
Chapter 1
Introduction

1.1 Aims and significance

This thesis presents research on the volcanic facies, geochemistry and alteration in part of the Cambrian

Mount Read Volcanics, western Tasmania. The lvIount Read Volcanics are an altered) metamorphosed

and deformed submarine volcanic succession that contains important Volcanic-Hosted Massive Sulfide

(VHMS) deposits (Corbett, 1992). This research focuses on the Mount Black and Sterling Valley

Volcanics, a complex assemblage of originally glassy and crystalline submarine volcanic facies of

rhyolitic to basaltic composition, intercalated with black mudstone in the centralMount Read Volcanics.

The principal aims of this thesis ate:

(1) (0 elucidate the volcanic facies architecture of the Mount Black and Sterling Valley Volcanics;

(2) to determine the styles and setting of volcanism represented by the Mount Black and Sterling

Valley Volcanics;

(3) to chatactetise the primary compositions of the Mount Black and Sterling Valley Volcanics and

compare their compositions with other parts of the I\1ount Read Volcanics;

(4) to constrain the stratigraphic position and significance of the Mount Black Volcanics within the

northern Ivlount Read Volcanics;

(5) to characterise alteration facies in the Mount Black and SterlingValley Volcanics using a combination

of alteration assemblage, distribution, intensity, texture) timing and geochemistry;

(6) to develop textural and compositional criteria that help discriminate diagenetic from hydrothermal

alteration facies.

Most research into modern seafloor volcanism has concentrated on andesitic and basaltic volcanic

centres. Significantly less work has been done on modern felsic seafloor volcanoes, partly because of

their apparent paucity and the logistical difficulties involved in studying volcanic facies on the seafloor.

As a result, our knowledge of the processes involved in submarine volcanism is limited and much of

the information available is inferred from subaerial eruptions or interpreted from ancient submarine

volcanic successions which are now exposed on land. Submarine volcanism is significantly different

from subaerial volcanism, as eruption styles and processes of transport and emplacement are strongly

affected by the presence of water. This study provides an opportunity to enhance our understanding

of submarine volcanism, particularly felsic volcanism, using the ancient rock record.

Submarine volcanic successions are particularly important because they may host massive sulfide

deposits. These deposits are a significant source of zinc) copper) lead) silver and gold and continue to

be a major target for base metal exploration. In Australia) submarine volcanic successions of different

age host a number of deposits. The Archaean Golden Grove district in Western Australia hosts the

Gossan Hill Cu deposit and Scuddles Zn-Cu deposit. Zn-Cu mineralisation atTeutonic Bore is hosted
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in an Archaean greenstone belt in Western Australia. The Cambrian Mount Read Volcanics are host to

the polymetallic (Zn-Pb-Cu) Hellyer, Que River, Rosebery and Hercules deposits, Cu-rich Mount Lyell

deposits and the Au-rich Henty deposit The Cambro-OrdO\~cianMountWindsor Volcanics in Queensland,

are host to polymetallic deposits of Thalanga, Lomown and Waterloo, and Cu-rich Highway-Reward

deposit. The Silurian Enano Group, Victoria, hosts the Zn-Pb-Cu Currawong and Zn-Cu \Vilga deposits.

The Silurian volcanic belt between Goulburn and Cooma in New South Wales hosts the polymetallic

deposits of Woocllawn and Captains Flat These ore deposits are interpreted to have formed by the circulation

of hydrothermal fluids interacting with seawater either at or below the seafloor, within the top of the

volcanic pile (Bain et al" 1987; Huston, 1990; Allen, 1992a; Barley, 1992; Gemmell and Large, 1992; Khin

Zaw and Large, 1992; Large, 1992; Allen, 1994b unpuh.; Doyle and Huston, 1999).

Recent work in the Mount Read Volcanics and the Mount Windsor Volcanics suggests that volcanic

facies strongly influence the distribution and character of hydrothermal alteration assemblages associated

with VHMS deposits (Large, 1992; Allen, 1997 unpuh.; Doyle, 1997; Paulick, 1999; Doyle, in press). Thus,

an understanding of the distribution and character of volcanic facies, both on regional and local scales, is

important for the interpretation of alteration facies and also in constraining models for ore genesis.

In the :Mount Read Volcanics, ore deposits occur in a variety of approximately time-eguivalent

volcanic facies (l'vlcPhie and Allen, 1992; Pemberton and Corbett, 1992; Waters and Wallace, 1992).

Determining time-eguivalent facies is a complicated task in a complex submarine volcanic succession

that contains few laterally extensive units and that has been significantly modified by alteration and

deformation. Lithofacies characteristics and primary compositions of different parts of the volcanic

succession can be used to establish the chemostratigraphy and identii)' possible correlates. This study

subdivides the Mount Black Volcanics and proposes rhat part of the Mount Black Volcanics correlate

with the host succession to the Rosebery and Hercules ore deposits.

Alteration assemblages and textures in volcanic rocks can be related to several syn- to post

depositional processes, not all of which are related to mineralising hydrothermal systems. These

processes may include cooling, crystallisation, hydration, devitdfication, diagenesis, hydrothermal

alteration, metamorphism and deformation. Glassy volcanic rocks can be especially complicated because

volcanic glass is thermodynamically unstable and thus is more susceptible to alteration under changing

temperature, pressure or chemical conditions.

Recognising the presence of hydrothermally altered rock is an important exploration tool. Thus,

discriminating between the products of hydrothermal alterarion and regional alteration styles, such as low

temperature diagenetic alteration and metamorphism, js essential for exploration bur can be difficult. The

combined effects of cooling, crystallisation, hydration, devitrification, diagenesis, hydrothermal alteration,

contacr and regional metam01phism, and deformation have variably modified the Mount Black and Sterling

Vailey Volcanics. They provide an ideal opportunity to document the distrjburion, texture, mineralogy,

overprinting relationships, intensity and compositional changes associated with these processes.

1.2 Location

The Mount Black and Sterling Valley Volcanics are located to the east of Roscber)' township, in
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western Tasmania (Fig. 1.1). They are parr of the northern Central Volcanic Complex, a major

lithostratigraphic subdivision of the Mount Read Volcanics. The Mount Black Volcanics extend from

Mount Read to Mount Block and cover a 4 x 30 km area. The Sterling Valley Volcanics occur south of

Tullah along the western side of the Henry Fault and cover a 1.5 x 8 km area. To the west, d1e Mount

Black Volcanics are in fault contact ,,~th the Rosebery-Hercules host segucnce. To the east, they

conformably overlie the Sterling Valley Volcanics, and are truncated by the Henty Fault (Fig. 1.1).

Although most of the northern Central Volcanic Complex is consideted in this thesis, the Pinnacles

area is not included because it was not accessible at the time of study and also because its status as part

of the Central Volcanic Complex is doubtful (McKibben, 1993).

1.3 Access and exposure

The physiography of western Tasmania is dominated by sreep ranges, predominantly me West Coast

Range, with U-shaped valleys and rugues produced by Quaternary glaciation. The Mount Read Volcanics

are generally poorly exposed, being pardy covered by Quaternary glacial deposits and Late Cambrian to

Early Ordovician siliciclastic conglomerate and sandstone (Corbett, 1992) (Fig. 1.2A). Mountain slopes are

covered in thick temperate rainforest, and some of d,e higher peaks are covered in alpine scrub (Figs. 1.2B

and 1.3). Rainfall is high and snowfall is common on the peaks during the winter months.

The steep topography and thick vegetation make field work difficult. Exposures are largely

limited to rivers, lake shores, alpine ridges and artificial excavations such as roads, FWD tracks, canals

and dams. The project area is particularly rugged and covered with truck impenetrable ,regetation. As

a result geological mapping was largely confmed to roads, tracks and cutgridlines. In addition, abundant

diamond drill holes exist through the western side of the study.

1.4 Methods of investigation

The best exposures of Mount Black and Sterling Valley Volcanics were mapped over three consecutive

summer field seasons using 1:10 000 scale topographic maps published by the Tasmania Mines

Department and 1:5 000 scale topographic maps made available by Pasminco Exploration. Mapping

focused on available sections across strike throughout the area. IvIore detailed mapping, stratigraphic

logging and facies analysis were carried out in key areas or areas of higher then average outcrop to

determine the character of the lithofacies and assess possible correlations. Twenty-rhree diamond

drill holes that intersected the Mount Black Volcanics and (\vo drill holes in the Sterling Valley Volcanics

were logged at 1:200 scale. Data recorded included: grainsize, components and mineralogy, primary

depositional and deformation structures, textures, contact relationships and geometry (see Appendix

A for examples of drill logs).

Field data were compiled onto a topographic base map in order to make regional geological

correlations and interpretations. A combination of facies analysis, petrography and whole-rock

geochemistry was used to help detern1ine provenance) eruption and emplacement processes and

environments. The facies architecture and palaeogeography \vere then reconstructed. lvIineral

assemblages, their distribution, textures and compositions provided the basis for identification and

i.nterpretation of changes due to diagenetic and hydrothermal alterarion.
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Figure 1.1: Location of the study area in western Tasmania, showing the principal subdivisions of the
Mount Read Volcanics, after Corbett and McNeill (1988). The distribution of the Mount Black and
Sterling Valley Volcanics is highlighted in colour.

To assist in the description and identification of textures, many samples were sawn and polished.

A number of these samples were selected for thinsection preparation and whole-rock geochemistry.

Thinsection petrography was an important tool in the recognition of mineral phases, overprinting

relationships and textures. Whole-rock geochemistry was completed on the least-altered and altered

samples characteristic of the dominant lithofacies and alteration facies. Refer to Chapter 4 (section

4.5.1) for analytical techniques.
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Figure 1.2: A. Late Cambrian to Early Ordovician Owen Conglomerate on the summit of Mount Murchison.
B. Thick rainforest covers the slopes of Mount Black and Mount Read. This view looks south from Mount
Black, across the Sterling Valley Volcanics and the Henty Fault towards Mount Read.

Additional field work in the Green Tuff Belt,Japan was completed to supplement both textural

interpretation and the recognition and description of the different post-depositional changes in originally

glassy volcanic facies. Drill hole sections through the host succession to Kuroko VHMS mineralisation

in the Hokuroku District were logged and sampled. Samples showing varying degrees of diagenetic

and/or hydrothermal alteration were further examined using polished slabs and thinsections.

1.5 Thesis organisation

Each chapter in this thesis addresses one or more of the main aims of this project. Chapters 3 to 6 present

new data and the principal outcomes from this research. Parts of Chapters 5 and 6 have been published in

the Journal of Volcanology and Geothermal Research and in Economic Geology (Gillins et al., in press;

Gifkins and Allen, in press; see Appendix B). Preliminary results have also been published in a number of

conference abstracts (Appendix B) and in unpublished reports to AMIRA (Gillins, 1995; Gillins, 1996;

Gillins et aI., 1996; Stolz, et al., 1996b; Gillins 1997; Stolz et aI., 1997; Allen et aI., 1998; Gillins, 1998).

Chapters 1 and 2 are introductory chapters that provide the background to this study. They

outline the objectives and methods of this research, review previous work on the Central Volcanic
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Figure 1.3: A. View north from Mount Read across the Mount Black Volcanics to Rosebery and
Mount Black. The slopes of Mount Black are covered in thick rainforest. B. The township of Rosebery
with the Footwall Pyroclastics exposed on northern flank of Mount Hamilton in the middle distance
and Mount Read in the far distance.

Complex and describe the regional setting of the Mount Black and Sterling Valley Volcanics.

Chapter 3 presents detailed descriptions and interpretations of the volcanic facies in the Mount

Black and Sterling Valley Volcanics. The eruption style, transport and depositional processes,

environment of deposition and proximity to source are constrained using textural evidence, depositional

structures, contact relationships and facies geometry. Reconstructions of the volcanic facies architecture

of the Mount Black Volcanics and the Sterling Valley Volcanics are presented.

Chapter 4 cliscusses the stratigraphy, structure and primary composition of the northern Central

Volcanic Complex. In particular, it defines four new regionally mappable formations. The relationship

between the Mount Black Volcanics and the Rosebery-Hercules host sequence is considered. The

primary composition and volcanic facies of the northern Central Volcanic Complex are compared

with other parts of the Mount Read Volcanics.

Chapter 5 describes examples of pumiceous hyaloclastite and peperite associated with felsic

lavas and syn-vo1canic intrusions from both the Central Volcanic Complex and from the Green Tuff
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Belt. These facies are difficult to recognise but are not uncommon in submarine volcanic successions

and have important implications for the interpretation of facies architecture.

Chaptet 6 describes the textural and chemical characteristics of diagenetic and hydrothermal

alteration in the northern Central Volcaruc Complex. Alteration facies are described in terms of

mineralogy, distribution, texture, intensity, timing and composition. Textural and compositional criteria

that help to disctiminate between diagenetic and hydrothetmal alteration facies are developed.

Chapter 7 combines the major outcomes of this research to present a palaeogeographic

teconstruction for volcarusm in the northern Central Volcanic Complex. A model for the subsequent

evolution of the volcanic succession is described, particularly the changes associated with diagenesis,

hydrothermal alteration, mineralisation, metamorphism and deformation. The results are compared

with other submarine volcanic successions hosting VHMS mineralisation, and the broad significance

of this research is considered.

Chapter 8 provides a brief summary of the main outcomes of this thesis.

1.6 Previous work on the northern Central Volcanic Complex

Since the discovery of mineralisation at Mount Lyell in the late 1800's, sevetal workers have made significant

contributions to the geological understanding of the Mount Read Volcanics. The earliest reports on the

geology of western Tasmania were a series of publications on Tasmanian mineral fields (eg, Twelvetrees,

1902; Hills, 1914a, 1914b, 1915). The volcaruc origin of the host rocks to d,e Rosebery, Hercules and Mt

Lyell ore deposits was first recognised by Twelvetrees and Petrerd (1899). Carey (1947) and Banks (1962)

suggested thac these rocks were largely exrrusive and pyroclastic in origin but it was Campana and King

(1963) that first described the 10-15 km wide belt of volcaruc rocks which hosted the Mount Lyell and

Rosebery are deposits as the Mount Read Volcarucs. Campana and King (1963) also presented one of the

first comprehensive descriptions of the geology and facies in the Rosebetj' area. They described a thick

succession of lavas and volcaniclastic rocks around Rosebery, which they referred to as the Primrose

Pyroclastics. Solomon (1964) described the Rosebery, Hercules and Mount Lyell ore deposits and their

host rocks, recognising similarities in the mineralisation and host volcanic succession at Rosebery and

Hercules. Green et al. (1981) interpreted the Rosebery and Hercules ore deposits to be at the same stratigraphic

position and extended the Primrose Pyroclastics south from Rosebery (Q Hercules.

One of the most significant contributions to the interpretation of the stratigraphy in the Mount

Read Volcanics stratigraphy was the subdivision of the Mount Read Volcanics into major

lithostratigraphic uruts by Corbett (1981). This work was later reviewed and revised by Corbett and

Lees (1987) and Corbett (1992).

Between 1986 and 1993, the Tasmaruan Department of J'vfines and Geological Survey produced

a series of 1:25000 geological maps (ie. Corbett and McNeill, 1986; McNeill and Corbett, 1989), a 1:

100 000 compilation map (Corbett and McNeill, 1988) and a series of accompanying reports. These

show the structure and regional distribution of main lithostratigraphic and lithological units in the

Mount Read Volcarucs. These maps provided an important framework for subsequent studies in the
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Mount Read Volcanics.

Recent work associated with AlvURA/ARC project P439 (Studies of VHMS-Related Alteration:

Geochemical and Mineralogical Vectors to Ore) by staff and postgraduate students at the Centre for

Ore Deposit Research, University of Tasmania, has helped to determine the host volcanic facies,

alteration and mineralisation styles in parts of the Mount Read Volcanics. This work was concurrent

with research in this thesis and is reproduce with due reference where appropriate.

The Central Volcanic Complex was first described by Corbett (1979) as the dominantly feldspar

phyric volcanics which form the central part of the Mount Read Volcanics from South Darwin Peak

to Red Hills. In the Rosebery area, the Central Volcanic Complex includes the Rosebery-Hercules

host sequence (formerly part of rhe Primrose Pyroclastics), the Mount Black Volcanics and "basaltic

tuffs" (Sterling Valley Volcanics) (Brathwaite, 1969; 1974). Green et al. (1981), Green (1983) and

Corbett and Lees (1987) subdivided the Rosebery-Hercules host sequence into: the Footwall Pyroclastics,

Host Rocks and Hangingwall Volcaniclastics. These units were further subdivided into single units for

correlation by Lees (1987), Allen and Cas (1990 unpub.), Allen and Hunns (1990 unpub.) and Allen

(1991 unpuh). Work by R.L. Allen is largely unpublished and has been summarised in part were

relevant to discussion in this thesis.

\Vork on the 1vfount Black Volcanics is limited and comprises a number of university honours

projects and mapping by the Tasmanian Department of Mines. Brooks (1962) mapped the eastern

margin of Mount Black Volcanics and Sterling Valley Volcanics, recognising a range of rhyolitic to

basaltic coherent and volcaniclastic facies intercalated with siltstone. Brathwaite (1969), Andetson

(1972), Stevens (1974) and Cotbett and McNeill (1986) mapped units thought to be block and ash

flow deposits, ignimbtite and rhyolitic to dacitic lava in the area of the Pieman River. McNeill (1986)

also described a disrinctive plagioclase-hornblende-phyric dacite north of Tullah, which underlies

shatd-rich siltstone, pumice- and lithic clast-tich bteccia, and feldspat-phytic rhyolite lava in the Mount

Block area, Warmeant (1990) described the volcanic facies and the occurrence of carbonate in the

Mount Black Volcanics east of Rosebery, These studies suggested that the Mount Black Volcanics is

acomplex succession of dominantly coherent rhyolites and dacites with minor intercalated volcaniclastic

facies and mudstone. As a result, the Mount Black Volcanics have been considered to be an unmappable

felsie volcanic complex. In addition, the apparent paucity of thick volcaniclastic units, such as the

Footwall Pyroclastics, led to the assumption by many exploration companies that the Mount Black

Volcanics were unprospective for VHMS mineralisation.

Studies on the Rosebery and Hercules ate deposits have been prolific and different authors

have advocated different models for are genesis. Solomon (1964) recognised that the Rosebery are

deposit might be Cambrian volcanic in origin. Brathwaite (1969, 1974) and Green et al. (1981) proposed

deposition of sulfides by exhalation on the seafloot. This was supported by a study on the origin of

carbonate associated with the mineralisation at Rosebery by Dixon (1980). Allen (1991 unpub.), .'\llen

and Hunns (1990 unpub,) and Khin Zaw and Large (1992) suggested that Rosebery and Hercules

formed sub-seafloor as a result of Cambrian replacement of the host volcanic facies. In contrast,

Aerden (1991; 1993) advocated a Devonian syn-tectonic replacement model for mineralisation after

recognising that sulfides were concentrated in the regional cleavage.
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Chapter 2
Regional geological setting of the northern

Central Volcanic Complex

2.1 Introduction

The Central Volcanic Complex is a major lithostratigraphic unit within the Cambrian Mount Read

Volcanics, in western Tasmania (Corbett, 1986). The Mount Read Volcanics were originally identified

by Campana and King (1963) and have been described in detail by Corbett (1981, 1986, 1992, 1994),

Corbett and Lees (1987), Corbett and Solomon (1989), Pemberton and Corbett (1992), McPhie and

Allen (1992) and Crawford et al. (1992).

The Mount Read Volcanics are up to 5 km thick and occur in a 200 by 20 km area dominated by

submarine, calc-alkaline volcanic and non-volcanic sedimentary rocks (Corbett, 1992; Crawford et al.,

1992). They extend from Elliott Bay in the south ro Queenstown, Rosebery and Deloraine in the

north (Fig. 2.1). The volcanic rocks are predominantly rhyolite and dacite with locally abundant andesite

and basalt (Crawford et aI., 1992).

The Mount Read Volcanics have undergone diagenetic and hydrothermal alteration, greenschist

facies regional metamorphism, at least two phases of deformation and have been intruded by granites

(Corbett and Lees, 1987; Corbett, 1992). Locally they host Au, Ag and base metal massive sulfide

(VHMS) ore deposits. These ore deposits occur in a variety of volcanic and sedimentary facies and in

each of the main subdivisions of the Mount Read Volcanics (McPhie and Allen, 1992; Pemberton

and Corbett, 1992; Waters and Wallace, 1992). In particular, they occur in the Wesrern volcano

sedimentary sequence (Que-Hellyer Volcanics), the Central Volcanic Complex and the Tyndall Group

(Corbett and Solomon, 1989; Halley and Roberts, 1997).

This chapter examines the regional geological settingof the Mount Blackand SterlingValley Volcanics

within the northern Central Volcanic Complex. It outlines current interpretations of the northern Central

Volcanic Complex stratigraphy and highlights some of the short comings in these interpretations.

2.2 Regional geology of the Mount Read Volcanics

The Mount Read Volcanics occur in a large area of Cambrian rocks, the Dundas Trough, between

Precambrian Tyennan region to the east and Precambrian Rocky Cape Group to the northwest (Fig.

2.1) (Corbett, 1992). The Dundas Trough includes five broad stratigraphic associations: Late

Proterozoic-Early Cambrian setlimentary succession, late Early to early Middle Cambrian mafic

ultramafic complexes, Ivliddle to Late Cambrian volcano-sedimentary succession (Dundas Group and

correlates), Middle-Late Cambrian Mount Read Volcanics and Late Cambrian-Early Ordovician Owen

Conglomerate and correlates (Corbett and Lees, 1987; Crawford and Berry, 1992).
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Figure 2.1: Simplified geological map of western Tasmania, after Berry and Crawford (1988). The
Mount Read Volcanics occur along the western margin of the Precambrian Tyennan Region.

The Late Proterozoic-Early Cambrian sedimentary succession includes the Success Creek Group

and conformably overlying Crimson Creek Formation, west of Rosebery (Fig. 2.1). The Success Creek

Group is dominated by submarine sandstone, mudstone and dolomite, and the Crimson Creek

Formation includes mafic volcanic sandstone, mudstone, chert and tholeiitic basalt (Corbett and Lees,

1987). These successions suggest a period of submarine sedimentation and tholeiitic volcanism during

extension and rifting of the underlying continental crust (Crawford and Berry, 1992).
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Late Early Cambrian-early Middle Cambrian mafic-ultramafic complexes (MOC) occur along

the eastern margin of the Rocky Cape region (Fig. 2.1). The MUC are discontinuous and commonly

fault-bounded blocks composed of ultramafic cumulates, low-Ti basalt and boninitic andesite. The

MUC are in faulted contact with the Crimson Creek Formation and their significance in terms of the

early Palaeozoic evolution of western Tasmania has been contentious. ~lost recently, Crawford and

Berry (1992) proposed that the MUC represent slices of allochthonous forearc crust that were thrust

onto Late Proterozoic sedimentary sequences during arc-continent collision.

The Middle to late J'vliddle Cambrian Mount Read Volcanics occur along the western margin of

the Tyennan region (Fig. 2.1) (Corbett, 1992). The Mount Read Volcanics are a succession of rhyolitic

to basaltic volcanic and intrusive rocks with variable proportions of intercalated sedimentary rocks.

To the east, the Mount Read Volcanics unconformably overlie Tyennan Precambrian rocks (Corbett

and Solomon, 1989; Corbett, 1994). To the west, the Mount Read Volcanics interfinger with the

submarine volcano-sedimentary succession of the Dundas Group and correlates, and are in faulted

contact with the Crimson Creek Formation (Corbett, 1992).

The youngest lithostratigraphic unir is the Late Cambrian-Early Ordovician Owen Conglomerate

(Berry and Crawford, 1988). The Owen Conglomerate is a thick sequence of siliciclastic, shallow

marine to fluvial conglomerate and sandstone. It is largely derived from Tyennan Precambrian rocks

and was deposited in fault-controlled basins or grabens along the margin of the Tyennan region

(Corbett and Lees, 1987; Large et aI., 1987).

2.3 Stratigraphy of the Mount Read Volcanics

The Mount Read Volcanics are divided into: the Stitch Range beds, the Eastern quartz-phyric sequence,

the Centtal Volcanic Complex, the Western volcano-sedimentary sequences (comprising the Dundas

Group, Mount Charter Group and Yolande River Sequence), and the Tyndall Group (Fig. 2.2, Corbett,

1992). In addition, three lithological associations occur locally in the Mount Read Volcanics: andesites

and basalts, tholeiitic rocks, and granites and associated porphyries (Corbett, 1992). Of these units,

onl), the Dundas Group and Tyndall Group have been formally defined (Elliston, 1954; White and

McPhie, 1996). The lithostratigraphic units comprise compositionally and texturally diverse volcanic

and volcaniclastic rocks interbedded with sedimentary facies. The principal volcanic facies are lavas,

syn-volcanic intrusions and syn-eruptive volcaniclastic units (McPhie and Allen, 1992). Lavas and syn

volcanic intrusions are predominantly calc-alkaline rhyolites and dacites with locally abundant andesite

and basalt (Crawford et aI., 1992). Tbe volcaniclastic facies contain a higb proportion of juvenile

pyroclasts (crystals, crystal fragments, shards, pumice clasts) indicating the importance of

contemporaneous explosive eruptions. Sedimentary facies include black mudstone, and graded bedded

sandstone of mixed volcanic and metasedimentary Precambrian basement provenance (lvfcPhie and

Allen, 1992).

The volcanic belt is disrupted by a major Cambrian fault zone, tbe Hent)' Fault (Berry, 1989).

The lithostratigraphy of the Mount Read Volcanics varies north and south of the Henty Fault (Fig.

2.2). To the east and south of the Henty Fault, the Central Volcanic Complex, Eastern quartz-phyric

sequence, Tyndall Group and the Western volcano-sedimentary sequences afC recognised. To the
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Figure 2.2: Distribution of the major lithostratigraphic units in the Mount Read Volcanics, western
Tasmania, modified aftet Corbett (1992).

north and west of the Henry Fault, only two major sequences are mapped, the Central Volcanic

Complex and the Western volcano-sedimentary seguences.

2.3.1 Stitch Range beds
The Sticht Range beds are a thin succession of basement-derived sedimentary rocks and interbedded

volcaniclastic tocks, which occur along the eastern side of the Mount Read Volcanics. They

unconformably overlie the Precambrian Tyennan region and are interpreted to reflect a progression
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from fluvial to shallow marine and deeper marine environments (Baillie, 1989).

2.3.2 Eastern quartz-phyric sequence
The Eastern quartz-phyric sequence is limited to the eastern side of rhe Mount Read Volcanics (Fig

2.2) and includes the Murchison Volcanics and the Bonds Range Porphyry (polya, 1981; Pemberton et

al., 1991). This sequence comprises quartz-feldspar-phyric lavas, syn-volcanic intrusions and

volcaniclastic units (Corbett, 1992). The Eastern quartz-phyric sequence overlies the Sticht Range

beds, interfingers with the Central Volcanic Complex and is conformably overlain by rhe Western

volcano-sedimentary seguences. This sequence is intruded by the Cambrian Murchison granite in the

Mount Murchison area (Corbett, 1992).

2.3.3 Central Volcanic Complex
The Central Volcanic Complex is composed of feldspar-phyric rhyolitic and dacitic lavas, syn-volcanic

intrusions and pumiceous volcaniclastic units that dominate the central part of the Mount Read

Volcanics between Mount Darwin and Pinnacles (Fig. 2.2) (Corhett, 1979; Corbert and Lees, 1987).

Andesites and basalts are locally intercalated with the felsic seguence. Lavas and syn-volcanic intrusions

are massive, flow-banded and autobrecciated. The abundance of hyaloclastite, and presence locally of

turbidites indicate a subaqueous environment of deposition (Allen and Cas, 1990 unpub.). The Central

Volcanic Complex hosts the Rosebery, Hercules and Mt Lyell ore bodies and several VHMS and Au

prospects.

North and west of the Henry Fault, the Central Volcanic Complex extends from Mount Read

to Mount Block, and is dominated by feldspar-phyric rhyolitic and ciaciric lavas, syn-volcanic intrusions

and syn-eruptive pumiceous units (Brathwaite, 1974; Lees, 1987; Corbett and Solomon, 1989; Allen

and Cas, 1990 unpub.; Allen and Hunns, 1990 unpub.; Allen 1991 unpub.). Quartz-feldspar-phyric

intrusions and tholeiitic basalt and dolerite dykes (Henry Dyke Swarm) occur throughout the northern

Central Volcanic Complex (Corbett and Solomon, 1989). Informal lithostratigraphic units in the

northern Central Volcanic Complex include the Rosebery-Hercules host sequence, which comprises

rhe Footwall Pyroclastics, Host Rocks, Black Mudstone and the Hangingwall Volcaniclastics, the Mount

Black Volcanics, the Sterling Valley Volcanics, and the Hollway andesite (Corbett and Solomon, 1989;

Allen. 1995 unpub.).

To the west and the north, the northern Central Volcanic Complex interfingers with and is

conformably and disconformably overlain by the Dundas and Mount Charter Groups, which are part

of the Western volcano-sedimentary sequences (Corbett and Lees, 1987; Corbett, 1992; Waters and

Wallace, 1992).

South of the Henry Fawt, the Central Volcanic Complex comprises feldspar-phyric rhyolitic to

dacitic lavas, syn-volcanic intrusions and minor pumiceous units (Corbett, 1992; Pemberton and Corbett,

1992). Small lenses of andesite occur in the southern Central Volcanic Complex near Queenstown.

The Cambrian Darwin Granite intrudes the Central Volcanic Complex at Mount Darwin (Fig. 2.2)

(Corbett and Lees, 1987). The southern Central Volcanic Complex is flanked to rhe west by the

Yolande River sequence, part of the Western volcano-sedimentary sequences. To the east, it interfingers

with rhe Eastern quartz-phyric sequence and is overlain by the Tyndall Group and locally by the

Anthony Road andesite near the Tyndall Range (Corbett, 1992).
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2.3.4 W'estern volcano-sedimentary sequences

The Western volcano-sedimentary sequences are a thick succession quartz-feldspar-phyric volcaniclastic

breccia, sandstone and mudstone with intercalated rhyolitic and andesitic lavas and syn-volcanic

intrusions (Corbett and Lees, 1987; McPhie and Allen, 1992). The presence of pillow basalt, hyaloclastite,

pyritic mudstone, laminated mudstone containing marine fossils, turbidites and other mass-flow units,

and massive sulfide ore deposits collectively provide evidence for a below-wave-base submarine setting

(Corbett, 1992; McPhie and Allen, 1992; Waters and Wallace, 1992).

The Western volcano-sedimentary sequences include: the Yolande River sequence, Dundas

Group, Mount Charter Group and Henty Fault Wedge sequence (Corbett, 1992). The Yolande River

sequence occurs south of the Henty Fault, whereas the Dundas and Ivlount Charter Groups occur

north of the fault (Campana and King, 1963). The Western volcano-sedimentary sequences interfinger

with the Central Volcanic Complex in rhe central parr of the Mount Read Volcanics and overlie the

Success Creek Group and Crimson Creek Formation to the west (Corbert, 1981).

Tile Dltlldas Grol!jJ: The White Spur Formation, at the base of the Dundas Group consists of

thick (several to ten's of metres) feldspar-quartz-phyric, crystal-rich and pumice-rich volcaniclastic

units interbedded with sandstone and mudstone (Corbett and Lees, 1987; McPhie and Allen, 1992).

The volcaniclastic facies contain a diverse tange of clasts including quartz-feldspat potphyry, feldspat

phyric rhyolite, shards, pumice, granite and massive sulfide clasts. The White Spur Formation

disconformably ovetlies the Central Volcanic Complex (Corbett and Lees, 1987; McPhie and Allen,

1992).

The White Spur Formation is overlain by a sedimentary succession typical of the rest of the

Dundas Group in comprising interbedded micaceous quartzwacke, mudstone, sandstone, volcaniclastic

units and conglomerate with ultramafic clasts (Corbett, 1989).

The Moltll! Charter Groltp: At the base of the Mount Charter Group is the Que-Hellyer Volcanics,

a succession of calc-alkaline, intermediate to mafic lavas and volcaniclastic units (Corbett and

Komyshan, 1989). The Que-Hellyer Volcanics host the Que River and Hellyer ore deposits and extend

via Sock Creek to Burns Peak and Pinnacles. The Que River Shale overlies the Que-Hellyer Volcanics

and is similar to black mudstone in other lithostratigtaphic units of the Mount Read Volcanics.

The Southwell Subgroup occurs at the top of the Mount Charter Group and is lithologically

simUar to the White Spur Formation and the Hanging-vall Volcaniclastics in the Rosebery-Hercules

host sequence, comprising quartz-bearing volcaniclastic mass-flo\v units interbedded with black

mudstone and Precambrian basement-derived turbidites (Corbett, 1992; McPhie and Allen, 1992).

Henly Faltll Wedge sequellce: South of Mount Read, the Henty Fault divides into the Great Lyell

and North and South Hent)' Faults (Fig. 2.2). Between the North and South Henty Faults is a succession

of sedimentary rocks, volcaniclastic facies, tholeiitic pillow basalts, dolerites and ultramafic rocks

(Cotbert and Lees, 1987; Crawfotd et al., 1992). Tholeiitic basaltic dykes are abundant in the western

patt of the fault wedge (Corbett and Lees, 1987).
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2.3.5 Tyndall Group
The Tyndall Group is the youngest lithostratigraphic unit in the Mount Read Volcanics and extends

north-south along the eastern margin of the succession (Fig. 2.2). The Tyndall Group comprises

distinctive quartz and feldspar crystal-rich sandstone, rhyolitic volcanic breccia and conglomerate

intercalated with minor rhyolitic welded ignimbrite, rhyolitic to basaltic lavas and intrusions and non

volcanic sedimentary rocks including limestone, mudstone and sandstone (White and McPhie, 1997).

It hosts the Henry Au deposit and several massive sulfide prospects. Formal subdivision of the Tyndall

Group is based on variations in composition and lithology, which principally reflect different provenance

characteristics (White and McPhie, 1996). The lower part (Comstock Formation) is dominated by

rhyolitic to dacitic juvenile volcanic components, whereas the upper part (Zig Zag Hill Formation) is

dominated by conglomerates of volcanic and mixed volcanic and basement provenance (White and

McPhie, 1997).

The Tyndall Group unconformably overlies Tyennan basement, Sticht Range beds, southern

Central Volcanic Complex, Eastern quartz-phyric sequence, Western volcano-sedimentary sequence.

and the Cambrian Darwin granite (Fig. 2.2) (Corbett and Lees, 1987; White and McPhie, 1997). It is

overlain both conformably and unconformably by the Owen Conglomerate (Corbett, 1992, White,

1996).

2.4 Dates in the Mount Read Volcanics

Lithostratigraphic units in the Mount Read Volcanics have complex relationships and there are few

geochronological and biostratigraphic constraints on the absolute age (Table 2.1). Based on V-Pb in

zircon dating of the major lithostratigraphic subdivisions, Perkins and Walshe (1993) suggested rhat

the Mount Read Volcanics were emplaced rapidly in the late Middle Cambrian, around 502.6±3.5 Ma.

However, parts of the Central Volcanic Complex and Tyndall Group appear to be slightly younger

(perkins and Walshe, 1993).

Isotopic studies in the Mount Read Volcanics have been unreliable, yielding considerable scatter

in the ages obtained (Adams et al., 1985). This scatter may reflect partial resetting during major tectOno

thermal events, post-crystallisation Ph loss, contamination by inherited zircons or different standards

used during analysis (Adams et aJ., 1985; Everard and Villa, 1994; Black et al., 1997 unpuh). The

zircon dates reported by Perkins and Walshe (1993) are younger than biostratigraphic dates, which

may be the result of resetting during major tectono-thermal events. Therefore these ages are not

assumed to be precise and are used in conjunction with fossil evidence and regional stratigraphic

relationships to help determine the age relationships between the major Erhostratigraphic units in the

Mount Read Volcanics (summarised in Fig. 2.3).

The Western volcano-sedimentary sequences contain late Middle to Late Cambrian fossils and

have been dated in the Mount Charter Group using isotopic U-Pb in zircons at about 500 Ma in the

Que-River footwall and 503.2±3.8 Ma in the Southwell Subgroup (lago et al., 1972; Jago, 1986; Jago

and Brown, 1989; Perkins and Walshe, 1993).

The age of the Central Volcanic Complex is poorly constrained with one V-Pb zircon date
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Table 2.1: Age data for lithostratigraphic units in the Mount Read Volcanics and the overlying Owen
Conglomerate.

Uthology

Owen Conglomerate

Newton Creek Sandstone

Tyndall Group

Mount Julia Member, Comstock Fm

volcaniclastic sandstone, Comstock Fm

Comstock Limestone

\XTinter Brook lava

Link Road ignimbrite

Crown Hill Andesite

Anthony Road Andesite

Murchison Granite

Darwin Granite

Age

Late Cambrian

494.4±3.8 Ma

S02.S± 3.3 Ma

late Middle Cambrian

S00.4±6.9 Ma

SOS.3± 3.6Ma

489±9 Ma

S02.2±3.S Ma

SOl.S±S.7 Ma

S01.0± S.7 Ma

S24±lS Ma

SI0(+61,-21) Ma

Dating method

biostratigraphic;

U-Pb in zircon'

U-Pb in zircon"

biostratigraphic'

U-Pb in zircons

U-Pb in zircon'

40Ar!39Ar in hornblende'

U-Pb in zircon6

40Ar!39Ar in hornblende'

40Ar!39Ar in hornblende'

K-Ar in hornblende'

U-Pb in zircon4

Western volcano-sedimentary sequences

Southwell Subgroup S03.2± 3.8 Ma

Que River Shale late Middle Cambrian

dacire, Que River Footwall ~ SOO Ma±16Ma

Central Volcanic Complex

Jukes lava? S03.3±6.9Ma

dacitic sill, Mount Black Volcanics 494.9±4.3 Ma

V-Pb in zircon6

biostratigraphic'

U-Pb in zircon6

U-Pb in zircons

U-Pb in zircon6

Data from lMcDougali and Leggo (I96S), 2jago et al. (1972), 3Jago (1977), 4Adams et al. (1985), 5Jago and
Brown (1989), 6Perkins and Walsbe (1993), 7Everard and Villa (1994) and sBlack et al. (1997 unpuh.).

from a dacitic sill in the Mount Black Volcanics (perkins and Walshe, 1993). This date (494.9±4.3 Ma)

suggests that the northern Central Volcanic Complex is younger than most of the Mount Read

Volcanics, however if the errors are taken into consideration they could be contemporaneous, The

Central Volcanic Complex contact relationships are complicated. It is in faulted contact, interfingers

with and is conformably and disconformably overlain by the \\lestern volcano-sedimentary sequences

north of the Henry Fault (Corbett and Komyshan, 1987; Corbett and Lees, 1987; McPhie and A1Ien,

1992). South of the Henry Fault, it is flanked by the Western volcano-sedimentary sequences and

interfingers with the Eastern quartz-phyric sequence (Corbett, 1992). The southern Central Volcanic

Complex is also intruded by the Cambrian Darwin granite and both d1e Centtal Volcanic Complex

and the Darwin granite are unconformably overlain by Tyndall Group (Corbett and Lees, 1987; Corbett,

1992; White and McPhie, 1997). Hence the Central Volcanic Complex is unlikely to be the youngest

part of the Mount Read Volcanics and interpretation of the 494.9±4.3 Ma date is difficult.

Marine fossils in limestone at the base of the Tyndall Group are consistent with a Middle

Cambrian age for the Tyndall Group Gago et a!., 1972). U-Pb dating of zircons has further constrained

the age of the Tyndall Group. Within the Comstock Formation a volcaniclastic sandstone from the

base of the Tyndall Group (Lynchford Member) has been dated at -S02 Ma, whereas the upper part
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Figure 2.3: Time-space diagram showing the distribution of major lithostratigraphic units in the
Mount Read Volcanics to the north and west, and south and east of the Henty Fault (modified after
Corbett, 1992 and Selley, 1997). CVC = Central Volcanic Complex, HFW =Henty Fault Wedge.

of the Comstock Formation (1vIountJulia Member) maybe younger, at around 494±3.8 Ma (perkins

and Walshe, 1993; Black et ai., 1997 unpub.). The U-Pb age dating suggests that the Tyndall Group is

younger than the main part of the Mount Read Volcanics, which is consistent with the Tyndall Group

unconformably overlying the Central Volcanic Complex, Eastern quartz-phyric sequence and the

Darwin Granite which intrudes both the Central Volcanic Complex and the Eastern quattz-phyric

sequence (Corbett, 1992; White, 1996).

2.5 Deformation and metamorphism in the Mount Read Volcanics

The Mount Read Volcanics were affected by the Middle to Late Cambrian Delamerian Orogeny and

more extensively deformed during the Early to Middle Devonian Tabberabberan Orogeny (Corbett

and Lees, 1987; Berry, 1991; Crawford and Berry, 1992).

2.5.1 The Cambrian Delamerian Orogeny
The Cambrian deformation is marked by locally developed cleavage and syn-depositional faults (Corbett

and Lees, 1987). Growth faults and regional and local unconformities are interpreted to represent

syn-depositional Cambrian deformation (Corbett and Lees, 1987; Aerden, 1991; Berry and Keele,

1997 unpub.). The largest of the Cambrian faults include the Henty Fault, Great Lyell Fault and

Rosebery Fault (Berry, 1991). The presence of randomly oriented, cleaved volcanic clasts in a volcanic

conglomerate within the Tyndall Group around South Darwin Peak also suggests that deformation

occurred during the Late Cambrian (Corbett, 1979).

2.5.2 Cambrian granites
Five Cambrian granites have been recognised in western Tasmania: the Murchison Granite, Darwin

Granite, Elliott Bay Granite, Dove Granite and Timber tops Granite (Leaman and Richardson, 1989).
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Cambrian granites may also occur at depth in a belt which extends along the easrern side of the

Mount Read Volcanics between Mount Darwin and Mount Murchison (Large et aI., 1996). The

Cambrian granites are rypically medium grained, guarrz-K-feldspar-plagioclase-biotire-hornblende ±
apatire ± zircon ± rutile granite or granodiorite (lvfcNeill and Corbett, 1992). The Cambrian granires

are unconformably overlain by the Tyndall Group in the Murchison and Darwin areas (\}?hite, 1996).

2.5.3 The Devonian Tabberabberan Orogeny
The dominant folds, faults and cleavage in western Tasmania were produced by the Devonian

deformation (Corbett, 1981; Corbett and Lees, 1987). Two stages of E-W compression over a 30 Ma

period have been recognised (Corbett, 1981; Adams et al., 1985). The fIrst stage produced NNW- to

NNE-trending, open, shallowly-plunging folds including the prominent anticlines in the Owen

Conglomerate forming the Tyndall Range (Corbett, 1981). The N- to NNW-striking, steeply (45° to

90°) east-dipping, spaced cleavage is axial planar to the folds (Corbett and Lees, 1987). The second

stage was dominated by WNW- and NW-trending, tight folds and steeply to moderately dipping E-W

striking faults (Corbett, 1981). E-W shottening was also partially accommodated by reverse, bedding

parallel shearing (Aerden, 1991).

Many Cambrian structures were reactivated during the Devonian deformation (Berry, 1994).

Cambrian faults, such as the Henty and Rosebery Faults, record signifIcant displacement during the

Devonian (Berry and Keele, 1997 unpub.). Berry (1994) also suggested that many of the folds that

have been considered as Devonian structures were open Cambrian folds which were tightened dudng

the Devonian deformation.

2.5.4 Metamorphism andgranite emplacement during the Devonian
Regional metamorphism to lower greenschist facies was contemporaneous with the Devonian

deformation (Green et al., 1981; Walshe and Solomon, 1981; Corbett and Solomon, 1989; Corbett,

1992). Assemblages of calcite, epidote and tremolite-actinolite in some of the intermediate and mafIc

rocks are consistent with a regional temperature range of 370-450°C during metamorphism (Green et

al.,1981).

During the Late Devonian to Early Carboniferous the Mount Read Volcanics were intruded by

shallow 1- and S- type granites (Corbett and Lees, 1987; Williams et aI., 1989; Corbett, 1992).

Emplacement has been dated at 375-335 Ma (McDougall and Leggo, 1965). Deformation associated

with emplacement of the Devonian granites 1s relatively minor. Narrow biotite ± magnetite ± pyrite

± tourmaline contact aureoles and tourmaline-bearing veins are associated with many of the Devonian

granites. Near Rosebery, the presence of biotite in mineral assemblages probably reflects the presence

of a subsurface Deyonian granite (Corbett and Solomon, 1989). Lees (1987) suggested that contact

metamorphism in the south end of Rosebery mine formed at temperatures of 350-400°C and pressures

of 3.1-5.2 Kbar.

Tin and tungs(en skarn deposits (Renison, Mt Bischoff), and Ag-Pb-Zn vein deposits (Mt Farrell

mineral field) are also associated with some Devonian granites in western Tasmania (\\lilliams et aI.,

1989).
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2.6 Tectonic setting of western Tasmania

Various tectonic models proposed for the late Proterozoic to early Palaeozoic sequences of western

Tasmania are reviewed by Powell (1992) and Corbett and Turner (1989). The most recently proposed

and currently accepred model (Berry and Crawford, 1988; Crawford and Berry, 1992) is based on the

interpretation that the IvIUC are thrust sheets of forearc crust from an intra-oceanic arc. This D10del

is constrained by the distinctive composition of the MUC and comparisons with modern analogues.

In summary, the Berry and Crawford (1988) model involves attenuation and eventual rifting of rhe

Proterozoic continental crust resulting in a thinned, passive continental margin cut by small rift basins

(Fig. 2.4). Tholeiitic basalts of the Crimson Creek Formation and correlates accumulated in these rift

basins. Eastward-directed intra-oceanic subduction to the east of the passive margin, formed an oceanic

fore-arc eomposed of boninites and low-Ti tholeiites (MUC). Continued subduction resulted in arc

continent collision and the forearc crust was thrust westward onto thinned continental crust. This led

to the development of a foreland basin (Dundas Trough) into which sediment dominated by detritus

shed from locally uplifted Precamhrian basement rocks was deposited. Continued compression at the

suture initiated a short-lived reversal in subduction (westward) beneath the ne\vly emplaced

allochthonous and passive margin basement. The Mount Read Volcanics represent a phase of post

collisional volcanism characterised by high-K calc-alkaline andesites and shoshonitic basalts. Volcanism

was localised in grabens along the western margin of the Tyennan Region. Extension in this post

collisional phase was accompanied by the emplacement of tholeiitic basalts (Henry Dyke Swarm and

Henry Fault Wedge rocks). Continued back-thrusting exposed the Precambrian basemenr to erosion

and the Owen Conglonlerate and correlates were deposited.

Crawford and Berry (1992) suggested that the Proterozoic to early Palaeozoic events were

relatively shott-lived, with allochthon emplacement, reversal of subduction, post-collisional volcanism

and graben formation taking less than 20 Ma.

2.7 Stratigraphy of the northern Central Volcanic Complex

Stratigraphic subdivision of the northern Central Volcanic Complex is difficult because of the paucity

of bedding and facing data and the general lack of extensive marker horizons (Corbett and Solomon,

1989). Informal lithostratigraphic units are: the Rosebery-Hercules host seguence (formerly the Primrose

Pyroclastics), the Mount Black Volcanics, the Sterling Valley Volcanics and the Hollway andesite (Fig.

2.5) (Anderson, 1972; Brathwaite, 1974; Corbett, 1986; Corbett and Solomon, 1989; McNeill and

Corbett, 1989). In addition, three types of intrusions are common: guartz-feldspar-phyric rhyolites,

basaltic dykes (Henty Dyke Swarm) and guartz-diorite dykes (McNeill and Corbett, 1989). In Chapter

4, a new stratigraphic subdivision of the northern Central Volcanic Complex is presented, based on

lithological and compositional correlations and structural interpretations.

2.7.1 Rosebery-Hercttles host sequence

The Rosebery, Hercules and South Hercules ore deposits are hosted by the same east-younging and

dipping stratigraphic seguence (Fig. 2.5) (Solomon, 1964; Green et aI., 1981). The Rosebery-Hercules

host seguence has been described in detail by Brathwaite (1969), Corbett and Lees (1987), Lees (1987),

Corbett and Solomon (1989), Allen and Cas (1990 unpub.), Allen and Hunns (1990 unpub.) and Allen
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A. Late Proterozoic (650Ma)-Middle Cambrian

Passive margin Intra-oceanic arc

...... .... .... ......

B. Middle Cambrian (arc-continent collision)

emplacement of malic
ultramafic nappes

+ ... + ... .. .... ..
+ + + +
+ + + +.. .. ..

C. Middle Cambrian (platform subsidence and
foreland basin formation

collapse of margin and
development of foredeep

.... .... .... .... .... ..
D. Middle to Upper Cambrian

Dundas Trough

\

E. Cambro-Ordovician
continued backthrusting

'Molasse' deposition

D
o
~
r~
~

Owen Conglomerate and correlates

Mount Read VOlcanics

Dundas Group and equivalents

Sedimentary sequence (Success Creek
Group and Crimson Creek Formation)

~
~

Low-li forearc lavas

Arc volcanics

Oceanic crust (maric-ultramafic complexes)

Proterozoic continental basement

Figure 2.4: Tectonic model for the Late Proterozoic and Early Palaeozoic evolution of western
Tasmania, after Crawford and Berry (1992)_ A. Late Proterozoic evolution of the passive margin and
development of an intra-oceanic arc to the east. B. and C. Collision of the passive margin with the
intra-oceanic forearc and large-scale thrusting of the intra-oceanic arc onto the passive margin. D.
Continued compression produced west-dipping subduction beneath the passive margin and
development of a rift zone in which the Mount Read Volcanics were erupted. E. Continued back
thrusting exposed Precambrian basement to erosion,leacling to deposition of the Owen Conglomerate
and correlates.
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Figure 2.5: Geology of the northern Ceotral Volcanic Complex, modified after Alien (1991 unpub.),
Corbett and McNeill (1986), McNeill and Corbett (1989) and Corbett (1992).

(1994a and b unpub.). It is divided from base to top into (Fig. 2.6) (Green et al., 1981; Corbett and

Lees, 1987; Alien and Cas, 1990 unpuh.; Alien and Hunos, 1990 unpub.; Alien 1991 unpub.): (1)

"Footwall Pyroclastics", dominated by very thick feldspar-phyric pumice breccia units with minor

coherent and brecciated rhyolite and dacite; (2) "Host Rocks", comprising bedded siltstone, crystal

rich and tuffaceous sandstone; (3) black mudstone (also called "black slate" or "shale"), and (4)

"Hangingwall Volcaniclastics" composed of massive, very thick beds of quartz-feldspar-phyric, lithic

and pumice-rich sandstone and breccia, interbedded with bJack mudstone.
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Figure 2.6: Simplified stratigraphic log of the Roscbery-Hercules host seguence, showing massive
sulphide mineralisation at Rosebery, from Allen (1991 unpuh).

Footwall J)roc!astics: The base of the Footwall Pyroclastics are truncated by the Roseber}' Fault

(Fig. 2.5) (Corbett and Lees, 1987). Between Rosebery and Hercules, they are conformably overlain by

the Host Rocks or where the Host Rocks are absent, the Hangingwall Volcaniclastics (Lees, 1987).

South of Hercules, Corbett and Lees (1987) proposed that the west-facing \Vhite Spur Formation

unconformably overlies the east-facing Footwall Pyroclastics. Locally this contact is bedding-parallel

and apparently conformable ()\1cPhie, 1994 unpub.). R.L. Allen (written communication, 2000)

concluded that the contact south of Hercules is a folded, low-angle unconformity or disconformit:y.

The Footwall Pyroclastics comprise a thick (up to 500 01), poorly stratified rhyolitic-dacitic succession

of feldspar-phyric pumice breccia and rhyolitic and daciric sills (Fig. 2.6) (Lees, 1987; Allen, 1990b unpuh.,

1994b unpuh). Single pumice breccia beds have ftne-grained, stratified tops and at the base contain sparse

lithic clasts (Lees, 1987;Allen, 1991 unpuh). Lithic clasts include feldspar-phyric, spherulitic and amygdaloidal

rhyolite and dacite, basalt and crystal-rich sandstone (Lees, 1987; AlJen, 1991 unpub.).

Early workers suggested that the Footwall Pyroclastics pumice breccias were welded and non-
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welded ignimbrites (Corbett, 1981; Green et al., 1981). This interpretation was based on the recognition

of pumice clasts and shards, and the presence of a bedding-parallel foliation defined by fiamme-like

phyllosilicate-rich lenses (Corbett, 1979, 1986). These ignimbrite-like units have since been interpreted

to be non-welded and the sttong foliation is attributed to diagenetic alteration and compaction of

pumice clasts (Allen and Cas, 1990 unpuh).

Bedforms and textures within the Footwall Pyroclastics are consistent with deposition from

volcaniclastic turbidity currents, debris flows and suspension in a below-wave-base environment (Allen,

1990b unpub.). The Footwall Pyroclastics are interpreted to comprise the submarine deposirs from a

large, felsie explosive eruption (Allen, 1990b unpuh., 1991 unpuh, 1994a unpub.).

Host Rocks: The Hosr Rocks are a 5-60 m-thiek, discontinuous layer at the top of the Footwall

Pyroclastics (Fig. 2.6) (Corbett and Solomon, 1989; Allen, 1994b unpub.). The Host Rocks consist of

thinly bedded, rhyolitic pumiceous siltstone and sandstone (Lees, 1987; Corbett and Solomon, 1989).

The silrstone and sandstone contain pumice clasts, shards, feldspar and quartz (towards rhe top of the

Host Rocks) Ctystal fragreents (Lees, 1987;Allen, 1991 unpub.). The base of the Hosr Rocks is marked

by a gradation from massive pumice breccia to stratified finer rocks. The Host Rocks may have been

derived from water-settled suspension sedimentation or the influx of volcaniclastic turbidites from

distal rhyolitic volcanic centres (Allen, 1990b unpub.; Large et al., in press b).

Black mudstolle: Lenses of black mudstone up to 5-20 m thick, overlie the Host Rocks and Footwall

Pyroclastics (Fig. 2.6). They occur above the three largest massive sulfide lenses (Rosebery, Hercules

and South Hercules; Fig. 2.5) and have recently been interpreted as the base of the Hangingwall

Volcaniclastics (Lees, 1987; Allen, 1991 unpub.). The black mudstone contains biogenic pyrite and is

interbedded with quartz-feldspar-phyric silrstone and sandstone that also contain Precambrian-detived

quartzite and quartz-mica schist clasts (Corbett and Solomon, 1989).

HangillgJl'all Volcaniclastics: The Hangingwall Volcaniclastics are a 5-400 m-thick succession of

massive to stratified, feldspar-quartz-phyric volcaniclastic units (Fig. 2.6) (Lees, 1987; Allen, 1991

unpub.). They include quartz-phyric volcanic sandstone, volcaniclastic breccia, feldspar-phyric rhyolite

or dacite and intercalated lenses of black mudsrone (Brathwaite, 1969; Lees, 1987; Allen, 1990b unpub.,

1991 unpub.). The volcaniclastic breccia units have a diverse range of litluc clasts including: quartz

and/or feldspat-phyric rhyolite, pumice, spherulitic and amygdaloidal dacite, siltsrone, sandstone and

schist as well as intra-formational lithic clasts such as black mudsrone (Lees, 1987). The contact of the

Hangingwall Volcaniclastics with the underlying black mudstone is locally erosional (Corbett and

Solomon, 1989). The basal unit is a quartz-feldspar-phyric rhyolite breccia with quartz porphyry,

black mudstone and sparse massive sulfide clasts (Corbett and Solomon, 1989; Pemberton and Corbett,

1992). This well stratified sequence has been subdivided into 5 separate units ranging from 10 em to

100 m in thickness (Fig. 2.6) (Allen, 1991 unpub.).

The Hangingwall Volcaniclasrics ptobably comprise the medial to distal facies of a felsic volcanic

centre, deposited in a below-wave-base submarine environment (Allen, 1991 unpuh., 1994a unpub.).
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2. 7.2 Mount Black Volcmzics

The Mount Black Volcanics were originally described by Brathwaite (1969, 1974) as a thick succession

of rhyolitic to andesitic lavas, minor volcaniclastic and sedimentary units exposed to the east of the

Rosebery-Hercules host sequence (Fig. 2.5).

The Mount Black Volcanics extend from Mount Read to Mount Block and cover a 4 x 30 km

area (Fig. 2.5). To the west, rhey are in fault contact (Mount Black Fault) with the Rosebery-Hercules

host sequence (Allen, 1994a unpub.). To the east, they conformably overlie the SterlingValley Volcanics,

and are truncated by the Henry Fault (Corbett, 1986).

The Mount Black Volcanics are a thick (800 to 2500 m) succession dominantly composed of

feldspar-phyric rhyolitic to dacitlc, massive, flow-banded and autobrecciated lavas and sills (Anderson,

1972; Corbert and Solomon, 1989; Allen, 1990b unpub., 1991 unpub.; Warmeant, 1990). Variable

proportions of lithic clast- and/or pumice-rich volcanic breccia, stratified shard-rich sandstone and

siltstone, and carbonate are intercalated with the lavas and sills (Saint)', 1986; Lees, 1987; Corbett and

Solomon, 1989).

2. 7.3 Sterling Valley Volcanics
The Sterling Valley Volcanics occur to the east of the Mount Black Volcanics, abutting the Henry

Fault (Fig. 2.5). They are exposed along the Murchison Highway and the upper Stitt River. The Sterling

Valley Volcanics comprise basaltic to dacitic monomictic and polymictic breccias, lavas and sills,

laminated basaltic sandstone and tuffaceous siltstone (Lees, 1987; Corbett, 1992; Allen, 1995 unpub.).

Allen (1995 unpub.) interpreted that the Sterling Valley Volcanics to represent remnants of a

large, submarine volcano that was mainly basaltic with subordinate felsic products.

2.7.4 Intrusions
Quartz-fe1dspar-phyric rhyolitic intrusions are limited in extent and cross-cut the Central Volcanic

Complex stratigraphy (Corbett and McNeill, 1986). They occur on the Pieman Road, Murcbison

Highway east of Rosebery and at Koonya. They contain distinctive embayed quartz phenocrysts up to

2 mm in diameter and plagioclase phenocrysts in a quartzo-feldspathic groundmass (Lees, 1987).

Basalt and dolerite dykes of the Henry Dyke Swarm also intrude the northern Central Volcanic

Complex, however their extent is limited to the Mount Black and Sterling Valley Volcanics (Lees,

1987; Corbett and Solomon, 1989). They are commonly dark green, amygdaloidal and irregular (Lees,

1987). They are concentrated along the western margin of the Hent)' Fault, possibly reflecting a

structural control during emplacement (Corbett, 1986). The absence of basalt and dolerite dykes in

the younger White Spur Formation, Mount Charter Group and Tyndall Group suggests that intrusion

was either deep in the volcanic succession or prior to the end of the Cambrian.

2.8 Stratigraphic problems in the northern Central Volcanic Complex

Most contacts between the major lithostratigraphic units in the northern Central Volcanic Complex

are either poorly exposed or faults. The result is confusion about the regional stratigraphy. The principal
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problems are: (1) whether the quartz-phyric volcaniclastic units of the Hangingwall Volcaniclastics,

part of the Central Volcanic Complex, can be correlated with the quartz-phyric White Spur Formation

at the base of the Dundas Group; (2) clarification of the original stratigraphic position of rhe Mount

Black Volcanics relative to the Rosebery-Hercules host sequence; (3) whether the Sterling Valley

Volcanics are the youngest or oldest exposed portion of the northern Central Volcanic Complex.

2.8.1 Hangingwall Volcaniclastics and White Spur Formation
In the White Spur area south of Hercules, the Footwall Pyroclastics, black mudstone, Hangingwall

Volcaniclastics and \Vhite Spur Formation have previously been grouped into one formation, the

Primrose Pyroclastics (Brathwaite, 1974; Green et a!., 1981). Green et a!. (1981) regarded the

Hangingwall Volcaniclastics and the White Spur Formation as fold repetition of the same unit. More

recently, Corbett and Lees (1987) separated the Rosebery-Hercules host sequence from the Dundas

Group in the White Spur area and included it in the Central Volcanic Complex. However, they noted

that the Hangingwall Volcaniclastics lithologically strongly resembles the White Spur Formation. Both

contain feldspar-quartz-phyric rhyolitic volcaniclastic units, feldspar-phyric lava and intercalated

mudstone (Lees, 1987). lithic clast types in the volcaniclastic units are similar, including: quartz- and!

or feldspar-phyric rhyolite and dacite, pumice, mudstone, sandstone, schist, limestone and sparse

granite and massive sulfide clasts (Lees, 1987).

Correlation of the Hangingwall Volcaniclastics and the White Spur Formation also depends on

the structural interpretation. West of Rosebery the contact between the Footwall Pyroclastics and the

White Spur Formation is the Rosebery Fault (Corbett and Lees, 1987). South of Hercules, the White

Spur Formation disconformably overlies pumice breccia equivalent to the Footwall Pyroclastics (R.L.

Allen, written communication, 2000). Therefore the Hangingwall Volcaniclastics should be broadly

equivalent to tl,e White Spur Formation, an interpretation that is generally accepted by workers in the

Mount Read Volcanics (Allen, 1990b unpuh., 1994a unpub.; McPhie and Allen, 1992).

2.8.2 Mount Black Volcanics and Footwall Pyroclastics
The Mount Black Volcanics have been assumed to be younger than the Rosebery-Hereules host

sequence, either conformably overlying or in faulted contact with the top of the Hanging-vall

Volcaniclastics (Brathwaite, 1974; Lees, 1987; Allen, 1991 unpub.). The Moum Black Volcanics were

also assumed to be consistently east-dipping and younging. This led to the interpretation that, from

oldest to youngest, the northern Central Volcanic Complex consists of: the Rosebery-Hereules host

sequence, the Mount Black Volcanics and the Sterling Valley Volcanics.

However, recent detailed sttuctural and facies analysis suggest that the Mount Black Volcanics

may be a correlate of the Footwall Pyroclastics. This interpretation has radical implications for the

stratigraphy of the northern Mount Read Volcanics and the stratigraphic position of VHMS ore

deposits in the Central Volcanic Complex.

The Mount Black Volcanics are texturally and compositionally similar to the Footwall Pyroclastics

(Chapter 4). Both contain feldspar-phyr;c rhyolitic and dacitic lavas, syn-volcanic sills and pumice

breccia. The main difference;s that the Mount Black Volcanics contain a higher proportion of lavas

and intrusions compared to the Footwall Pyroclastics (Allen, 1994a unpub.). This similarity led Allen
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(1994a unpub) and Corbett (1992) to suggest that the Mount Black Volcanics are a fault repetition of

the Footwall Pyroclastics and that there is the potential for the Rosehery and Hercules ore horizons to

be repeated east of the Mount Black Fault. This interpretation requires reverse movement on the

Mount Black Fault, between the Rosebery-Hercules host sequence and the Mount Black Volcanics.

This fault is recognised at Rosebery and extends south to Dallwitz (Fig. 2.5), but the movement

direction has not been established.

2.8.3 Stratigraphic position ofthe Sterling Valley Volcanics
The stratigraphic position of the Sterling Valley Volcanics is significant because elsewhere, andesitic

and basaltic successions above the Central Volcanic Complex (Que-Hellyer Volcanics and Lynch

Creek Basalts) host important VHMS ore deposits (Corbett, 1992). The position of the Sterling Valley

Volcanics also has implications for the magmatic evolution of the Mount Read Volcanics as no basaltic

volcanic successions have been recognised in the lower part of the Mount Read Volcanic stratigraphy.

2.9 Mineralisation in the northern Central Volcanic Complex

In 2001, only the Rosebery mine continues to operate in the northern Central Volcanic Complex,

however a large number of old workings and prospects are scattered throughout the Rosebery-Hercules

host sequence, the western part of the Mount Black Volcanics and along the Henry Fault (Fig. 2.5).

These mines and prospects include a number of styles of mineralisation:

(1) Rosebery, Hercules, Sourh Hercules, Rosebery Lodes and Pinnacles are Pb-Zn-rich polymetallic

massive sulfide deposits (Green et al., 1981; Large et 01., 1987; Corbett and Solomon, 1989). The

Cutty Sark prospect consists of clasts of similar polymetallic massive sulfide in dacite breccia (Fitzgerald,

1984 unpub.).

(2) Chester is a massive pyrite-rich sulfide deposit hosted by pumice breccia and rhyolite (Stevens,

1974; Purvis, 1992 unpub.)

(3) Gold-bearing veins at Lakeside (south of Tullah), and along the contact between Mount Black

Volcanics and the Rosebery-Hercules host sequence are associated with major fault zones.

(4) Chamberlain, Salisbury and Black F.A. prospects comprise fault-controlled quartz-tourmaline

fluorite veins interpreted to be related to post-tectonic Devonian granites (Green et al., 1981).

(5) The SterlingValley and Dalmeny prospects consist of vein and stringer-style chlorite-cho1copyrire

pytite mineralisation, whereas Bobadil and Koonya are sphalerite-galena-rich veins (Lees et al., 1990).

Despite the wide variety of styles of mineralisation in the northern Central Volcanic Complex,

research has largely concentrated on the Rosebery and Hercules ore deposits. Models for ore genesis

proposed for Rosebery and Hercules are bodies include: (1) syn-tectonic, Devonian mineralisation

(Stillwell, 1934; Aerden, 1991); (2) deposition from hydrothermal fluids exhaled on the Cambrian

seafloor (Brathwaite, 1974; Solomon and Walshe, 1979; Green et al., 1981); (3) sub-seafloor, Cambrian

replacement and impregnation of porous volcanic facies (Allen, 199Gb unpub.; Allen and Hunns,
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1990 unpub.); and (4) a combination of all of the above (IZhin Zaw and Large, 1992; Allen, 1994b

unpub.).

Until 1965, a Devonian replacement origin was proposed for ti,e Rosebery ore deposir based on the

cleavage-parallel banding in the mineralisation and the observation that cleaved clasts of Host Rock within

the ore lenses were aligned with the regional cleavage (Finucane, 1932; Stillwell, 1934; Hall et 01, 1965).

Based on macro- and microstructural studies, Aerden (1991, 1993, 1994) also suggested rhat massive

sulfide lenses ar Rosebery and Hercules were syn-tectonic in origin. He proposed that Cambrian sulfides

within the volcanic succession were dissolved, transported, concentrated and re-precipitatedin a structural

trap during Devonian deformation and metamorphism (Aerden, 1991, 1993). The main evidence presented

for this model included: the discordant nature of ore lenses at Hercules, the discordance between

mineralisation and folds in the Host Rocks at Rosebery, overprinting of the regional cleavage by ore

minerals, replacement texmres, undeformed sulfide minerals, and the strucrural control of the position

and texture of ore on microscopic to macroscopic scales (Aerden, 1994).

In contrast, Solomon (1965), Brathwaite (1974), Solomon and Walshe (1979) and Green et aJ.

(1981) suggested that the folded, stratiform Rosebery deposit formed by exhalation on rhe seafloor.

This interpretation was based on: the stratiform sheet-like nature of the ore lenses, concordant bedding

parallel ore mineral banding, interbedded !vb-carbonate, the stratigraphic control on the distribution

of the ore bodies, lack of significant hangingwall alteration, similar ore mineral zonation to Kuroko

deposits, and sulfur isoropes consistent with Cambrian seawater origin (Solomon, 1964; Solomon et

al., 1969; Brathwaite, 1974, Green et aI., 1981).

Gradation from ore to Host Rocks and Footwall Pyroclastics pumice breccia suggests that at

least part of the Rosebery ore deposir was formed by replacement of Footwall Pyroclasrics (Allen,

1990b unpub.). Uncompacted pumice clasts and shards are preserved in carbonate nodules associated

with mineralisation, indicating that mineralisation pre-dated compaction and lithificarion (Allen, 1994a

unpub.). The occurrence of massive sulfide clasts in volcaniclastic breccias in the Hangingwall

Volcaniclastics north of Rosebery (Bastyan Dam) and south of Hercules implies that mineralisation

occurred close to the surface and that the top of the mineralisation was eroded by mass flows (Allen,

1994a unpub.). Textures at South Hercules also suggest that ore formed by sub-seafloor replacement

and impregnation of porous volcaniclastic facies and was subsequently recrysrallised and aligned

during the Devonian deformarion (IZhin Zaw and Large, 1992).

2.10 Summary

The Mount Black Volcanics are part of the Cambrian Mounr Read Volcanics, in western Tasmania.

The Mount Read Volcanics can be divided into: Eastern quartz-phyric sequence, Central Volcanic

Complex, Western Volcano-sedimentary sequences and Tyndall Group (Corbett, 1992). The Mount

Read Volcanics are disrupted by a major Cambrian fault, the Henty Fault (Berry, 1989) and the succession

has been cleaved, folded and faulted during the Ivliddle to Late Cambrian and Early to Middle Devonian

(Corbett and Lees, 1987; Crawford and Berry, 1992). Regional metamorphism to lower greenschist

facies was contemporaneous with Devonian deformation (Green et al., 1981). Parts of Mount Read

Volcanics have been intruded by Cambrian and Devonian granites (Corbett, 1992).
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The northern Central Volcanic Complex is bound to the east and south by the Hent)' Fault and

the west by the Rosebery Fault, and can be subdivided into: the Rosebery-Hercules host seguence, the

Mount Black Volcanics, the SterlingValley Volcanics and the Hallway andesite (Corbett, 1986; Corbett

and Solomon, 1989; McNeill and Corbett, 1989). The stratigraphic positions of these lithostratigraphic

units arc still controversial.

The Rosebery-Hercules host sequence comprises: Footwall Pyroclastics, Host Rocks, black

mudstone and Hangingwall Volcaniclastics (Corbett and Solomon, 1989; Allen, 1994a unpub.). The

Footwall Pyroclastics comptise thick, feldspar-phyric pumice breccia units intruded by rhyolitic and

dacitic sills (Lees, 1987; Allen, 1994b unpub.). Host Rocks are thinly bedded volcaniclastic siltstone

and sandstone (Lees, 1987). Ar the base of the Hangingwall Volcaniclastics, lenses of black mudstone

overlie the Host Rocks and Footwall Pyroclastics (Corbett and Solomon, 1989). The Hangingwall

Volcaniclastics comprise feldspar-quartz-phyric sandstone, breccia, feldspar-phyric rhyolite and dacite

and lenses of black mudstone (Lees, 1987; Allen 1991 unpub.).

The Mount Black Volcanics are dominated by feldspar-phyric, massive, flow-banded and

autobrecciated lavas and sills of rhyolitic and ciadtic composition intercalated with pumice breccia,

sandstone and siltstone,

The Sterling Valley Volcanics comprise basaltic to ciadric lavas and sills, monomictic and

polymictic volcanic breccia and basaltic sandstone (Allen, 1995 unpub.).
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