	41279, 	41284, 41307, 41308, 41253 41299). 

Chlorite frequently occurs together with sericite as in 

•41248, 41251, 41270, 41304, 41305 from East Darwin 41463 

and 41464 from West Lyell and 41366 from Jukes Proprietary. 
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Chloritic alteration in the absence of, or with only minor 

sericite is found at Jukes Proprietary (41348, 41350, 

41351, 41359), Findons (41209, 41211), Hydes (41214, 41381, 

41382), and at a small prospect near the head of South Owen 

Creek (41448, 41449). 

Minor carbonates are common throughout the 

stratigraphic column. At East Darwin there is an abundance 

of an iron-rich carbonate unlike that found in volcanics 

apparently unaffected by hydrothermal alteration. It is 

thought that this is probably of hydrothermal origin. It 

is commonly seen in thin sections from the area (e.g. 

41267, 41276, 41279, 41281, 	41283, 41284, 	41301, 	41307, 

41268, 41275, 41300, and others). That the carbonate is 

pre-tectonic is indicated by 41276 in which a vein is 

boudinaged in the cleavage. In 41304 discrete clasts of 

the carbonate occur in the breccia which occurs in the 

creek near the portal of the Darwin Proprietary adit. A 

similar carbonate occurs in minor amounts at Jukes 

Proprietary No. 2 adit where it appears to be of vein 

filling or replacement origin (41355, 41356). 

The brief discussion above omits consideration of 

the opaque mineral phases, which in some cases are an 

aspect of and in others a closely related phenomenon to, 

hydrothermal alteration. The petrography of mineral 

prospects in the southern part of the Mount Read Volcanics 

will be considered at the end of section 4. 

3.3iv 	Petrographic Effects of Deformation  

The most widespread effect of deform ation 

observed in the Lyell-Darwin area is the development of 

foliation which is visible in the great majority of rocks 

examined. It is developed in one of two ways. The first 
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and by far the most common is by the alignment of sericite 

or chlorite. This is visible in the most acid volcanics 

from the area, and is most strongly developed in those 

which have suffered hydrothermal alteration. It is common-

ly possible to observe two such foliations in thin section. 

In most cases the weaker of the two post-dates the stronger, 

as indicated by crenulation of the pre-existing cleavage 

(Plate 58). Two foliations may be present in rocks from 

any stratigraphic level. It is most readily observable in 

slides 41407, 41423, 41444, 41195, 41207, 41357, 41360, 

41093, 41171, 41249, 41250, 41252, 41261, 41265, 41283, 

41284, 41285, 41290, 41302, 41304, 41310, 41107, 41108 

(Plate 59). 

The second way foliation may develop is by 

dimensional orientation of grains. This may be produced by 

rotation, or by plastic or in extreme cases cataclastic 

deformation of grains. 

As most mineral or lithic grains observed in thin 

sections from the Lyell-Darwin area are approximately 

equidimensional a preferred dimensional orientation is 

seldom apparent. It has been observed in thin sections 

41344, 41347, 41425, 41453. Strong dimensional orientation 

of clasts has been previously noted in basaltic breccia 

41425 from near Miners Ridge, and in the volcanic breccia 

(conglomerate?) which forms part of the Andrew Volcanics in 

the King River Gorge. 

An extreme form of cataclastic deformation is 

apparent in 41163 from the northern end of the Darwin 

Plateau. The field relations are not clear, however, it 

appears to occur as a north-trending elongated body occupy-

ing the centre of the northern tip of the Darwin Granite. 
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In handspecimen the rock appears to be a volcanic with 

extreme parallel alignment of quartz phenocrysts. In thin 

section (Plate 60) the quartz can be seen to be a 

recrystallized mozaic. The plagioclase, although strongly 

• altered, is not apparently deformed. The groundmass is 

granular quartz with sericite. This rock may represent a 

volcanic with strongly recrystallized groundmass, or else a 

porphyritic phase of the Darwin Granite. In either case 

the high strain indicated by the attenuation of quartz 

• phenocrysts and the occurrence of the body of rock elongat-

ed on the same.  trend as, and in line with, the bodies of 

rhyolite within the Darwin Granite, is thought to result 

from intense deformation within the disrupted core-zone of 

a major anticline. 

Another probable indication of deformation is the 

common occurrence of pseudotachylite veins (41161) in the 

Darwin Granite. It is usually seen as float material or 

•rarely in situ as veins up to about 5 centimetres width, of 

black siliceous rock with white fragments. The origin of 

• pseudotachylite is discussed by Spry (1969, p.238). The 

most generally accepted theory regards it as the product of 

extreme local mylonitization which produces sufficient heat 

•to fuse the rock (e.g. Philpotts, 1964; Bhattacharjee, 1964; 

Francis, 1972). 

3.• PETROGRAPHY OF THE ELLIOTT BAY AREA 

3.41 	The Lewis River Volcanics  

The Lewis River volcanics consist of a massive 

pile of acid volcanic rocks, all analysed samples of which 

yielded a rhyolitic composition. No breccias were observed. 

Of the criteria discussed in section 4.2i only the shape of 
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phenocrysts and abundance of lithic fragments were useful, 

as none of the other criteria were observed. 

Only one probable acid lava was observed, 41482 from 

tne Lewis River at the bombardier bridge. It is a massive 

grey volcanic with ethbayed quartz phenocrysts and occasion- 

al sericitic pseudomorphs after feldspar in a very fine 

groundmass of quartz, feldspar and sericite, with local 

accumulations of epidote, green biotite, and chlorite. The 

• abundant originally vitric groundmass, together with the 

absence of lithic or crystal fragments suggest a probable 

flaw origin for the rock. 

All other acid volcanics examined from the 

Elliott Bay area appear to be pyroclastic in origin. Most 

are crystal-vitric tuffs. They typically contain crystal 

fragments, dominantly of quartz some of which is embayed 

(e.g. 41479, 41480, 41486). Albite (41483, 41484 41498), 

untwinned potash feldspar (41476, 41483, 41484) and biotite 

(41480) crystals also occur. The •grainsize of crystal 

fragments varies from up to 2 mm (41479) to about 0.2 mm 

(41484). The groundmass is usually very fine and granular 

with quartz, feldspars and sericite. Chlorite, green 

biotite,epidote and carbonate may be present. Chlorite is 

most abundant in the vicinity of Penders Prospect, and 

carbonate abundance increases to the west. 

• The presence of green biotite is a notable 

•feature of most rocks from the Elliott Bay area. It 

commonly occurs as minor local accumulations apparently not 

of primary igneous origin, or may be disseminated. It is 

•found in both volcanic and plutonic rocks as an alteration 

•product of brown biotite, remnants of which may be present. 

In this case the cleavage of the original brown biotite is 
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indicated by fine opaques, and the cleavage of the green 

biotite is sometimes perpendicular to the cleavage of the 

brown biotite (Plate 61). This alteration clearly renders 

the biotite unsuitable for age determinations and explains 

the anomalous age obtained by McDougall and Leggo (1965). 

Lithic fragments appear, with one exception, to 

be absent from the pyroclastics. The exception is the very 

dark grey rock (41481) found immediately east of the 

Barrel Creek Intrusion. It is crowded with angular frag-

ments of quartz, albite and potash feldspar, and very fine-

grained lithic fragments. The matrix is extremely rich in 

sericite and green biotite, the latter of which in places 

appears to be replacing albite (Plate 62). Prior to 

alteration the rock was probably a crystal-lithic, or 

crystal-lithic-vitric tuff. 

Between Low Rocky Point and Epidote Point there 

is an increase in the sedimentary and basic volcanic 

component in the rocks, associated with a change from the 

probably terrestrial Lewis River volcanics to a probably 

marginal marine facies (see section 2.3). This is 

reflected in the well-bedded nature of many rocks in this 

area, and rapid variation in the proportion of crystal, 

volcanic lithic, and carbonate material in the rocks 

(41487, 41488, 41497, 41499, 41501-41504). In most cases 

the carbonate appears to be dolomite (e.g. 41505, 41501) 

but in some cases it is apparent that it contains iron, and 

is probably an ankerite (e.g. 41488). In the same area 

quartz-siderite (ankerite?) tension gashes are common. 

3.4ii 	Basic Volcanics •of Epidote Point  

The basic volcanic rocks which outcrop at 

Epidote Point are probably part of the extensive area of 
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basic lavas which occur near Cypress Creek (Solomon, 1960). 

The small area examined consists of highly altered breccias 

and tuffs, extensively veined with epidote. Specimen 41506 

consists of pseudomorphs of chlorite and tremolite appar- 

ently after clinopyroxene. The bulk of the rock now 

consists of fine-grained epidote, tremolite, and albite. 

It is not now apparent whether it was originally a lava or 

a fine-grained pyroclastic, though field evidence suggests 

the latter. 

Some basic rocks from the Cypress Creek area have 

•been described and analysed by Foden (1973) who found they 

were tholeiitic in character, with probable affinities with 

ocean-floor basalts (see section 5.4iii). 

3.4iii 	Granitic Rocks  

The granitic rocks in the Elliott Bay area 

comprise the Little Rocky River Pluton, the Barrel Creek 

•Intrusion, and the Low Rocky Point Pluton. 

The eastern and dominant phase of the Little 

Rocky River Pluton is a quartz feldspar porphyry. In 

different localities either quartz or euhedral feldspar may 

be the dominant phenocryst phase, and stand out on 

weathered surfaces along the coast. Specimen 41470 from 

near the western edge of the unit consists of rounded and 

embayed quartz up to one centimetre in diameter with 

deformed and aligned sericitic pseudomorphs after feldspar. 

The groundmass consists of fine granular quartz, orthoclase 

and chlorite. 

Specimen 41469 from the western phase of the 

Pluton is a uniform fine-grained (1 mm average) granite 

with much subhedral perthitic orthoclase, anhedral quartz, 

and minor sericitized plagioclase. Minor muscovite and 
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green biotite are also present. Near the western edge of 

the same phase, 41468 is a similar granite with aplitic 

appearance. 

The Barrel Creek Intrusion is a small highly 

altered intrusive mass. In thin section (41475) the rock 

is seen to contain quartz with granular boundaries similar 

to "mortar texture" (Spry, 1969), and pseudomorphs after 

feldspar composed of sericite and green biotite. Original 

brown biotite is now altered to green biotite or sericite. 

The feldspar and biotite pseudomorphs both show pronounced 

dimensional orientation. Much of the rock is now fine 

granular quartz, epidote, green biotite and sericite. 

Originally it was probably porphyritic, perhaps similar to 

the quartz feldspar porphyry phase of the Little Rocky 

River Pluton. 

The Low Rocky Point Pluton consists of three main 

phases. The easternmost phase is a coarse porphyritic 

granite with potash feldspar up to five centimetres in 

diameter (41471). In thin section it contains coarse 

perthitic orthoclase and quartz, with relatively minor 

subhedral plagioclase, much of which is strongly sericitis-

ed. Original brown biotite is altered to green biotite 

with cleavage perpendicular to the original cleavage. 

The dominant phase of the Low Rocky Point Pluton 

is medium-grained adamellite (41472) in which quartz and 

orthoclase are present in approximately equal proportions 

and slightly exceed the subhedral strongly altered plagio-

clase. The biotite has been largely altered from brown to 

green, though remnants of unaltered brown biotite occur. 

The third major phase of the Low Rocky Point 

Pluton is represented by specimen 41473, in which fine 
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grained quartz, orthoclase and sericitized plagioclase have 

been strongly deformed. Minor muscovite is also present, 

and alteration products include epidote, chlorite and 

carbonate. 

3.4iv 	Dyke Rocks  

Dark-coloured dykes are very common in both 

volcanic and plutonic rocks in the Elliott Bay area. They 

range in width from a few tens of centimetres to about ten 

metres. In most cases they are cleaved and strongly alter-

ed. In some, phenocrysts or pseudomorphs can be discerned. 

Rarely an abundance of biotite is visible. 

In most cases examination of thin sections of 

these rocks is not enlightening as deformation and altera-

tion have to a considerable extent obscured the original 

•mineralogy and texture. An exception to this is 41496 

which despite extensive alteration to tremolite, green bio-

tite, and epidote is recognisable as an augite kersantite 

. 	. 
similar to those at Noddy Creek. The other dykes sampled 

•are generally more difficult to identify. Remnants of 

augite are visible in 41493, quartz fragments and sericite 

and carbonate and pseudomorphs after feldspar occur in 

41490, 41491 contains plagioclase phenocrysts, and 41492 

• has a vaguely doleritic texture. Very fine-grained altera-

tion products such as albite, epidote, green biotite, 

• chlorite and tremolite are very common. 

An important question concerning these dyke 

rocks is whether they are related to the Cambrian volcanism, 

or to the probably Cretaceous lamprophyre intrusions. Apart 

from 41496 which is Clearly a lamprophyrel remnant textures 

suggest that 41493, and possibly 41494 and 41495 are 

lamprophyres, and that 41490, 41491 and 41492 are not. This 
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will be considered further in section 5. 

The occurrence on Low Rocky Point of two dykes 

apparently consisting of fluidal rhyolite has already been 

noted. This is supported by thin section examination 

(41489) which shows the rock to be non-porphyritic, with a 

fluidal texture produced by laminar concentrations of 

extremely fine sericite within a dominantly fine granular 

quartz-feldspar rock. The presence of rhyolite dykes 

within the Low Rocky Point Pluton implies emplacement and 

consolidation of the Pluton prior to cessation of volcanism. 

3.4v 	Petrographic Effects of Post-Depositional  

Alteration  

Post-depositional alteration effects in the 

Elliott Bay area are similar to those previously noted for 

the Lyell-Darwin area. Diagenetic effects are not 

apparent. Burial metamorphism has produced albitization 

and possibly sericitization of plagioclase, and the 

development of chlorite, epidote, sericite, carbonate, and 

green biotite. Regional metamorphism took place under 

conditions equal to, or less than those required to 

produce this assemblage, hence were at most lower green-

schist facies. The only mineral phase which can be 

confidently related to regional metamorphism is the euhed-

ral dolomite which occurs in 41501 and 41505 (Plate 63). 

Inclusions defining slaty cleavage pass through the 

crystals, indicating a post-tectonic origin. In some cases 

very slight sigmoidal curvature of the inclusions indicates 

crystallization probably commenced slightly before relaxa-

tion of the stress which produced the cleavage. 

Alteration effects observed in the rocks of the 

Elliott Bay area appear to have formed over a very long 
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time scale. The strong alteration of the Barrel Creek 

•Intrusion is associated with mineralization believed to be 

Cambrian in age. Regional metamorphism may have occurred 

during the Jukesian (late Cambrian) or Tabberabberan (mid 

Devonian) Orogenies. The youngest rocks examined, the 

lamprophyre dykes of probable Cretaceous age (e.g. 41496), 

also show extensive alteration to a lower temperature 

assemblage. 

• Hydrothermal alteration effects are much less 

apparent in the Elliott Bay area than they are in the Lyell- 

Darwin area. The strong alteration and associated deforma- 

tion previously described in the Barrel Creek Intrusion 

(41475) is probably the result of hydrothermal alteration 

associated with mineralization. 

Near Penders Prospect there is minor local 

development of quartz sericite and chloritic schists (e.g. 

41485-41487) associated with sulphide mineralizatiOn. 

These resemble the hydrothermally altered rocks associated 

with mineralization in the Lyell-Darwin area, and appear to 

have formed from pyroclastics. 

3.4vi 	Petrographic Effects of Deformation  

The most widespread effect of deformation on the 

rocks of the Elliott Bay area is the development of 

foliation, chiefly by alignment of sericite or other 

mineral phases. This is apparent to varying degrees in 

most volcanic rocks from the area, especially 41476, 41477, 

41485, 41497. Foliation has developed in 41470 by 

parallel alignment of strongly altered feldspar , and in 

41475 and 41480 by alignment of feldspar and biotite. 

• In the volcanic-sedimentary sequence which out-

crops between Low Rocky Point and Epidote Point it is 
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common to observe two foliations. The first is a well 

defined slaty cleavage which has been folded and is cut by 

a later crenulation cleavage (Plates 64, 65). It is in 

this area that the dolomite porphyroblasts already 

described occur. Two cleavages are apparent in thin 

sections 41488, 41501-41505. Some rocks from the same area 

consist of layers of varying competence. In 41486 and 

41502 layers consisting dominantly of quartz and dolomite 

have been boudinaged between chloritic layers (Plate 66). 

3.5 PETROGRAPHY OF THE NODDY CREEK AREA 

3• 5j *Noddy Creek Volcanics  

The Noddy Creek volcanics differ considerably 

from the Mount Read and Lewis River volcanics discussed 

previously. They are less extensive, less deformed and 

altered, and more compositionally and texturally variable. 

111-1ey consist dominantly of. lavas of rhyolite to basic 

andesite composition with extensive development near Noddy 

'.Creek of andesitic volcanic breccias. Basalts are absent 

from the Noddy Creek volcanics. 

The acid lavas are fine porphyritic types with 

phanocrysts of embayed quartz, albite (41525, 41527, 

41534), the latter sometimes glomeroporphyritic (41527, 

41535, 41536) and occasional orthoclase (41536). Ground- 

- mass texture in all cases is granular, ranging from very 

fine' (41534) to relatively coarse (41535, 41536). It i8 

:composed of quartz, feldspars, and variable sericite and 

One acid volcanic, 41526, is a welded tuff. It 

contains fine angular and rounded quartz fragments and min-

or sericitised feldspar in a very fine sericitic groundmass 
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in which flattened and deformed shard-shapes are clearly 

visible (Plate 67). Fine angular lithic fragments are also 

present and are an obvious feature in handspecimen. 

The andesitic volcanics are of two types. The 

first is found most extensively around Timbertops. It is 

represented by specimens 41510 and 41524, both of which are 

dense fine-grained non-porphyritic rocks. In thin section 

they consist of a felt of fine albite laths aligned by 

flow. Minor quartz, chlorite and opaque form the mesostas-

is (Plate 68). In 41524 patches of chlorite occur which 

may represent former ferromagnesian phenocrysts. 

The second type of andesite is porphyritic with 

phenocrysts of augite to 4 mm (41523)and albite to 2 mm 

(41531). The groundmass is typically very fine grained and 

feldspathic (41529, 41530, 41533) with fine opaques and 

chlorite, epidote,and carbonate (Plate 69). One lithic 

fragment in specimen 41529 is a micro-gabbro very similar 

in texture to some of the small intrusions found within the 

Noddy Creek volcanics. 

One example of the porphyritic pyroxene ande-

sites, 41531 is a coarse volcanic breccia in which angular 

clasts to 20 centimetres diameter occur in a matrix of 

similar volcanic material to that forming the clasts. It 

is probably an autoclastic flow breccia. 

Tuffaceous rocks comprise only a very small 

proportion of the Noddy Creek volcanics. One example 

(41532) found associated with the porphyritic pyroxene 

andesites consists of angular quartz and albite fragments 

with many dark brown cuspate fragments in an extremely fine 

granular matrix. The cuspate fragments are probably 

devitrified glass shards. A proportion of lithic frag- 
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ments is also present, hence the rock is classed as a 

crystal-lithic-vitric tuff. It occurs interbedded with 

sediments, and is probably an ash-fall tuff. Lithic 

fragments comprise a larger proportion of 41528, which also 

includes albite fragments in a very fine-grained matrix. 

The Noddy Creek volcanics are altered to varying degrees, 

with widespread development of sericite, chlorite, albite, 

epidote and carbonates. Areas of apparent hydrothermal 

alteration are absent. 

Cleavage development is rarely apparent, and it 

would seem that the volcanics have responded to deformation 

as an extremely large competent unit within the incompetent 

Cambrian sediments. 

3.5ii 	Intrusions in the Noddy Creek Volcanics  

The intrusions in the Noddy Creek volcanics are 

chiefly concentrated in the vicinity of Timbertops, and 

apparently are subvolcanic bodies related to the intruded 

volcanics. All are small, but there is great variation in 

size and shape from a few tens of metres across and highly 

irregular in outline, to many hundreds of metres across and 

approximately circular in shape. Despite the considerable 

variation in composition from 71 to 43% silica (section 5), 

there is less textural variation than might be expected. 

Of the acid intrusions sampled 41509 and 41511 

are very similar. They are both fine-grained holocrystal-

line rocks containing tabular albite with ill-defined 

grain boundaries separating it from intersertal quartz and 

orthoclase. 

Chlorite is widely disseminated in both. They 

are micro-varieties, and might best be classified as quartz 

monzonites. The only other acid intrusive, 41514, is taken 
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from the largest single intrusion in the area. It contains 

embayed phenocrysts of quartz to 4 mm, and strongly 

altered albite phenocrysts of similar size, with chloritis-

ed biotite. The groundmass is a fine granular aggregate of 

quartz, feldspars and minor chlorite (Plate 71). 

The basic and intermediate intrusives are 

texturally very similar. Primary ferromagnesian minerals 

present include hornblende (41517, 41519) and hornblende 

plus augite (41515, 41513, 41516, 41518), In 41519 biotite 

is abundant in addition to hornblende. Tremolite and 

chlorite are common alteration products of the ferromagnes-

ian minerals. Minor orthoclase (41512, 41513, 41517) and 

quartz (41515, 41517) may be present in addition to 

tabular plagioclase. All these rocks would be classed as 

microdiorites or micro-gabbros (Plate 70). 

3.5iii 	Ultramafic and Related Rocks  

The petrography and geochemistry of the Hibbs 

Ultramafic Belt is outside the scope of this thesis. Both 

have been considered in theses by Close (1972), Palethorpe 

(1972), and Rubenach (1973). In the course of mapping in 

the Timbertops area however there was found to be extensive 

development of strongly sheared talcose rocks which petro-

graphic and chemical investigation have shown to be 

ultramafic. 

In thin section they consist dominantly of 

massive talc in which'pseudomorphs, probably after pyroxene, 

occur with diameters of several millimetres. The pseudo-

morphs are composed of talc, serpentine, and chlorite, and 

minor albite and coarse opaques may also be present (41542- 

41547). 

The very high chromium and nickel content of the 
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analysed samples (41543, 41546) support a primary ultramaf-

ic origin. Similar rocks also occur near the margins of 

the Hibbs Ultramafic Belt (41550). 

3.5iv 	Lamprophyres  

Narrow irregular lamprophyric dykes occur through-

out the Noddy Creek area, but are normally difficult to 

locate and almost always deeply weathered. A number were 

exposed in the Hibbs Ultramafic Belt by bulldozing of 

costeans, and five unweathered samples were collected and 

analysed (Appendix I). As noted previously (section 2.4ii) 

two are classified on their mineralogy as vogesites, and 

' three on their mineralogy and chemistry as augite 

kersantites. 

The two vogesites (41537, 41538) are fine grained 

holocrystalline rocks. 41538 contains abundant green-brown 

hornblende as the only ferromagnesian mineral. It occurs 

as euhedral crystals and crystal fragments in a subhedral 

granular groundmass of plagioclase and orthoclase. In 

41537 partially chloritised biotite and minor augite occur 

in addition to hornblende. The groundmass is similar to 

that in 41539 (Plate 72).. 

The augite kersantites (41539-41531) contain 

plates of reddish-brown biotite, varying proportions of 

euhedral augite, and occasional serpentine pseudomorphs 

after olivine. The groundmass is aphanitic but under 

crossed nicols is seen to consist of patches of high and 

low birefringence, possibly due to incorporation into the 

groundmass of serpentine and/or talc (Plates 73, 74).. This 

will be discussed in section 5. 

3.5v 	Birch Inlet Volcanics  

Two specimens (41507, 41508) were collected from 
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the area of basic volcanics which occurs west of Birch 

Inlet. The area appears to be separated from the Noddy 

Creek volcanics by faults. 

Specimen 41507 is an amygdaloidal basalt consist-

ing of tabular plagioclase with subophitic to intersertal 

augite, and coarse opaques: Chlorite is abundant. The 

amygdules are lined with chlorite, carbonate and fine 

albite. Minor native copper was found in handspecimen. 

Augite is more abundant in 41508, which includes albite, 

opaques, and needles of tremolite. Olivine may have 

originally been present in minor amounts. Chlorite and 

pumpellyite occur interstitially. 

3.6 PETROGRAPHY OF THE DOUBLE COVE AREA 

3.6i 	Lucas Creek Volcanics and Associated Intrusions  

The upper part of the Lucas Creek volcanics 

consists of massive spilites, which in thin section contain 

abundant augite (41567, 41569, 41570) and in most cases 

(41567, 41560) glomeroporphyritic aggregates of albite. In 

41569 a xenolith of albite and augite has a gabbroic 

texture, and another xenolith in 41570 appears to be 

derived from a pyroxenite (Plate 75). The groundmass in 

all cases consists of fine laths of albite, granular 

augite, epidote, and chlorite. 

The lower part of the Lucas Creek volcanics 

consists of volcanic breccias (e.g. Plate 28) composed of 

spilites identical to those described above, and pillow 

lavas. The pillow lavas (e.g. 41572) are strongly altered 

and in thin section consist of a mass containing tremolite, 

carbonate, chlorite and epidote, rarely with vague remnants 

of basaltic texture. 
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The fine pyroclastic rocks associated with the 

lavas show complete gradation into the associated 

sediments. Specimen 41571 is a lithic-vitric tuff contain-

ing fine (0.3 mm) fragments of basalt, together with dark 

brown shard shaped fragments which are probably devitrified 

basaltic glass. In other cases quartz and sericitic 

fragments reflect the introduction of sedimentary detritus 

from elsewhere (e.g. 41568). 

No areas of apparent hydrothermal alteration have 

been located and alteration effects present are consistent 

with burial metamorphism. The massive lavas and tuffs are 

not apparently cleaved though cleavage occurs through the 

selvages to the basal pillow lavas and two cleavages are 

apparent in the thin section of a mudstone from near the 

top of the volcanics (41576). As in the case of the Noddy 

Creek volcanic it seems that the Lucas Creek volcanics have 

responded to deformation as a massive competent unit within 

the incompetent Cambrian sediments. 
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4. MINERALIZATION 

4.1 MOUNT LYELL FIELD 

4.1i 	Previous Work  

Aspects of the development of thought on the 

mineralization at Mount Lyell have already been considered 

(section 2.2i). In brief, views on its origin put forward 

have included:- 

lacustrine muds (Montgomery, 1890; Peters, 1893), 

hydrothermal replacement (Twelvetrees, 1900), 

hydrothermal replacement and fissure filling (Hills, 1914a), 

mineralized sills (Conolly, 1947), 

hydrothermal deposits structurally controlled Made and 

Solomon, 1958), 

volcanogenic hydrothermal (Campana et al., 1958), 

remobilised volcanogenic hydrothermal (Hall and Solomon, 

1962), 

volcanogenic, in part exhalative sedimentary (Campana and 

King, 1963), 

volcanogenic in various depositional environments (Markham, 

1968). 

Recent studies of the mineralization require that 

a) it occurs in Cambrian volcanics and pyroclastics 

(Solomon, 1964, and all subsequent workers). 

b) it is stratigraphically confined in that it 

occurred prior to a late Middle Cambrian or early Upper 

Cambrian unconformity at Comstock (Green, 1971, Jago et al., 

1972). 

c) extensive hydrothermal alteration of the host 

rocks accompanied mineralization. Structural deformation of 

these altered rocks produced the Lyell Schists (Loftus-Hills 
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et a/., 1967). 

d) 	deposition occurred under a variety of conditions 

including volcanic-sedimentary, fumarolic, volcanic hydro-

thermal replacement and addition, and fissure-filling 

(Markham, 1968; Solomon et al., 1969; Solomon and Green, in 

prep.). 

These points do not apply to one group of minor 

deposits known as the "Copper Clays" which occur in Gordon 

Limestone at Mount Lyell and appear to have formed by 

concentration from copper-rich ground waters during later 

weathering of the exposed sulphides (Solomon, 1969b). 

In addition to the above points, previous 

workers have frequently advocated structural control of the 

localization of mineralization at Mount Lyell (e.g. 

Conolly, 1947; Bradley, 1956). In particular localization 

due to the proximity of a favourable depositional environ-

ment to the intersection of long-acting deep N-S (the 

Great Lyell Fault) and E-W (the Linda Disturbance) faults 

has been strongly supported by Wade and Solomon (1958), 

Solomon (1964), and Solomon and Green (in prep.). While it 

is thought likely that faults strongly influenced the 

circulation and deposition of ore-forming fluids, they can 

not be directly equated to the presently observable faults, 

which are related to the Tabberabberan Orogeny (see section 

2.3iv). 

4.1ii 	Mount Lyell Mining Field  

The orebodies at Mount Lyell have been briefly 

described in the literature, notably by Solomon (1964). 

Solomon and Elms (1965), and Markham (1968). Markham 

(1968) described the orebodies and classified them into 

five groups, 
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1) Massive pyrite-chalcopyrite 	The Blow, South Lyell. 

2) Disseminated pyrite- 	West Lyell group of ore- 

chalcopyrite 	bodies (Prince Lyell, 

Honeypot, Royal Tharsis), 

Cape Horn, Crown Lyell 

No. 3 and adjacent miner-

alization in Corridor 

area. 

3) Bornite-rich ores North Lyell, and parts 

of Corridor area. 

4) Chert breccia ore Lyell Comstock 	chert 

breccia, Part North 

Lyell. 

5) Banded Zn-Pb ore Tasman Shaft, Lyell 

Comstock. 

The massive pyrite-chalcopyrite bodies have well-

defined walls, unlike the disseminated bodies (Solomon and 

Elms, 1965). The host rocks are schistose acid and inter-

mediate volcanics, now altered to quartz-sericite and 

chlorite-sericite schists. Markham (1968) proposed an 

exhalative-sedimentary origin for the Blow orebody. 

The disseminated pyrite-chalcopyrite bodies, 

particularly those of the West Lyell group, account for the 

bulk of the copper production from the Mount Lyell field. 

They consist of irregular en echelon lenses which are 

broadly concordant to the host rocks. The quartz-sericite 

and quartz-chlorite schists in which the lenses occur 

represent acid to basic lavas? and pyroclastics. 

The Cape Horn orebody was shown by Green (1971) 

to be virtually identical to West Lyell in mineralogy and 

host rocks, and he suggested a possible stratigraphic 
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correlation with West Lyell. Parts of the Lyell Comstock 

ore also appear of similar type. 

Crown Lyell No. 3 has the same mineralogy as the 

other disseminated orebodies, however it differs in. 

texture and host rock. The host rock in this case includes 

some schists similar to those at West Lyell, but much of it 

is a fine-grained grey "quartzite" or chert (Markham, 1968). 

The disseminated pyrite-chalcopyrite group of 

orebodies was regarded by Markham (1968) as "hydrothermal, 

disseminated type ores with mineralization of "favorable" 

acid lavas, tuffs and pyroclastics". Crown Lyell No. 3 he 

regarded as consisting of "in part hydrothermal veins in 

fractured and brecciated chert". Green (1971) also 

supported a subsurface hydrothermal origin for this group. 

The bornite-rich ores are chiefly concentrated in 

the North Lyell area. Bornite and chalcopyrite are the 

dominant sulphides, pyrite being relatively minor compared 

to other orebodies. The individual bodies range from pipe-

like to highly irregular in form, and the host rocks 

include brecciated chert and "quartzite", although some 

schistose volcanics also occur (Markham, 1968; Solomon and 

Elms, 1965). This mineralization was believed by Markham 

to be "hydrothermal massive to vein-like bodies in chert, 

silicified volcanics and schistose volcanics." 

The chert-breccia ore is distinguished by Markham, 

although it has affinities with the disseminated pyrite-

chalcopyrite class (Crown Lyell No. 3 type) on one hand, 

and the bornite-rich (North Lyell) class on the other. The 

one example quoted for this type of mineralization is the 

Lyell Comstock chert breccia body, which forms . a sparsely 

mineralized pipe adjacent to the Lyell Comstock mine. 
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Sulphides occur within the interstices of the breccia, and 

include pyrite, sphalerite, galena, tennantite, chalcopy-

rite, and others. Although this occurrence differs 

considerably from North Lyell and Crown Lyell No. 3 in 

mineralogy, it has similarities in form, and presumably, 

genetic significance. The mineralogy probably relates to 

the adjacent Zn-Pb mineralization. Markham (1968) 

explained this occurrence by the mineralization of a near-

surface chert pipe by ascending hydrothermal (hot spring) 

solutions, a view supported by Solomon et al. (1969) and 

Green (1971). 

The banded Zn-Pb ore is represented by two minor 

occurrences at the northern end of the Mount Lyell mining 

field. At the Tasman Shaft and in the Comstock opencut 

finely banded pyrite-sphalerite-galena ore is found, 

closely resembling the ores from Rosebery, about 20 

kilometres north. The host rocks are schistose volcanics. 

Markham favoured an exhalative sedimentary origin for these 

ores. 

4.2 MINERALIZATION IN THE JUKES-DARWIN AREA 

The economic interest in the Jukes-Darwin area 

has been concentrated on four types of mineralization. 

1) Sulphides of copper and iron 

2) oxides of iron 

3) barite 

4) alluvial gold. 

Of these the first is by far the most important. Following 

the discovery of the gold and copper mineralization in the 

area of Mount Lyell, the Jukes-Darwin area was extensively, 

though usually superficially, prospected (Blainey, 1956; 
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Hills, 1914a). The most significant prospects which have 

as yet been located were described by Hills (1914a). In 

the succeeding sections the major prospects will be 

described in turn, and the minor occurrences, or what can 

not be readily ascribed to a particular prospect, will be 

described under "Other Mineralization". In most cases 

exposure and the condition of adits did not allow detailed 

mapping. 

4.2i 	East Darwin  

The East Darwin prospect is situated a short 

distance west of the Darwin townsite on the east-facing 

slopes leading to Snake Peak. At the time that the area 

was mapped it was largely covered by thick vegetation which 

rendered detailed mapping impossible. The following is a 

generalized account of the geology. 

Snake Peak (3632 8002) is composed of Owen 

Conglomerate which forms part of a distinct north-west 

trending syncline. The conglomerate overlies the Cambrian 

volcanics with high angular unconformity. East of Snake 

Peak a very sharp contact can be mapped within the volcanic 

sequence. This is the contact between massive rhyolites, 

and the host-rocks for the mineralization. The massive 

rhyolites are closely jointed, usually pink or brown in 

outcrop and may contain minor magnetite veins and 

disseminated pyrite. No mappable contacts of more than 

immediately local significance have been located east of 

this contact, although a major unconformity is inferred to 

be present between rocks belonging to the Intercolonial 

Volcanics and Andrew Volcanics. 

East of the massive rhyolite is a section up to 

about fifteen metres in width, which consists of strongly 
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cleaved dominantly quartz-sericite rock with little or no 

sulphide present. This section is well exposed in a 

costean on the western side of the pack-track west of 

Pearces Adit (Adit locations are shown in Appendix V, 

Figure VII) . This rock, and most of those Tound throughout 

the mineralized zone further east are identical to phases 

of the Lyell Schists. It is not possible to say with 

confidence what form the unit takes, however it appears to 

thin to the south, and with depth (Hills, 1914a). 

Adjacent to this largely barren zone, and 

frequently in sharp contact with it are pyritic quartz 

sericite schists, with pyrite varying up to about 60 per-

cent. Although rarely visible at the surface minor 

amounts of chalcopyrite, sphalerite and carbonate are often 

present as disseminations, veinlets or small irregular 

patches or blebs. In the most pyrite-rich areas it may 

have a stratified appearance, or the sulphide may be 

largely confined to the matrix between lenticular or round-

ed fragments composed of quartz with relatively minor 

sericite. 

The proportion of sulphide present generally 

declines to the east, until ultimately east of the portals 

to Pearces and Dillons No. 1 adits, no sulphide of any kind 

is found. Dump material indicates that chloritic rocks are 

present though minor. An extensive area of chloritic rocks 

occurs at Darwin Proprietary adit and another outcrops on 

the track south of Dillons No. 1 adit. 

The area of mineralization is clearly bounded in 

the west by the massive rhyolites which are typical of the 

Intercolonial Volcanics. The northern limit is not known 

with certainty but it lies close to Darwin Proprietary 
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adit, and there may well be some structural disruption near 

there. 

East of the portals of Pearces and Dillons No. 1 

adits the lithologies present merge without any sharp 

break into the cleaved porphyritic lavas and pyroclastics 

which have already been described as typical of the Andrew 

Volcanics (section 2.3ii). South of this area the contact 

between the Darwin Granite and Andrew Volcanics has been 

shown to be a nonconformity, which must represent removal 

of a considerable thickness of volcanics. A short distance 

further north at Intercolonial Spur the contact between the 

Intercolonial Volcanics and the Andrew Volcanics is an 

angular unconformity. The nonconformity east of the 

Darwin Plateau and the angular unconformity east of Inter-

colonial Spur are believed to represent the same erosional 

surface. In this light it seems extremely unlikely that 

there could be conformity at East Darwin, which lies so 

close to, and between these two locations. At East Darwin 

the mineralized zone lies between typical lithologies of 

the Intercolonial Volcanics and the Andrew Volcanics. It 

seems reasonable to infer that the eastern margin of the 

mineralized zone, and the unconformable contact between the 

Intercolonial Volcanics and Andrew Volcanics are the same 

surface. The difficulty of locating the contact will be 

apparent from the fact that pyroclastic rocks are common 

throughout the section where it should occur, that they are 

strongly cleaved with quartz-sericite alteration, and 

depositional surfaces, which can seldom be located, 

approximately parallel the cleavage. It is thought that 

the contact probably passes close to the mouth of Pearces 

Adit, however it is unlikely to be located with precision 
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until detailed information is available on sulphide distri-

bution, or the alteration mineralogy. 

The southern limit of the East Darwin mineralized 

zone is also difficult to determine. It cannot be traced 

on the surface beyond Souters Adit, due to thick vegetation 

and precipitous slopes. It is probable that the zone is 

disrupted by faulting in Tunnel Cirque. Mineralization 

identical to that at East Darwin occurs on the same strike 

line east of Sumpters Peak, and it seems likely that it was 

originally part of the same zone. Thus the present strike 

• length over which mineralization is known to occur is 1000 

metres, however it may originally have been 2500 metres or 

more. 

Weathered surfaces of the host rocks in the 

mineralized zone usually have the appearance of clastic 

rocks, and there can be little doubt that the majority were 

originally pyroclastic in nature, ranging from fine banded 

ash (Plate 37) to volcanic breccias with clasts to in 

excess of ten centimetres in diameter (Plate 38). A pyro-

clastic origin, probably by ash-flow, is indicated by' 

petrographic examination (section 3.2i). 

Although pyrite is by far the dominant sulphide, 

chalcopyrite may rarely be found at the surface, and is 

common in dump material from all adits. It outcrops in the 

creek near the mouth of the Darwin Proprietary Adit, and 

large spectacular specimens may be found at Souters Adit 

(41278). These are thought to have formed by mobilization 

of both pyrite and chalcopyrite into tension gashes or 

minor fractures. Very minor galena also occurs at Souters 

Adit, where it is the only sulphide present in an extremely 

siliceous host rock. A minor study of cobalt and nickel 
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contents of pyrites from the most richly pyritic zone was 

made and will be discussed later (section 5.5iv). 

4.2ii 	Hydes  

This prospect, and the surrounding area, has 

already been briefly described in a previous section (2.2ii). 

It is situated on the western side of Intercolonial Spur 

where it slopes into the Garfield River. 

The mineralization is most apparent in Hydes 

Creek, where there is a sharp contact between slightly 

chloritic massive micropoikilitic rhyolite, and the host-

rock. Mineralization is confined to strongly chloritic 

lithic-crystal tuffs, in which grainsize, degree of 

chloritization, and abundance of sulphides is highly 

variable. West of Hydes Adit are found more massive rhyo-

lites. 

Thus the zone of interest at Hydes is approxi-

mately 100 metres thick in east-west section. Attempts to 

trace the unit to the north were unsuccessful due to 

difficulties of vegetation and topography, however it seems 

probable that it pinches out quickly. To the south the 

same mineralized zone has been intersected by the Hal 

Jukes Adit. The zone continues south but unmineralized 

fine layered ash becomes dominant. 

With the exception of minor occurrences of 

euhedral pyrite crystals in some fine ash layers sulphide 

mineralization is confined to the chloritic pyroclastics. 

Pyrite is typically disseminated throughout the matrix of 

the pyroclastics, and chalcopyrite may be disseminated, in 

blebs, or in minor veinlets. 
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4.2iii 	Findons  

The Findons prospect is situated near the western 

edge of the broad plateau area immediately north of Mount 

Darwin (see Figure 3). Although small, it exhibits some of 

the richest copper mineralization seen in the entire Jukes-

Darwin area. 

The area surrounding the prospect consists of 

massive rhyolites and tuffaceous rhyolites, mostly showing 

intense fracturing, and locally mildly chloritic. The 

mineralization is concentrated in a number of minor lenses 

of schistose chlorite-rich rocks. These lenses are confor-

mable, and pyrite is disseminated throughout. Chalcopyrite 

occurs as minor disseminations and blebs, which locally 

become very abundant particularly in the most intensely 

chloritic zones. 

Despite its small size, and the obliteration of 

host rock textures by cleavage, the mineralization at 

Findons probably has a similar origin to that at Hydes. 

The host rocks were probably small pyroclastic lenses which 

were intensely hydrothermally altered and mineralized. The 

occurrence of extremely chlorite-rich rocks within massive 

rhyolites may have produced intense deformation within the 

lenses due to localization of strain in the readily 

deformed areas. . 

4.2iv 	Bean and Thow  

The Bean and Thow prospect occurs adjacent to the 

pack-track to North Lake Jukes (Figure 3). It consists of 

a narrow belt of cleaved chloritised pyroclastics conform-

able with the enclosing volcanics, and has a probable 

length of about 800 metres. The original nature of the 

host rocks is clearly evident on weathered surfaces, which 
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closely resemble those in the mineralized zone at Hydes. 

The dominant sulphide is pyrite which is seen in the 

trenches to be widely disseminated in minor amounts. The 

chalcopyrite occurs as minor veinlets and small bunches. 

This prospect although much smaller and simpler 

in form, is probably of similar genetic significance to the 

Hydes prospect. 

4.2v 	Jukes Proprietary  

Jukes Proprietary prospect is part of an extens-

ive zone of mineralization which is situated in the area 

from the saddle between Proprietary and East Jukes Peaks, 

north to the King River. Early in the century at least 

five large adits and numerous short adits, trenches, 

costeans and shot-holes were put in in the course of 

exploration. The area considered here includes the first 

six sections described by Hills (1914a, pp.110-115), as 

well as the section held by the Mount Jukes Proprietary Co.. 

The main mineralization occurs adjacent to a 

fault zone between Intercolonial Volcanics (north side) and 

Andrew Volcanics (south side). The fault trends approxi-

mately NNE, and has a dextral displacement of about 1000 

metres. Where the fault zone passes under the Owen Con-

glomerate of Proprietary Peak the base of the Owen Conglom-

erate is displaced north side up on three small faults (see 

Plate 76). The minor nature of these faults when compared 

with the major displacement apparent in the Cambrian rocks, 

and their discordance to the general NW trend of 

Tabberabberan faults in this area, suggests that the fault 

zone formed in the Jukesian Orogeny and was merely reacti-

vated in the Tabberabberan Orogeny. 

The mineralization is strongest and most clearly 
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defined towards the SW end of the fault zone, where the 

Intercolonial Volcanics adjacent to the fault are 

weathered bright reddish-rbwon. This colouration reflects 

oxidation of pyrite to limonite, but probably more import-

ant, oxidation of iron-rich chlorite in highly chloritic 

rocks. Two adits driven into this zone revealed strongly 

cleaved chloritic schists with pyrite and chalcopyrite. 

Surface mapping indicates that the chloritic mineralized 

zones were coarse pyroclastics and adjacent rhyolites of 

the Intercolonial Volcanics. A third adit (No. 2 of Hills, 

1914a) was driven from near the fault into massive 

rhyolites of the Intercolonial Volcanics. Very minor 

mineralization was encountered as sporadic bunches and 

veinlets of chalcopyrite, until a single vein one metre in 

width was reached. This was followed but soon petered out 

(Hills, 1914a). 

Thus the mineralization exposed in the three 

adits mentioned is of two distinct types 

I. 	disseminated pyrite and chalcopyrite in schistose 

chloritized tuffs and rhyolites, 

minor disseminations and irregular veinlets in 

fractured massive rhyolite. 

The major fault adjacent to which Jukes Propriet-

ary prospect is located is believed to have formed after 

mineralization. It appears to have dissected an extensive 

body of chloritized and mineralized pyroclastics, and dis-

placed the northern part to its present position. The 

southern part, of unknown dimensions, is presumably under 

the Owen Conglomerate of Mount Jukes. 

Further north are three roughly lenticular 

bodies of massive hematite-magnetite, breccia containing 
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rhyolite fragments in a hematite and magnetite matrix, and 

intensely veined rhyolite. These bodies are poorly 

defined and are broadly elongated to the north. Isolated 

veins and zones of stockwork veining are widespread, 

especially further north. The hematite is slightly magnet-

ic and polished sections clearly indicate it is martitised 

magnetite. It may contain variable amounts of pyrite 

which in places are present as abundant euhedra. Chalcopy-

rite if present is extremely minor. This type of 

mineralization is identical to that which is more extens-

ively developed at Prince Darwin and will be considered in 

greater detail for that prospect. 

West of the main mineralized zone within th 

Intercolonial Volcanics are found numerous minor chloritic 

zones within the rhyolites and interbedded pytoclastics. 

One of these, King Jukes (Hills, 1914a, p.114) consists of 

chloritic schists with disseminated pyrite and chalcopyrite 

similar to those found in the Jukes Proprietary Adits 1 and 

3 (see specimens 41365, 41366). A number of other 

prospects were described by Hills (1914a, pp.114-115) as 

consisting of very minor disseminations of sulphide in 

massive rhyolite ("felsite"). Although individually these 

are of minor significance, together they define a very 

extensive area of mineralization, all of which is confined 

to the Intercolonial Volcanics. 

4.2vi 	Lake Jukes  

The Lake Jukes prospect is situated in "Adit 

Knob", a prominent knoll in the Lake Jukes Cirque, 

immediately east of North Lake Jukes. The knoll is compos-

ed of massive micropoikilitic rhyolite, and massive 

rhyolite breccias (specimens 41334, 41335,41338; Plate 7). 
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Near the top of the Adit Knob were found numerous veins up 

to a metre in width composed of bornite, neodigenite, 

chalcopyrite, and hematite. Adits and trenches were driven 

on some of the veins, only to find they did not continue at 

depth. Five adits were driven into the Knob, two of which 

were extensive drives designed to test the downward exten-

sion of the veins. They did not encounter them and were 

abandoned (see Hills, 1914a). The major adits clearly 

indicated that the veins were restricted to the top of the 

Knob. 

This prospect is of particular interest as it is 

the only one in the Jukes-Darwin area where primary copper 

sulphides apart from chalcopyrite are found. That it 

occurs on the Jukesian unconformity leaves open the 

possibility that the veins represent the remnants of a 

former ore-body now removed by erosion. Any comparison 

with the bornite mineralization at North Lyell however, 

would not seem justified because of the absence of either 

intense silicic or sericitic alteration such as occurs at 
1 

North Lyell. 

4.2vii 	Taylours  

This prospect was chiefly of interest on account 

of its barite content. It is situated on and to the east 

of the southern end of Intercolonial Spur in the type area 

of the Intercolonial Volcanics. 

The barite occurs in an east-trending zone 

approximately 400 metres in length. Although reported by 

Hills (1914a) to be a single lode, detailed examination 

shows it to be a series of en echelon veins. They are 

discontinuous and individual veins can be traced for at 

most a few tens of metres. Their width is also highly 
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variable but seldom exceeds one metre. Most veins are 

confined to a narrow belt about five metres in width, but 

minor occurrences are found further away, particularly at 

the western end of the zone. 

The narrow belt in which the veins occur is 

believed to represent a fault. This is indicated by the 

marked angular discordance in strike of pyroclastic bodies 

on either side near the western end as well as the 

displacement across the belt of a distinctive feldspar-

porphyritic rhyolite. The apparent absence of displacement 

by this fault of the eastern margin of the Intercolonial 

Volcanics, together with the virtual absence of barite 

veining within the Andrew Volcanics and its correlates 

suggests that both fault and vein-filling occurred prior to 

the eruption of the Andrew Volcanics. The veining appears 

to end abruptly at the western end and the fault cannot be 

traced further from this point, due to lack of exposure. 

Minor additional barite veins occur in the 

immediate area, although isolated from the main zone 

described above. Bulldozing of a traverse revealed two 

occurrences with veins in excess of 20 cm in width a short 

distance to the north-west. Another minor occurrence is 

found further north on Intercolonial Spur, associated with 

magnetite-pyrite mineralization. 

The barite occurs in two forms (Plates 77,78) 

I.  coarsely crystalline massive equant or elongated, 

the latter sometimes radiating. This is the minor form. 

The crystals are milky to white but vary considerably in 

opacity. 

very fine to medium grained granular saccharoidal 

with grainsize variation and quartz grains often indicating 
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a layering parallel to the vein walls, suggestive of crust-

ification layering. In this case the cause is believed to 

be recrystallization of the coarsely crystallised form due 

to post-depositional deformation. 

Quartz is always present with the barite, varying 

from <1% to about 30%. In Taylours prospect only, minor 

sulphides also accompany the barite. A pit near the 

western end of the zone exposes a vein 1-2 metres wide, 

containing minor pyrite, and chalcopyrite altering to. 

covellite. East of there only small pockets of sooty blue 

covellite have been found. 

In most instances vein margins are sharp with no 

effects apparent in the adjacent rock. In some cases near 

Taylours prospect however there is an iron-stained rim 

adjacent to the vein, and one small vein near the western 

end of the zone is rimmed with colloform hematite (Plate 

79). 

4.2viii Prince Darwin  

For the purposes of this thesis Prince Darwin is 

regarded as including the entire zone of mineralization 

which contains the Prince Darwin adit. Thus it also 

includes the Tasman Darwin prospect described by Hills 

(1914a, pp.136-139). It Occurs as an extensive belt along 

the western edge of the Darwin Plateau. 

The volcanics west of the Darwin Granite are 

believed to face west. They comprise a thick sequence of 

lavas and pyroclastics belonging to the Intercolonial 

Volcanics. Within the sequence is a unit consisting of 

approximately one hundred metres of massive rhyolite which 

varies irregularly from pink to green in colour and in 

places contains minor irregular cleaved zones (e.g. 41378). 



FIGURE 9. 	Generalized geology of the Prince Darwin area. 
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It commonly exhibits micropoikilitic devitrification 

texture which is visible on weathered surfaces as a sandy 

appearance. 

Over a strike length in excess of two thousand 

metres this unit contains iron oxide veins which stand out 

on weathered surfaces. They are highly variable in thick-

ness and concentration, commonly contain pyrite and rarely 

chalcopyrite, and most are slightly magnetic indicating the 

presence of magnetite. 

The intensity of the veining increases towards 

the Prince Darwin adit. There the true nature of the 

mineralization is revealed on the surface and in the adit. 

In addition the mineralized zone was intersected by B.H.P. 

Prince Darwin D.D.H.1 which gave a complete section on the 

13200N traverse line (Figure 9). In these sections the 

mineralization can be seen to consist of magnetite of 

extremely fine grainsize disseminated in the rhyolite, 

together with disseminated pyrite and chalcopyrite, and 

minor veins of pyrite and magnetite. Near the surface the 

extremely fine-grained magnetite and the pyrite and chalco-

pyrite are removed by weathering, leaving apparently 

unmineralized rhyolite outcropping at the surface. The 

magnetite veins are oxidised to hematite and remain 

extremely resistant to weathering. 

The stockwork veins of hematite seen at the 

surface are of considerable significance as although in 

themselves suggestive of very sparse mineralization, they 

may be the only visible indication of extensive magnetite 

(± sulphide) dissemination a short distance below the 

surface. Apart from Prince Darwin similar veining is found 

in a more restricted area on Intercolonial Spur and at 
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Jukes Proprietary. All three areas showed high aeromagnet-

ic anomalies in a survey carried out for L.E.E. 

Most of the mineralization found at Prince Darwin 

is stratigraphically confined to the massive rhyolite 

described above. Further east (i.e. stratigraphically 

lower) minor mineralization is widespread. Small areas of 

hematite-magnetite veining in massive rhyolite occur 

locally, and disseminated pyrite in fine pyroclastis is 

widespread. Most volcanics east of the mineralized massive 

rhyolite contain some pyrite within 20 cm of the surface. 

Some also contain minor chalcopyrite (e.g. 41377, 41095). 

The disseminated pyrite appears to have been sweated out of 

the immediate contact with the Darwin Granite, and within 

one to two metres of the contact it occurs as small veins. 

4.2ix 	Other Mineralization  

Minor mineralization apart from that associated 

with the prospects described above is widespread in the 

Jukes-Darwin area. 

Within the Darwin Granite are found veins of three 

types 

I.  pyrite 

specular hematite with magnetite 

barite 

I.  The pyrite veins found near the eastern margin of 

the granite are usually less than one centimetre in width, 

and are highly irregular in outline. Some pyrite in this 

area is also disseminated in the granite. .Towards the 

south-western margin of the intrusion the veins of pyrite 

are regular, apparently occurring in early-formed north-

trending joints. These veins are commonly several centi-

metres in width, with one exceptional example exceeding one 
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metre. Very minor chalcopyrite may accompany the pyrite. 

Irregular veins and localised stockwork of spec-

ular hematite and magnetite occur locally within the 

granite, especially towards its south-western margin where 

it is usually separate from but close to the pyrite veining. 

On the eastern margin minor hematite may occur with the 

pyrite veins. 

One barite locality was exposed in granite in the 

middle of the Darwin Plateau. Two minor veins with a 

maximum width of thirty centimetres were found. In its 

field appearance it is identical to occurrences in the 

Intercolonial Volcanics. 

Irregular barite veins also occur in a restricted 

area of volcanics north of South Darwin Peak. Although 

none are of considerable length or width, this constitutes 

one of the local concentrations of barite in the field 

(Figure 10). 

The north-trending elongate bodies of volcanics 

within the Darwin Granite contain disseminated magnetite 

with pyrite and minor chalcopyrite, similar to the Prince 

Darwin mineralization. 

On the eastern face of Mount Darwin and across to 

the top of Razorback Spur are some very large veins of 

hematite containing many wallrock fragments. These veins 

appear identical to those at Prince Darwin except that they 

occur in a variety of volcanics, and they are much larger - 

up to two metres in width. While spectacular in appearance 

they are relatively few in number and probably do not 

represent as great a mass of magnetite as is present at 

Prince Darwin. •They yielded a distinct, though less 

pronounced aeromagnetic anomaly. 
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The northern end of the Darwin Plateau, as well 

as the upper Clark River and southern Intercolonial Spur 

all show signs of former alluvial gold workings. Hills 

(1914a) reports that the gold found was generally coarse, 

with the largest nugget being 61/2 ounces. He proposed that 

the gold was concentrated by a secondary leaching process 

. -from the magnetite bodies. Gold was also known from 

quartz-chlorite veins in the volcanics (e.g. at Lake Jukes 

and Lynch Creek) and it seems possible the alluvial gold 

could have been derived by weathering from either of these 

sources. 

North of Mount Darwin are many minor pyrite 

occurrences within the volcanics. On the north-east spur 

of Mount Darwin minor pyrite-chalcopyrite mineralization 

occurs in silicified and sericitic tuffs (41206). Just 

north of Sumpters Peak a layered tuff sequence includes 

stratiform pyrite and chalcopyrite of extremely fine grain-

size (41197). 

Just east of Sumpters Peak trenches reveal 

quartz-sericite-pyrite mineralization identical to that 

found at East Darwin. 

On Intercolonial Spur there is a small area of 

hematite-magnetite veins of identical type to those found at 

Prince Darwin. Trenching has revealed abundant magnetite 

and pyrite. This area also shows a pronounced aeromagnetic 

anomaly. 

4.3 PETROGRAPHY OF MINERALIZATION 

The petrography of mineralized rocks at Mount 

Lyell Mines has been given excellent coverage by Markham 

(1968). Additional study of the Comstock-Cape Horn area is 
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reported by Green (1971). Many features described by these 

authors are found to be widespread in mineral prospects 

south of Mount Lyell. Only brief consideration will be 

given here to features already described adequately. 

4.3i 	Disseminated Pyrite-Chalcopyrite  

The most widespread mineralization is disseminat-

ed pyrite associated with quartz-sericite, and quartz-

chlorite-sericite schists. Chalcopyrite may also occur 

with this assemblage especially when chlorite is also 

present as at West Lyell. This assemblage may occur local-

ly anywhere within the Intercolonial Volcanics or their 

correlates. Significant occurrences south of Mount Lyell 

include the Lyell Reserve, Copper Estates, East Darwin and 

parts of prospects at Little Owen, Hydes, Findons, and 

Penders Prospect in the Elliott Bay area. 

The pyrite may be fine to coarse, subhedral to 

euhedral. Pressure fringes of quartz are common. Small 

blebs of chalcopyrite are frequently observed enclosed 

within pyrite from East Darwin (e.g. 41253, 41254, 41298, 

Plate 80). Locally where the pyrite concentration is high 

a granular aggregate may occur (e.g. 41295, Plate 82). 

Deformation effects are widespread with local 

zones in which the pyrite is brecciated (Plate 81). Where 

abundant chalcopyrite is present (e.g. 41278) the pyrite 

may fracture on closely spaced parallel planes (cleavage?) 

to produce "cement texture" (Spry, 1969; Plate 83). Chal-

copyrite, sphalerite, and galena always appear to have 

suffered ductile deformation, and occupy veins or are 

interstitial to pyrite or silicates. In some specimens the 

chalcopyrite appears to have been forcibly injected as 

veins with ill-defined walls contain streams of silicate 
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and rounded and broken pyrite grains (e.g. Plate 84). 

It is convenient to distinguish between sericitic 

and chloritic alteration in association with disseminated 

pyrite-chalcopyrite mineralization, however there are no 

apparent differences in the petrography of mineralization 

in these two cases, although chalcopyrite is always of low 

abundance relative to pyrite in the absence of chloritic 

alteration. 

4.3ii 	Bornite-rich  

The one occurrence of bornite-rich mineralization 

in the area under consideration is at Lake Jukes, where it 

occurs as veins with no associated hydrothermal alteration. 

The margins of the veins are commonly thickly disseminated 

with and replaced by magnetite, which also occurs as 

euhedral and skeletal crystals within veins. In most cases 

partial or complete martitization has altered the magnetite 

to hematite (41336, 41337, Plate 85). The veins consist 

dominantly of bornite, neodigenite, and chalcopyrite, 

although the latter is relatively minor. All have mutual 

boundary relations. The bornite and chalcopyrite each con-

tain aligned plates of the other, suggestive of mutual 

exsolution. The neodigenite is concentrated on fractures 

and adjacent to the margins of the veins, and appears to 

have formed by alteration of chalcopyrite and especially 

bornite (41337). Preferential alteration of bornite is 

indicated by the abrupt widening of thin veins of neodigen-

ite where they pass from chalcopyrite into bornite (41337). 

The neodigenite in places contains chalcocite 

with mutual boundary relations (41340-3). Rarely lamellae 

of optically continuous covellite occur in coarse neodigen-

ite. This covellite is probably primary or of early 
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formation, by contrast with the very fine covellite which 

occurs on fractures and grain boundaries, and is clearly 

associated with supergene alteration. 

The textural relations of the various phases 

present in the Lake Jukes veins allow a number of conclus-

ions to be reached, with varying levels of confidence. The 

magnetite was probably introduced prior to the copper 

minerals as apart from some euhedral crystals in the veins 

it does not occupy them but occurs as a selvage adjacent to 

them. At some later stage it was altered to hematite. The 

mutual exsolution of bornite and chalcopyrite suggest 

simultaneous formation. For reasons outlined above it 

seems possible that the neodigenite (plus its associated 

covellite and chalcocite) formed by subsequent alteration. 

4.3iii 	Magnetite-Pyrite-Chalcopyrite  

This assemblage is seen in polished section to 

consist of very fine-grained disseminations of magnetite 

through rocks which in general show no sign of hydrothermal 

alteration. The proportion of rock replaced by magnetite 

varies from a few to over fifty percent (41088, 41105, 

41115, 41116, 41120, 41122, 41124). Veins of massive 

magnetite are minor relative to the abundant fine magnetite 

disseminated throughout massive rhyolite. Martitization of 

the magnetite is very common. Mostly it appears as extreme-

ly fine hematite lamellae through the magnetite grain 

(Plate 86). These ultimately increase in width and 

abundance until the whole grain is altered. There is a 

gradation from the very fine hematite lamellae within 

individual magnetite grains (e.g. 41088, 41352, 41349) to 

coarse lamellae (specular hematite) through fine granular 

magnetite (Plate 87). This is presumably a hydrothermal 
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phenomenon, perhaps resulting from an increase in Eh at a 

late stage in deposition. It occurs in veins in the Darwin 

Granite (41089) as well as the magnetite-pyrite bodies at 

Jukes Proprietary (41353), Hydes (41219) and Prince Darwin. 

Additional evidence of a late hydrothermal origin for the 

martitization is given by 41088, which consists of fine 

partially martitized magnetite which is cut by a thin 

quartz vein into which hematite lamellae, but not magnetite, 

protrude. 

The pyrite which is frequently associated with 

the magnetite is extremely variable in its distribution. In 

most cases it is anhedral (41116, 41354, 41356, 41111, 

41112). Chalcopyrite when present is always very minor, 

occurring as irregular fine disseminations (41117, 41118). 

As this assemblage is confined to massive compe-

tent units (Darwin Granite and massive rhyolites of the 

Intercolonial volcanics) it rarely shows effects of 

deformation. In one zone at Jukes Proprietary however 

rocks rich in both magnetite and pyrite have been strongly 

deformed. The product (41316) has a strong dimensional 

fabric with crushed pyrite and magnetite drawn out in the 

foliation. In places magnetite-rich fragments have resist-

ed the strain and pyrite has been deformed around them. 

Barite may occur in minor amounts in association 

with this assemblage, as at Jukes Proprietary and on Inter-

colonial Spur. In the latter locality there is an abund-

ance of very fine euhedral tourmaline disseminated in the 

rhyolite adjacent to magnetite veins (41219). 
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4.4 TYPES AND ENVIRONMENTS OF MINERALIZATION 

The mineralization in the Jukes-Darwin area can 

be classified into a number of distinct groups 

1. Disseminated pyrite-chalcopyrite 

a) with sericitic alteration 	East Darwin 

b) with chloritic alteration 	Hydes, Findons, Jukes 

Proprietary, Bean and 

Thow, part East Darwin. 

2. Bornite-rich 	Lake Jukes 

3. Magnetite-pyrite-chalcopyrite Prince Darwin, Intercol- 

onial Spur, part Jukes 

Proprietary 

4. Barite 	 Taylours. 

Mineralization belonging to the first group is 

comparable to that in the disseminated pyrite-chalcopyrite 

group of Markham (1968). It consists of strata-bound zones 

of intense hydrothermal alteration containing the dissemin-

ated sulphides, and occurs in pyroclastics within a unit 

which is made up dominantly of massive volcanics (i.e. the 

Intercolonial Volcanics). 

It is clear that this group of prospects is sub-

surface hydrothermal in origin, the mineralization being 

confined to pyroclastic units which were favourably 

situated to allow circulation through them. The mineraliz-

ation may occur by replacement of some suitable rock 

component, as was found by Solomon and Green (in prep.) for 

West Lyell, or by addition, as was found in this investiga-

tion for East Darwin (see section 6.3). 

The bornite-rich mineralization, with associated 

neodigenite, chalcopyrite, covellite, chalcocite, magnetite 

and hematite occurs only at Lake Jukes. Its mineralogy 
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suggests comparison with the bornite-rich ores of the 

North Lyell mine, however the minor nature of the prospect 

and the complete absence of significant hydrothermal 

alteration effects weaken the comparison. 

The magnetite-hematite-pyrite-chalcopyrite 

mineralization is not reported from Mount Lyell. It is 

found only in massive volcanics, and by far its greatest 

development is at Prince Darwin. Geochemical evidence from 

Prince Darwin suggests that the magnetite dissemination is 

introduced at the expense of silica (quartz?) in the 

rhyolite (see section 6.2). 	Its occurrence as stockwork 

veins, and its typical association with strongly fractured 

or brecciated volcanics suggests that as for the pyrite-

chalcopyrite group, the mineralization was subsurface 

hydrothermal in origin and its distribution was chiefly 

controlled by permeability. Its characteristic association 

with massive micropoikilitic rhyolites suggests some 

relationship to that rock-type, however the nature of the 

relationship is not apparent. 

Although no examples directly comparable to 

Prince Darwin have been reported from Mount Lyell, recent 

(September 1973) mining of the Prince Lyell orebody has 

revealed a pod of coarsely crystalline magnetite adjacent 

to the footwall (J. Walshe, pers. comm.). The footwall 

rocks have strong similarities to some of the massive rhyo-

lites in which the Prince Darwin-type mineralization occurs 

in the Jukes-Darwin area. 

The barite occurs always as discordant veins, 

thus no alternative to a subsurface hydrothermal origin is 

possible. Barite occurs at Mount Lyell, but no examples 

comparable to Taylours prospect have been recorded within 
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the mine area. An apparently similar occurrence is known 

in volcanics near Madam Howards Plains, west of Mount Lyell 

(Groves, 1963). 

4.5 AGE OF MINERALIZATION 

The mineralization at Mount Lyell was long 

regarded as Devonian in age, due to its association with ' 

Tabberabberan structural features, and by analogy with 

other areas, e.g. Zeehan, where the mineralization occurs 

in Junee Group rocks in association with Devonian granitic 

intrusions. In the decade up to 1968 there was a gradually 

increasing emphasis placed on the possible importance of 

Cambrian mineralization. Present views (e.g. Solomon and 

Green, in prep.) regard all primary copper mineralization 

as Cambrian in age, with only minimal tectonic remobiliza-

tion during the Tabberabberan Orogeny. This belief is 

based on 

a) recognition from petrographic and mineragraphic 

studies that the mineralization preceded Tabberabberan 

deformation (Markham, 1968). 

b) recognition of limonitic scree and gossan depos-

its within the Owen Clonglomerage adjacent to orebodies, 

indicating that they were subjected to subaerial erosion in 

the Ordovician (Solomon, 1964, 1967). 

c) recognition that the deposits exhibit individual-

ly and collectively, features which have elsewhere been 

interpreted as characterising mineralization which is 

genetically related to volcanism (Markham; 1968, Solomon et 

al., 1969; Green, 1971). 

d) discovery of an unconformity within the volcanic 

sequence in the Comstock area, where hydrothermally altered 



FIGURE 10. Distribution of mineralization in the Lyell-
Darwin area. The size of the dot indicates the 
approximate size of the occurrence from very 
minor to major. The unshaded area is Mount Read 
Volcanics, the central belt indicated consists 
of Intercolonial Volcanics (c.f. Figure 3). 
Each map shows an area 33 km long and 12 km wide. 
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and mineralized volcanics are overlain by unmineralized 

fossiliferous limestone of Upper Middle Cambrian age, and 

unaltered volcanics (Green, 1971; Jago et al., 1972). 

Minor sulphide mineralization is found essential-

ly continuously from South Darwin Peak to Lyell Comstock 

(Figure 10). There is no known geographic, stratigraphic, 

or structural break which would give grounds for distin-

guishing the mineralization in the Jukes-Darwin area from 

that at Mount Lyell. While certain types of mineralization 

are not common to both areas, the disseminated pyrite-

chalcopyrite mineralization is identical throughout. Thus 

there are no grounds for inferring any other than Cambrian 

age for the Jukes-Darwin mineralization. Nevertheless 

there is some internal evidence which independently 

supports a Cambrian age: 

a) The petrographic features which Markham (1968) 

described from Mount Lyell are abundantly present in the 

Jukes-Darwin area, indicating that the mineralization pre-

ceded the Tabberabberan deformation. 

b) Unmineralized Owen Conglomerate directly overlies 

mineralized volcanics north of Mount Jukes, at Jukes 

Proprietary, and west of South Darwin Peak. Randomly 

oriented blocks of iron oxide-veined rhyolite occur in 

Jukes Conglomerate overlying identical material in situ 

north of Mount Jukes. Clasts of hematitic breccia identi-

cal to that found in the volcanics occurs in Jukes 

Conglomerate at South Darwin Peak (see Plate 14). This 

indicates a pre-Jukes Conglomerate age for the mineraliza-

tion. 

c) Pyroclastic rocks containing mineralized and 

hydrothermally altered clasts have already been described 
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(section 3), e.g. magnetite clasts at Jukes Proprietary and 

Prince Darwin, pyritic clasts at Prince Darwin and East 

Darwin, chloritic and iron-rich carbonate clasts at East 

Darwin. Volcanic bombs composed of pyrite have been found 

near Sumpters Peak (I. Ruddock, pers. comm.). 

d) 	The barite deposit at Taylours prospect closely 

resembles a deposit in volcanics at Madam Howards Plains, 

west of Mount Lyell (Groves, 1963). Isotopic evidence 

(Solomon et a/., 1969) indicates that the sulphate there 

was derived from Cambrian sea water. 

The evidence listed above unambiguously demon-

strates that the mineralization in the Jukes-Darwin area is 

Cambrian in age. Examination of the distribution of 

mineralization within the volcanics sheds further light on 

its age. Virtually all mineralization within the Mount 

Read Volcanics from South Darwin Peak to Mount Lyell is 

found within the Intercolonial Volcanics and their 

correlates, and the Darwin Granite. The amount found in 

overlying units is minute. This strongly suggests that the 

mineralization preceded the eruption of the Andrew Volcan-

ics and its correlates. This is also supported by the 

absence of mineralization in the Andrew Volcanics adjacent 

to pyrite and hematite veined Darwin Granite. The 

nonconformity which separates the two units must be inferr-

ed to have developed after the pyrite and hematite were 

introduced into the granite. The obvious control of 

permeability on the localisation of many of the known 

prospects leaves no doubt that had the mineralizing phase 

taken place after deposition of the Andrew Volcanics and 

their correlates at least some of the extensive pyroclastic 

zones found in those units would have received mineraliza- 
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tion. 

The overall similarity of mineralization through-

out the Lyell-Darwin area, and the absence of any major 

geological or geographical break (see Figure 10) suggests 

that all mineralization (excluding gold) in the area was 

• deposited in one prolonged period of metallization which 

commenced during the eruption of the Intercolonial Volcan-

ics, and which may have continued until commencement of 

eruption of the Andrew Volcanics and correlates. 

An unconformity between mineralized and unminer-

alized acid volcanics has been mapped by Green (1971) in 

the Comstock Valley north of Mount Lyell. This is 

precisely the relationship which exists between the Inter-

colonial and Andrew Volcanics in the Jukes-Darwin area, and 

it is suggested that the Comstock Unconformity and the pre-

Andrew Volcanics unconformity may be equivalent. Corbett 

et a/. (1974) have correlated the Comstock Unconformity to 

the Jukesian Unconformity. These two interpretations may 

be reconciled if the Comstock Unconformity is considered to 

represent a period of non-deposition equivalent to the 

eruption of the Andrew Volcanics. In this case the two 

unconformities which exist in the Jukes-Darwin area must 

merge south of the Comstock Valley to form the Comstock 

Unconformity. 

4. .6 MINERALIZATION IN THE ELLIOTT BAY AREA 

Penders Prospect  

The most intense mineralization known in the 

Elliott Bay area is at Penders Prospect (Figure 7). The 

surrounding rocks are dominantly cleaved acid crystal-

vitric tuffs and crystal-lithic-vitric tuffs with pronounc- 
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ed sericitic alteration, interbedded with chloritic 

dolomitic siltstones. 

The prospect is found in two concordant parallel 

zones up to 2 metres in width, and about 10 metres apart. 

They consist of intensely chloritic rock containing 

abundant pyrite and minor chalcopyrite. The gangue 

consists dominantly of chlorite, sericite, carbonate, and 

quartz, with occasional quartz and altered plagioclase 

phenocrysts (41487) which suggests that the host was 

originally an acid pyroclastic. Petrographic examination 

indicates two phases of deformation with development of 

slaty cleavage in the first, and superimposed crenulation 

cleavage in the second (41486-41488). Some euhedral pyrite 

shows quartz pressure fringes lying in the slaty cleavage 

(41487) indicating that it was pre-tectonic (Spry, 1969). 

Local strong concentrations of chalcopyrite together with 

quartz and siderite? (41487) probably result from mobiliza-

tion in tension gashes formed in the second tectonic phase 

(Tabberabberan? - see section 2.3ii). 

Minor disseminations of pyrite occur widely in 

the area surrounding the prospect, and locally minor chal-

copyrite is found with the pyrite. About 200 metres south 

of the prospect a zone of richly pyritic quartz sericite 

schist about 30 cm in width occurs (41485). This very 

closely resembles the pyritic quartz sericite schists which 

occur at East Darwin, West Lyell, and elsewhere. 

Drake Creek Prospect  

This prospect was reported by L.E.E. (Gilfillian, 

1957) though it has never been worked. It is situated on 

the coast of Elliott Bay about one kilometre east of Drake 

Creek. The host rocks are cleaved rhyolitic tuffs, and the 
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mineralization consists of disseminated pyrite and minor 

galena. Sphalerite was not observed but is probably pres-

ent as indicated by assay of a chip sample taken over ten 

feet (3 metres) in the most intensely mineralized zone. 

The assay returned Cu 50 ppm, Pb 28 ppm, Zn 170 ppm, Ag 0.6 

ppm, Mo 2 ppm (B.H.P. Sample No. AA1165 in Flood and White, 

1972). 

The nearest volcanics analysed for this investi-

gation were collected a considerable distance away on 

either side, however both yielded high Pb values. 

Cu 	Pb 	Zn 	(ppm) 

41477 0 51 16 

41479 0 189 318 

Barrel Creek Prospect  

This prospect consists of a wide zone of sulphide 

mineralization which occurs as minor veins and dissemina-

tions throughout the Barrel Creek Intrusion and in the 

adjacent crystal-vitric tuffs, with most intense minerali-

zation near the western margin of the intrusion. The 

disseminations consist of pyrite and/or chalcopyrite, and 

the veins, which range up to 50 cm in width, consist of 

varying proportions of quartz and pyrite with minor chalco-

pyrite. No sphalerite, and only very minor galena was 

noted although one analysis from the Barrel Creek Intrusion 

indicated high levels of zinc and lead as well as copper 

(41475, Cu 180 ppm, Pb 435 ppm, Zn 284 ppm). 

Mineralization of the intrusion has resulted in 

strong alteration producing abundant secondary green 

biotite. Field observation suggested that the rock was 

originally granitic, an opinion which is supported by the• 

major element chemistry. 
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In contrast to the other granitic intrusions in 

the Elliott Bay area this one shows pronounced cleavage, 

probably resulting from loss of structural competence with 

pre-tectonic hydrothermal alteration. 

Lewis River Prospect  

This prospect, the location of which is shown on 

Figure 7, has attracted much attention from exploration 

companies, especially L.E.E. (Elms, 1958; Paltridge, 1959). 

It was not visited in the course of this work, however it 

was examined by B. Flood, who wrote the following descrip-

tion (in Flood and White, 1972). 

"The mineralized vein is from two inches to six feet wide 

(5 am to 2 m) and was traced over a length of around 1200 

ft. (400 m)   It is not consistent along strike and 

its patchy occurrence 	 is partly due to lack of out- 

crops, but even in exposed country it is frequently found 

to peter out. Its widest and most consistent part is found 

to the north where a few trenches and shafts occur. The 

vein seems to conform with the general foliation of the 

host rock striking around 130 °  with a dip of 50°  to the 

east. 

The vein which has a typical gossanous outcrop consists of 

dark yellow-brown siderite, black manganese oxides (L.E.E. 

assays vary from 0.15-11.6% Mn) and white quartz, the 

latter often the dominating gangue mineral. Within this 

assemblage occur blebs and stringers from a few mm to 2-3 

am of pyrite, chalcopyrite and sphalerite (the latter 

detected only in polished sections). Sulphides are very 

scarce in the quartz dominated parts of the vein. The vein 

contact with the light grey host rock is very sharp 	 

No sulphide minerals apart from occasional pyrite cubes 



172. 

were found in the adjacent host rocks. 

The host rocks are fairly monotonous light greyish volcan-

ics grading from typical quartz porphyries to fine grained 

non-porphyric tuffs, very similar to those encountered 

along the coastal section of Elliott Bay. Particularly in 

the southern part of the area vein quartz is abundant." 

The obvious structural control and the very 

limited extent of sulphide mineralization at this prospect 

suggests that it could have formed by lateral secretion 

from the enclosing volcanics. This may have occurred 

during or after either the Jukesian or Tabberabberan 

Orogenies, and is probably genetically unrelated to the 

volcanism. 

Other Mineralization  

Throughout the area numerous occurrences of thin 

veins carrying pyrite, chalcopyrite, galena, or magnetite 

have been noted. Such minor occurrences may well be local-

ly derived and it is not necessary to invoke major ore-

forming processes to explain them. 

In the course of mineral exploration of the area 

a number of radiometric anomalies have been investigated 

(Taylor, 1968). In this regard the unusually high thorium 

results obtained for two of the analyses from the Little 

Rocky River pluton may be significant (41468, 41469). 
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5. GEOCHEMISTRY 

5.1 INTRODUCTION 

Field and petrographic evidence has been present-

ed in previous sections which indicates the distribution 

of volcanic rock-types. In many cases however, identifica-

tions based on field or petrographic evidence alone are 

made suspect by alteration and deformation effects. Rocks 

were analysed to categorise the rock types, and where 

necessary this information has been made use of in 

previous sections. In addition rock analyses were used to 

investigate the general character of volcanism in the 

various areas considered, and to enable comparisons to be 

made between the volcanics in different areas, and the 

volcanics and intrusives in each area. This evidence was 

then used to infer the probable tectonic environment into 

which the volcanics were erupted. 

In this section various aspects of the geochemist-

ry of rocks from the areas previously described are con-

sidered. This includes major, minor, and trace element 

analysis of all important volcanic or intrusive units from 

all areas. Analytical results are given in Appendix I, and 

details of analytical methods in Appendix II. 

5.2 GENERAL CHARACTER OF VOLCANISM 

Six discrete areas of volcanics have been 

described in previous sections. Of these, three (Lucas 

Creek, Birch Inlet, Epidote Point) consist entirely of 

basalts, and the other three (Mount Read Volcanics, Lewis 

River volcanics, Noddy Creek volcanics) consist of felsic 

volcanics. 



FIGURE 11. AFM diagram for the Mount Read Volcanics and 
equivalents. The dashed line indicates a 
calc-alkaline trend. 

a) "unaltered" rocks 

b) strongly altered rocks 



a) 

o MOUNT READ VOLCANICS intrusives 	9 

• LEWIS RIVER VOLCANICS intrusives 9 

A NODDY CREEK VOLCANICS intrusives 4 

b) 
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The Mount Read Volcanics were shown by Solomon 

(1964) to be calc-alkaline in character and Foden (1973) 

demonstrated the calc-alkaline character of the Noddy Creek 

(termed Birch Inlet by him) volcanics. All samples 

analysed in this investigation from the Mount Read Volcan-

ics, Lewis River volcanics, and Noddy Creek volcanics were 

plotted on an AFM diagram (Figure 11a). The volcanics and 

associated intrusions from these three areas, whether taken 

collectively or independently, show a well-defined calc-

alkaline trend. This trend may be obscured by the effects 

of hydrothermal alteration and mineralization, as shown by 

Figure 11b, where mineralized and hydrothermally altered 

rocks are plotted. 

Basaltic rocks from Cypress Creek (north of 

Epidote Point) were shown by Foden (1973) to be tholeiitic 

in character. Analyses from the three areas of basaltic 

rocks considered here all show a tholeiitic trend when 

plotted on an AFM diagram (Figure 12). It is of interest 

to note that the trend indicated by samples from the Lucas 

Creek volcanics corresponds to progressive iron enrichment 

relative to magnesium, from the base of the sequence 

upwards. The gabbro (41575) from near the base of the 

sequence is similar to the volcanics into which it has 

intruded. Thus it seems possible that the volcanic pile 

at Lucas Creek represents a tholeiitic differentiation 

sequence. 

5.3 DISTRIBUTION OF IGNEOUS ROCK-TYPES 

General consideration of the distribution of 

different igneous rock-types has been given in the sections 

on Geology and Petrography. In rocks which have suffered 



FIGURE 12. AIPDI diagram for Cambrian basic volcanics. The 
dashed line indicates a tholeiitic trend. 
Field (a) encloses the basalts of the Heazel-
wood River Complex, field (b) encloses the 
ultramafics (Rubenach, 1973). 



• Birch Inlet volcanics 

o Epidote Point volcanics 

• Lucas Creek volcanics, gab bro 0 
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varying degrees of burial and regional metamorphism and 

hydrothermal alteration, field and petrographic criteria may 

be inadequate to confidently classify a volcanic as 

rhyolite, dacite, andesite, basic andesite, or basalt. 

Where this has been done previously, it has been done with 

knowledge of the chemical composition of the rocks. The 

alteration effects noted, however, also produce chemical 

changes in the rocks which may obscure their original 

composition. Thus it is important to consider the validity 

of the criteria used to classify rocks on the basis of 

their present composition, into classes which reflect their 

original composition. 

5.3i 	Criteria for Distinguishing Original Rock-type  

a) Silica  

Unaltered igneous rocks may be largely classified 

on the basis of their silica content. Alteration effects 

may increase or decrease the percentage silica content of 

a rock hence casting doubt on the use of silica analyses 

for classification. Solomon (1964) recognised that despite 

the considerable variation in alkali and alkaline earth 

metals, in most cases petrographic and analytical evidence 

were in agreement on whether a rock should be classified as 

rhyolite, andesite, or basalt. Subsequent work by Solomon 

and Green (in prep.), and this investigation, have shown 

that except where intense hydrothermal alteration has 

occurred, the present silica content gives a reliable 

indication of the original silica content of the rock. 

This is shown by the general agreement between this and 

other criteria. 

Where intensive hydrothermal alteration has 

occurred this criterion may be no longer reliable, however 



FIGURE 13. Yttrium-Vanadium plot for volcanics. Mineral-
ized and hydrothermally altered rocks are 
excluded. The silica ranges correspond to 
basalt, andesite, dacite and rhyolite (after 
Taylor, 1969). 
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this is usually apparent from atypical results for other 

major or trace constituents. 

b) Vanadium-Yttrium 

Solomon and Green (in prep.) have shown for the 

Mount Read Volcanics that on a plot of vanadium against 

yttrium, rhyolites, dacites, and andesites and basalts 

occupy reasonably discrete fields. The results of this 

investigation are substantially in agreement with this (see 

Figure 13). Intense hydrothermal alteration does not 

usually affect the levels of vanadium or yttrium suffic-

iently to alter classification of the rock, hence they may 

be used even when the silica content cannot. 

c) Individual Trace Elements  

Recent investigations have shown that low-grade 

metamorphism and weathering do not significantly affect the 

content of certain trace elements (e.g. Cr, Co, Y, Nb, Ti, 

Zr, V) in basalts (Pearce and Cann, 1971; Hart et al., 

1974). No similar investigation into the stability to 

alteration of trace elements in acid volcanics has been 

previously reported. 

Although all acid volcanics analysed in this 

investigation were altered to some extent, the degree of 

alteration varied greatly from mild burial metamorphism to 

intense hydrothermal alteration. The stability of trace 

elements in rhyolites to hydrothermal alteration was 

examined by using field and petrographic evidence to 

classify rhyolites as "unaltered", i.e. no apparent effects 

of hydrothermal alteration, and "hydrothermally altered 

and/or mineralized". Means and standard deviations for 

these groups are shown in Table 8. 

Two distinct alteration effects must be consider- 



FIGURE 14. Scandium-Si02 plot for volcanics. Mineralized 
and hydrothermally altered rocks are excluded. 
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ed. There may be net addition or removal of a trace 

element, which would be expected to alter both the mean and 

standard deviation for the element, or there may be simply 

redistribution of the element without any addition or 

removal. In this case the mean may remain unchanged, but 

the standard deviation would be changed. In Table 8 the 

elements which appear to be stable to hydrothermal altera-

tion (i.e. have essentially the same mean and standard 

deviation in "unaltered" and "altered" groups) are Ni, Y, 

Sc and Nb. Of these Sc proved most useful over the full 

range of silica contents (see Figure 14). 

d) Application of the Criteria  

The use of the above criteria may be seen by 

examining Table 5. 41093 would be classified as a basalt 

if silica content alone were considered. The Fe203 content 

is clearly anomalous however, which suggests that some 

other criterion is necessary. Comparison with 41134, which 

is an unmineralized rhyolite from the same area, shows that 

despite altered major element chemistry, 41093 closely 

resembles 41134 in trace element chemistry, and by applica-

tion of the criteria outlined above is readily seen to be 

an altered rhyolite. 

Despite strong hydrothermal alteration and 

deformation which have obscured petrographic evidence of 

the original nature of 41451, its chemistry clearly 

reflects an original basic andesite composition. By con-

trast 41461 preserves clear petrographic evidence of its 

original nature. Comparison of the two analyses shows 

considerable difference in those elements which are 

chemically mobile, but close similarity in those which are 

apparently inert to alteration, especially Ti, V, Y, Sc, 



41093 

TABLE 

41134 

5. 

41451 41461 41475 

Si02 52.35 72.43 55.83 54.80 67.67 

Al203 11.54 13.50 15.53 18.18 13.14 

*Fe203 25.69 2.76 17.43 8.37 6.88 

MgO 1.33 0.81 2.64 2.59 2.64 

CaO 0.00 0.51 0.29 7.15 0.79 

Na20 0.15 3.19 0.01 3.58 1.03 

K20 7.69 5.13 3.39 1.75 4.24 

TiO2 0.31 0.33 0.61 0.59 0.47 

P205 0.05 0.05 0.24 0.47 0.13 

MnO 0.00 0.01 0.32 0.09 0.73 

BaO 0.33 0.19 0.23 0.12 0.16 

L.O.I. 0.55 1.20 4.05 2.44 2.34 

TOTAL 99.99 100.11 100.57 100.13 100.22 

*S 0.18 0.01 0.08 0.00 0.41 

Rb 195 144 98 34 177 

Ba 2960 1700 2024 1048 1430 

Sr 45 76 . 	7 1490 70 

Cr 0 20 240 51 117 

Ni 4 10 41 27 67 

Ti 1860 1980 3650 3504 2815 

V 63 20 204 225 102 

Y 33 33 39 41 50 

Sc 7 7 31 20 15 

Nb 18 15 3 0 3 

Zr 200 298 190 208 200 

Th 30 20 30 33 17 

Li 17 11 18 15 6 

Cu 62 0 566 120 180 

Pb 15 20 22 5 435 

Zn 118 59 605 37 284 

*Fe203 = Total iron expressed as Fe203 
*S 	= Total sulphur expressed as S 

41093 massive rhyolite partly replaced by magnetite, Prince Darwin 
41134 massive rhyolite, Prince Darwin DDH-1 
41451 chloritic schistose volcanic, Lyell Highway 
41461 basaltic tuff, Lynch Creek 
41475 .Barrel Creek Intrusion, Elliott Bay 
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and Zr. 

In the great majority of cases it is fairly easy 

to classify a rock by consideration of a few of the 

criteria outlined above. Occasional exceptions occur 

however where there is serious conflict of the various 

criteria. 41475 is such an example. Field, petrographic, 

and major element evidence support an originally acid 

composition for this strongly altered plutonic rock. Trace 

element data however appear more consistent with an 

originally intermediate to basic composition for the rock - 

see especially Cr, Ni, V, Sc, and Nb. 

5.3ii 	Distribution  

a) Lyell-Darwin Area  

The 86 rocks analysed from the Lyell-Darwin area 

were sampled with the object of determining the variation 

in composition with stratigraphic level, and with 

alteration. No attempt was made during sampling to favour 

particular rock-types, so it is felt that these figures 

reasonably reflect the abundance of different volcanic 

compositions in the southern part of the Mount Read Volcan-

ics. 

Using the criteria previously outlined, the 

following classifications were made. 

rhyolites 66 

dacites 4 

andesites 4 

basic andesites 3 

basalts 3 

The basis for the classification was the subdivision of 

Taylor (1969). The remaining six rocks analysed are known 

to be intrusive. One (41447) forms an irregular plug-like 



179. 

intrusion at the head of South Owen Creek. Its composition 

corresponds to an andesite. 

The five other intrusive rocks analysed are 

phases of the Darwin Granite. The pink granite phase 41174, 

aplite 41372 and "white granite" 41373 all have composi-

tions corresponding to granite. Another phase of the 

"white granite", 41374, has a composition more consistent 

with adamellite. The chloritized granite 41375 which from 

field evidence is clearly a phase of the pink granite shows 

anomalous vanadium content. This will be considered 

further later along with other effects of alteration pro-

cesses. 

It has been noted in previous sections that at 

certain stages of the volcanic activity acid and basic 

eruptions must have occurred at close intervals in both 

space and time. Field and petrographic evidence has 

previously been cited which indicates that some mingling of 

acid and basic volcanic debris took place. A small percent-

age of basaltic tuff mingled with rhyolitic pyroclastics 

might cause little detectable change in the major element 

chemistry of the rock since those elements most affected 

are inherently variable. A greater effect might be 

expected to be seen in those stable trace elements which 

are strongly concentrated in basic rocks, e.g. V, Cr, Ni, 

Ti, Sc. A small number of rocks which on the basis of 

petrographic and other chemical cirteria have been classi-

fied as rhyolites show anomalous results in some of these 

elements, e.g. 41456 (V, Cr, Ti, Sc), 41423, 41462 (V, Cr, 

Ni, Ti). 

b) Elliott Bay Area  

A total of 25 rocks from the Elliott Bay area 
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were analysed in this study. They comprised 9 volcanics, 7 

plutonic intrusives, 8 dyke rocks, and 1 tuffaceous 

sediment. 

Of the volcanics analysed, one (41506) is a 

basalt from Epidote Point. The tuffaceous sediment (41497) 

was sampled as it was thought to contain a significant 

content of basaltic material. Seven volcanics sampled from 

the Lewis River volcanics are rhyolitic in composition. 

One pyrite-rich sericite schist from near Penders Prospect 

(41485) has a major and trace element composition most 

consistent with an andesite. This is inconsistent with 

both field and petrographic evidence, and it appears most 

likely that some mingling of the basic volcanic debris 

which occurs further west with the acid volcanics further 

east may have occurred. 

The intrusive rocks of both the Low Rocky Point 

and Little Rocky River Plutons may all be regarded as 

granites, although most are anomalous in different ways. 

Analysis 41470, the quartz feldspar porphyry phase of the 

Little Rocky River Pluton shows higher vanadium, nickel and 

chromium than would be expected on the basis of its major 

element composition. The two other analyses from other 

phases of the same pluton (41468 and 41469) contain 

anomalously high thorium and yttrium. This is presumably 

related to the apparently strongly differentiated nature of 

both rocks, as indicated by the high silica content (78.13% 

and 76.13%), high potash content (5.88% and 6.10%), low K/Rb 

ratio (both 133), and low titanium content (560 and 960 ppm 

respectively). The trace element composition of 41472, 

from the Low Rocky Point Pluton, is consistent with its 

being a granite, although its major element analysis, and 



181. 

petrography indicate that it is an adamellite. 

The one other plutonic rock from the Elliott Bay 

area which was analysed in this investigation is 41475 from 

the Barrel Creek Intrusion. It has been previously noted 

that there is in this case conflict between the, major 

element and trace element indications of the origin of this 

rock. Major element chemistry indicates an originally 

granite composition, and this is supported by petrographic 

evidence. The trace element analysis is more consistent 

with an originally intermediate or basic composition, so it 

must be assumed that in this case a number of elements 

which are normally stable have been metasomatically 

introduced. This will be considered further with the 

chemical effects of alteration processes. 

The dyke rocks analysed are of diverse composi-

tions. The fluidal rhyolite dyke (41489) from within the 

Low Rocky Point Pluton has a composition entirely consist-

ent with a rhyolite. It does not differ significantly (2u 

level) from the mean of the five unaltered plutonic rocks 

analysed. Comparison with the rhyolites of the Lewis River 

Volcanics shows significant differences (2u level) in Y, 

Sc, Zr, and Th. 

The seven other dyke-rocks analysed vary from 46 

to 59 percent silica. They are readily separated into two 

groups, the first of which contains 41493, 41494, 41495, 

and 41496. In composition they have low Si02, and high 

Fe203, MgO, CaO, K20, P205, and TiO2 as well as extremely 

high Cr and Ni. Hierarchical Grouping Analysis on the 

basis of both major and trace element composition 

(independently) groups them together, and separates them 

from the second group. They appear most closely related to 
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the augite kersantite dykes at Noddy Creek, a relation 

which is supported by petrographic evidence which suggests 

that they were originally lamprophyres. 

The second group consists of 41490, 41491 and 

41492. Compared to the previous group they have higher 

Si02, Na20, and lower K20 and P205. Their trace element 

composition is generally consistent with their major 

element chemistry. Hierarchical Grouping Analysis relates 

them to basic and intermediate volcanics and associated 

intrusives in the Noddy Creek Volcanics. Thus the 

evidence suggests that they are more likely to be genetic- 

ally related to later Cambrian volcanism at a higher level, 

than to the lamprophyric intrusions of probable Cretaceous 

age. 

c) Noddy Creek Area  

A total of 31 rocks from the Noddy Creek area were 

analysed in this investigation. They comprised 12 Noddy 

Creek volcanics and 2 Birch Inlet volcanics, 9 intrusives 

into the Noddy Creek volcanics, 5 lamprophyric dykes 

intruded into the Hibbs Ultramafic Belt, and 3 ultramafic 

rocks. 

The Birch Inlet volcanics are believed to 

consist entirely of basalts. Both analyses (41507 and 

41508, Appendix I) are consistent with this. They will be 

discussed further later. 

Sampling of the Noddy Creek volcanics concentrat-

ed on the variation of rock-types present. Thus it is not 

an accurate reflection of the proportion of different 

types. The 12 analysed specimens (Appendix I, Table XIV) 

comprise 
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5 rhyolites 41525, 41526, 41534, 41535, 

41536. 

1 dacite 41527 

4 andesites 41528, 41529, 41531, 41533 

2 basic andesites 41524, 41530. 

It is thought that andesites and basic andesites make up at 

least 70 percent of the Noddy Creek volcanics. 

The intrusions in the Noddy Creek volcanics are 

highly variable in composition. They range from 

adamellite (41509, 41511, 41514), to diorite (41515, 41517, 

41521) and gabbro (41513, 41516, 41518). The intimate 

spatial relationship between these intrusives and the 

Noddy Creek volcanics, and the extremely close similarity 

in both major and trace element composition leaves little 

doubt that the intrusions are of high level subvolcanic 

type, and probably represent feeders. 

The five lamprophyres analysed fall into two 

groups on the basis of their petrography, and may be 

grouped similarly on the basis of their composition. The 

two vogesites (41537, 41538) have higher Si02, Al203, K20, 

Ba, Rb, Sr, and lower MgO than the other three. The 

remaining three lamprophyres (41539, 41540, 41541) which 

were tentatively classified as augite kersantites are 

characterised by extremely high MgO content. Two of the 

three also have extremely high Cr content which suggests 

that incorporation of ultrabasic material may have occurred. 

These three have an aphanitic groundmass which could 

contain very fine serpentine or talc. This explanation is 

not wholly satisfactory however as 41539 has a high Mg° 

content, but normal Cr content. It also fails to explain 

the composition of the four lamprophyric dykes from Elliott 
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Bay, which have high MgO and very high Cr content. It is 

extremely unlikely that those could have been intruded 

through ultramafic rocks. 

None of the above analyses resemble any of the 

published averages of Joplin (1966), nor the leucite 

lamproites of ultramafic parentage from the Fitzroy Basin 

of Western Australia (Prider, 1959), nor the appinitic 

rocks of Cape Portland, Tasmania (Jennings and Sutherland, 

1969). 

The three ultramafic rocks analysed (41543, 

41546, 41550) were not recognised in the field as being of 

ultramafic parentage. That they are primary ultramafic 

rocks and not metasomatically altered sediments or volcan-

ics is convincingly demonstrated by their low Al 2 03, TiO2 

P205 content, and very high Cr and Ni. 

d) Double Cove Area  

A total of six rocks from the Double Cove area 

were analysed in this study. Five are from the Lucas Creek 

volcanics, and one is a gabbro intruded into the volcanics. 

The five samples taken through the thickness of 

the Lucas Creek volcanics are all basalts. No other volcan-

ic types are present. Aspects of their chemistry will be 

considered further later. 

The gabbro (41575) differs from the mean for the 

volcanics (Table 7) in being higher in MgO (2a), K20 (3a), 

S (3a), Cr (3a), Ni (3a) and Cr (3a), and lower in Si02 (20, 

Na20 (3a) and Sr (2a). Except for Cr and Ni these 

elements are typically mobile under conditions which have 

prevailed since eruption of the lavas. With the exception 

of the higher K20 content, all these differences might be 

explained by accumulation of early crystallizing phases, 



TABLE 6. Mean and standard deviation of rhyolites. 

Mount Read Lewis River Noddy Creek 
Volcanics volcanics volcanics 

44 

Mean 
standard 
deviation 

7 

Mean 
standard 
deviation 

5 

Mean 
standard 
deviation 

Si02 73.38 3.17 72.97 4.01 72.20 2.91 

Al203 13.58 1.61 13.13 1.09 14.19 1.47 

*Fe203 3.43 1.98 2.91 1.60 2.74 1.28 

MgO 0.68 0.43 1.15 0.88 0.90 0.42 

CaO 0.18 0.58 0.58 0.56 0.58 0.83 

Na20 1.44 1.68 2.55 0.83 3.32 1.93 

1(20 4.47 1.86 4.59 1.34 3.55 1.06 

P20 5 0.05 0.04 0.06 0.04 0.06 0.02 

•Mn0 0.03 0.04 0.14 0.09 0.06 0.05 

0.15 0.33 0.06 0.03 0.11 0.14 

Rb 166 70 180 78 126 33 	- 

Ba 1550 2675 969 264 786 350 

Sr 54 68 159 53 140 77 

Cr 29.5 18(43) 51 33 41 12 

Ni 7.5 6.5 16 5 8 7 

Ti 1912 699 2166 1023 1392 587 

V 47 31 72.3 39 6.2 16 

Y 41 9 49 6 35 14.5 

Sc 9 4 10 5 5 2 

Nb 12 6 5 1.5 9 5 

Zr 262 59 205 65 95 22 

Th 27 8 34 5 42 8 

Li 10 9 2 2 14 10 

Cu 25 77 0 0 0 0 

Pb 21 46 66 60 36 36 

Zn 68 91 95 122 29 32 

*Fe203 = Total iron expressed as Fe203 

AS = Total sulphur expressed as S 
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i.e. the rocks represent the residual phase resulting from 

a slight degree of fractional crystallization. This, 

together with the very close spatial relationship between 

the volcanics and gabbros suggests that they may be genet-

ically related. It is worth noting that this pyroxene 

gabbro (41575) is distinctly different in composition from 

the hornblende gabbros which intrude the Noddy Creek 

volcanics (41513, 41517, 41518). 

5.4 COMPARISONS WITHIN AND BETWEEN AREAS 

Comparisons between the areas studied have been 

made where possible on the basis of statistical comparison 

(t - test) of compositional types (rhyolites, andesites, 

etc.). Where insufficient data were available individual 

analyses have been compared. 

5.4i 	Between Areas Comparison of Rhyolites  

The preponderance of rhyolites over other rock-

types analysed allows greater confidence in comparing them 

than is possible for other compopitions. Figures for the 

mean and standard deviation for 44 rhyolites from the Mount 

Read Volcanics, 7 from the Lewis River volcanics, and 5 

from the Noddy Creek volcanics are presented in Table 6. 

Comparison of the three populations showed that a confidence 

level of 95% there is a significant difference 

a) between the Mount Read Volcanics and the Lewis 

River volcanics in Na20, MnO, Sr, Ni, Y, Nb, Zr, Th, Li, Cu 

b) between the Mount Read Volcanics and the Noddy 

Creek volcanics in Na20, Rb, Sr, Sc, Zr, Th, Cu 

c) between the Lewis River volcanics and the Noddy 

Creek volcanics in Ni, Sc, Zr, Li. 

These differences are shown diagrammatically in Figure 15. 



FIGURE 15. Diagrammatic comparison of rhyolites from 
different locations. 

MRV = Mount Read Volcanics 

NCv = Noddy Creek volcanics 

LEW = Lewis River volcanics 

The arrow head indicates that for the element 
shown there is a significant difference (95% 
confidence limit) between the rhyolites of the 
two units on which connecting line it lies. 
The arrow head points to the unit with the 
higher mean. 
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The reason for most of the differences is obscure. 

The lower Na20 content of the Mount Read Volcanics 

rhyolites compared to those of both the Lewis River volcan-

ics and Noddy Creek volcanics might be ascribed to the 

widespread effects of hydrothermal solutions. This explan-

ation would appear to be invalidated by the low Na 2 0 

content of both the Intercolonial Volcanics (Eire-mineraliz-

ation) and Andrew Volcanics (post-mineralization) and their 

correlates. 

Strontium, which would be expected to follow 

calcium, is significantly lower in the Mount Read Volcanics 

than in either of the other units although the difference 

in calcium is not statistically significant. The high 

level of nickel in the Lewis River volcanics is a puzzling 

feature. It is also reflected in the granitic intrusions 

into the volcanics. 

The low scandium content of the rhyolites of the 

Noddy Creek volcanics relative to the other two units might 

be explained by their being produced by fractionation 

involving removal of a pyroxene or amphibole into which 

scandium may be concentrated (Wedepohl, 1970). This 

possibility appears geologically reasonable in view of the 

abundance of pyroxene-rich andesites and basic andesites, 

and hornblende-bearing intrusive rocks in close association 

with the rhyolites. 

5.4ii 	Between Areas Comparison of Dacites  

Only five rocks analysed have been classified as 

dacites. Of these four are from the Mount Read Volcanics .  

(41376, 41445, 41421, 41427) and one is from the Noddy 

Creek volcanics (41527). With so few data it is not 

possible to be confident of any apparent difference, 



TABLE 7. 

Noddy Creek volcanics 	Lucas Creek volcanics 

Andesites 	 Basalts 

4 

Mean 
standard 
deviation 

5 

Mean 
standard 
deviation' 

Si02 59.56 1.58 49.33 1.86(4) 

Al203 14.91 0.58 13.35 1.12 

*Fe 203 8.34 1.18 13.01 1.17(4) 

MgO 4.14. 0.75 6.30 3.24 

CaO 3.19 1.29 8.92 1.45 

Na20 3.92 0.88 3.55 0.51 

K20 2.70 0.55 0.63 0.26 

P20 5 0.13 0.03 0.17 0.10 

MnO 0.17 0.06 0.17 0.03 

*S 0.07 0.05 0.04 0.03 

Rb 79 28 7 3 

Ba 957 279 277 109 

Sr 287 25 243 77 

Cr 121 33 187 82(4) 

Ni 32 16 101 25(4) 

Ti 3533 327 9668 5980 

V 191 21 294 95 

37 8 31 17.5 

Sc 20.5 2.4 39 5 

Nb 5 3.6 1.4 3.1 

Zr 141 29 88 89 

Th 31 5 16 2.6 

Li 16.5 11.6 18 13 

Cu 20 24 127 55 

Pb 23.8 13 0.6 1.3 

Zn 73 46 81 30 

*Fe203 = Total iron expressed as Fe2 03  

*S = Total sulphur expressed as S 
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however it appears possible that the Noddy Creek volcanics 

dacite may be significantly higher than those in the Mount 

Read Volcanics in CaO, Na20, P205, Ba, Ga, Ge, Th, and 

lower in MgO, Li, Sc and Zn. 

5.4iii 	Between Areas Comparison of Andesites  

Andesites occur in the Mount Read Volcanics and 

the Noddy Creek volcanics. The four analysed from the 

Noddy Creek volcanics form a coherent group the means and 

standard deviations for which are shown in Table 7. The 

four analysed from the Mount Read Volcanics are diverse in 

composition. Comparing the latter four individually with 

the group from the Noddy Creek volcanics, it is found that 

of those from the Mount Read Volcanics, 

3 have higher Al203 at the 3a level (not 37887) 

all have lower MgO at the 2u level 

3 have lower CaO at the 2u level (not 37887) 

3 have lower Na20 at the 3u level (not 41413) 

3 have higher Ba at the 2a level (not 41413) 

all have lower Sr at the 3u level 

all have lower Cr at the 3u level 

all have higher Pb at the 20 level 

3 have higher Zn at the 2a level (not 41413) 

5.4iv 	Between Areas Comparison of Basic Andesites  

Only three basic andesites from the Mount Read 

Volcanics (41461 41458, 41451) and two from the Noddy 

Creek volcanics (41524, 41530) were analysed in this study. 

Comparison of such a small volume of data does not permit a 

high level of confidence. Nevertheless direct comparison 

shows that the basic andesites from the Mount Read Volcan-

ics are higher in P205, Ba, Cr, Ni, Y, Cu, Pb, and lower in 

Na20(?)and S than those from the Noddy Creek volcanics. 
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• 5.4v 	Between Areas Comparison of Basalts  

Basalts from the Double Cove area (5), Birch 

Inlet (2), Epidote Point (1) and the Lyell-Huxley area (3) 

were analysed in this study. The small number of samples 

and their compositional variation make comparison difficult. 

The five basalts from the Lucas Creek volcanics form a 

group which are closely associated in occurrence and 

reasonably limited in composition. Even in this case one 

specimen, 41572 a pillow basalt, differs greatly in some 

elements, and in some cases has been omitted from the mean 

(Table 7). 

The three basalts analysed from the Mount Read 

Volcanics (41416 41428 41422) are extremely varied in 

composition. Compared individually to the means and 

standard eviations for the Lucas Creek volcanics shown in 

Table 7, the following differences are apparent. 

41416 higher Al20300, Na211000, K200(Y), P2050(1), B10001, Ba(30, 

Th(30 , Zn0(Y) 

lower CaO(30) , Mn0(30, Ni (2a) 

41428 higher Al203(30, 1(20(3(Y), Mn0(20, Bb(3a) , Sr (3a) , Th(3a), 

Pb(3a) 

lower Fe203 (20 Ca0(301 , Na20 (2a) , Ni (2G) 

•41422 higher SOO, cr00, Ni(30 

lower Fe203 (3(J) , K20(2(Y), Rb(2(Y) 

•It will be noted from the above that 41422 bears 

a much stronger resemblance to the Lucas Creek basalts than 

do the other two. Similar comparison of the basalts from 

Birch Inlet (41507, 41508) and the one from Epidote Point 

(41506) also shows a small number of differences. 
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41507 higher Cu(3a) 

41508 higher Th(3a) 

lower Na20(2a) 

41506 higher K20(2a), Cr(3a) 

lower 	Na20(2a), Cu(2a) 

Thus the basalts analysed form two contrasting 

groups, one consisting of the Lucas Creek volcanics, and 

41507, 41508, 41506, and 41422, and the other group 

comprising 41416 and 41428. The composition of the basalts 

will be considered further when their tectonic significance 

is discussed. 

5.4vi 	Comparison of Stratigraphic Subdivisions  

of the Mount Read Volcanics  

In section 2 of this thesis the Mount Read 

Volcanics in the Lyell-Darwin area were subdivided into two 

major divisions. The lower stratigraphic unit was named 

the Intercolonial Volcanics, and it is regarded as being 

overlain, at least in part unconformably, by the Andrew 

Volcanics and its correlates. All copper mineralization is 

believed to be confined to the Intercolonial Volcanics and 

its correlates. That the two units are separated by a time 

break as represented by the unconformity, and have 

undergone a different alteration and mineralization history 

suggests the possibility that there may be real composition-

al differences between them. Only rhyolites are 

sufficiently abundant in both units to allow comparison at 

a reasonable confidence level. The means and standard 

deviations for 22 rhyolites from the Intercolonial Volcan-

ics and correlates, and 18 from the Andrew Volcanics and 

correlates are given in Table 8. At 95% confidence level 

the Intercolonial Volcanics are higher in Fe203 and S, and 



TABLE 8. Mean and standard deviation for rhyolites. 

Hydrothermally  
altered and miner- 

Andrew Volcanics 	Intercolonial 	alized Intercolonial 
and correlates 	Volcanics 	Volcanics 

18 

Mean 
standard 
deviation 

22 

Mean 
standard 
deviation 

22 

Mean 
standard 
deviation 

Si02 73.71 3.90 73.53 2.53 70.13 9.09 

Al203 14.55 1.22(17) 12.57 0.91(21) 11.52 2.06 

*Fe203 2.52 1.66 3.87 1.77 9.81 8.47 

MgO 0.65 0.44 0.64 0.30 0.90 0.63 

CaO 0.03 0.55(16) 0.02 0.03(20) 0.04 0.06 

Na20 1.17 1.02(16) 0.96 1.26 0.15 0.22 

K20 4.33 1.16(16) 5.23 1.79 3.47 1.92 

P20 5 0.04 0.03(17) 0.03 0.02 0.05 0.03 

MnO 0.02 0.04 0.04 0.05 0.07 0.10 

*S 0.09 0.08 0.21 0.46 1.35 1.65 

Rb 199 45(16) 172 59 119 63 

Ba 948 428(16) 1516 872(21) 1308 1203 

Sr 44 38 59 85 27 27 

Cr 24 9(16) 28 10 18 14 

Ni 8 8 7 5 9 6 

Ti 2131 763 1553 432(21) 1736 857 

V 50 15(16) 29 15(21) 46 21 

Y 38 8 43 9 43 12(20) 

Sc 8 3.5 8 2(20) 8 3 

Nb 13 4.5 11 6 9 7 

Zr 249 63 271 51 201 62 

Th 28 10 27 6 21 7(18) 

Li 10.5 9 7.5 8 11 11 

Cu 4.3 9.5 43 106 2685 7209 

Pb 37 70 13 11 5 112(20) 

Zn 63 95 71 96 123 149 

*Fe203 = Total iron expressed as Fe203 

*S = Total sulphur expressed as S 



190. 

lower in Al203 and V. 

All analyses from the two units were used to 

compute a discriminant function for distinguishing between 

the units. Discriminant Analysis is a mathematical 

technique by which a function is calculated which allows 

arbitrarily selected populations to be distinguished. It 

was applied to two populations composed of all analyses 

from the Intercolonial and Andrew Volcanics, and their 

respective correlates. Details of the method and how it 

was applied are given in Appendix III. In brief the 

variables, in this case the elements as presented in the 

rock analyses in Appendix I, are sorted into order of 

importance. For each variable X a coefficient A is calcula-

ted from which is obtained a discriminant function such that 

D = AIX' + A2X2 + A3X3 + 	 AnXn 

There is a value Do such that if the function 

calculated for a given sample is greater than Do , the 

sample is concluded to belong to the Andrew Volcanics or 

its correlates, and if it is less than Do  the sample is 

concluded to belong to the Intercolonial Volcanics. 

In Table 9 the variables and coefficients for 

three discriminant functions are given. These functions 

correctly classified all samples used, with no overlap. Do 

is not evaluated exactly, however a range is indicated 

within which it lies. 

In computing the discriminant function, Stepwise 

Discriminant Analysis was first carried out to select the 

most useful variables (see Appendix III for more detailed 

explanation). In this process certain samples were 

misclassified and were omitted from the calculation of the 

discriminant function. Misclassification of a sample means 



. 

TABLE 9. Discriminant Functions for distinguishing Intercolonial 
and Andrew Volcanics. 

Function 1 Function 2 Function 3 

16 Variables 10 Variables 9 Variables 

Variable Coefficient Variable Coefficient Variable 	Coefficient 

Si02 .04328 Zr -.00087 Zr -.00087 

Al203 .09399 Cr .00253 Cr .00257 

*Fe203 .03862 Na20 .05474 Na20 .05492 

CaO .11580 Si02 .02472 Si02 .02475 

Na20 .09142 CaO .08434 CaO .08468 

MgO .07518 Pb .00001 Pb .00001 

Ti .00003 Li .00771 Li .00773 

Ni -.00719 Al203 .07443 Al203 .07459 

Rb .00041 *Fe203 .02229 *Fe203 .02239 

Ba .00003 V .00003 

Pb .00005 Do  between 2.94973 

Zr -.00161 Do  between 2.94560 
and 2.93377 

Sr -.00077 
and 2.93007 

Cr .00528 

V .00008 

Li .00986 

Do  between 4.73899 
and 4.72007 

IF D > Do  then Andrew Volcanics 

IF D < Do then Intercolonial Volcanics 

When evaluating the discriminant function use percent oxide for elements 

listed in oxide form, and parts per million elsewhere. 

*Fe203 = Total iron expressed as Fe203 
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that the computer rejects the classification of a given 

sample from the stated population, and classes it instead 

with the other population. As the selection of the members 

of each group used was based on geological evidence, and 

the classification is based on the chemistry of the rocks, 

some misclassification is to be expected. It is worthwhile 

reconsidering the classification of rejected samples in 

case there are geological grounds for accepting the 

computer's decision. 

Two samples originally classed as Andrew Volcan-

ics which were misclassified in computing were 41239 and 

41386. Application of the discriminant functions suggests 

that they are Intercolonial Volcanics. On geological 

grounds this is unacceptable. Two others from the lower 

slopes of Whip Spur, which were originally classed as 

Andrew Volcanics were misclassified in computing. This 

could be correct as these were regarded as being at the 

base of the Clark Volcanics equivalent sequence there. 

This means that the sequence which is equivalent to the 

Intercolonial Volcanics might continue to a higher level 

than was thought. 

Five samples originally classed as Intercolonial 

Volcanics were misclassified. Reclassification of two of 

them, 41134 from Prince Darwin, and 41380 from Mount Huxley, 

is unacceptable on geological grounds. One sample, 41457, 

from the Lyell Highway may indicate that the top of the 

Intercolonial Volcanics equivalent sequence lies 'a little 

lower stratigraphically than was thought. Two other 

samples which misclassified, 41435 and 41438, were collect-

ed from the Blow dump. The other samples collected there 

classified correctly. As they were obtained from the dump 
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their precise original location is unknown. Thus it is 

possible that the contact between the Intercolonial and 

Andrew Volcanics eqUivalent sequences lies very close to 

the Blow, and was intersected by mining. Markham (1968) 

regarded the Blow as an exhalative sedimentary deposit, 

hence one which formed at the surface. The contact between 

the two stratigraphic units may have been the surface at 

which the Blow formed. This will be discussed further 

later. 

5.4vii 	Comparison of Darwin Granite and Mount Read  

Volcanics  

The Darwin Granite has been shown to be intruded 

into the Intercolonial Volcanics, and non-conformably over-

lain by Andrew Volcanics. Thus if there is a close 

genetic relationship between the granite and the intruded 

rhyolites they might be expected to be of similar composi-

tion. Such a relationship has been claimed by Solomon 

(1960, 1964). 

Comparison of the four analysed granites (41174, 

41372, 41373, 41374) with the Intercolonial and Andrew 

Volcanics rhyolites yielded the following:- 

Compared to 	Intercolonial Volcanics 	Andrew Volcanics  

41174 has higher 	Ca0(30) Li(3G) 	Ca0(20) Li(3G) 

lower 	Sc(20) Zr(26) 	Sc(20) 

41372 	higher Ca0(30 Th(30) 	Ca0(20) Th(20) 

lower 	Y(30) Sc(20) Zr(30) 	Y(30) Zr(20) 

' 41373 	higher 	Th(20) 

lower 	Y(30) Sc(20) Zr(30) 	V(20- )Y(3O)Sc(21:1)Zr(20) 

41374 	higher 	CaO(30) Na20(20) Pb(20) 	Ca0(30) Cu(20) 

lower 	K20 (20Rb(20)Y(30)Sc(20) 	K20(20) M3(20) Y(30) 

Zr(20) 	 Sc(20) 



TABLE 10. 

Lewis River volcanics 

rhyolites 

Granitic intrusions into  
Lewis River volcanics 

   

7 

Mean 
standard 
deviation 

6 

Mean 
standard 
deviation 

Si02 72.97 4.01 74.00 3.04 

Al203 13.13 1.09 12.88 0.54 

*Fe203 2.91 1.60 2.67 1.33 

MgO 1.15 0.88 0.71 0.78 

CaO 0.58 0.56 0.09 0.62 

Na20 2.55 0.83 2.45 0.50 

K20 4.59 1.34 5.12 0.89 

P20 5 0.06 0.04 0.05 0.03 

MnO 0.14 0.09 0.06 0.03 

*S 0.06 0.03 0.06 0.01 

Rb 180 78 260 91 

Ba 969 264 684 449 

Sr 159 53 118 42 

Cr 51 32.5 46 30 

Ni 16 5 14 10 

Ti 2166 1023 1723 918 

V 72 39 55 17 

Y 49 6 58 32 

Sc 10 5 65 3 

Nb 5 1.5 10 55 

Zr 205 65 186 69 

Th 33 5 52 19 

Li 2 2 6 8 

Cu 0 0 5 9 

Pb 66 60 27 15 

Zn 95 122 15 38 

*Fe203 = Total iron expressed as Fe203 

*S 	= Total sulphur expressed as S 
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The extremely close spatial and temporal relation-

ship between the granites and the volcanics clearly 

requires some kind of genetic relationship. These chemical 

differences, particularly in elements which are normally 

stable to alteration and mineralization processes, indicate 

the relationship is not a direct and simple one, as, for 

example, between erupted volcanics and their magma chamber. 

It may be that the volcanic and granitic magmas were 

generated in different parts of the lower crust or mantle, 

and are related only in having used the same channels to 

ascend. 

5.4viii Comparison of Lewis River Volcanics and 

Intruded Granitic Rocks  

The Lewis River volcanics are intruded by two 

major composite granitic intrusions. Comparison of the 

group of seven analysed rhyolites from the Lewis River 

volcanics with the six analysed granitic rocks (see Table 

10) shows that at a confidence level of 95% they differ 

only in thorium, which is lower in the volcanics. There is 

no clear field evidence to indicate whether the granitic 

rocks are related to the volcanism or to the Jukesian 

Orogeny. The extremely close chemical similarity suggests 

that the volcanics may be an extrusive phase of the granit-

ic magma. 

5.5 TECTONIC IMPLICATIONS OF ROCK GEOCHEMISTRY 

5.5i 	Introduction  

Widespread acceptance in the late 1960's of the 

"New Global Tectonics" or "plate tectonics" theory (e.g. 

Isacks et al., 1968; Dewey and Bird, 1970; Dewey and Hors-

field, 1970) led to a growing appreciation of the 
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relationship between spatial and temporal variations in the 

geochemistry of volcanic rocks, and tectonics. Recognition 

of a correlation between the type of volcanism and the 

relative distribution of various elements and the distance 

to the underlying Benioff Zone (e.g. Kuno, 1959, 1966; 

Hatherton and Dickinson, 1968) highlighted the possibility 

of using geochemical studies to clarify the tectonic hist-

ory of an area (e.g. Gill, 1970; Gill and Gorton, 1973; 

Lipman et al., 1971). Suites of volcanic rocks have been 

recognised to occur in particular tectonic environments, 

and may be characterised by their trace element composition 

(e.g. Jakes and White, 1971, 1972a). This has led to 

geochemical studies being used to determine the tectonic 

environment into which ancient volcanic rocks were erupted 

(e.g. White et al., 1971; Hallberg, 1972; Hart et al., 

1970). Even where subsequent alteration was considerably 

modified the original composition of the volcanics, the use 

of certain "stable" trace elements has enabled them to be 

characterised (Pearce and Cann, 1971, 1973; Bloxam and 

Lewis, 1972; Bickle and Nisbet, 1972; Floyd, 1972). This is 

closely analogous to the use which has been made earlier in 

this thesis of trace elements which are resistant to 

chemical alteration to characterise the original composition 

of the rock. 

5.5ii 	Tectonic Setting of the Tasmanian  

acid-intermediate Volcanics  

The calc-alkaline character of the Mount Read 

Volcanics was first demonstrated by Solomon (1964) on the 

basis of major element analyses. The first attempt to 

interpret Western Tasmanian geology in terms of plate 

tectonic theory was that of Solomon and Griffiths (1972) who 
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proposed that it represented a volcanic arc formed above a 

west-dipping subduction zone. In their model the Dundas 

Trough was envisaged as a marginal sea between the Mount 

Read Volcanics and the Precambrian Rocky Cape Geanticline, 

and the trench was regarded as lying between the Volcanics 

and the Tyennan Block. 

This model was opposed by Corbett e t a/. (1972)•

who proposed several alternatives, including one in which 

the Volcanics developed on the margin of the Tyennan Block 

over an east-dipping subduction zone. Support for this 

model was provided by Anderson (1972) who claimed that the 

Mount Read Volcanics, on the basis of trace elements, show 

apparent closer affinities with Andean-type volcanics than 

with those of island arc. Solomon and Griffiths (1974) 

modified their previous model in support of the one above, 

though noting that a west-dipping subduction zone is still 

a possibility. In response to objections raised by 

Corbett et al. (1972) that their initial model did not 

explain the distribution of volcanics around the northern 

end of the Tyennan Block, or the occurrence of Cambrian 

volcanics near Adamsfield, Solomon and Griffiths (1974) 

proposed that the volcanics originally outcropped over much 

of the Tyennan Block, and at least as far east as Hobart, 

where similar volcanics had been intersected in a drill-

hole at Glenorchy. Thus they proposed that the present 

distribution resulted from stripping of the volcanic cover 

from the uplifted Tyennan Block, and its preservation 

around the margins of the block. 

Comparative tabulations of the trace element 

abundance in volcanic rocks from island arcs are available 

(e.g. Taylor, 1969; Jakes and White, 1969, 1972a),however 
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Basalt 

9754 (24)** 
5 (8)** 

275' 
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(24)** 
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(34) 
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TABLE 11. Comparison of Trace Elements in Cenozoic Island Arc or Andean Volcanics. 

Andean 

Dacite Rhyolite Andesite 
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7216 (28) 
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Figures in ppm. Some oceanic basalts may be included in the island arc types. 

Differences between island -arc and Andean equivalents tested by analysis of variance (programme U2430/A, University of 
Tasmania), with the following results: + Not significant (P > 0.10); * Significant (P > 0.05); ** Significant (P > 0.01). 

Tests were not made on Ni, Co, Cr, V and Cu values because all individual sample values were not known. No tests were 
made on sample totals of less than 5. 	• 

Source: Solomon and Griffiths, 1974. 
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no statistical data are given with the means to allow the 

validity of comparisons to be assessed, and little 

attention has been given to the differences between island 

arcs and Andean volcanics. Jakes and White (1972b) 

indicated generalized differences in major and trace 

elements, and phenocryst assemblage. Solomon and Griffiths 

(1974) tabulated mean trace element abundances in both 

tectonic settings, and applied analysis of variance to test 

the significance of the differences. Their tabulation is 

shown in Table 11. 

Comparison of the acid to intermediate volcanics 

analysed in this study with the values in Table 11 shows 

that, ignoring for the moment any question of statistical 

significance, certain trace elements appear to favour an 

Andean model, and others support an island arc model. 

Mount Read Volcanics 

rhyolites 

dacites 

Andean 

Ba 

Zr, Y 

Island Arc 

Rb, 

Rb, 

Sr, 

Ba, 

Y, V 

Sr, 

andesites Rb, Ba, Zr Ni, 

Lewis River volcanics 

rhyolites Rb, Ba Y, V 

Noddy Creek volcanics 

rhyolites 

dacites 

andesites 

Rb, 

Rb 

Rb, 

Ba 

Ba, 

Ba, 

Zr, Y 

Zr, Cr 

Zr, y, V 

Sr, Ni, V 

Y, V 

This suggests that on balance an Andean model is more like-

ly. 

If the question of the statistical significance 

of these differences is considered however, it must be 

concluded that trace element data from this study do not 
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support either model in preference to the other. Similar 

comparison of the compilation of average trace elements in 

the Mount Read Volcanics given in Solomon and Griffiths 

(1974, Table 2), and excluding from consideration Cu, Pb, 

and Zn, reveals that 15 means appear to favour an Andean 

model, 12 favour an island arc model, and 13 favour neither. 

Thus at the present state of knowledge other criteria 

apart from trace element geochemistry must be used to 

select a tectonic model for the Mount Read Volcanics. 

Some of the differences between island arc and 

Andean volcanics summarised by Jakes and White (1972a, b) 

clearly support an Andean model. These include the abund-

ance of siliceous rhyolites and the scarcity of basalts, 

and the phenocryst assemblage. Criteria such as the 

K20/Na20 ratio and . Fe0 + Fe203/Mg0 ratio, while appearing 

to support an Andean model cannot be used with confidence 

because of alteration. Notwithstanding the ambiguity of 

the geochemical evidence, the balance of all lines of 

evidence strongly favours an Andean model. 

5.5iii 	Tectonic Setting of the Basaltic Volcanics  

Basaltic rocks are found in many different 

tectonic settings, from the mid-ocean ridges, ocean floors 

and oceanic islands, island arcs and Andean volcanic chains, 

to intra-continental situations. Rocks derived from each 

of these different situations may frequently be distinguish-

ed on the basis of their major element chemistry, however 

more distinctive differences are often apparent in their 

trace element assemblage (e.g. see Jakes and White, 1972a; 

Floyd, 1972). The most fruitful approach to interpreting 

the tectonic environment into which basaltic volcanics were 

erupted makes use of trace elements which appear to be 
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immobile under low grade alteration, e.g. Zr, V, Y, Ni, Co, 

Cr (Pearce and Cann, 1971, 1973; Bloxam and Lewis, 1972; 

Floyd, 1972; Hart et al., 1974). 

Trace element analyses were used by Foden (1973) 

in an investigation of the Cambrian spilitic rocks of 

Western Tasmania. He found that the basalts and andesites 

from the eastern margin of the Dundas Trough are calc-

alkaline, and probably related to the Mount Read Volcanics. 

The spilites from the central part of the Dundas Trough 

were shown to be tholeiitic, and resemble abyssal 

tholeiites in most characteristics. One area of Cambrian 

spilites near Zeehan was shown to have alkaline character. 

Rubenach (1973) studied tholeiitic volcanics associated 

with the Heazelwood River Ophiolite Complex. 

Of particular relevance to this investigation are 

the analyses by Foden (1973) of andesitic and basaltic 

volcanics from Lynch Creek (3 analyses), Cypress Creek (a 

short distance north of Epidote Point - 2 analyses) and 

what is referred to by Foden as Birch Inlet (3 analyses). 

It is important to note that the "Birch Inlet" samples 

analysed by Foden were collected by B. Flood (B.H.P.) from 

the southern extension of the Noddy Creek volcanics south of 

the Timbertops Syncline shown in Figure 8. Thus they are 

not representatives of the Birch Inlet volcanics referred to 

in this thesis. Both the Lynch Creek (Mount Read Volcanics) 

and Birch Inlet (Noddy Creek volcanics) basalts were found 

to be calc-alkaline, while the Cypress Creek samples were 

found to be tholeiitic. 

It was noted previously that the basalts analysed 

in this study fall into two distinct groups, one comprising 

those from the Lucas Creek volcanics, the Birch Inlet 



FIGURE 16. Ti/NN-Zr plot for Tasmanian Basalts and Andesites. 
The fields for basalts from different environments 
are from Pearce and Cann, 1973. 
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volcanics, Epidote Point, and one sample from Lynch Creek, 

and the other group comprising the other basalts from the 

Mount Read Volcanics. In a plot of TiO2 against (Total Fe 

as Fe0)/Mg0 (Miyashiro, 1973) the first group follows a 

tholeiitic trend, and the second a calc-alkaline trend, 

along with other basic-intermediate rocks from the Mount 

Read and Noddy Creek volcanics (Figure 17). In a plot of 

Ti against Zr (Figure 16) the first group shows closest 

affinities with ocean floor basalts or low-potassium 

tholeiites (Pearce and Cann, 1973). In a plot of 

Ti/100-Zr-3Y (Figure 18), although there is extreme 

scatter the first group would appear to show closest 

affinities to ocean floor basalts or low-potassium 

tholeiites, and the Mount Read and Noddy Creek volcanics to 

the calc-alkaline series. 

Thus the results of this investigation are in 

agreement with Foden (1973) in demonstrating that two 

spatially distinct series of spilites occur, one calc-

alkaline and associated with the Mount Read Volcanics and 

its lateral equivalents, and the other tholeiitic and 

probably erupted on ocean floor. The Epidote Point occurr-

ence is near to and probably continuous with the Cypress 

Creek basalts, and the Birch Inlet Volcanics and Lucas 

Creek volcanics are two new examples of the tholeiitic 

association. 

The one analysis of a tholeiitic basalt from 

Lynch Creek (41422) is an apparent anomaly which for the 

present must remain unexplained. 

5.5iv 	Polarity of the Arc  

Island arcs are recognised to show, progressive 

differences in the distribution of rock-types and in their 



FIGURE 17. % Ti02-Fe0*/Nip Plot for Tasmanian Basalts and 
Andesites. The trend lines shown are from 
Miyashiro, 1973. 

FeO* = total iron expressed as FeO. 

FIGURE 18. Triangular Plot of TiA00- Zr- 3Y for Tasmanian 
Basalts and Amdesites. The fields for basalts 
from different environments are from Pearce and 
Cann, 1973. 
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chemistry, which allow the direction of dip of the underly-

ing Benioff Zone (i.e. the polarity of the arc) to be 

determined. These differences include progression away 

from the trench, from island arc tholeiites, through calc-

alkaline rocks, to rocks of the shoshonitic suite (Miyash-

iro, 1972; Jakes and Gill, 1970; Gill and Gorton, 1973). 

Chemical differences include decreasing Si02 range, Fe(Max), 

K/Rb, Na/K, Y, heavy rare earth elements, and increasing K, 

Rb, Ba, Cs, P, Pb, Th, U, light rare earth elements, Th/U, 

Rb/Sr, and La/Yb (Gill and Gorton, 1973). 

The differences noted above are regarded as 

resulting from varying stable mineralogy with depth of 

descent of the subducted lithospheric slab, and differing 

degrees of partial melting (e.g. Green and Ringwood, 1968; 

Gast, 1968; Taylor et al., 1971; Fitton, 1971; Green, 1972). 

Throughout the literature there is constant emphasis, stat-

ed or implied, that the observed differences depend solely 

on the depth to the descending slab, and are independent of 

the thickness of the overlying crust (e.g. Jakes and White, 

1972a,p.30; Gill and Gorton, 1973, p.544). Yet extreme 

thickness of overlying sialic crust would appear to be the 

chief difference between Andean and island arc-type 

volcanic chains. Thus it seems reasonable to expect that 

similar changes might occur across an Andean volcanic chain 

as have been observed across island arcs. That there are 

observable chemical differences between the volcanics 

developed in the two tectonic environments indicates that 

some differences exist, whether resulting from thicknes of 

Overlying crust or not. With a great thickness of sialic 

crust present, generation of volcanics by anatexis seems 

eminently likely, however this is more likely to obscure 
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than to remove any serial trends across the arc. 

There have been relatively few detailed chemical 

studies of undoubted Andean volcanic chains. Those that 

have been reported in recent years (e.g. Gunn and Mooser, 

1970; El-Hinnawi et al., 1969) do not appear to have 

examined compositional variations across the chain. Jakes 

and White (1972a) state that distinct spatial variations in 

lava composition do not occur in Andean calc-alkaline rocks, 

however until some appropriate detailed studies are 

reported it is probably best kept an open question. 

No previous study of the Mount Read Volcanic Arc 

has examined an east-west section of sufficient length to 

have any hope of determining the polarity of the arc, 

assuming that evidence of polarity exists. Occurring as 

they do twelve kilometres west of the Mount Read Volcanics, 

the Noddy Creek volcanics must originally have been much 

further before folding. Thus comparison of the two units, 

which are regarded as lateral equivalents, may possibly 

indicate the polarity of the arc. 

The compositional differences between the Noddy 

Creek and Mount Read Volcanics are here summarised from 

previous sections. 

Noddy Creek volcanics 
	 Mount Read Volcanics  

mostly intermediate to acid 
	mostly acid 

higher Na, Sr, Th 	rhyolites 	higher Rb 

higher? Ca, Na, P, Ba, Th 	dacites 

higher Ca, Na, Cr, Sr 	andesites 	higher Ba, Pb 

higher Na 	basic ande- 	higher P, Ba, Cr, Ni, Y, 
sites 	Pb 

Although there is some ambiguity in the indica-

tions, on balance the evidence clearly supports an east-

facing polarity. 



FIGURE 19. Diagrammatic east-west cross-section showing 
generalised relationships across the southern 
West Coast Range and Sorell Peninsula. 
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5.5v 	Tectonic Model for Western Tasmania  

The "geosynclinal" phase in the tectonic develop-

ment of Western Tasmania ended with the Jukesian Orogeny 

during which the Mount Read Volcanics and Dundas Group were 

deformed. Following the Jukesian Orogeny the Owen Conglom-

erate developed as a molasse adjacent to uplifted parts of 

the Tyennan Block, and subsequently shelf facies sedimenta-

tion occurred throughout Western Tasmania. The 

Tabberabberan Orogeny was a final compressive phase which 

produced extensive folding and faulting, and was accompan-

ied by widespread intrusion of granitic rocks. It does not 

appear to be related, in Tasmania at least, to subduction 

or collision between plates. 

Thus a tectonic model for Western Tasmania is 

essentially a model for the Late Precambrian and Cambrian. 

The models which have been proposed to date (Solomon and 

Griffiths, 1972, 1974; Corbett et al., 1972) have had to 

explain three major features 

I. 	The lateral equivalence of the Dundas Group and 

the Mount Read Volcanics and their distribution. 

The occurrence and distribution of alpine ultra-

mafic intrusions and ophiolites. 

The distribution of the Precambrian elements i.e. 

the Tyennan Block and the Rocky Cape Geanticline. 

The present investigation has shown on the basis 

of lateral variations in the composition of the volcanics 

that an east-dipping subduction zone is probable. Mapping 

(see Figures 1 and 19) indicates that the Cambrian trench 

must have been west of the present coast. 

The Precambrian rocks of the Sorell Peninsula are 

related to those of the Tyennan Block. They may represent 



FIGURE 20. Plate tectonic model for Western Tasmania. 
(Modified from Solomon and Griffiths, 1974). 
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fragments broken off the Tyennan Block, or else extend 

further west than was previously known, and hence underlie 

much of the southern Dundas Trough. In the latter case it 

becomes necessary to invoke the occurrence of abyssal 

tholeiites (Lucas Creek, Cypress Creek and Birch Inlet 

volcanics) and ultramafics (the Hibbs Ultramafic Belt) over 

sialic crust. 

The model proposed by Solomon and Griffiths 

(1974) appears to satisfactorily explain most of the gross 

features of western Tasmanian geology (see Figure 20). It 

is suggested, however, that evidence exists for tectonic 

emplacement of ultramafic rocks prior to the Jukesian 

Orogeny (Rubenach, 1973; and section 2.5). If these ultra-

mafic rocks are regarded as slices of obducted ocean-floor, 

some obduction must have taken place prior to the Jukesian 

Orogeny. It is possible that obduction may have occurred 

during the initiation of subduction. 
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6. GEOCHEMISTRY OF ALTERATION AND MINERALIZATION  

6.1 INTRODUCTION 

In the previous section genetic relations between 

rock units and areas were considered. As a preliminary to 

considering the distribution of volcanic rock-types, it was 

shown (section 5.3i) that certain elements are unaffected 

by hydrothermal alteration of rhyolites and so can be used 

to identify altered rhyolites. Similar criteria could also 

be applied to other compositional types. 

In this section attention will be directed at the 

chemical changes which are associated with hydrothermal 

alteration and mineralization. 

6.2 EFFECTS OF ALTERATION PROCESSES 

In no case have sufficient analyses been carried 

out to clearly define the progressive chemical effects of 

alteration. In a number of cases however determinations 

have been made of mineralized or hydrothermally altered 

rocks, and what may be confidently regarded as their rela-

tively little altered equivalents. In the absence of 

knowledge of the compositional .variability of both altered 

and unaltered rocks, little confidence can be placed in 

many of the differences noted below. Nevertheless they 

represent a first estimate of the effects of the important 

alteration types. 

I. Chloritization  

Analysis 41375 is of a chloritized granite which 

from field evidence was clearly originally pink Darwin 

Granite (e.g. 41174). Comparison of the analyses (Table 



TABLE 12. Effects of alteration - chloritization. 

41375 	41174 	41383 41385 	41381 	41382 	41389 41390 41445 	41449 

Si02 	71.90 	73.92 	72.19 72.35 	71.70 	58.45 	55.13 53.88 65.34 	71.72 

Al203 	9.63 	13.59 	12.29 13.25 	14.71 	10.34 	11.60 9.02 11.37 	8.72 

*Fe203 	13.35 	1.62 	2.95 4.63 	8.03 	23.08 	24.34 25.66 15.04 	12.91 

MgO 	1.26 	0.34 	0.43 0.68 	0.57 	0.95 	2.32 2.04 1.86 	1.93 

CaO 	0.15 	0.17 	0.00 0.00 	0.05 	0.05 	0.20 0.11 0.00 	0.00 

Na20 	0.06 	2.68 	0.43 0.28 	0.07 	0.28 	0.23 0.01 0.03 	0.00 

1(20 	2.04 	5.36 	7.03 6.62 	3.06 	0.22 	0.76 0.22 1.85 	1.01 

TiO2 	0.21 	0.18 	0.26 0.31 	0.19 	0.20 	0.51 0.21 0.31 	0.12 

P20 5 	0.13 	0.06 	0.02 0.03 	0.02 	0.05 	0.10 0.06 0.06 	0.00 

Mn0 	0.24 	0.00 	0.00 0.03 	0.14 	0.31 	0.12 0.13 0.34 	0.18 

BaO 	0.05 	0.10 	2.03 0.27 	0.05 	0.01 	0.03 0.01 0.08 	0.02 

L.O.I. 	2.20 	1.17 	1.66 1.69 	2.36 	3.31 	4.20 4.55 3.91 	2.97 

TOTAL 	101.22 	99.19 	99.29 100.14 	100.95 	100.38t 1 	99.83t 2  99.69t 3  100.19 	99.95t 4  

*S 	0.09 	0.12 	0.43 0.08 	0.03 	0.98 	0.70 3.10 1.66 	0.68 

Rb 	105 	185 	216 242 	133 	7 	22 10 62 	47 

Ba 	468 	896 	18180 2420 	462 	82 	283 80 745 	175 

Sr 	4 	130 	397 40 	11 	6 	7 8 35 	7 

Cr 	0 	20 	24 22 	6 	0 	0 0 14 	20 

Ni 	0 	1 	11 14 	1 	0 	13 5 9 	6 

Ti 	1260 	1078 	1560 1860 	1140 	1200 	3055 1380 1860 	720 

V 	156 	27 	7 12 	23 	26 	93 45 46 	46 

Y 	15 	25 	43 49 	42 	46 	173 40 53 	35 

Sc 	8 	0.5 	9 8 	6 	5 	16 6 8 	6 

Nb 	16 	12 	12 6 	16 	13 	20 3 1 	0 

Zr 	46 	138 	264 300 	220 	160 	267 96 158 	183 

Th 	24 	12 	25 23 	16 	9 	15 21 8 	23 

Li 	14 	40 	12 11 	5 	2 	35 35 10 	12 

Cu 	0 	9 	1, 	8 6 	15 	17175 	2114 30120 15 	2296 
) 

Pb 	5 	23 	0 0 	0 	26 	2 38 162 	25 

Zn 	167 	41 	15 48 	87 	248 	225 205 390 	171 

* Fe203 = Total iron expressed as Fe203 
A S  = Total sulphur expressed as S 
t 1  includes 2.15% Cu0; t 2  includes 0.29% Cu0; t 3  includes 3.77% Cu0; t 4  includes 0.37% CuO. 

41375 	chloritized granite, Darwin Plateau 41385 	massive rhyolite, Intercolonial Spur 41390 chloritized volcanic, Jukes 
41174 	pink granite, Darwin Plateau 41381 	chloritized tuff, Hydes Prospect Proprietary 
41383 	massive rhyolite, Intercolonial Spur 41382 	chloritized tuff, Hydes Prospect 41445 chloritized volcanic, Little 
41385 	massive rhyolite, Intercolonial Spur 41389 	chloritized volcanic, Jukes Owen 

Proprietary 41449 chloritized volcanic, South 
Owen Creek 
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12) indicates that alteration was possibly accompanied by 

lost of Al203, Na20, K20, Rb, Ba, Sr, Cr, Y, Zr, Li, and 

gain of Fe203, MgO, P205, MnO, volatiles, V, and Zn. 

At Hydes prospect chloritized pyroclastics occur 

as a lens within slightly chloritic massive rhyolite. The 

pyroclastics may be reasonably inferred to have been 

originally of a composition very similar to that of the 

enclosing massive rhyolites. In Table 12 a strongly (41382) 

and moderately (41381) chloritized pyroclastic is compared 

with two massive rhyolites from nearby (41383, 41385). The 

alteration appears to be accompanied by loss of Si02, 

Al 2 03(?) K20, Rb, Ba, Sr, Cr, Ni, Zr, Th, Li, and gain in 

Fe203, MnO, S, volatiles, Cu, Pb, and Zn. 

Thus the most important effects of chloritic 

alteration appear from the above to be loss of Al203, K20, 

Rb, Ba, Sr, Cr, Zr, and gain of Fe203, MnO, and volatiles. 

The chlorites in the Mount Read Volcanics have been shown 

(Solomon, 1964; Solomon and Green, in prep.) to be iron-

rich. They also commonly contain high manganese concentra-

tions (J. Walshe, pers. comm.). Thus chloritization 

involves introduction of these elements chiefly at the 

expense of potash and alumina and associated trace elements 

in potash feldspar. 

The four additional analyses in Table 12 are 

strongly chloritized rocks, the original compositions of 

which are not known, except that they were probably 

rhyolites. Their present compositions seem to generally 

support the conclusions above. 

II. Sericitization  

Although a considerable number of rocks which 

have undergone intense sericitization were analysed, in no 



TABLE 13. 	Effects of alteration - sericitization. 

41319 41324 41443 41444 41465 41452 41455 41436 41437 41439 41440 41441 41442 

Si02 67.72 70.83 76.00 74.64 70.67 77.98 85.64 80.78 79.69 71.87 77.16 81.11 74.86 

Al203 9.98 12.20 11.55 15.27 11.63 12.30 6.69 10.40 11.18 13-62 12.70 10.66 12.90 

*Fe203 11.92 6.48 4.74 1.00 7.29 • 2.72 3.08 1.50 1.31 5-54 1.79 1.98 3.95 

MgO 0.28 0.86 0.31 0.65 0.80 0.01 0.08 0.27 0.48 1.14 0.36 0.48 0.57 

CaO 0.01 0.15 0.00 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 

Na20 0.07 0.04 0.08 0.08 0.08 0.08 0.08 0.07 0.04 0.06 0.08 0.06 0.08 

K20 3.26 3.97 3.65 4.95 3.46 3.42 1.73 3.70 3.91 3.76 4.33 3.57 4.17 

TiO2 0.40 0.47 0.19 0.49 0.24 0.24 0.12 0.23 0.24 0.23 0.37 0.22 0.22 

P205 0.01 0.10 0.03 0.09 0.09 0.04 0.03 0.02 0.00 0.04 0.09 0.02 0.03 

MnO 0.00 0.14 0.01 0.01 0.05 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.01 

BaO 0.07 0.15 0.20 0.10 0.59 0.04 0.04 0.10 0.10 0.24 0.21 0.08 0.24 

L.O.I. 7.21 4.55 3.43 2.20 4.97 3.06 2.60 2.13 2.90 3.07 1.94 2.00 2.30 

TOTAL 100.93 99.94 100.19 99.51 100.72t 99.89 100.09 99.20 99.85 99.64 99.03 100.19 99.33 

*S 6.99 1.27 2.66 0.19 2.78 2.15 1.88 0.00 0.00 0.05 0.10 1.14 0.27 

Rb 150 176 150 161 95 65 60 150 155 73 160 103 167 

Ba 580 1340 1790 900 5280 360 433 933 930 2120 1880 742 2150 

Sr 12 14 9 28 108 13 57 6 6 14 37 5 12 

Cr 14 8 37 38 32 47 42 28 30 15 38 27 26 

Ni 9 11 0 6 11 17 14 8 5 20 7 14 11 

Ti 2400 2815 1140 2940 1440 1440 720 1380 1440 1380 2220 1320 1320 

V 49 42 26 49 67 56 35 43 46 36 91 42 31 

38 45 49 47 24 24 33 33 34 81 44 43 54 

Sc 7 10 7 12 7 9 4 6 7 9 10 4 8 

Nb 0 7 7 7 6 6 2 7 7 4 8 6 11 

Zr 102 177 234 234 207 280 120 226 253 280 225 232 287 

Th 13 18 22 31 22 24 25 27 23 n. d- n.d. n- d. 27 

Li 3 23 0 0 7 0 5 12 3 3 0 0 12 

Cu 45 33 0 0 6150 . 	59 64 0 84 0 2 116 

Pb 7 4 17 32 0 18 28 11 6 3000 500 900 55 

Zn 14 84 0 0 28 0 0 53 12 250 9 592 37 

*Fe203 = Total iron expressed as Fe205 
*S 	= Total sulphur expressed as S 

41319 pyritic quartz sericite schist (tuff), East Darwin 
41324 pyritic quartz sericite schist (tuff), East Darwin 
41443 pyritic quartz sericite schist (tuff), Little Owen 
41440 sericitic tuff, Little Owen 
41465 "pink sericite schist", West Lyell Open Cut 
41452 pyritic quartz sericite schist, Lyell Highway 
41455 pyritic quartz sericite schist, Lyell Highway 

t includes 0.77% CuO 
n.d. = not determined because of excessive Pb interference 

41436 sericitic volcanic, Iron Blow Dump 
41437 sericitic volcanic, Iron Blow Dump 
41439 sericitic volcanic, Iron Blow Dump 
41440 sericitic volcanic, Iron Blow Dump 
41441 sericitic volcanic, Iron Blow Dump 
41442 sericitic volcanic, Iron Blow Dump 
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case can they be compared with an unaltered equivalent. 

Comparison of the thirteen sericitic volcanics in Table 13 

with the mean of the unaltered Intercolonial Volcanics 

rhyolites (Table 8) reveals no significant difference. 

There appears to be a tendency however for the sericitized 

volcanics to be within the higher part of the range for 

Fe203, and the lower part of the range for Al203, Na20, 

K20, Sr, and Zr. Clearly if these differences are real a 

much larger volume of data is needed to prove them 

statistically. 

III. Magnetite Mineralization  

The extensive dissemination of extremely fine-

grained magnetite through massive rhyolites at Prince 

Darwin and elsewhere may be regarded as a form of non-

economic mineralization in the absence of hydrothermal 

silicate alteration. 

Table 14 lists two magnetite rhyolites from 

Prince Darwin (41093, 41117) along with three massive rhyo-

lites from the immediate vicinity. Comparison of the trace 

elements indicates that with the possible exception of 

chromium they appear unaffected by the mineralization. By 

contrast the major elements are strongly affected, with 

marked increase in Fe203, and decrease in Si02. 

Two possible explanations of these differences 

are suggested 

a) that the magnetite mineralization took place by 

addition 

b) that it occurred by volume for volume replacement 

of quartz. 

Analysis 41093 was recalculated to test these alternatives. 



TABLE 14. Effects of alteration - magnetite mineralization. 

	

41376 	41134 	41142 	41093 	41117 

Si02 	67.82 	72.43 	73.02 	52.35 	62.92 

Al205 	14.80 	13.50 	10.96 	11.54 	9.90 

*Fe203 	3.26 	2.76 	2.05 	25.69 	17.63 

Mg° 	1.20 	0.81 	0.84 	1.33 	0.74 

CaO 	0.03 	0.51 	1.21 	0.00 	0.05 

Na20 	0.21 	3.19 	0.32 	0.15 	0.18 

K20 	9.15 	5.13 	8.74 	7.69 	6.21 

TiO2 	0.39 	0.33 	0.09 	0.31 	0.17 

P205 	0.05 	0.05 	0.02 	0.05 	0.08 

MnO 	0.00 	0.01 	0.12 	0.00 	0.00 

BaO 	0.23 	0.19 	0.28 	0.33 	0.28 

L.O.I. 	1.62 	1.20 	2.24 	0.55 	2.13 

TOTAL 	98.76 	100.11 	99.89 	99.99 	100.29 

AS 	0.14 	0.01 	0.13 	0.18 	2.30 

Rb 	475 	144 	214 	195 	125 

Ba 	2060 	1700 	2500 	2960 	2510 

Sr 	50 	76 	113 	45 	44 

Cr 	20 	20 	28 	0 	0 

Ni 	9 	10 	12 	4 	14 

Ti 	2336 	1980 	510 	1860 	1020 
, 

V 	15 	20 	18 	63 	25 

Y 	58 	33 	50 	33 	196 

Sc 	13 	7 	3 	7 	1 

Nb 	21 	15 	24 	18 	31 

Zr 	320 	298 	110 	200 	74 

Th 	26 	20 	31 	30 	25 

Li 	11 	11 	5 	17 	11 

Cu 	0 	0 	6 	62 	143 

Pb 	10 	20 	1 	15 	8 

Zn 	47 	59 	22 	118 	115 

*Fe203 = Total iron expressed as Fe203 
AS 	= Total sulphur expressed as S 

41376 massive rhyolite, 13200 N traverse, Prince Darwin 
41134 massive rhyolite, D.D.H.1, 590 ft., Prince Darwin 
41142 massive rhyolite, D.D.H.2, 290 ft., Prince Darwin 
41093 magnetitic rhyolite, 13200 N traverse, Prince Darwin 
41117 magnetitic and pyritic rhyolite, D.D.H.1, 183 ft., Prince Darwin 
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A 

Si02 69.80 71.14 

Al203 15.39 12.86 

Fe203 0.92 2.79 

MgO 1.77 1.48 

CaO 0.00 0.00 

Na20 0.20 0.17 

K20 10.25 8.57 

TiO2 0.41 0.35 

P205 0.07 0.06 

0.24 0.20 

BaO 0.44 0.37 .  

L.O.I. 0.73 0.61 

In A above the analysis of 41093 (Table 14) has 

been recalculated to 100% after removal of 25% Fe203 

(equivalent to 24.16% magnetite by weight). 

Case B above was calculated by removal of 23.19% 

Fe 2 05 (equivalent to 22.42% magnetite), and restoring to 

the analysis the volume equivalent weight of quartz. While 

these calculations preclude neither possibility, the second 

approximates more closely the composition of the unmineral-

ized rhyolites. Field and petrographic evidence also 

support the second alternative, though some addition 

probably occurred as well in the form of veinlets. 

IV. Silicification  

Silicified rhyolites are found at all levels in 

the Mount Read Volcanics. Some examples are shown in Table 

15. Silicification may occur during normal weathering 

processes, and need not be related to hydrothermal altera-

tion. It may occur by addition to a porous rock, or by 

replacement of some components, or by both. The effect on 



TABLE 15. Effects of alteration - silicification. 

41186 41430 41455 41436 41437 41441 

Si02 80.78 79.18 85.64 80.78 79.69 81.11 

Al203 11.33 13.28 6.69 10.40 11.18 10.66 

*Fe203 0.53 0.10 3.08 1.50 1.31 1.98 

MgO 0.21 0.05 0.08 0.27 0.48 0.48 

CaO 0.02 0.02 0.00 0.00 0.00 0.01 

Na20 2.45 6.56 0.08 0.07 0.04 0.06 

K20 3.03 0.20 1.73 3.70 3.91 3.57 

TiO2 0.16 0.28 0.12 0.23 0.24 0.22 

P205 0.01 0.05 0.03 0.02 0.00 0.02 

MnO 0.00 0.01 0.00 0.00 0.00 0.00 

BaO 0.07 0.01 0.04 0.10 0.10 0.08 

L.O.I. 1.14 1.26 2.60 2.13 2.90 2.00 

TOTAL 99.73 101.00 100.09 99.20 99.85 100.19 

AS 0.00 0.06 1.88 0.00 0.00 1.14 

Rb 116 2 60 150 155 103 

Ba 720 62 433 933 930 742 

Sr 23 69 57 6 6 5 

Cr 15 26 42 28 30 27 

Ni 3 8 14 8 5 14 

Ti 958 1650 720 1380 1440 1320 

V 18 57 35 43 46 42 

Y 43 26 33 33 34 43 

Sc 2 6 4 6 7 4 

Nb 10 8 2 7 7 6 

Zr 145 204 120 226 253 232 

Th 27 35 25 27 23 - 

Li 8 0 5 12 3 0 

Cu 0 0 64 0 0 2 

Pb 67 3 28 11 6 900 

Zn 14 0 0 53 12 592 

*Fe203 = Total iron expressed as Fe203 
AS 	= Total sulphur expressed as S 

41186 Clark Volcanics, Clark R. valley 
41430 west of Miners Ridge 
41455 pyritic quartz sericite schist, Lyell Highway 
41436: Blow Dump 
41437 Blow Dump 
41441 Blow Dump . 
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rock composition is strongly dependent on the silicifica-

tion process, so it is not possible to state any composi-

tion changes which invariably accompany silicification 

except the increase in silica. 

Of the six examples shown in Table 15 all but 

one appear to show no effects in their trace element cont-

ent and they probably formed by addition. The one 

exception (41430) shows anomalously low Rb and Ba contents, 

which the major element composition suggests results from 

albitization of K-feldspar and is unrelated to silicifica-

tion. 

6.3 EAST DARWIN DEPOSITIONAL PROCESS 

Stanton (1966) proposed an analytical method by 

which it was claimed the depositional process involved in 

mineralization might be determined. The basis of the 

method was the use of analyses of the mineralizing phase, 

and sufficient elements present in gangue phases, to 

determine whether any gangue phase responded antipathetic-

ally with increasing mineralizing phase. Any gangue phase 

which showed proportional decrease with increasing (for 

example) sulphide content was regarded as having been 

replaced. If the proportions of gangue phases remained 

constant, this was regarded as signifying addition. 

Despite the apparent simplicity of the method the 

results are frequently subject to conflicting interpreta-

tion, and it has received little subsequent attention (e.g. 

Solomon and Green, in prep.; Herbert, 1973). An attempt 

was made to use the method to determine the depositional 

process at East Darwin. 

Mineralization at East Darwin consists dominantly 
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of pyrite disseminated in quartz-sericite schists. For the 

purposes of this investigation the simplifying assumption 

was made that the mineral assemblage was only quartz, 

sericite, and pyrite. Thus the system could be adequately 

defined by determination of the content of Si0 21 .K20, and 

Fe (as Fe203). Alumina was also determined, though 1  

theoretically redundant. The most suspect aspect of the 

assumption made, is that all iron is in the form of pyrite. 

Any error in this assumption is more likely to obscure a 

real trend than create an apparent one. 

Twenty samples, representing pyrite contents 

ranging from a few to about 60 percent by weight were 

collected from five stratigraphically confined localities 

covering a strike length of about one kilometre. All were 

analysed for Si0 2 , Al203, total Fe as Fe203, and K20. The 

results of these analyses are given in Appendix I, Table 

Regression Analysis of K 20 on Al203 yielded a 

correlation coefficient of 0.994, and a slope of 0.343. 

The very strong correlation establishes the validity of the 

assumption that sericite is the only aluminous phase 

present. The slope corresponds to a molar ratio for 

Al203/K20 of 2.7 rather than 3 which would be expected 

from the "ideal" formula for muscovite (Deer et al., 1966). 

In Figure 21a, it can be seen that there is a 

correlation between Al203 and Si02 (correlation coefficient 

0.79), and both decrease with increasing iron. This would 

occur whether the pyrite mineralization occurred by 

addition or replacement. 

Use of the Al208/1(20  molar ratio above allows a 

percentage sericite figure to be calculated, from which the 



FIGURE 21. East Darwin mineralized zone. 

a) % Al203 - Si02 Plot showing Fe content 
expressed as % Fe203. 

b) calculated sericite/quartz ratio - % Fe203 
(total iron expressed as % Fe203) Plot. 
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• ratio sericite/quartz can be determined. This ratio 

plotted against Fe203 (which is directly proportional to 

pyrite) indicates that despite considerable scatter, there 

is no systematic change in the sericite/quartz ratio with 

increasing iron (Figure 21b). If the pyrite mineralization 

_occurred by quartz replacement this ratio would increase 

with increase in iron, and decrease if sericite were 

replaced. The apparently constant ratio clearly indicates 

that the pyrite was added to the gangue phase. 

Addition of pyrite mineralization to a quartz and 

sericite gangue may conceivably have occurred in one of two 

ways: 

I. 	by simultaneous deposition under exhalative 

sedimentary conditions. The sericite might initially have 

been deposited as K-feldspar which was subsequently altered 

with loss of part of its K20. 

by deposition of the pyrite in voids within an 

originally porous rock. 

There is an abundance of field and petrographic 

evidence to indicate that the host-rocks for the East 

Darwin mineralization were products of explosive volcanic 

eruption. In such an environment, and with such host-

rocks, the second alternative seems by far the more likely. 

6.4 TRACE ELEMENTS IN PYRITE 

An extensive study of the cobalt and nickel con-

tent of pyrite from many different geological environments 

in Tasmania was carried out by Loftus-Hills (1968) and 

• Loftus-Hills and Solomon (1967). They showed that the 

cobalt and nickel content frequently lies within a limited 

range that is characteristic of the environment and/or age 
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of mineralization. Additional work on the trace element 

content of Mount Lyell pyrite was done by Walshe (1971). 

A small-scale investigation of the cobalt, 

nickel, and manganese contents of pyrites chiefly from 

three geologically distinct environments was undertaken for 

the Jukes-Darwin area. The three environments were • 

I. 	 East Darwin - disseminated pyrite in quartz- 

sericitic pyroclastics. 

Prince Darwin - disseminated magnetite-hematite-

pyrite in massive rhyolites. 

Darwin Granite - pyritic veins within the granite. 

Pyrite samples were separated by crushing, 

followed by froth flotation, heavy liquid and magnetic 

separation. All samples were at least 95% pure. Analysis 

was by atomic absorption spectroscopy, following the 

method of Loftus-Hills (1968). The results are listed in 

Appendix I. , Table XX, and the cobalt and nickel contents 

are shown in Figure 22. 

The analyses from the disseminated pyrite mineral-

ization at East Darwin typically contain less than 50 p.p.m. 

of nickel, but have highly variable cobalt content mostly 

less than 600 p.p.m.. This is comparable to results 

obtained by Loftus-Hills (1968, figure 3) for barren parts 

of the Blow and West Lyell orebodies. Examination of the 

results for East Darwin in relation to their distribution 

indicates a clear tendency for the cobalt content to 

decrease from south to north along the strike of the 

mineralization. This corresponds to an apparent decline in 

copper content, and may result from rapid depletion of 

cobalt as the solutions flow away from their conduit. 

Trace element contents of pyrites associated with 



FIGURE 22. Co-Ni Plot for Pyrites from various locations. 
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Prince Darwin-type magnetite-hematite mineralization have 

not been previously determined. Loftus-Hills (1968, 

figure 2) analysed three samples from pyrite-hematite 

veins from the Powerful Mine in the (Cambrian ?) Dove 

Granite. They yielded high nickel values (6-700 p.p.m.) 

and very high cobalt values (7600-8800 p.p.m.). 

The analysed pyrites from Prince Darwin are very 

variable in both cobalt and nickel. The nickel content 

varies from 89 to 922 p.p.m., with all but one less than 

400 p.p.m.. The cobalt content is high, ranging from 513 

to 2150 p.p.m.. Two additional samples from similar 

mineralization at Jukes Proprietary contained even higher 

cobalt levels, up to 13710 p.p.m.. 

The Darwin Granite is situated close to the 

Prince Darwin prospect, and includes bodies of similarly 

mineralized volcanics. The pyrite occurs as minor 

irregular veinlets, or as veins occupying early joints. It 

is usually accompanied by hematite and magnetite. The 

cobalt content of the pyrites has a similar range to that 

found for Prince Darwin, but the nickel contents are 

lower. Loftus-Hills (1968) showed that secondary hydro-

thermal remobilization of pyrite results in a decrease in 

both cobalt and nickel. The relatively restricted nickel 

content of the Prince Darwin pyrites allows easy comparison 

with the pyrites from the granite, revealing a lower nickel 

content in those from the granite. The extreme spread of 

cobalt values in the Prince Darwin pyrites prevents easy 

comparison between the two groups. The evidence available 

however is consistent with the view , that the pyrite in the 

Darwin Granite was remobilized from the intruded volcanics. 

Loftus-Hills' (1968) results for pyrite in the Cambrian 
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Murchison Granite are much lower in both cobalt and nickel 

than either groups considered here. 

One sample (41206) from sericitic host rocks on 

north Mount Darwin has cobalt and nickel contents (40 and 

18 p.p.m. respectively) near the lowest limits obtained for 

East Darwin. Euhedral pyrite cubes in massive rhyolite 

near Conglomerate Peak and just north of the East Darwin 

mineralization (41311) gave results comparable to the 

pyrite at Prince Darwin (2693 p.p.m. Co, 56 p.p.m. Ni). 

Following the suggestion of Anderson (1969) that 

vanadium content of pyrite might prove an indicator of 

depositional environment, some preliminary work was 

carried out to evaluate its use. Pyrites from a range of 

environments, including syngenetic sedimentary, were 

analysed. Vanadium contents found were seldom higher than 

10 p.p.m.. Some of the results obtained are listed in 

Appendix I, Table XX. The extremely low levels, even in 

samples which would be expected to have a high vanadium 

content, resulted in the abandoning of this line of 

research. 
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7. SYNTHESIS  

7.1. INTRODUCTION 

Preceding sections of this thesis have considered 

particular aspects of the geology of South-west Tasmania in 

relation to Cambrian volcanism and the associated mineraliz-

ation. 

In section 2 the regional geology of South-west 

Tasmania was described in terms of four major structural-

stratigraphic elements, the second of which is bounded in 

time by the Late Proterozoic Penguin Orogeny, and the Upper 

Cambrian Jukesian Orogeny, and includes the volcanic rocks 

of specific interest in this study. The geology of four 

geographically distinct areas containing Cambrian volcanic 

rocks has been described. Of these only a small part, the 

Lyell-Huxley area, has received significant attention from 

previous workers (Solomon, 1960, 1964; Walshe, 1971; Green, 

1971; Corbett et al., 1970. Stratigraphic subdivisions 

have been proposed for the Jukes-Darwin area and extended 

north into the Lyell-Huxley area. All mineralization was 

shown to be restricted to the lower stratigraphic unit 

(Intercolonial Volcanics) which outcrops along the axis of 

a major anticline which was initially formed in the 

Jukesian Orogeny, ° but was subsequently accentuated by the 

•Tabberabberan Orogeny. 

• The petrography of the volcanics and associated 

rocks was considered in section 3. Post-depositional alter-

ation and deformation have in many cases obscured evidence 

showing the origin and deposition of these rocks but use 

of the textural evidence available indicates that a great 

variety of modes of eruption and conditions of deposition 
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are represented. A variety of post-depositional alteration 

effects such as primary and secondary devitrification of 

originally, glassy rocks, metamorphism, and hydrothermal 

alteration, can be discerned, as well as the effects of 

deformation. 

Section 4 is devoted to the mineralization found 

in association with the volcanics, chiefly in the Lyell- 

• Darwin area. Most mineralization was shown to be 

disseminated in rocks of pyroclastic origin, and permeabili-

ty appears to have been a major control on its localization. 

Field and petrographic evidence show unequivocally that the 

mineralization is Cambrian in age, and commenced during 

eruption of the Intercolonial Volcanics. It probably 

reached a peak after the cessation of eruption of the 

Intercolonial Volcanics and before the commencement of 

eruption of the Andrew Volcanics and correlates, as the 

known exhalative-sedimentary deposits occur at that level. 

No more mineralization occurred in the Lyell-Darwin area 

after the commencement of eruption of the Andrew Volcanics. 

A large volume of new geochemical data was 

presented in section 5. Petrography and geochemistry were 

used together to define geochemical criteria by which the 

original composition of strongly altered volcanics could be 

determined, thus allowing estimation of the proportions of 

volcanic compositions in each area. In all areas comparison 

of the volcanics with their associated intrusions indicated 

that the intrusions were probably subvolcanic. The Lucas 

Creek volcanics and Birch Inlet volcanics were shown to re-

semble modern ocean-floor tholeiites. The Noddy Creek and 

Lewis River volcanics were shown to be calc-alkaline, and 

related to the Mount Read Volcanics. Comparison of 
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compositions between the Noddy Creek volcanics and the 

Mount Read Volcanics suggests that they were erupted above 

an east-dipping Benioff Zone. Geological evidence indicates 

that the plate margin was of Andean type, and a plate 

tectonic model similar to that proposed by Solomon and 

Griffiths (1974) for Western Tasmania is accepted. 

A preliminary attempt was made in section 6 to 

determine what geochemical changes are produced by different 

types of alteration. Chloritization appears to result in 

addition of Fe203, MnO, and volatiles, and loss of Al203, 

K20, Rb, Ba, Sr, Cr, and Zr. No specific chemical changes 

were attributable to all cases of sericitization, though 

some trends were apparent which with more data might prove 

significant. The chemical changes which accompany silicifi-

cation, apart from increase in silica content, are not 

predictable as they depend on the process by which the 

silicification took place. Consideration of the mineraliza-

tion processes at two prospects indicates that a) magnetite 

mineralization at Prince Darwin probably occurred by re-

placement of quartz in a massive rhyolite, and b) pyrite 

mineralization at East Darwin appears to have occurred by 

an addition mechanism in rhyolitic pyroclastics. 

In each of the preceding sections attention has 

mostly been focussed in turn on various aspects of either the 

geology of the rocks in which the mineralization is found, 

or the mineralization itself. However the volcanics and 

mineralization are closely related spatially, temporally, 

and probably in some way, genetically. It is proposed to 

make use of information presented in previous sections to 

consider more closely the geological environment in which 
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mineralization occurred, how it compares with the same class 

of mineralization in similar terrain elsewhere in the world, 

and finally to speculate on the probably source of the ore-

forming fluids. 

7.2. SUMMARY OF GEOLOGICAL HISTORY 

In early Cambrian time the western edge of the 

Precambrian Tyennan Block was an active Andean-type plate 

margin, on which a thick clastic wedge of argillite, grey-

wacke, and greywacke conglomerate had accumulated (the 

Dundas Group). Within the lower parts of the clastic 

sequence tholeiitic basalts resembling modern ocean-floor 

basalts had been locally erupted. Obducted slices of ocean 

floor (ophiolites) were probably also present at that stage. 

East of the Dundas Group, and interdigitating 

with it, was a massive pile of calc-alkaline volcanics (the 

Mount Read Volcanics) which probably overlapped the Tyennan 

Block for a considerable distance. The Noddy Creek volcan-

ics represent a western extension of the calc-alkaline 

volcanics into the Dundas Trough. Compositional differences 

between the Noddy Creek volcanics and the Mount Read 

Volcanics indicate that they were erupted above an east-

dipping Benioff Zone. 

Subduction ceased in the Late Cambrian when the 

Jukesian Orogeny occurred, probably as a result of 

collision between two Precambrian blocks, the Tyennan 

Block, and the Rocky Cape Geanticline. In south-western 

Tasmania this orogeny produced strong folding of both 

sediments and volcanics. The Mount Read Volcanics of the 

southern West Coast Range were folded into a broad north-

trending anticline which probably attained considerable 
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relief. Rapid erosion of the anticline occurred exposing 

the lower part of the volcanic sequence in the core. 

The coarse volcanic debris eroded from the anti-

cline accumulated in valleys west (Sorell Conglomerate) and 

east (part Jukes Conglomerate at Mount Lyell) of the 

resistant volcanics which occupied the anticlinal core. 

There quartz-rich clasts of Precambrian metasediments 

became mixed with the volcanic clasts. These mark the 

first appearance of a great flood of debris (the Owen 

Conglomerate) from the Tyennan Block, which must have been 

rapidly uplifted at a late stage of the Jukesian Orogeny. 

The coarse metasedimentary clasts flooded the whole of the 

West Coast Range, and swamped the remaining relief of the 

volcanics. Along the anticlinal core small lenticular 

bodies of very coarse Jukes Conglomerate, representing small 

scree-filled gullies in areas of significant relief, were 

abruptly succeeded by coarse Owen Conglomerate. 

The rapid accumulation of Owen Conglomerate was 

apparently accompanied by subsidence along the present West 

Coast Range, and especially near Mount Lyell, where a 

narrow deep basin formed adjacent to the anticlinal ridge. 

This ridge appears to have risen as the Owen Basin subsided, 

as the Owen Conglomerate thins abruptly against it, 

contains a thick wedge of volcanics which apparently slumped 

off the ridge, and contains an unconformity (the Haulage 

Unconformity) which resulted from slumping from the ridge 

(Solomon and Elms, 1965). 

Sedimentation following the Owen Conglomerate was 

mostly deposited under shallow marine conditions in a shelf 

environment. It was terminated by the Middle Devonian 

Tabberabberan Orogeny which caused accentuation of the major 
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north-trending folds in the southern West Coast Range, and 

superimposed small-scale folding on north-west trending 

axes. At Mount Lyell major overturning and faulting of the 

Owen Conglomerate occurred where the abrupt western margin 

of the Owen Basin was compressed in contact with hydrother-

mally altered and mineralized volcanics. Extensive 

intrusion of granitic plutons took place following the 

Tabberabberan Orogeny, though none occur in the area 

considered in this study. 

7.3. PALAEOGEOGRAPHY OF THE CALC-ALKALINE VOLCANICS 

The calc-alkaline volcanics of South-west Tasmania 

consist of the Mount Read Volcanics, a southern correlate, 

the Lewis River volcanics, and a western correlate, the 

Noddy Creek volcanics. The features which characterise each 

of these three units are summarised in Table 3. Collective-

ly they consist of felsic volcanic rocks with numerous small 

intrusions which are interpreted as being sub-volcanic. The 

volcanic rocks are diverse in origin, with lavas, ash-flow 

tuffs, air-fall tuffs and a variety of sorted and reworked 

pyroclastics. Normal epiclastic sediments are very minor. 

The Noddy Creek volcanics interdigitate with 

marine sediments near Noddy Creek, and may have been erupted 

under marine or terrestrial conditions, though if terrest-

rial, emergence was probably slight. The occurrence of a 

welded ash-flow tuff near Timbertops indicates that condi-

tions were at least in part subaerial. 

The Lewis River volcanics are in most cases 

pyroclastic and some are bedded and apparently reworked. 

They were probably erupted under dominantly low relief 

subaerial conditions in which local epiclastic transport 
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and redeposition occurred. 

The Mount Read Volcanics show great diversity of 

environment both laterally and vertically. The Intercolon-

ial Volcanics in the Jukes-Darwin area consist dominantly 

of massive rhyolitic volcanics, mostly lavas, ignimbrites, 

crystal-vitric and crystal-lithic-vitric tuffs. The over-

whelming preponderance of such rocks to to the virtual 

exclusion of rocks showing evidence of epiclastic deriva-

tion or deposition is strongly suggestive of subaerial 

eruption and deposition near the vent. North of Mount 

Jukes this situation changes, with more rapid lateral and 

vertical variation in rock-type and composition. Probable 

lavas, ignimbrites and tuffs remain dominant, but there is 

a small but significant proportion of bedded rocks which 

indicate subaqueous deposition. Similarly in the Cape Horn 

area Green (1971) concluded that the volcanics were domi-

nantly subaerial, with interbedded silts which he suggested 

were deposited in shallow ephemeral ponds. 

Thus it appears likely that at the time of 

eruption of the Intercolonial Volcanics there were major 

volcanic centres with probable high relief in the Jukes-

Darwin area, while further north around Mount Lyell relief 

was lower, probably near sea-level. In this environment 

shallow lagoons could readily form in response to fluctua-

tions in the land surface level resulting from cycles in 

the activity of the surrounding volcanos. 

The Andrew Volcanics, which overlie the Intercol-

onial Volcanics to the east, consist predominantly of 

pyroclastic rocks of rhyolitic composition. They probably 

represent pyroclastic debris deposited subaerially away 

from the vents, probably in areas with significant relief. 
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The Clark Volcanics, which overlie the Inter-

colonial Volcanics to the west, resemble the Andrew 

Volcanics, though some pyritic carbonaceous slates occur, 

indicating the presence of ephemeral lagoons. This unit 

becomes more variable to the north, with increasing divers-

ity of composition, and epiclastic rocks reach significant 

proportions in the vicinity of Miners Ridge. Most volcanics 

were probably subaerial in a low relief environment where 

local lagoons were common, and marine incursions frequent. 

7.4. ALTERATION OF VOLCANIC ROCKS 

The volcanic rocks of South-west Tasmania are 

subject to two types of alteration. Petrographic effects 

of "burial metamorphism" and hydrothermal alteration have 

been described in section 3, and the chemical effects of 

hydrothermal alteration in section 6. Although it has been 

convenient to distinguish between the two, they are seen as 

extremes of a continuous spectrum, with "burial metamorph-

ism" produced under chemically closed conditions, and 

hydrothermal alteration Under open conditions. 

With increasing temperature accompanying burial, 

the porous volcanics in the presence of abundant water of 

marine or meteoric origin must .undergo metamorphic 

reconstitution, however under chemically closed conditions 

no bulk compositional change should occur. If the 

conditions of alteration were not strictly isochemical, the 

elements most likely to vary are those which are readily 

.transported in the aqueous phase, e.g. Na, K, Ma, Ca, Mg, 

Sr, Ba. 

The variable nature of the Mount Read Volcanics 

and its correlates ensures that at all levels the volcanic 
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pile was sufficiently permeable to allow some circulation 

of water, thus precluding the possibility of the alteration 

being strictly isochemical. The elements noted above are 

the ones which show greatest variability in Tables 6 and 8. 

The effects noted in section 3 as indicative of 

hydrothermal alteration may be produced by the passage of 

heated waters, through a permeable rock. If the waters are 

in chemical and thermal equilibrium with the rocks in 

and adjacent to the conduit no effects will be produced. 

If the waters are in chemical disequilibrium, irrespective 

of the relative temperatures of the water and the surround-

ing rock, metasomatic changes will result. If the waters 

are in chemical equilibrium but thermal disequilibrium 

(usually hotter) the conduit will differ from the adjacent 

rocks in the grainsize and possibly mineralogy of altera-

tion products, but will not be altered in composition. 

Probably in the usual case both chemical and thermal dis-

equilibrium will prevail. 

In section 6 an attempt was made to determine the 

chemical effects of different types of hydrothermal altera-

tion. Chloritization was associated with changes in the 

bulk composition of the rocks, and would appear to have 

been produced from solutions in chemical disequilibrium 

with the rocks which they altered, and probably also therm-

al disequilibrium with the surrounding rocks. No chemical 

changes were able to be positively related to sericitiza-

tion, suggesting that the solutions were in thermal 

disequilibrium with the surrounding rocks, but may have 

approached chemical equilibrium with the rocks through which 

they passed. Clearly much more data is required. 

Hydrothermal alteration effects have been 
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observed in the Lewis River volcanics, and occur extensive-

ly in the Intercolonial Volcanics. The volcanic 

environment and rock-types present during eruption of the 

Andrew Volcanics and its correlates do not seem to differ 

greatly from that present during eruption of the Intercol-

onial Volcanics, however for some unknown reason hydrother-

mal alteration and associated mineralization did not occur. 

Most of the chemical differences between rhyolites of the 

Intercolonial Volcanics and Andrew Volcanics and correlates 

(section 5) appear to be attributable to differences in 

alteration. The higher Fe203 and S (95% confidence level) 

in the Intercolonial Volcanics are clearly related to the 

abundance of pyrite and iron-rich chlorite. The lower 

Al203 probably results from sericitization of K-feldspar 

with retention of potash and loss of alumina. The lower V 

content may be a primary compositional difference. 

7.5. TYPES OF MINERALIZATION 

The types of mineralization and the nature of the 

volcanic environment in which mineralization occurred at 

Mount Lyell has been considered by Markham (1968) and Green 

(1971), and mineralization in the Jukes-Darwin area has 

been previously discussed in this thesis (section 4). The 

types represented are 

1. Disseminated sulphides deposited in sub-surface 

clastic zones - West Lyell group of orebodies Crown Lyell, 

Cape Horn, part Lyell Comstock, pyrite mineralization in 

the Corridor area, Lyell Reserve, Lyell Estate, Jukes 

Proprietary, East Darwin, Hydes, Findons, Bean and Thow. 

2. Sulphides in silicified volcanics and chert 

bodies representing silicified fumaroles and associated 
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siliceous sinters - Lyell Comstock, North Lyell, possibly 

also represented in minor amounts on north Mount Darwin, 

and the southern end of the East Darwin zone. 

3. Stratiform and stratified mineralization of 

exhalative sedimentary origin - Tasman Shaft, part Lyell 

Comstock, Blow. 

4. Stockwork and disseminated magnetite-hematite-

pyrite mineralization in massive rhyolites - Prince Darwin, 

Intercolonial Spur, part Jukes Proprietary. 

5. Veins of barite-quartz in massive volcanics - 

Taylours, Madam Howards Plains. 

7.6. COMPARISONS WITH OTHER AREAS 

The mineralization in the Lyell-Darwin area 

belongs to the association generally referred to as massive 

sulphides, although strictly only the Tasman Shaft and Lyell 

Comstock lead-zinc and the Blow copper mineralization are 

massive, the rest being disseminated. The massive sulphide 

association is found in close relationship to volcanic rocks 

in many places throughout the world. Probably the most 

important occurrences, and certainly those best covered in 

the geological literature are those of Canada, Japan, Spain, 

Cyprus, the Urals, the Norwegian Caledonides, and the 

Tasman orogenic zone of eastern Australia. 

The cupriferous sulphide deposits of Cyprus have 

been the subject of an extensive literature (e.g. Hutchin-

son, 1965; yokes, 1965; Govett and Pantazis, 1971; 

Hutchinson and Searle, 1971; Searle, 1972; Clark, 1971; 

Constantinou and Govett, 1973). They occur associated with 

basalts of a Mesozoic ophiolite which may have formed as 

oceanic crust (Pearce and Cann, 1973) or as a volcanic arc 
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(Miyashiro, 1973). The orebodies are scattered around the 

margins of the ophiolite complex (the Troodos Complex) near 

the top of the basaltic lavas. The massive sulphide ore 

consists dominantly of pyrite with marcasite, sphalerite, 

and chalcopyrite (Searle, 1972). This ore is believed to 

be of exhalative sedimentary origin. Underlying the massive 

sulphide bodies are stockwork veins of pyrite, and chalco-

pyrite diminishing with depth (see Searle, 1972,. Table 1). 

Overlying the massive sulphide orebodies is an iron-rich 

siliceous and sometimes pyritic sediment (Hutchinson and 

Searle, 1971). 

The Kuroko deposits of Japan have also been the 

subject of an extensive literature (e.g. Horikoshi, 1969; 

Smirnov et al., 1969; Sato, 1971); Tatsumi and Watanabe, 

1971; Clark, 1971; and papers by various authors in Tatsumi, 

1970). They occur in submarine acid volcanics of Tertiary 

age, and the orebodies are typically associated with ex-

plosion breccias formed around rhyolite domes. Below and 

within the breccia, stockwork, fissure filling, dissemina-

tion and replacement mineralization consisting dominantly 

of pyrite and chalcopyrite occurs. This is overlain by 

stratiform yellow ore (uokou) consisting of massive pyrite 

and chalcopyrite, which is in turn overlain by black ore 

("kuroko") consisting dominantly of pyrite, chalcopyrite, 

sphalerite, and minor galena, with abundant barite. 

Towards the top of this unit sphalerite becomes dominant, 

galena increases, and pyrite and chalcopyrite decrease. 

Overlying and/or flanking this there may be beds of barite 

sand, gypsum-rich ore, and ferruginous chert (Tatsumi and 

Watanabe, 1971; Sato, 1971). The bulk of the mineraliza-

tion appears to form by direct chemical precipitation, 



226. 

however complex relationships may result from mechanical 

reworking (see Tatsumi and Watanabe, 1971, Figure 1 and 

Table 1). 

Undoubtedly the most economically important of 

this class of deposits are those of the Canadian Shield. 

There is an abundance of literature available on individual 

deposits and the overall relationships, the most useful 

being the papers presented at the Canadian Institute of 

Mining and Metallurgy 1965 Symposium on Strata-Bound 

Sulphides, Douglas (1970), Goodwin (1965), Gilmour (1965, 

1971), Boldy (1968), Pyke and Middleton (1971), Sinclair 

(1971), Sangster (1972), Simmons and mine staff (1973), and 

Walker and Mannard (1974). 

The geological setting of most of the Canadian 

Archaean deposits is complex. As more data have come to 

light it has become possible to generalize the relation-

ships (e.g. Goodwin, 1965). They occur within Keewatin 

greenstone belts which consist, from the base of massive 

basalt and andesite flows and breccias with rhyolites 

increasing upwards, rhyolite-dacite breccias, tuffs, and 

some sediments, with minor andesite-b asalt. This has local 

unconformities near the top, after which it is overlain by 

greywacke, argillite, and conglomerate. All units are 

extensively intruded by granites (Goodwin, 1965; Gross and 

Ferguson, 1965; Gilmour, 1965). 

The orebodies occur within acid lavas and pyro- 

• clastics, frequently at a locally important lithological 

contact. They consist mostly of massive pyrite and 

•sphalerite in the upper parts, grading into massive pyrite, 

pyrrhotite, magnetite, and chalcopyrite near the base. 

They frequently grade into stringers of sulphide in the 
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underlying lavas (Hutchinson, 1965; Gilmour, 1965). 

In addition to the massive sulphide bodies out-

lined above, there are also other bodies of disseminated 

sulphides, e.g. No. 5 Zone, Horne Mine, Noranda (Sinclair, 

1971) and Vauze Mines, Noranda (Gilmour, 1965). 

A number of important massive sulphide deposits 

are also known from the Palaeozoic of the Appalachian 

Orogenic Belt in Canada, the most important of which occur 

at Bathurst, New Brunswick, and Buchans, Newfoundland 

(Douglas, 1970; Baird, 1960). Some of those found in 

Newfoundland appear to have formed in association with 

ophiolites, hence they are comparable in setting to the 

Cyprus deposits (Davis and Guilbert, 1973; Sillitoe, 1972b). 

The volcanic-massive sulphide association is 

developed over a distance of 200 kilometres in the Huelva 

district of Spain, and southern Portugal. The Rio Tinto 

orebodies are developed within a zone of rhyolitic pyro-

clastics between a great thickness of overlying shale and 

underlying rhyolitic flows of Lower Carboniferous age 

(Kinkel, 1962). They consist of stratiform bodies of mass-

ive pyrite with minor copper, lead, and zinc. Disseminated 

and stockwork mineralization is also present (Kinkel, 1962; 

Williams, 1967). Investigations by Stanton (1966) of the 

Planes orebody at Rio Tinto indicate that the copper 

mineralization occurred by addition, although some replace-

ment of slate and rhyolite is indicated by field evidence 

(Williams, 1962). Many stratiform deposits of copper-

lead-zinc sulphides also occur within the belt of volcanics 

(Williams, 1967). An exhalative sedimentary origin for the 

orebodies appears generally accepted (Oftedahl, 1958; 

Kinkel, 1962; Williams, 1962, 1967; Stanton, 1966). 
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A great many other deposits belonging to this 

association have been described in the literature, and they 

probably occur to varying degrees in most orogenic zones, 

for example the Caledonides (yokes, 1968; Waltham, 1968; 

Zachrisson, 1971). Urals (Borodayevskaya et al., 1969; 

Ivanov, 1971), Appalachians (Kinkel, 1967), and the Tasman 

Orogen in eastern Australia (e.g. Captains Flat - Glasson 

and Paine, 1965; Bathurst district - Stanton, 1955; Rose-

bery - Hall et al., 1965; Brathwaite, 1969, 1974). 

In general, the principal features of the massive 

sulphide association in volcanic terrain are (Anderson, 

1969; Gilmour, 1965; Ivanov, 1971) 

1) It occurs regionally associated with volcanics 

erupted in an orogenic or oceanic environment. In orogenic 

belts volcanics of acid composition are the most common 

host rocks. 

2) The mineralization is deposited under marine 

conditions, dominantly in close association with pyroclast-

ic rocks. 

3) Mineralization is typically associated with an 

important lithological contact indicating a change, pause, 

or cessation of volcanism. 

4) Orebodies are associated with zones, frequently 

pipe-like in form, of hydrothermal alteration which affects 

the underlying volcanics. Typical alteration types in acid 

volcanic terrain are silicification, sericitization, and 

chloritization. 

5) Mineralization is conformable to the host-rocks, 

and in massive sulphide orebodies frequently exhibits 

compositional banding, especially near the top. 

6) The dominant mineralization consists of lenticul- 
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ar bodies of massive sulphides, but other types including 

disseminated and stockwork mineralization also occur. 

7) Massive sulphide bodies have sharp contacts with 

underlying volcanics containing disseminated sulphides, 

except in the centre of the body where it may grade into 

stockwork or disseminated mineralization. Apophyses of 

massive sulphide may penetrate the underlying unaltered 

volcanics. 

8) The dominant mineral assemblage is pyrite, chal-

copyrite, and sphalerite, with usually subordinate 

pyrrhotite, bornite, galena, arsenopyrite, magnetite, and 

"grey ores". Locally, pyrrhotite, magnetite, quartz, or 

barite may become dominant. 

9) Massive sulphide orebodies in acid volcanic 

terrain show a characteristic zoning, although it is 

frequently found that all zones are not developed. In the 

ideal case the base consists of leached silicified and 

sericitised volcanics with disseminated pyrite, which 

passes upwards into massive pyrite, followed by zones 

successively enriched in copper, copper-zinc, zinc-lead, 

barite. 

10) Overlying rocks show considerable diversity, but 

frequently contain pyritic beds, chert, iron formation, or 

ore fragments. 

11) The mineralization is formed at temperatures 

seldom as high as 300°C, and generally ranging from about 

250°C, to normal sea-water temperatures (Smirnov, 1971; 

Sato, 1971; Rye and Ohmoto, 1974). 

The mineralization in the Lyell-Darwin area 

exhibits some of the features outlined above, but differs in 
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others. The above features considered in relation to the 

Lyell-Darwin area yield the following: 

1) The host rocks in the Lyell-Darwin area are acid 

volcanics comparable to those in which the Kuroko deposits, 

and the Archaean massive sulphide deposits of Canada occur. 

2) The mineralization is dominantly of sub-surface 

type in pyroclastic rocks. Some submarine exhalative 

deposits are present and all significant mineralization 

probably occurred below sea-level, even though the host 

rocks in some cases were erupted subaerially. 

3) The mineralization preceded a period of erosion 

which was succeeded by unmineralized volcanics. 

4) Cross-cutting alteration pipes associated with 

massive sulphide orebodies, such as those below the Cyprus 

and Kuroko orebodies are not known in the Lyell-Darwin area. 

Pipe-like zones of chert and silicified volcanics are known 

at North Lyell and Lyell Comstock (Markham, 1968) and some 

prospects are regarded as. concordant mineralized pipes 

(i.e. conduits) which carried large volumes of hydrothermal 

solutions (e.g. Hydes, Findons). Hydrothermal silicifica-

tion, sericitization, and chloritization are present. 

5) Most mineralization is broadly conformable, and 

• compositional banding is present in the two known occurr-

ences of massive Zn-Pb sulphides (Tasman Shaft and Lyell 

Comstock). 

6) The dominant mineralization is disseminated. 

7) The worked-out Blow orebody probably had a sharp 

contact between massive sulphides and the underlying 

volcanics. 

8) The dominant mineral assemblage is pyrite-

chalcopyrite, sphalerite is relatively rare except in the 
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two small Zn-Pb orebodies. Bornite, magnetite and barite 

are locally important. 

9) The mineralogical zoning noted does not occur. 

The nearest approximation is at Lyell Comstock, where 

copper mineralization occurs in a chert pipe adjacent to 

stratiform Zn-Pb ore. 

10) Overlying pyritic beds, chert, or iron formation 

are absent. 

11) There is no reliable indication of the tempera-

ture of mineralization at Mount Lyell. 

•  While the mineralization in the Lyell-Darwin area 

clearly belongs to the acid volcanic-massive sulphide asso-

ciation, it differs from that found in most other examples 

of the association in two major aspects: 

I.  The bulk of the mineralization is found dissem- 

inated, with only a small proportion occurring as massive 

sulphide (sensu stricto)bodies of exhalative sedimentary 

origin. 

Compared to most occurrences of massive sulphide 

mineralization in similar volcanic terrain elsewhere 

(Hutchinson, 1973) the mineralization in the Lyell-Darwin 

area shows a striking lack of zinc and lead. 

7.7. THE LEAD-ZINC PROBLEM 

Hutchinson (1973) in a classification of volcano-

genic massive sulphide deposits included Mount Lyell with 

Phanerozoic deposits associated with acid volcanics. These 

deposits typically contain lead and zinc as well as copper, 

however in a few examples (e.g. Mount Morgan, Queensland: 

Rio Tinto, Spain) lead and zinc may be very minor or absent. 

The mineralization in the Lyell-Darwin area might be re- 
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garded as simply another example where lead and zinc are 

absent, except that at the northern end of 25 km of 

essentially continuous mineralization, two small bodies of 

stratiform lead-zinc mineralization occur at Lyell Comstock 

and Tasman Shaft. These minor occurrences are more typical 

of massive sulphide mineralization elsewhere (e.g. at 

Rosebery, 20 km further north) than are the disseminated 

copper deposits, and are clearly associated with the same 

host rocks and period of mineralization. It is necessary 

to consider, therefore, why lead and zinc mineralization is 

scarce elsewhere in the Lyell-Darwin area. The explanation 

most consistant with observed facts is that the copper was 

partly separated from the lead and zinc at the time of 

deposition, and the lead and zinc mineralization was 

subsequently stripped by erosion. 

If an ore-forming fluid containing copper, lead, 

and zinc undergoes gradual change in physical conditions, 

it is possible to deposit copper while the lead and zinc 

remain in solution and are carried on, perhaps to be 

deposited on the sea-floor, or to be dispersed (Helgeson, 

1964). If the same fluid is expelled on the sea-floor then 

all three metals should be deposited, probably with the 

lead and zinc overlying the copper as in the Kuroko 

deposits. 

The fact that most of the copper mineralization 

in the Lyell-Darwin area was deposited in a sub-surface 

environment suggests that deposition may have resulted from 

gradual changes in pressure and temperature conditions which 

enabled the lead and zinc to remain in solution and be 

removed from the copper, and perhaps deposited at the 

surface. This explanation is not satisfactory for the Blow 
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deposit, however, as it was a massive pyrite-chalcopyrite 

body which apparently formed as a submarine exhalative-

sedimentary deposit, and would be expected to also contain 

zinc-lead mineralization, probably overlying the massive 

pyrite-chalcopyrite. Thus the features exhibited by the 

Blow are consistent with the basal parts of a massive 

sulphide orebody, but the expected upper parts are absent. 

This suggests two possible explanations: 

I) the top was never deposited - this suggestion is 

unreasonable if it can be shown that the ore fluid which 

carried the copper also carried zinc and lead. 

II) the top was deposited but was subsequently 

removed. 

A number of lines of evidence suggest that zinc 

and lead were almost certainly present in the ore trans-

porting fluid: 

a) The nearby occurrence noted above of stratiform 

Pb-Zn mineralization of similar age, mode of deposition and 

host rocks at Lyell Comstock and Tasman Shaft. 

b) Elsewhere in the area copper mineralization 

believed to have deposited below the surface frequently 

contains minor zinc (e.g. North Lyell, Jukes Proprietary, 

East Darwin) and lead (e.g. Jukes Proprietary, East Darwin). 

c) Host-rock analyses from the Blow (Appendix I, 

Table VII) include anomalously high lead and zinc values. 

The most satisfactory explanation for the lack of 

lead and zinc appears to lie with the unconformities which 

have been mapped at Comstock (Green, 1971) and in the 

Jukes-Darwin area. The unconformity at Comstock does not 

appear to have undergone significant erosion, and there the 

two known exhalative sedimentary lead-zinc deposits are 
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found. The unconformity in the Jukes-Darwin area has been 

deeply eroded to expose the Darwin Granite, and lead and 

zinc sulphides are minor, and no deposits occur. The lead-

zinc mineralization would be expected to lie at higher 

levels than the copper, and hence is more susceptible to 

removal by erosion. 

In the case of the Blow deposit it is possible 

that the copper-iron sulphide body was overlain by a lead-

zinc sulphide body which was stripped by partial erosion. 

This suggests that the "iron blow" from which the deposit 

takes its name, and which was regarded by Solomon (1967) as 

an Ordovician fossil gossan, may have been partly formed in 

the Cambrian and later re-exposed on the Jukesian Unconfor-

mity. The discriminant analysis classification of two of 

the analysed rocks from the Blow dump as being Andrew 

Volcanics correlates rather than Intercolonial Volcanics 

supports the possibility that the unconformity may be 

present within the Blow workings although subsequent 

deformation has probably made it unrecognisable. 

7.8. SOURCE OF ORE-FORMING FLUIDS FOR 

MASSIVE SULPHIDE DEPOSITS 

There has long been strong interest in relating 

the occurrence of mineralization to its position in space 

and time in the tectonic environment. Bilibin (1955; see 

also McCartney and Potter, 1962) related mineralization to 

stages in the development of a geosyncline. In his scheme 

the massive sulphide association is related to early pre-

orogenic volcanism. With the wide acceptance of plate 

tectonic theory many authors have related the generation of 

ore-forming fluids to the generation of the igneous rocks 
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with which the deposits are associated (e.g. Sawkins, 1972; 

Hutchinson and Hodder, 1972; Mitchell and Garson, 1972; 

Sillitoe, 1972a; Tarling, 1973). 

The close similarities in form between massive 

sulphide deposits at accreting plate margins (e.g. Cyprus, 

Betts Cove) and at consuming plate margins (e.g. Kuroko-

type deposits) strongly suggests that the generation of the 

ore-forming fluids is not directly related to the tectonic 

setting. Their association with both tholeiitic and calc-

alkaline suites of volcanics, and with volcanics of basic, 

intermediate, and acid composition suggests that generation 

of the ore fluids has little if anything to do with the 

magmatic evolution of the volcanics. Yet the typical close 

association of most massive sulphide orebodies with volcan-

ic rocks implies that the relationship is more than for-

tuitous. Two possible relationships are apparent: 

a) The volcanics are the surface expression of 

concealed plutonic bodies which expelled the ore-forming 

fluids on cooling. 

b) The volcanism provided localised heat sources 

which set up high-level convective circulation of sea and/or 

meteoric water which became enriched in metals by leaching. 

As a class, the massive sulphide deposits in 

volcanic terrain seldom show any apparent relationship to 

intrusions which appear capable of acting as sources of 

ore-forming fluids. This does not prove the absence of a 

relationship, but it does render in implausible as an 

explanation. By contrast the second relationship suggested 

above is consistent with all the features exhibited by 

volcanogenic massive sulphide deposits (Solomon, 1974). 

Recent studies of isotopic ratios of hydrogen and 



236. 

oxygen have shed much light on the problem of the source of 

the water in ore-forming fluids. The distinctive isotopic 

ratios for water from different sources, and the predicta-

bility of changes brought about by hydrothermal alteration 

and precipitation of minerals allows the original derivation 

of the water which produced an ore deposit to be determined 

(Taylor, 1974). Greater sophistication in the study of 

sulphur isotopic ratios has also allowed the origin of the 

sulphur in deposits to be determined despite the changes 

caused by varying temperature, pH, and oxygen fugacity (Rye 

and Ohmoto, 1974). 

Oxygen and hydrogen isotopic studies of water in 

fluid inclusions in pyrite and chalcopyrite from Kuroko 

deposits of the Hokuroku district of Japan indicated that 

the water was predominantly of sea-water origin, with which 

up to 25% magmatic and/or meteoric water may have been 

mixed (Ohmoto and Rye, 1974). Study of the oxygen, 

hydrogen and sulphur isotopic ratios of the thermal waters 

of Japan indicated (Sakai and Matsubaya, 1974) that the ore 

solutions for the major Kuroko ore deposits of northeastern 

Honshu were most similar to coastal thermal waters and 

marine connate waters. The coastal thermal waters form by 

interaction between sea-water and host rocks, involving the 

precipitation of anhydrite. They are nearly neutral, with 

high Na+ , Ca2+ , and Cl-  content, and low SO + 2  and Mg2+ . 

The low sulphate content allows high barium concentrations 

to be carried in solution, hence resulting in the precipi-

tation of barite when the solutions are mixed with sea-

water. 

The Kuroko deposits have much in common with many 

other massive sulphide deposits, and it seems reasonable to 
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infer a similar origin for their ore-forming fluids. 

7.9. SOURCE OF ORE-FORMING FLUIDS 

IN THE LYELL-DARWIN AREA 

There is little direct evidence to indicate the 

source of the mineralizing fluids in the Lyell-Darwin area. 

There are no intrusive bodies which appear to be directly 

related to mineralization, but there is abundant evidence 

for igneous activity at the time of mineralization, so the 

possibility of a magmatic origin for the ore-forming fluids 

cannot be dismissed. In the palaeogeographic situation 

outlined previously, the ready access of both meteoric and 

sea-water to the volcanic pile requires that they also be 

considered potential sources for the mineralizing fluids. 

Solomon et a/. (1969) showed that pyrite-

chalcopyrite mineralization at Mount Lyell has a narrow 

range of 6S 34  values and an average of +7 0/6. Vein barite at 

Mount Lyell had 6S 34  + 25.3% and 6018+  10.0/00. These 

results are similar to values obtained for Kuroko deposits 

(Rye and Ohmoto, 1974; Sakai and Matsubaya, 1974). 

In the light of present knowledge of the mineral-

ization in the Lyell-Darwin area, with no evidence fora 

magmatic source for the ore-forming fluids, and abundant 

evidence for a relationship between mineralization and 

marine conditions, a non-magmatic source must be favoured. 

The palaeogeographic and tectonid situation which 

prevailed at the time at which mineralization of the Inter-

colonial Volcanics occurred was one in which brines 

comparable to those which formed the Kuroko deposits might 

readily form. Along the present West Coast Range explosive 

volcanism produced widespread permeable rocks in close 
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spatial relationship to volcanic heat sources. Frequent 

fluctuations in land surface occurred, resulting in marine 

incursions and the frequent occurrence of lagoonal environ-

ments. The active tectonic environment together with the 

volcanism would ensure the availability of many fault zones 

enabling access of sea-water to the volcanic pile. The 

occurrence of volcanics which must have been erupted sub-

aerially ensures the availability of meteoric water which 

may have been mixed with sea-water derived brines, as in 

the "coastal" thermal waters of Japan (Sakai and Matsubaya, 

1974). 

West of the main volcanic development rapid 

clastic sedimentation was occurring in the Dundas Trough. 

The connate waters buried with the sediments and intercal-

ated pyroclastics must have been expelled with increasing 

lithostatic load. Under a normal geostatic gradient at a 

depth of 3000 metres (Chapman, 1973) up to 80% of contained 

moisture may be expelled (Chilingarian and Rieke, 1 .969). 

Even with a low geothermal gradient, temperatures at this 

depth would be in the vicinity of 100°C or higher, and 

clays present would have undergone extensive recrystalliza-

tion (Johns and Shimoyama, 1972), with opportunity for the 

chemically modified brines to become more concentrated by 

membrane filtration (White, 1965). In this way "marine 

connate" waters such as described by Sakai and Matsubaya 

(1974) as possible ore-fluids for Kuroko deposits, could 

have formed. 

Although such connate brines would be generated a 

significant distance from the ultimate site of mineraliza-

tion, their transport to the volcanic centres is readily 

accomplished. It has been previously noted that the Dundas 



FIGURE 23. Suggested model for development of mineraliza-
tion at Mount Lyell. Sea-water and modified 
connate brines flow along permeable pyroclastic 
units towards heat centres. On heating the 
solutions rise and are expelled into the ocean, 
or flow away from the heat source through 
permeable beds. 
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Group sediments consist of well-bedded alternating silt-

stones, shales, lithic sandstones, and conglomerates. 

Compaction of such a sequence will produce abnormal fluid 

pressures. According to Chapman (1973, p.48): "If clays 

alternate with more permeable beds, compaction creates fluid potential 

gradients both upwards and downwards, from the more compactible lith-

ology to the more permeable, and fluid is expelled both upwards and 

downwards. The downward potential gradient makes the clay a perfect 

barrier to upward migrating fluids; hence lateral migration must take 

place in the more permeable, intercalated, beds." It is envisaged 

that lateral movement produced in this way in the sediments 

of the Dundas Trough forced the warm, possibly somewhat 

concentrated connate brines into the distal ends of pyro-

clastic units interbedded with the sediments. The brines 

could then flow towards the centres of volcanism.- 

Irrespective of the source of the ore-forming 

' fluid, it would tend to move laterally into areas of 

higher temperature, where on warming it would then tend to 

rise and move away from the heat source (e.g. see - Elder, 

1966, on Wairakei). Metals would be leached from all rocks 

through which the solutions passed but would probably not 

reach saturation while the temperature of the solutions 

remained elevated. On cooling however the lowered 

solubility of the metals could result in deposition 

(Henley, 1973). 

In the environment which prevailed at Mount Lyell 

the sea-water or evolved connate brine was drawn probably 

in most cases through permeable pyroclastic zones, into 

close proximity to a local heat source, for example a 

• volcanic conduit or high-level intrusion. It then rose, 

probably along fault zones or through discordant breccia 
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pipes. From these it could discharge directly onto the 

sea-floor where the sudden drop in temperature (Henley, 

1973) and/or dilution of the brine (Helgeson 1970), could 

result in massive sulphide deposition. This probably 

occurred at the Blow, Lyell Comstock, and Tasman Shaft. 

The more common situation at Mount Lyell, however, appears 

to be that the brines on rising were channelled away from 

the heat source through permeable pyroclastic conduits 

before ultimately being discharged into the sea (Figure 23). 

In the course of passing through these conduits, the brine 

underwent gradual drop in temperature, and possibly a 

gradually increasing degree of dilution, thus allowing 

copper to be preferentially deposited in the conduit with 

removal of the zinc and lead still on solution. They may 

have subsequently deposited where the solution debouched on 

the sea floor, however as a result of subsequent erosion 

very little now remains of whatever surface deposits may 

have existed. 
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