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Abstract	
This thesis examines the Proterozoic and early Paleozoic connections between Victoria 

and Tasmania.  Many different models have been suggested, and I conclude here that 

the Selwyn Block model is the most appropriate as it satisfies both the geological and 

geophysical data.  The model proposed that the Proterozoic cratonic crust of western 

Tasmania continues north under Bass Strait and lies unconformably below the 

Melbourne Zone in central Victoria.  The Selwyn Block is the northern end of the 

Proterozoic micro-continent, VanDieland, which also includes western Tasmania, the 

west South Tasman Rise and the East Tasman Plateau. 

In order to be able to extrapolate the major rock packages in Tasmania across Bass 

Strait, they first had to be determined in Tasmania.  Seven Proterozoic zones were 

outlined—King Island, Rocky Cape, Burnie, Pedder, Tyennan, Sorell-Badger Head, and 

Glomar, with an eighth, Eastern Tasmania equivalent to the Paleozoic Tabberabbera 

Zone in eastern Victoria.  Only the first three Proterozoic zones continue across Bass 

Strait, with the other four truncated either in Bass Strait or lying further south.  Outcrops 

of rocks from the King Island and Burnie Zones are present in windows in Victoria but 

the Rocky Cape Zone is completely concealed.  However, the presence in the mid-crust 

of the Rocky Cape and King Island zones can be seen in the enclaves and in the 

geochemical signatures of the Upper Devonian granites of central Victoria and in rare 

conglomerate clasts. 

VanDieland was initiated inside Nuna, between Laurentia and East Antarctica, at about 

1.8 Ga.  Much of the sedimentation seen in the Rocky Cape Zone is the erosional 

products of the Grenville Orogeny.  As Rodinia broke up, VanDieland began to be 

extended at about 760 Ma, and this continued until final separation from Antarctica at 

about 570 Ma.  After this, it drifted ‘north’ as micro-continental slivers along the Terra 

Australis margin until about 530 Ma.  It then re-amalgamated in a closing back arc 

system within the greater Ross-Delamerian Orogeny, although it did not accrete onto 

Gondwana, remaining perhaps 200 to 300 km outboard.  In the Early Devonian, as 

VanDieland got closer to Gondwana, a Banda Sea-style subduction system retreated 

southwards outboard of its eastern margin.  This accreted VanDieland into Gondwana 
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and gave rise to a crude, clockwise age distribution of the granites in Tasmania, from 

approximately 400 Ma on Flinders Island to 350 Ma on King Island. 
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Chapter 1 
 

                Come my friends, 

      ‘Tis not too late to seek a newer world. 

    Ulysses; Tennyson, 1842 
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Chapter	1:	Introduction	
1.1  SCOPE OF THE PROJECT 

Accretionary orogenic systems are a fundamental part of Earth history.  They are taking 

place today in the western Pacific (Crawford et al., 2003b) and can be traced back at 

least to the Archean-Proterozoic boundary (Evans, 2013).  The very nature of our 

planet, with a continental crust that incompletely covers its surface, demands that it 

loses heat at different rates in oceanic and continental regions, and that the heat build-up 

under continental crust will ultimately cause the breakup of any large continent formed.  

In turn, the spherical geometry of the planet means that every breakup event is the 

precursor to an accretionary event.  Sometimes large pieces of continental crust are 

accreted, such as in the collision of India with Asia (Patriat and Achache, 1984).  

Elsewhere, continents accrete micro-continental and island arc fragments at their 

margins that are embedded in a matrix of sedimentary rocks largely derived from the 

continent itself.  The Altaids and the Tasmanides are of this style (Gray and Foster, 

2004; Glen, 2005; Wilhem et al., 2012).   

Each style of accretion brings its own challenges in understanding.  The collision of 

India with Asia has had major effects on the adjacent regions (e.g. Metcalfe, 2013).  The 

gross setting for the Tasmanides is intrinsically simple, lying between the Gondwanan 

margin and the circum-Pacific subduction system that has been present since the start of 

the Paleozoic (Coney, 1992; Cawood, 2005).  However, within this system there are 

many complexities, such as poor or non-existent along-strike correlation of micro-

continental ribbons and their boundaries.  These ribbons will almost always have had a 

strong competency contrast with the adjacent young sedimentary rocks, and so 

subsequent compressive events are likely to have caused the sedimentary rocks to have 

been thrust over the rigid micro-continental ribbons.  Internal subduction zones may 

have existed only briefly, and they may have wrapped around micro-continental 

ribbons, as modelled by Moresi et al. (2014).  Similar features are seen today in the 

Banda Sea (Hall, 2002).  In a history spanning several hundred million years, younger 

events will have overprinted older ones, further obscuring understanding of the early 

history of the region.  The speed of advance or retreat of the master subduction zone 

will also have had a profound effect on the nature of the orogen formed (Cawood et al., 
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2009).  For example, retreating subduction zones extend the adjacent crust and generate 

back-arc basins, while advancing subduction zones cause material to accrete to the 

continental margin (Schellart, 2008).  The Tasmanides underwent long periods of 

subduction zone retreat separated by shorter periods of advance, ensuring a complex 

history (Collins, 2002). 

Within the Tasmanides, it has long been recognised that the pre-Carboniferous rocks of 

Tasmania and Victoria have very different geological histories (e.g. David, 1950).  

Victorian rocks are clearly part of the greater Tasmanides, typically with the oldest parts 

comprising Cambrian ocean floor basalt overlain by Ordovician meta-turbidites rocks 

that are in turn overlain by younger sequences that are meta-turbidite–dominated.  

Almost all were laid down in oceanic environments.  Granitic bodies were intruded at 

about 490 Ma and from approximately 410 Ma onwards.  In contrast, rocks in western 

and central Tasmania clearly go back to the Mesoproterozoic, and the Paleozoic rocks 

present were deposited in continental or marginal marine settings.  These rocks are 

present as far north as King Island, but the only equivalent sequence in Victoria is a 

small area on the south coast at Cape Liptrap. 

Many of the answers to this enigma lie under Bass Strait.  But what is the basement 

there, or to rephrase the problem, what are the connections between the Early Paleozoic 

rocks of Victoria and the Early Paleozoic and Proterozoic of Tasmania?  How did they 

get to be this way?  Do we see any evidence of the Proterozoic Tasmanian rocks in 

Victoria, and are the Paleozoic events seen in Victoria reflected in events in Tasmania?  

How do these events correlate with events seen elsewhere along the Early Paleozoic 

margin of Gondwana?  And why is western Tasmania so different to the rest of the 

Tasman Orogen? 

1.2  PROJECT AIM 

The aim of this thesis is to correlate the Proterozoic and Early Paleozoic rocks of 

Tasmania across Bass Strait into Victoria and to outline the effects seen in the Early 

Paleozoic rocks of the Lachlan Orogen of southeastern Australia.  This includes the 

following tasks; 
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 Deciding on the most appropriate model from the many outlined over the last 20 

years.  For example, the Selwyn Block model (Cayley et al., 2002) is just one of 

many that should be tested against the geological and geophysical data.  Without a 

potentially valid model, any subsequent steps are pointless; 

 Subdividing the Pre-Ordovician rocks of Tasmania into strato-tectonic packages.  

Each package should have a unique geological history that can be linked together to 

form a single history that goes back to the formation of the earliest rocks known, 

and that explains their dispositions today; 

 If possible, extrapolating these mostly Precambrian packages across Bass Strait into 

Victoria and outlining their effects on Victorian geology.  These effects should be 

interpreted from both sedimentary and igneous rocks and explain the enigmatic 

magnetic and seismic responses seen in central Victoria.  The effects should be 

examined both in areas where Proterozoic and Cambrian Tasmanian crust might 

continue across Bass Strait and also in the adjacent rocks of the Lachlan Orogen. 

1.3  DESCRIPTION OF RESEARCH METHODOLOGIES 

This thesis uses a multi-faceted approach to the research.  Most critically, it relies on 

understanding the geology of the region.  Both the Geological Survey of Victoria and 

Mineral Resources of Tasmania have 1:25,000 or 1:50,000 scale maps of many of the 

important areas of the region, such as the coastlines and adjacent areas.  However, some 

significant areas have not been mapped or the mapping has not recognised features 

whose significance only becomes apparent when integrated with other data.  Mapping 

away from the Tasmanian coastline is problematic, given the extensive thick vegetation 

cover, deep weathering and younger rock cover.  In Victoria, only a few outcrops of the 

relevant rocks crop out on or near the coast.  The remainder are covered by Cretaceous 

and younger rocks of the Gippsland and Otway basins.  A critical aid in understanding 

was the field work carried out in Tasmania (2 months), King Island (3 weeks) and 

southern Victoria (approximately 1 week).  Almost all of this was carried out along the 

coast.   

As well, there is an extensive literature on the relevant rocks in both states.  Most was 

written for other purposes, but often papers contained relevant isolated facts that 

together helped inform the larger interpretation.  This necessitated literature synthesis of 

the often disparate observations and data into a single, coherent interpretation.  
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Synthesis involved collection of field based geological data, geological literature and 

externally collected databases, which included digital geological data from Victoria 

(Welsh et al., 2011) and Tasmania, (Mineral Resources Tasmania Data Management 

Group, 2011), and OZCHRON SHRIMP (Black, 2007) and Sm-Nd databases 

(Champion, 2013). 

Hydrocarbon exploration data were rarely useful.  Only 8 offshore oil and gas 

exploration holes reached basement in the region, and 4 of these were west of the Bass 

Basin.  This meant that the geophysical interpretation of Bass Strait was poorly 

constrained in some areas.  As well, the seismic data from hydrocarbon exploration 

were processed to optimise contrasts in the Bass Basin, meaning that there was little 

contrast in the basement data, if any data were present.  In contrast, the 1995 

Geoscience Australia/Mineral Resources Tasmania seismic survey, GA148, which 

circumnavigated Tasmania, was targeted at the older rocks and data was collected to 

16 s, yielding information to approximately 48 km depth.  These data yielded important 

information about the locations and dips of many of the major structural breaks that 

cross the Tasmanian coast. 

Other geophysical data used included airborne magnetic surveys with flight line 

spacings between 200 m and 500 m across almost all of Victoria, much of Tasmania 

and all of Bass Strait.  These data have been stitched together by Geoscience Australia 

in an Australia-wide stitch with a cell size of 0.00083333° (approximately 80 m); the 

stitch available in 2010 was used as the basis for this study. 

The magnetic data has the advantage of providing a uniform, high-quality data set in 

which all other observations could be placed and hypotheses tested.  The data mostly 

map the variable presence of just two minerals, magnetite and monoclinic pyrrhotite; 

magnetite is by far the dominant magnetic mineral.  Many sedimentary rocks are all but 

non-magnetic and so the method generally fails to distinguish between different meta-

sediments, although careful imaging of high frequency responses can yield valuable 

structural information from those that do contain traces of magnetite or pyrrhotite.  In 

contrast, significant proportions of oxidised igneous rocks contain magnetite-rich 

phases and can be distinguished by the magnetite within them, which provide not only 

spatial information about the outlines of the bodies, but also indications about what the 

bodies might be.  For example, many oxidised granites in western Victoria can be 
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distinguished by their magnetic outer parts that surround an essentially non-magnetic 

core (VandenBerg et al., 2000).  The method has the advantages of being able to obtain 

responses from buried bodies and that the shapes of the responses change with depth, so 

that images of deeply buried magnetic bodies can often be distinguished from 

shallower, less magnetic bodies.   

Many of the post-Paleozoic rocks in the region, notably Cretaceous and Cenozoic 

basaltic units, are strongly magnetic.  Their responses mask more subtle responses from 

underlying bodies.  To some extent this problem can be overcome by image 

enhancement techniques, as the young basalt bodies often have strong high-frequency 

magnetic responses.  Even so, using many different image types and carefully filtering 

out high frequency responses is only a partial solution where a young, strongly 

magnetic sheet overlies an older weakly magnetic body.  Magnetic remanence also 

needs to be considered.  Where magnetic modelling has been carried out, I have 

assumed that only the post-Paleozoic rocks may carry remanent magnetism.  Older 

rocks have been metamorphosed, mostly to greenschist facies or above, and this is 

likely to have reconstituted the magnetite present (Dentith and Mudge, 2014).  This 

assumption may not always be valid, but is likely to be so in most cases.  Finally, when 

magnetic minerals are at temperatures above their Curie points (approximately 580° for 

magnetite and 320° for pyrrhotite) they become non-magnetic and magnetic 

interpretation is not possible. 

Radiometric data was generally collected with the magnetic data, and in some areas of 

highly weathered outcrop, this data source provided useful additional information as to 

the locations of boundaries.  However, where the rocks are covered by water or more 

than a few tens of centimetres of young cover, any radiometric data collected was of no 

value to the present study. 

Topographic data also provided helpful supplementary information, since lithology has 

a strong control on topography.  High quality topographic data are routinely collected 

during airborne magnetic surveys and were also collected over the submarine plateaux 

south of Tasmania.  While non-unique, the data provided some control in areas where 

other data were inadequate.  They were also valuable when imaged in conjunction with 

radiometric data. 
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Because density is an intrinsic property of all rocks and gravitational attraction is a 

function of density, then gravity data should provide a method of outlining different 

rock packages.  Furthermore, it is less limited by the depth of the causative body than 

magnetic data since there is no equivalent to the Curie point.  However, when compared 

to magnetic data, the typical range of variation in density is less than a factor of 2 

compared to several orders of magnitude variation in magnetic susceptibility, the data is 

more costly to acquire and so often the stations are more widely spaced than is optimal.  

The gravity data used were from Geoscience Australia, and both the 2008 onshore 

bouguer/offshore free air and 2012 isostatic compilations were used.  These data sets 

had cell sizes of 0.0083333° (approximately 800 m), implying an order of magnitude 

less precision than the magnetic data in the final grid.  As well, the data quality varied 

significantly.  In parts of northwestern Victoria, the nominal station spacing is 0.5 km 

(Moore and McLean, 2009), while in Bass Strait the gravity grid available was derived 

from lines up to 100 km apart.  Furthermore, there appeared to be major difficulties in 

stitching together the onshore and offshore data sets as no surveys cross the land-water 

interface.  Indeed, most marine surveys are carried out well away from coastal areas.  

Thus interpretation in these areas was problematic. 

The data outlined above were combined into a geological interpretation that extends 

from 35°50’S to 51°40’S, and from 142°E to 152°E, approximately 1700x550 km.  The 

interpretation of the most important part of this region, across Bass Strait, was tested in 

seven sections that forward modelled the magnetic and gravity data.  Forward modelling 

is a method of constructing a cross section, populating polygons with rock properties 

(density and magnetic susceptibility) and comparing the calculated response with the 

observed response.  The cross section geometry and/or rock properties are iteratively 

modified until there is appropriate match between the calculated and observed 

responses.  The method relies completely on the quality of the input data, and all of the 

strengths and weaknesses outlined above for the magnetic and gravity data are present 

in the models.  The uncertainties also include the geological model being tested, since 

the geological knowledge used to develop a model is mostly derived from near-surface 

observations and the sections generated were modelled to 30 km deep, where our 

understanding is much weaker than in the near-surface.  Furthermore, the gravity 

response decreases as the square of the distance to the sensor increases, and the 

magnetic response decreases as between the cube and the fifth power (depending on the 
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orientation of the source and the the Earth’s magnetic field).  This means that the 

uncertainties will correspondingly increase.  In addition, because the models created 

were 2D models, fields largely derived from off-section bodies could not be 

appropriately modelled even though they may have caused significant variations along 

the modelled profiles.  Because some of the sections modelled were over 500 km long 

and 30 km deep, some models reached the limits of the Gm-Sys® software, and no more 

surfaces could be included in the model.  Even so, the models provided important 

insights into the crust under Bass Strait and adjacent areas. 

1.4  ORGANISATION OF THESIS 

Chapter 2 contains a wide-ranging literature review that synthesises the Pre-

Carboniferous geology of Victoria and Tasmania.  It then evaluates the many 

hypotheses that have attempted to link the geology of Victoria and Tasmania against 

this synthesis and the geophysical data, and concludes that the Selwyn Block model of 

Cayley et al. (2002) is the most likely model to fit the available data.  However this 

model says little about the relationships between the Selwyn Block (that underlies 

central Victoria) and Tasmanian geology.  The chapter was published in Gondwana 

Research (Moore et al., 2013). 

Chapter 3 provides a synthesis of the geology of Tasmania and a geological history that 

is internally consistent and consistent with that of VanDieland (the Selwyn Block, 

western Tasmania, the west South Tasman Rise and the East Tasman Plateau, Cayley, 

2011).  It subdivides Tasmania into 7 zones, with another, the Glomar Zone, further 

south.  The subdivisions provide the basis for extending Tasmanian geology across Bass 

Strait in Chapter 4.  The history outlined suggests Mesoproterozoic linkages with both 

East Antarctica and Laurentia, thereby implying constraints on future Rodinian paleo-

geographic reconstructions.  It also suggests a mechanism for the generation of the 

Cambrian volcanic hosted massive sulphide deposits in western Tasmania.  The chapter 

was published in the Australian Journal of Earth Sciences (Moore et al., 2015).  

Chapter 4 extrapolates the subdivisions proposed in Chapter 3 across Bass Strait and 

into the Selwyn Block, thereby providing the first strato-tectonic map of pre-

Carboniferous Bass Strait and the Selwyn Block.  It places all of the pre-Ordovician 

rocks in central Victoria into a single framework that is consistent with that previously 
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outlined in Tasmania.  It gives a source for the exotic conglomerate clasts seen in the 

southeastern Melbourne Zone.  It offers explanations for many of the otherwise difficult 

to explain features observed in some plutons of the Central Victorian Granite Province, 

including the presence of calc-silicate xenoliths, abnormal Ni and Cr values, the 

distribution of ƐNd values and the orientations of some intrusions.  It suggests that the 

deep magnetic responses seen in the Selwyn Block may be due to the metamorphism of 

an underlying mafic volcanic unit.  The chapter also examines the gross faulting 

patterns in rocks in eastern Victoria and eastern Tasmania and concludes that the 

hypothesis outlined by Moresi et al. (2014) for southeastern Australia appears to be 

valid in Tasmania. 

Chapter 5 collates the conclusions outlined above, presents a strato-tectonic map of 

VanDieland and provides a more wide-ranging synthesis of the southeastern Australian 

part of the early Gondwanan margin.  It concludes with suggestions for future research, 

including the search for other micro-continental fragments along the early Gondwanan 

margin, the relationships between granite source terranes and their final compositions, 

and the relationships between VanDieland and the overlying Bass Basin. 
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Chapter 2 

 

The student must remember, for all his consolation….. that failures are almost as 
important to the cause of science and to those who follow him in the science road, as his 
successes.  It is as much to know what we cannot know, what we cannot do in any given 
direction – the first step indeed, toward the accomplishment of what we can do.  

J.L.R. Agassiz 1896 Geological Sketches. 
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Towards	understanding	the	early	Gondwanan	
margin	in	southeastern	Australia	
ABSTRACT 

This review synthesises the Proterozoic and early Paleozoic geology of Tasmania, Bass 

Strait and western and central Victoria.  We examine the many different conflicting 

hypotheses that have been proposed to solve the paradoxical relationships between 

Tasmanian geology and that of mainland Australia, most notably the prevalence of 

Proterozoic basement of western and central Tasmania, whilst immediately across Bass 

Strait evidence of Proterozoic rocks is much more cryptic.  We conclude that the 

Selwyn block model is the most satisfactory hypothesis to date, since it fits best with the 

obvious patterns in the magnetic and gravity data.  This model proposes that the central 

Victorian Melbourne Zone is underlain by the northern extension of thin Tasmanian 

Proterozoic and Cambrian crust under Bass Strait, and that the Silurian to Middle 

Devonian Melbourne Zone was shortened along a décollement during the 

Tabberabberan Orogeny.  The Ordovician rocks of eastern Tasmania correlate more 

closely with the Tabberabbera Zone than the Melbourne Zone in Victoria; however the 

Silurian and Devonian correlations are less certain.  Major unresolved issues are the 

origins of the Proterozoic and Early Cambrian lithostratigraphic packages, tectonic 

models for their assembly during the Tyennan Orogeny, and how these models fit with 

those for mainland Australia.   

2.1  INTRODUCTION 

Understanding the relationships in Gondwana between Australia and Antarctica cannot 

be solved without an understanding of how the geology of Tasmania fits into the eastern 

margin of the supercontinent.  Tasmania is often ignored, for example by Flӧttmann et 

al. (1998), Betts et al. (2002) and Veevers (2007).  Those who choose to include 

Tasmania in post-Rodinian reconstructions are challenged by the wide variety of 

incompatible and conflicting interpretations of Tasmania’s relationships with the rest of 

the eastern Gondwana margin.  One reason for these disparate interpretations is that 

major changes take place either beneath Bass Strait, a 300 km wide stretch of water 

separating Victoria and Tasmania, or under the Cretaceous and Cenozoic Gippsland and 

Otway basins that dominate Victorian exposures in the Bass Strait region. 
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The geology of Victoria and Tasmania are along strike from each other, and an Upper 

Cambrian to Lower Ordovician paleomagnetic pole reported by Li et al. (1997) places 

northwestern Tasmania within a few hundred kilometres of its present position with 

respect to the Australian mainland.  Despite this, there are several fundamental 

differences that are difficult to reconcile.  The oldest Tasmanian rocks known are the 

Mesoproterozoic meta-turbidites on King Island, and Proterozoic rocks are ubiquitous 

in northwestern Tasmania (Burrett and Martin, 1989; Seymour et al., 2007; Berry et al., 

2008).  By contrast, in Victoria, just 80 km north of King Island, there are no 

Proterozoic rocks known to crop out (Crawford et al. 2003a) (Figure 2-1).  The 

Tasmanian Ordovician and Silurian rocks in the western and central parts are mostly 

terrestrial or marginal marine, whilst across Bass Strait the coeval Victorian Paleozoic 

rocks are largely deep marine turbidites (Burrett and Martin, 1989; VandenBerg et al., 

2000; Crawford et al., 2003a).  In Tasmania, the dominant Cambrian deformational and 

thermal event, the Tyennan Orogeny, took place from about 515 to 505 Ma, with less 

significant early events at about 520 Ma and later events extending to about 490 Ma 

(Berry et al., 2007).  In Victoria and South Australia, the broadly contemporaneous 

Delamerian deformation was initiated as far back as 545 Ma, whilst the peak 

metamorphism is generally younger than 505 Ma (Morand et al., 2004; Miller et al., 

2005; Foden et al., 2006; Turner et al., 2009).  In Tasmania, the Tyennan 

metamorphism formed both blueschist and eclogite facies rocks, whilst in Victoria and 

southeastern South Australia the Delamerian metamorphism is typically of a moderate 

to high temperature-low pressure style, although intermediate pressure rocks formed 

along the Moyston Fault (Preiss, 1995; Meffre et al., 2000; Cayley et al., 2002; Phillips 

et al., 2002; Morand et al., 2004).  In Tasmania, Crawford and Berry (1992) argued that 

the Cambrian subduction system was east dipping, whilst in Victoria and Antarctica, 

north and south of Tasmania, the geological record suggests a west-dipping subduction 

system (Finn et al., 1999; Miller et al., 2005). 

This paper describes the geology of Victoria and Tasmania and outlines the various, 

often conflicting, hypotheses invoked to try to resolve the paradoxical relationships 

outlined above.  We will outline the geological, magnetic, gravity and seismic data,  
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Figure 2-1.  Geology of southeastern Australia showing the major Proterozoic to Lower Paleozoic structural 
zones and locations mentioned in the text.  B marks the Bendigo Zone, G the Glenelg Zone, GS the 
Grampians-Stavely Zone, H the Badger Head Block, K King Island, L the Sheffield-Ulverstone area, M the 
Melbourne Zone, N northeast Tasmania, R the Rocky Cape Block, S the Stawell Zone, T the Tabberabbera 
Zone, U the Burnie area and Y the Tyennan Block.  Locations mentioned in the text are a, Castlemaine, b, 
Black River, c, the Ceres Gabbro, f, the Bambra Fault, g, Wonthaggi, h, Heathcote, m, the Mornington 
Peninsula, n, Bendigo, o, the Moyston Fault, p, Phillip Island, r, Piper River t, the Tamar region, w, Wilsons 
Promontory, and y, theYarramyljup Fault.  The Arthur Lineament forms the boundary between the Rocky 
Cape Block and the Burnie area.  Seismic lines referred to in text are numbered. 

much of which has been collected or reprocessed since 2000, to evaluate these 

hypotheses and to conclude which are most likely to be valid.   

2.2  HISTORICAL DATA 

2.2.1		GEOLOGY	

The oldest rocks known from the region are from the southern tip of King Island, where 

SHRIMP analyses of zircons showed that the psammitic and pelitic rocks were 

deposited after 1350 Ma, whilst monazite dating showed that they were metamorphosed 

at 1290±20 Ma (Figures 2-1 and 2-2) (Black et al., 2004; Berry et al., 2005).  These 

rocks have no known equivalents on Tasmania or Victoria (Crawford et al., 2003a; 

Calver, 2007).  Mapping by Calver (2007) divided the basement of King Island into a 

western part of amphibolite facies metasedimentary rocks and an eastern part of 

greenschist to lower amphibolites facies metaturbidites.  He believed that the eastern 
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metaturbidites were the high-temperature low-pressure metamorphic equivalents of the 

western succession (Blackney, 1982; Calver, 2007).   

In Tasmania, the Rocky Cape Group of the Rocky Cape Block are the oldest rocks 

mapped.  These rocks are dominantly shallow marine to neritic metaquartzites and 

associated siltstones.  These rocks are exposed in northwestern Tasmania, and the 

detrital zircons present indicate that the upper parts are younger than 1000 Ma and the 

lower parts no older than about 1430 Ma (Burrett and Martin, 1989; Black et al., 2004; 

Everard et al., 2007).  Calver et al. (2010) correlated the Horodyskia williamsii ‘string 

of beads’ trace fossils present low in the Rocky Cape Group with similar fossils in the 

Bangemall Basin in W.A., where they are constrained to rocks aged between 1465 and 

1700 Ma.  The basement to the Rocky Cape Group is not exposed.  The age of the 

earliest deformation is uncertain, but at the eastern edge of the Rocky Cape Block, rocks 

that may be younger than it are intruded by a granite with an age of 777±7 Ma (Turner 

et al., 1998; Calver et al., 2010).  On northern King Island, Turner et al. (1998) used 

U/Pb zircon geochronology to document a second metamorphic event, the Wickham 

‘Orogeny’, that took place at 760±12 Ma.  

Several other sequences in western and central Tasmania also contain metasedimentary 

rocks where the youngest zircon populations range from 1400 to 1450 Ma (Black et al., 

2004).  All were apparently sourced from the same, probably Laurentian, source (Berry 

et al., 2001; Burrett and Berry, 2001; Black et al., 2004).  Even where younger sources 

are present, e.g. Badger Head in north central Tasmania (1242±29 Ma) and the Jacob 

Quartzite further west (1010±45 Ma), the 1400 to 1450 Ma zircons are also present 

(Black et al., 2004).  Chmielowski (2009) found older monazites ranging from 1000 to 

1400 Ma, with a peak at 1376±7 Ma; several monazites also had overgrowths that grew 

at 1220±36 Ma.  Whilst these give maximum ages of sedimentation, there are few other 

constraints.  A K/Ar age by Crook (1979) on a dolerite intruded into wet sediments was 

recalculated by Black et al. (2004) as 711±16 Ma; they considered this a minimum age 

of sedimentation.  The 777±7 Ma granite may also provide a constraint, although Holm 

and Berry (2002) considered that the rocks into which it was intruded were 

allochthonous. 
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Figure 2-2.  Tectono-stratigraphic columns for the Bass Strait region.  Abbreviations used:- for King Is; FF, Fraser Formation; SB, Surprise Bay Formation; for Rocky Cape; Rocky Cape Group, SF Scopus Formation; for the Burnie-Penguin region, BC Barrington Chert, 
BG Burnie Group, EG Eldon Group, GG Gordon Group, MO Moina Sandstone, MS Motton Spilite, R Owen Group; for the Ulverstone region, BG Burnie Group, GG Gordon Group, MO Moina Sandstone, R Owen Group; for the Sorell-Beaconsfield region, CH Corn Hill 
Formation, DG Denison Group, J Johnson Creek Formation; for eastern Tasmania, PG Panama Group,TG Tippogoree Group; for Grampians-Stavely Zone, G Grampians Group, GT Glenthompson Sandstone; for the Stawell Zone, Carrolls Amphibolite, SA St Arnaud 
Group; for the Bendigo Zone, CS Castlemaine Supergroup, H Heathcote Volcanics; for the Melbourne Zone, ME Mount Easton Shale, MS Murrindindi Supergroup; for the Tabberabbera Zone, B Bendoc Group, C Cobbannah Group, L Lickhole Volcanics, P Pinnak 
Sandstone, W Warbisco Shale. 
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The Rocky Cape Group is unconformably overlain by the mostly shallow-dipping 

Neoproterozoic to Cambrian Togari Group, which occupies the Smithton Synclinorium 

(Calver, 1998; Black et al., 2004; Everard et al., 2007; Seymour et al., 2007).  At Black 

River, the difference in dips is about 30° (Figure 2-3).  The Togari Group includes 

quartzite, dolomite, siltstone, mudstone, conglomerate, both Cryogenian and Ediacaran 

(Sturtian and Marinoan) diamictite and rift-related mafic rocks ranging from basalt and 

dolerite to picrite (Calver et al., 2004; Everard et al., 2007).  Equivalent aged rocks are 

present on the southeast coast of King Island, where Sturtian diamictite, dolostone, 

laminated shale, andesitic sills, tholeiitic pillow lavas, picritic pillow lavas and MORB 

tholeiitic basalts unconformably overlie the Mesoproterozoic rocks (Calver, 2007; 

Calver, 2009; Hoffman et al., 2009).  Other correlatives have been inferred as far east as 

the Ulverstone Metamorphic Complex and the Port Sorell Formation, both in coasal 

central northern Tasmania (Figure 2-1) (Berry and Gray, 2001; Reed et al., 2002).   

 

Figure 2-3.  Unconformity at the base of the Smithton Synclinorium between the ?Mesoproterozoic Cowrie 
Siltstone and the Neoproterozoic Forest Conglomerate.  It marks the beginning of a period of extension that 
generally continued until the Tyennan-Delamerian Orogeny.  Location 40°50’48”E, 145°18’28”S. 
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The mafic volcanic rocks of the Togari Group and on King Island have a chemistry 

consistent with having formed in a rifting environment, and have been interpreted to 

have recorded the final Rodinian break-up (Meffre et al., 2004).  A SHRIMP date on the 

andesitic sills yielded an age of 575±3 Ma and the picritic pillow lavas a Nd-Sm 

isochron age of 579±16 Ma (Calver et al., 2004; Meffre et al., 2004).  The mafic rocks 

are moderately to strongly magnetic (to 600 nT) and lie at the western edge of a 50 

kilometre-wide magnetic and gravity high that extends as far north as Phillip Island, just 

off the south coast of Victoria (Figures 2-4, 2–5).  Here an isolated area of picritic 

basalt, dolerite and meta-cumulate rocks contains chromian spinels that are 

geochemically similar to those in the rift-related basalts on the east coast of King Island 

(Henry and Birch, 1992; Bushby, 2002).   

The Arthur Lineament (Figure 2-1) is a prominent structure that forms the boundary 

between the Rocky Cape Block and the Burnie and Oonah Group rocks to the east.  The 

Lineament is about 8 km wide at its southwestern end on the western Tasmanian coast, 

but in the northeast it is largely covered by Permian tillite where it crosses the north 

Tasmanian coastline (Holm and Berry, 2002).  The rock-types present are 

metasediments, including variably deformed and metamorphosed dolomite, sandstone, 

siltstone, mudstone and conglomerate and quartzite, together with mafic schist, gabbro, 

granite, amphibolite and dolerite with E-MORB rift tholeiite geochemistry (Holm et al., 

2003); they are mostly from the adjacent Proterozoic sequences although the mafic 

Bowry Formation may be allochthonous (Holm and Berry, 2002; Bottrill and Taheri, 

2007).  Some of the mafic packages have been metamorphosed to blueschist facies 

(700 MPa at 350° C) early in the Tyennan Orogeny (Turner and Bottrill, 2001; Holm 

and Berry, 2002).  Both mapping and geophysical modeling suggest the eastern edge of 

the Arthur Lineament dips east whilst the western edge is more complex, with a near-

surface east-dipping contact apparently overlying a deeper west-dipping break (Holm 

and Berry, 2002; Leaman and Webster, 2002).  Holm et al. (2003) interpreted the rocks 

as mostly having been formed in a rift tectonic setting, perhaps at the 777±7 Ma age of 

the granite (Turner et al., 1998).  In contrast, Calver and Walter (2000) interpreted 

rifting to have taken place between 650 and 550 Ma.  

The Motton ‘Spilite’ forms another basalt-chert package on the central northern 

Tasmanian coast (Jago and Brown, 1989; Vicary, 2006; Vicary et al., 2008).  The age of 
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the basalt is poorly constrained; however Vickery (2006) considered it to be Early 

Cambrian, since clasts of the spilite are present in an overlying Cambrian conglomerate.  

The origin of the spilite is interpreted to be oceanic, based on its geochemical signature 

(Vicary, 2006). 

What may be the oldest rocks in central Victoria are undated.  At Ceres, near Geelong, 

an isolated outcrop of metagabbro has been metamorphosed to amphibolite facies and 

subjected to north-south shortening.  Both events are unusual in Victoria, where the Pre-

Carboniferous rocks have almost always been deformed during east-west shortening 

and the nearest outcrops of amphibolite facies rocks are about 150 km away 

(VandenBerg et al., 2000).  Morand (1995) considered that the rocks were probably 

Cambrian, whilst Cayley et al. (2002) interpreted them to be one of the few outcrops of 

the Selwyn Block, the northern extension of the Tasmanian Precambrian and Cambrian 

cratonic crust across Bass Strait into southern and central Victoria.  Another upper 

greenschist to amphibolite facies metagabbro is present at Waratah Bay to the 

immediate west of Wilsons Promontory.  This lies below a Tyennan-Delamerian 

unconformity (Cayley et al., 2002).   

The presence of other older rocks can be inferred in southern Victoria.  On the 

Mornington Peninsula, at the southern end of Port Phillip (Figure 2-1), there is a 24 m 

thick sequence of Early Ordovician turbidites; however the underlying rocks are not 

exposed.  Further north near Bendigo, the equivalent sequence is 550 m thick, and 

450 m near Castlemaine.  It suggests that the Mornington Peninsula section represents a 

starved sequence and that other older rocks must lie below it.  Cayley et al. (2002) 

interpreted these older rocks to be part of the Selwyn Block.  Other apparently starved 

chert and mudstone dominated successions crop out at Wonthaggi and north of Wilsons 

Promontory, in southernmost Victoria.  The low K tholeiitic basalt found by Henry and 

Birch (1992) that crops out on the south coast of Phillip Island was also included in the 

Selwyn Block. 

In western Victoria, detrital zircons aged about 580 Ma are present in metaturbidites 

deformed in the Delamerian Orogeny (Maher et al., 1997; Fanning and Morand, 2002).  

Tholeiitic basalts and related rocks are interlayered with the metaturbidites and Morand 

et al. (2004) interpreted them as within-plate basalts.  Maher et al. (1997) recorded a 
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metagabbro containing zircons with a SHRIMP age of 524±9 Ma, implying the host 

rocks must be older than this.  In far southwestern Victoria, the Hummocks Serpentinite 

is an altered cumulate harzburgite with a Nd model age of about 700 Ma (Turner et al., 

1993) with an error of approximy 200 m.y. (J. Foden pers.comm. in VandenBerg et al., 

2000).  All are consistent with a rift-related setting in the last stages of the Rodinian 

breakup, implying an Ediacaran or Cambrian depositional age for the sedimentary 

rocks. 

Other MORB-type and boninitic volcanic and intrusive rocks seen in the hangingwalls 

of major faults in western and central Victoria may also have begun to form in the Early 

Cambrian (Crawford et al., 1984; VandenBerg et al., 2000).  Near Heathcote, Jell (pers. 

comm. in VandenBerg, 1991) found Early Cambrian trilobites in the interflow 

sedimentary rocks.  These volcanic rocks formed in a back-arc or island arc-related 

setting (Crawford et al., 1984; Squire et al., 2006).  In central northern Tasmania, the 

Andersons Creek Ultramafic Complex occupies a similar stratigraphic position, since it 

seems to lie stratigraphically below the base of the Ordovician to Devonian Mathinna 

Supergroup of eastern Tasmania (Reed et al., 2002). 

The oldest Delamerian orogenic events are recorded in southeastern South Australia, 

where Turner et al. (2009) found evidence for the onset of orogenesis at 545 Ma.  

However deformation in the region associated with this orogen became more prominent 

about 30 m.y. later, with the intrusion of the Rathjen Gneiss (ca 514 Ma) in South 

Australia and felsic dykes in the Glenelg Zone in far western Victoria (Foden et al., 

1999; Ireland et al., 2002).  Thus the main Delamerian deformation events broadly 

overlap in time with those of the Tyennan Orogeny and are part of the establishment of 

a much larger orogenic system, the Terra Australis Orogen, along the Gondwanan 

margin (Cawood, 2005). 

The early Delamerian-Tyennan Orogeny was more prominent in Tasmania, where Berry 

et al. (2007) recorded a U/Th monazite age of 513±8 Ma and Black et al. (1997) a U/Pb 

SHRIMP age of 514±6 Ma for the metamorphism of the Forth Metamorphic Complex.  

Near the eastern edge of the outcropping Proterozoic rocks, the Settlers Schist, possibly 

a deformed 660 Ma granite (unpublished data by Black, 2007), has metamorphic 

monazites with an age of 517±9 Ma (Reed et al., 2001; Berry et al., 2007).  Tectonic 
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mélanges preserved on the north coast may also have been emplaced at about 515 Ma 

(Seymour and Vicary, 2010).  Further west, westward obduction of forearc-derived 

mafic-ultramafic igneous rocks began at about this time (Crawford and Berry, 1992; 

Black et al., 1997; Stacey and Berry, 2004).  This west-directed obduction has been 

used to propose an east-dipping subduction zone (Crawford and Berry, 1992).   

In the western and central parts of Tasmania, including the Arthur Lineament, ages from 

monazite dating show that the peak of blueschist or amphibolite facies metamorphism 

in the Tyennan Orogeny was at about 510 Ma (Meffre et al., 2000; Turner and Bottrill, 

2001; Berry et al., 2007).  In the Franklin Metamorphic Complex, on the northwestern 

edge of the Tyennan Block, temperatures reached 650°C and pressures up to 1.9 GPa 

(Chmielowski, 2009).  Three main phases of Tyennan deformation are recorded in the 

Arthur Lineament; two generations of isoclinal folding that indicate south-directed 

tectonic transport, whilst the third generation is dominantly of steep west-dipping thrust 

faults (Holm and Berry, 2002).  Reed et al. (2002) recorded similar D1 and D2 but more 

intense D3 deformation in the Badger Head Block in central northern Tasmania.  Near 

the southern end of the Badger Head Block, Reed et al. (2002) recorded the presence of 

what seemed to be retrogressed garnet, suggesting that at least part of the Badger Head 

Block may have reached amphibolite facies conditions.  Elsewhere metamorphism is 

mostly greenschist facies (Reed et al., 2002).  Stacey and Berry (2004) interpreted that 

the initial Tyennan deformation was caused by collision from the northeast.   

In Tasmania, the high-K calcalkaline andesitic to felsic Mt Read Volcanics and 

associated sedimentary rocks were emplaced into synorogenic regional graben at about 

500 Ma (Black et al., 1997; Stacey and Berry, 2004).  Stacey and Berry (2004) 

attributed this regional extension to north-south shortening in a second phase of the 

Tyennan Orogeny.  At the same time, in Victoria similar volcanic and sedimentary 

rocks were being emplaced in the Stavely Belt and associated Dimboola Subzone in far 

western Victoria and in the Jamieson and Licola areas, windows through the Melbourne 

Zone (VandenBerg et al., 1995; Stuart-Smith and Black, 1999; Crawford et al., 2003a; 

Spaggiari et al., 2003b).  Because the Cambrian volcanic outcrops in both Victorian 

regions are surrounded by sedimentary rocks to which they bear few relationships, the 

detailed settings of these volcanic rocks are less well known in detail (Crawford et al., 

2003a).  However, Crawford (2003a) considered that because the geochemistry of the 
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volcanic rocks was so similar to the Mt Read Volcanics, it was likely that the general 

tectonic settings were also similar, with magmatism occurring on pre-existing 

continental crust.   

 

 Figure 2-4.  Total Magnetic Intensity image of the Bass Strait region overlain with the zone boundaries from 
Figure 2-1.  White shows magnetic highs, black magnetic lows.  D marks the Dimboola Subzone magnetic high.  
Magnetic data from the Department of Primary Industries (Victoria) and Geoscience Australia. 

The effects of the Delamerian-Tyennan Orogeny after 500 Ma are widely recognized in 

western Victoria.  The high temperature-low pressure Glenelg River Metamorphic 

Complex and associated plutons are present and several dating methods, summarized in 

Morand et al. (2004), suggest that peak metamorphism took place at about 495 Ma and 

post-tectonic intrusions were emplaced until about 490 Ma.  Its eastern boundary is the 

Yarramyljup Fault (Figure 2-1), which separates the greenschist and low-pressure high-
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temperature amphibolite grade metasedimentary rocks from low greenschist or prehnite-

pumpellyite grade sedimentary and volcanic rocks of the Grampians-Stavely Zone to 

the east (VandenBerg et al., 2000; Morand et al., 2004).   

Although it does not crop out, the Dimboola Subzone is an important part of the 

Grampians-Stavely Zone.  It is associated with a large magnetic and gravity high 

(Figures 2-4 and 2-5) that Direen and Crawford (2003a) interpreted as being caused by 

Ediacaran rift-related seaward-dipping magnetic basalts, whilst others have interpreted 

it as a buried island arc (Finn et al., 1999; Moore, 2006).  The potential field expression 

of the Dimboola Subzone is approximately 250 km long and about 25 km wide and is 

covered by Silurian and Cenozoic sedimentary successions.  Rare drill holes into the 

magnetic and gravity high intersected gabbro and felsic volcanic rocks (Knight et al., 

1995; O'Neill, 1995) that VandenBerg et al. (2000) interpreted as a tholeiite-boninite 

sequence.   

The Moyston Fault lies about 70 km east of the Yarramyljup Fault.  It forms the 

boundary between the Grampians-Stavely Zone and the Stawell Zone (Figures 2-1 and 

2-2).  It is also the western boundary of the Lachlan Orogen (Cayley and Taylor, 2001; 

Miller et al., 2005; Cayley et al., 2011).  In the hangingwall, the tectonic mélange of 

metasedimentary rocks and mafic metavolcanics have been metamorphosed to 

amphibolite facies; P-T equilibria suggest burial to about 15 to 20 km depth (0.7 to 

0.8 GPa) at temperatures of 570±20°C, the deepest levels known to crop out in the 

Lachlan Orogen (Phillips et al., 2002).  Seismic interpretations show that the fault dips 

east at approximately 45° (Korsch et al., 2002; Cayley et al., 2011).  40Ar/39Ar age dates 

on the micas present give an age of exhumation of 500 to 490 Ma, the age of the 

Delamerian and latest Tyennan Orogenies (Miller et al., 2005).  The Moyston Fault is 

an important boundary at depth as it marks a change in Re-Os ages in mantle xenoliths, 

in the initial 87Sr/86Sr ratios in Pliocene to Holocene Newer Volcanic Group, and in 

teleseismic character (Price et al., 1997; Handler and Bennett, 2001; Graeber et al., 

2002).  Taylor and Cayley (2000) argued that the fault acted as a Type 1 backstop in the 

Tyennan-Delamerian and subsequent orogenic events in the region.  In the outcropping 

areas, shortening was generally close to northwest-southeast, but magnetic and gravity 

data further north suggests that regionally the shortening was east-west and verging 

westward.   



Understanding the early Gondwanan margin 

28 

In Tasmania, the Owen Conglomerate records sedimentation during the late 

Delamerian-Tyennan Orogeny into evolving half-graben (Crawford and Berry, 1992; 

Seymour and Calver, 1998; Noll and Hall, 2005; Reed and Vicary, 2005).  These 

deposits are widespread through much of western and central Tasmania east of the 

Arthur Lineament (Seymour and Calver, 1998; Noll and Hall, 2005).  Equivalent 

deposits in Victoria are less obvious, although the time-equivalent Bear Gully Gritstone 

and the Wahroonga Breccia, both in the Melbourne Zone, have been correlated with the 

Owen Conglomerate (Cayley et al., 2002; VandenBerg et al., 2006).   

 

 Figure 2-5.  Isostatic gravity of the Bass Strait region.  White and red indicate highs, blue and magenta lows.  
The zone boundaries are as for Figure 2-1.  B shows the location of the Bambra Fault.  Offshore data are of 
variable quality.  D marks the Dimboola Subzone gravity high.  Data from Department of Primary Industries 
(Victoria) and Geoscience Australia. 

In Victoria, the eastern boundary of Delamerian-Tyennan deformation is not well 

defined, but is probably the Avoca Fault (Glen, 2005; Miller et al., 2005).  To the east 



Understanding the early Gondwanan margin 

29 

of the Avoca Fault, the sedimentary rocks present are Ordovician or younger.  Using 
40Ar/39Ar ages to date the metamorphism in the hangingwall, Miller et al. (2005) 

showed that the Delamerian-Tyennan deformation continued east of the Moyston Fault, 

and there is no other obvious structural break than the Avoca Fault.  In northern 

Tasmania, the eastern boundary is in the west Tamar region, at the western edge of the 

Andersons Creek Ultramafic Complex (Reed et al., 2002).  However we note the 

interpretation of seismic data from the central and southern east Tasmanian coast by 

Drummond et al. (2000) that showed a crustal unit with higher velocities below depths 

of from about 9 to 18 km (3 to 6 s two-way-travel time).  They described the lower 

package as “suggestive of tilted fault blocks” and interpreted this to be the result of the 

extension of Proterozoic crust, on which Ordovician to Devonian sediments had been 

deposited (Drummond et al., 2000).   

As a result of these orogenic events, an extensive turbidite succession, Coney et al.’s 

(1990) ‘Ordovician mud-pile’, was deposited throughout much of eastern Australia and 

adjacent regions (Ireland et al., 1998; Squire and Wilson, 2005).  This mud-pile includes 

the Cambrian St Arnaud Group in the Stawell Zone, and the Ordovician metasediments 

in the Castlemaine Supergroup in the Bendigo Zone, the Adaminaby and Bendoc groups 

in the Tabberabbera Zone, all in Victoria, and the Tippogoree Group in the Mathinna 

Supergroup in eastern Tasmania (Table 2-1)(VandenBerg et al., 2000; Seymour et al., 

2011).  Two areas had no turbidite influx—the Melbourne Zone and western Tasmania.  

In western Tasmania and southernmost central Victoria, the Gordon Group limestones 

and equivalent shelf sequences are widespread (Burrett and Martin, 1989; Seymour and 

Calver, 1998; VandenBerg et al., 2000).  In the northern and central Melbourne Zone, 

Early Ordovician thin cherts are sometimes visible in structural windows and Late 

Ordovician black shale is present where faults expose the deeper parts of the sequence 

(VandenBerg et al., 2006).   

The Benambran Orogeny took place in the Late Ordovician and Early Silurian.  In the 

Bendigo Zone deformation was restricted to upright folding with north-south axes and 

mostly east-verging faulting (VandenBerg et al., 2000; Cayley et al., 2011).  

Metamorphism was mostly sub-greenschist facies, although transitional blueschist rocks 

that formed at less than 450° C and 15 to 21 km are present in the Heathcote Fault Zone, 

at the eastern margin of the Bendigo Zone (Spaggiari et al., 2002; Wilson et al., 2009). 
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40Ar/39Ar dating of the reconstituted micas and alteration products of the widespread 

gold mineralization at that time give ages of 460 to 440 Ma (Foster et al., 1999; Bierlein 

et al., 2001a; Fu et al., 2009).  

In the Tabberabbera Zone, the Ordovician turbidite sequence appears conformable with 

the overlying Silurian Cobbannah Group (VandenBerg et al., 2000).  There is also 

evidence of earlier deformation in the Wonnangatta Fault Zone area, where abundant 

tectonic mélange is present in the Pinnak Sandstone (Fergusson, 1987; VandenBerg et 

al., 2000; Willman et al., 2005).  The mélange tends to confirm suggestions by Collins 

and Vernon (1992) and Gray and Foster (1998) that the deformation began early in the 

eastern Lachlan Orogen, whilst it was still in a deep marine setting.  Paleontological 

evidence and age dates on the Omeo Metamorphic Complex, the metamorphosed 

equivalents of the Tabberabbera Zone, suggest that the main phase of the Benambran 

Orogeny took place at about 430 Ma (VandenBerg et al., 2004; Willman et al., 2005).  

Deformation verges towards the west, particularly west of the Wonnangatta Fault Zone 

(VandenBerg et al., 2000).  Metamorphism associated with the Benambran Orogeny 

generally grades from prehnite-pumpellyite facies in the west to greenschist facies in 

the east, with transitional blueschist facies rocks present on the western margin 

(Spaggiari et al., 2002; Morand and McKnight, 2006).   

In eastern Tasmania, the Tippogoree Group also appears to have been deformed in the 

Benambran Orogeny, with east-verging recumbent folds mapped (Reed, 2001; Seymour 

et al., 2011).  These appear to lie below a faulted and folded unconformity (Seymour et 

al., 2011).  Bierlein et al. (2005) also found evidence of sericite formation at about 425 

to 430 Ma in 40Ar/39Ar age spectra from wall rocks in the Lefroy and Beaconsfield 

goldfields.   

Neither folding nor faulting related to the Benambran Orogeny have been recognized in 

western Tasmania or in the Melbourne Zone.  In western Tasmania, the only change in 

the Silurian was to more clastic, but still shallow water, sedimentation (Stacey and 

Berry, 2004).  In the Melbourne Zone, provenance and current direction studies show 

that most sedimentary input came from sources to the south (Powell et al., 2003).  There 

was no input from the east until the Emsian, despite the Tabberabbera Zone rocks now 

just to the east having been deformed in the Silurian Benambran Orogeny.  This 
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suggests that the two zones were not in proximity until the Devonian (Fergusson et al., 

1986; VandenBerg et al., 2000; Cayley et al., 2002).  The Early Silurian to the Middle 

Devonian evolution of the Melbourne Zone was dominated by deep water turbidite 

sedimentation, with a significant Silurian input of coarse, immature clastics at about 

430 Ma and a finer grained sand pulse at about 420 Ma (VandenBerg et al., 2000).  

However in the southeastern Melbourne Zone, Devonian limestones unconformably 

overlie the basal Ordovician limestone.  In the west, shallow marine, mostly clastic, 

sediments are present from the Late Silurian (VandenBerg et al., 2000).   

In eastern Tasmania, the Panama Group, the upper part of the Mathinna Supergroup, 

was deposited from the Silurian to Early Devonian (Seymour et al., 2011).  Like the 

Melbourne Zone, Seymour et al. (2011) described two sandier pulses of sedimentation, 

although unlike the Melbourne Zone, both pulses are mature.  The older pulse has poor 

age control, but the younger one contains Early Devonian plant fossils and conformably 

overlies a siltstone containing a Ludfordian graptolite fauna, indicating deposition at 

approximately 420 Ma (Seymour et al., 2011).  In western Tasmania, marginal marine 

clastic sediments were deposited.  These grossly grade from sandstones in the Silurian 

to shales in the Early Devonian (Seymour and Calver, 1998).  As in the Melbourne 

Zone, there were two sand pulses, one at about 430 Ma and the other near the Silurian-

Devonian boundary, or about 416 Ma (Seymour and Calver, 1998). 

The Bindian Orogeny took place in the Late Silurian and Early Devonian, at about 

420 Ma.  In the Tabberabbera Zone, dextral strike-slip faulting and steeply plunging 

folds are most prominent closest to the adjacent Omeo Zone (Willman et al., 2005).  

The faults strike southeast in the northern part of the zone, but progressively strike 

towards the east and lose displacement in the southern part (Willman et al., 2005).  The 

Tabberabbera Zone also underwent north-south shortening late in the Bindian Orogeny 

(VandenBerg et al., 2000).  There are no recorded deformation effects in Tasmania or in 

the Victorian Western Lachlan Orogen.   

The Early Devonian Buchan Rift and Mitchell Syncline unconformably overlie the 

southeastern Tabberabbera Zone.  Both were deposited in shallower marine conditions 

than the older rocks; they also contain volcanic deposits (VandenBerg et al., 2000).  The 

Buchan Rift contains significant amounts of limestone, whilst the Mitchell Syncline 
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mostly contains clastic deposits with variable amounts of calcareous cement, although 

there are also minor limestones (Orth et al., 1995; VandenBerg et al., 2000).  The 

volcanism coincided with granitic intrusions in eastern Victoria.  This igneous activity 

started immediately after the Benambran Orogeny, at 426±7 Ma, and continued through 

to the Tabberabberan Orogeny, from 380 to 400 Ma (VandenBerg et al., 2000; Fanning 

and Morand, 2002; Morand and Fanning, 2006, 2009).  In the Bendigo, Stawell and the 

eastern Grampians-Stavely zones in western Victoria, U/Pb zircon ages of granites 

cluster at 410 to 400 Ma, some 40 m.y. younger than the Benambran Orogeny, the last 

major deformation in the region (VandenBerg et al., 2000). 

In western Tasmania, much of the deformation in the Tabberabberan Orogeny was 

taken up by reactivation of pre-existing structures (Stacey and Berry, 2004).  Where this 

did not take place, early north-northwest trending folding preceded northwest to north-

northwest folding and thrusting (Seymour et al., 2007).  In eastern Tasmania east of the 

Tamar River, only steeply dipping axial planes and dominantly shallowly southeast 

plunging folds in the Silurian to Early Devonian sedimentary rocks are seen (Seymour 

et al., 2011).  Further east, Patison et al. (2001) mapped east-directed thrusting in 

similar aged rocks.  They proposed that the entire Mathinna Supergroup in northeastern 

Tasmania was part of a west-verging recumbent fold system that subsequently was 

overprinted by upright folding and cut by east-verging back thrusts.   

The Melbourne Zone was also extensively deformed in the Tabberabberan Orogeny.  In 

the west, open folds are present, there is little cleavage developed and the dominantly 

east-west shortening is about 34% (Foster and Gray, 2007).  Deformation increases 

towards the east and verges eastwards, so that in the easternmost parts, folding is 

recumbent to isoclinal, cleavage is intensely developed, and the northeast-southwest 

shortening is at least 70% (VandenBerg et al., 1995; Foster and Gray, 2007).  In the 

northwestern Melbourne Zone, there is also late north-south shortening, giving rise to 

east-west faults and a dome and basin folding pattern (Gray and Mortimer, 1996).  

Further east, in the Buchan Rift, the Tabberabberan Orogeny also resulted in east-west 

shortening (Orth et al., 1995).  Pre-Tabberabberan faults were reactivated, and new 

generally north-south reverse and thrust faults and the Murrindal Synclinorium formed 

(Orth et al., 1995). 
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The earliest post-Tabberabberan intrusive events seem to have taken place in eastern 

Tasmania and on Flinders Island, where foliated granites have U/Pb zircon ages of 

399±1.5 Ma and 401±4 Ma (Black et al., 2005; Black et al., 2010).  Similar ages, 

398±3 Ma, have been recorded from a sheared granite in eastern Victoria (Morand and 

Fanning, 2006) and from Wilsons Promontory, 395±4 Ma (Elburg, 1996b).  This is 

coeval with gold mineralization in northeast Tasmania and in the Tabberabbera Zone in 

Victoria (Bierlein et al., 2005; Willman et al., 2005).  In northeastern Tasmania, granites 

were intruded until 376.5±3 Ma (Black et al., 2005).  In western Tasmania, the oldest 

pluton has a U/Pb zircon age of 374±2 Ma with the youngest, 360±2 Ma on Tasmania 

and 351±2 Ma on King Island (Black et al., 2005; Black et al., 2010).  Both S- and 

I-types are present in both regions.  In Victoria, post-Tabberabberan granites are 

restricted to the Melbourne and eastern Bendigo zones and adjacent areas and in the far 

east (VandenBerg et al., 2000).  In the Melbourne Zone, the earliest phase is preceded 

by an extensive mafic dyke suite and by gold mineralization (VandenBerg et al., 2000; 

Bierlein et al., 2001a).  Elsewhere there is a dearth of U/Pb zircon ages, but where 

available typically indicate intrusive ages of about 370 Ma (summarised in VandenBerg 

et al., 2000; Bierlein et al., 2001a).  Other less reliable methods with lower closure 

temperatures are generally consistent with this (VandenBerg et al., 2000).  Both S- and 

I-types are present; they are both strongly reduced and have high Ba contents when 

compared to the granites hosted in adjacent zones (White, 2002; Rossiter and Gray, 

2008).   

2.2.2  GEOPHYSICAL DATA  

Potential field data 

Since the mid-1990s there has been an intensive program by the Victorian, Tasmanian 

and Commonwealth governments to conduct detailed airborne magnetic surveys and 

ground gravity surveys.  As a result, large onshore areas have been covered by 200 m to 

400 m magnetic surveys and offshore by 400 m to 800 m surveys, which have then been 

stitched into an Australia-wide grid by Geoscience Australia (Milligan et al., 2010).  

This has allowed much more confident correlation of magnetic units in the region than 

the pre-existing data that was either digitized from analogue data collected in the early 
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1960s at up to 8 km line spacing or was nonexistent (Balfour, 1968).  Ground gravity 

surveys range from a nominal 0.5 km to 15 km station spacing and ship-borne gravity 

data have also been widely collected and routinely integrated by Geoscience Australia 

into a single dataset (Nakamura et al., 2011).  The new magnetic and gravity data now 

provide excellent tools for extrapolating units beneath Bass Strait (Figures 2-4 and 2-5) 

and are used in this synthesis to test the various hypotheses that have tried to explain the 

geological paradoxes relating to the Gondwanan margin between northern Tasmania 

and mainland Australia.   

A strongly magnetic package of Ediacaran rift tholeiites crops out on the southeastern 

edge of King Island (Calver, 2007).  Direen and Crawford (2003b) used regional 

magnetic data to forward model this package to be approximately 20 km thick and with 

easterly dips of between 50° and 70°.  The new data show that this package continues 

northwards to the interpreted Cambrian basalt on the south coast of Phillip Island in 

southern Victoria (Henry and Birch, 1992).  Regional gravity compilations show a 

gravity high coincident with the magnetic high.  Further east, McLean et al. (2010) used 

the new magnetic grid to compare the magnetic anomalies sourced from under the 

eastern Melbourne Zone with the western Tasmanian ophiolites.  In eastern Tasmania, 

near Piper River, Roach and Leaman (1996) used the regional magnetic and gravity data 

to interpret a west-verging thrust of an ophiolite package.  The new magnetic grid 

shows that the ophiolite continues northwards offshore for at least 50 km.   

Seismic data 

Along the northern Tasmanian coast, Barton (1999) interpreted east-dipping reflectors 

in both the east and the west, and attributed most of them to west-directed thrusting.  

Where east- and west-dipping structures were present, the west-dipping structures were 

truncated by younger east-dipping structures.  The thrust interpreted by Roach and 

Leaman (1996) may also have been imaged in the seismic data as a west-verging thrust 

stack at about 5 km depth (Barton, 1999).  On the eastern Tasmanian coast, Drummond 

et al. (2000) interpreted that in the south, the Mathinna Supergroup was underlain by 

half-graben formed from Proterozoic crust, possibly the Tyennan Block.  Further north, 

the Mathinna Supergroup appeared to be underlain by oceanic crust (Drummond et al., 

2000).   
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There have been two major seismic surveys in Victoria.  In 1997, seismic data were 

collected over the Moyston Fault and nearby areas in western Victoria.  The data 

showed that the Moyston Fault dipped to the east (Korsch et al., 2002).  In 2006, 

seismic data were collected from the eastern end of the 1997 survey (i.e. just east of the 

Moyston Fault) and extended into central Victoria to cover the Stawell, Bendigo, and 

Melbourne zones, finishing in the western Tabberabbera Zone (Cayley et al., 2011).  

The data showed that the deep crust under the Bendigo Zone was an imbricated series of 

west-dipping strongly reflective layers, suggesting that the Cambrian ocean floor basalt 

had shortened by stacking when the upper sedimentary rocks were shortening by 

folding in the Benambran Orogeny (Cayley et al., 2011).  The Moyston Fault truncated 

the Avoca Fault, with the Cambrian rocks of the Stawell Zone emplaced over the 

Ordovician metaturbidites of the western Bendigo Zone.  As well, the deep crust under 

the Melbourne Zone was characterized by strong sub-horizontal layering and a well-

developed Moho unlike that seen elsewhere in the survey (Cayley et al., 2011). 

Seismic tomography 

Graeber et al. (2002), Rawlinson and Kennett (2008) and Rawlinson et al. (2010) used 

seismic tomography to define deep boundaries in Victoria and Tasmania.  In western 

Victoria, Graeber et al. (2002) showed the Moyston Fault extended to a depth of 

300 km.  In Tasmania, Rawlinson et al. (2010) showed the Tamar Fracture Zone 

beneath the Moho was approximately 50 km to the east of its surface expression.  In 

northwestern Tasmania, Rawlinson et al. (2010) showed that there was a significant 

east-dipping anomaly to the east of the Rocky Cape Block, which they interpreted as the 

relic of the Cambrian east-dipping subduction zone.  The seismic tomography data also 

showed a step in the crust, with the Moho below most of the Dundas Trough 

approximately 5 km shallower than the adjacent Moho (Rawlinson et al., 2010).   

2.3  PREVIOUS RESOLUTIONS  

The early attempts to resolve the differences in geology between Tasmania and 

mainland Australia have focused on moving Tasmania either east or west along east-

west faults either under Bass Strait or the Otway and Gippsland basins.  Examples 

include Stump et al. (1986), Chappell et al. (1988) and Veevers and Eittreim (1988), 
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who all hypothesized that Tasmania was positioned about 150 km east of its present 

position in the Mesozoic and moved to its present position during the Gondwanan 

breakup event.  By contrast, Elliott and Gray (1992) suggested movement of 145 km to 

the southwest to make the space required for the Bass Basin fill.   

In another fault-related model, Bierlein et al. (2005) argued that that the ages of 

metamorphic and hydrothermal micas in and around gold mineralization in Victoria and 

northeast Tasmania could be used to align the rock packages.  The 40Ar/39Ar ages from 

the turbidite-hosted gold deposits there range from 385 to 395 Ma, whilst those from 

within the alteration areas of some mines tend to show ages of 425 to 430 Ma.  

Although the Victorian Bendigo Zone gold deposits formed above oceanic crust, they 

considered that the Tasmanian deposits formed above a (then) eastwards promontory of 

late Neoproterozoic crust from Gondwana that lay ‘south’ of the Victorian gold 

deposits.  Since the ages of the deposits were close to late stage mineralization in the 

Bendigo Zone, they suggested that the Tasmanian deposits may have been along strike 

at that time and subsequently faulted eastwards on a sinistral strike-slip transform fault. 

Powell and Baillie (1992) compared the Mathinna Supergroup and sequences in 

Victoria.  On the basis of similar lithologies, north-directed paleocurrent directions and 

tectonic histories, they interpreted that the closest correlative was the Melbourne Zone.  

In order to align the two regions they proposed a southwest-striking transfer fault west 

of Wilsons Promontory in southern Victoria and across Bass Strait.  Subsequently, 

Powell et al. (1993) suggested that the two regions might not be directly connected, but 

rather en échelon basins opened by the same large scale transtensional tectonic events.  

In this way, they resolved the issue that the Melbourne Zone verged to the east whilst 

the Mathinna Supergroup verged to the west.  Patison et al. (2001) accepted Powell and 

Baillie’s (1992) direct correlation.  Using new mapping and newly collected illite 

crystallinity data, they interpreted the outcropping Mathinna Supergroup as forming the 

lower limb of a west-verging nappe that had been repeatedly backthrust eastwards and 

with the lower detachment shallowing eastwards.  This is somewhat similar to the 

detachment model for the Silurian and Devonian Melbourne Zone proposed by 

VandenBerg et al. (2000) and Cayley et al. (2002).   



Understanding the early Gondwanan margin 

37 

Cayley et al. (2002) proposed that the Selwyn Block was the Tasmanian pre-Ordovician 

crust that extended northward under Bass Strait to form the substrate to the Melbourne 

Zone.  The reasons for this included: 

a. Magnetic trends seem to cross Bass Strait from Tasmania to Victoria, and these 

trends seem to be reflected in the present topography in southern Victoria, 

b. At Cape Liptrap, in southeastern Victoria, Early Ordovician limestone is present 

just above an unconformity, suggesting correlation with the Gordon Group in 

Tasmania.  In Victoria the unconformity is marked by a thin chert layer 

containing quartz granules and grit, which was correlated with parts of the Owen 

Conglomerate in western Tasmania, 

c. Western Tasmania and the Melbourne Zone were the only parts of the Lachlan 

Orogen that were not affected by the Benambran Orogeny, 

d. The model could account for the Ceres Metagabbro, near Geelong, picritic 

basalts on Phillip Island (Figure 2-1), and the Cambrian felsic volcanic rocks in 

windows in the Melbourne Zone, 

e. The granites in and around the Melbourne Zone have a different isotopic 

signature, and the many S-type granites are cordierite-bearing (suggesting 

derivation from continental crust).  Both characteristics are different to the 

adjacent granites, suggesting a different source composition (Chappell et al., 

1988; Gray, 1990),  

f. The Melbourne Zone is a region of vergence reversal.  To the west, in the 

Bendigo Zone, the thrusts verge east towards the Melbourne Zone.  To the east, 

in the westernmost Tabberabbera Zone the thrusts verge west, also towards the 

Melbourne Zone, and 

g. Both the western margin, the Heathcote Fault Zone, and the eastern margin, the 

Governor Fault, include outcrops of transitional blueschist facies metamorphic 

rocks (Spaggiari et al., 2002).   

This correlation was carried further by McLean et al. (2010), who specifically 

correlated the magnetic signatures associated with the obducted ophiolites in western 

Tasmania with the deep responses under the Melbourne Zone.  
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Other authors have implicitly or explicitly correlated the Mt Read Volcanics in 

Tasmania with the Stavely Volcanic Group in Victoria.  Scheibner and Veevers (2000) 

interpreted the Stavely Group and Mt Read Volcanics as direct correlatives that 

occupied the same relative positions as now and that were deposited in the same 

tectonic position.  The Cambrian Jamieson and Licola volcanic rocks were correlated 

with similar rocks in the Mt Wright arc in far western New South Wales and were 

considered to be part of their interpreted ‘Victorian Microcontinent’, much further away 

from Tasmania than their present position.  This microcontinent also included the 

Mathinna Supergroup. (Scheibner and Veevers, 2000).   

Flöttmann et al. (1998) suggested that the Cambrian Kanmantoo Trough was bounded 

to the south by a left-lateral strike-slip fault, south of which was Antarctica, the source 

of the sediments that filled the trough.  They interpreted this fault from the seismic data 

gathered to the southeast of Kangaroo Island, and implied that it may have continued 

south of Tasmania.  This interpretation required the subduction in both western Victoria 

and Tasmania to be east-dipping.  Foden et al. (2006) used new U/Pb zircon and titanite 

and 40Ar/39Ar ages to compare timings in the Ross Orogen in Antarctica with events in 

South Australia and western Victoria.  They suggested that the 514±4 Ma age of the 

syntectonic Rathgen Gneiss and the 513±0.8 Ma titanite age of the Bungadillina 

Monzonite were the minimum age of the Delamerian-Tyennan Orogeny in South 

Australia.  This overlapped with early ages seen in western and northern Tasmania, for 

example 510±3 Ma in the Heazlewood Tonalite.  On Kangaroo Island, in the 

westernmost parts of the Delamerian Orogen, deformation ceased between 500 and 

504 Ma, whilst to the east in western Victoria it continued until between 493±8 Ma and 

491±8 Ma (Foden et al., 2006).  This temporal relationship was used to interpret west-

dipping subduction driven by ridge push, and terminated with slab break-off.  

Subsequent slab rollback resulted in the post-tectonic granites in southeastern South 

Australia and western Victoria (Foden et al., 2006).   

Cayley (2011) proposed a detailed history of south eastern Australia and North Victoria 

Land from the Middle Cambrian (530 Ma) to the Early Silurian.  He suggested that 

Tasmania, its adjacent submarine plateaus and the Selwyn Block were one entity in the 

Cambrian.  This micro-continent was termed VanDieland and was positioned in the 

Proto-Pacific during the Early Cambrian.  An east-dipping subduction zone was off the 
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eastern edge of Gondwana and a west-dipping subduction zone was active along the 

immediate Gondwanan margin.  VanDieland began colliding with the Ross Orogen 

section of Gondwana at about 515 Ma, the Ross-Tyennan-Delamerian Orogeny, giving 

rise to metamorphism in western Victoria and Tasmania, whilst the east-dipping 

subduction zone caused the emplacement of the ophiolite slices in western Tasmania 

(Crawford and Berry, 1992; Cayley, 2011).  From 495 to 500 Ma, there was a single 

zone of felsic volcanism extending from northernmost Victoria Land through the Mt 

Read Volcanics to the Jamieson-Licola region and thence to the Stavely Volcanic 

Group, which at this time was along strike from central Victoria.  In the Early 

Ordovician, VanDieland migrated away from Gondwana, drawn northeast by a north-

dipping subduction zone outboard of Gondwana (Cayley, 2011).  This allowed the 

subduction zone outboard of the Ross Orogen to re-establish.  By 470 Ma, in the Middle 

Ordovician, VanDieland had travelled into the proto-Pacific, about 350 km to the 

northeast of Victoria Land and generally east of its modern-day position with respect to 

western Victoria (Cayley, 2011). 

 

Figure 2-6.  a.  Rossiter and Grey’s (2008) correlation between Victorian and Tasmanian granites (orange), 
shown with the total magnetic intensity as a background.  The near-surface outline of the Selwyn Block as 
proposed by Cayley et al. (2002) is shown as a dashed magenta line.  There is no evidence for their Ulrich 
Transform or the NE-striking sinistral fault in the magnetic data.  b.  Possible correlations of the Cambrian 
Mt Read Volcanics in Victoria.  Pre-Permian geology shown with the same legend as for Figure 2-1.  R, Mt 
Read Volcanics, S, Stavely Volcanic Group, J, Jamieson-Licola area.  The Mt Read-Jamieson-Licola 
correlation is much more likely since they are along the same general magnetic trends, whereas correlation 
with the Stavely Volcanic Group crosses several distinct magnetic units. 

Chappell et al. (1988) and Rossiter and Gray (2008) looked at the chemistry of the 

granites in the Bass Strait region.  Whilst the granites of southernmost Victoria have 
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very similar mineralogy and geochemistry to those of Tasmania and Bass Strait, those 

further north in the ‘Melbourne Terrane’ of Chappell et al. (1988) have significant 

differences, and so they argued that the basement must have changed.  Rossiter and 

Gray (2008) noted that the granites in central Victoria (their broadly similar Central 

Victorian Superprovince) had a distinctly higher barium content, lower initial 87Sr/86Sr 

ratios and lower oxidation states than the granites further east or west and also inferred 

that this was in response to a different basement in central Victoria.  The high barium 

contents implied that the source rocks were feldspar-rich and the initial 87Sr/86Sr ratios 

indicated that the source was probably no older than 550 Ma.  The western boundary to 

their Central Victorian Superprovince broadly coincided with the Muckleford Fault in 

the Bendigo Zone.  Rossiter and Gray (2008) placed the eastern boundary along the 

Wonnangatta Fault, slightly further east than the Selwyn Block edge.  They 

hypothesized that the Muckleford Fault formed a major transform, the Ulrich 

Transform, during the ~420 Ma Bindian Orogeny.  The Muckleford Fault was 

correlated with the Tamar-Tiers Lineament via a northeast-trending cross-fault with a 

displacement of about 50 km through southern Victoria.  Rossiter and Gray (2008) 

concluded that the Selwyn Block was an exotic fragment emplaced late in the Bindian 

Orogeny. 

 

Figure 2-7.  Teasdale et al.’s (2003) correlation of the Moyston Fault with the Tamar-Tiers Lineament.  
Correlation is shown as a red dashed line in a, an image of the total magnetic intensity overlain by the pre-
Permian geology and a black dashed line in b, the Bouguer gravity onshore and free air gravity offshore.  
Neither the magnetic or gravity data offer support to this correlation. 
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The Tamar Fracture Zone, which is broadly the eastern boundary of outcropping 

Proterozoic rocks in Tasmania, has also been correlated with the Moyston Fault in 

western Victoria (Teasdale et al., 2003).  This correlation principally relied on the 

assertion of deeply buried Proterozoic rocks under the Grampians-Stavely and Glenelg 

Zones in western Victoria and in western Tasmania, and that the Tamar Fracture Zone 

was generally along strike from the Moyston Fault.  In this correlation, the Yarramyljup 

Fault in western Victoria was considered equivalent to the Tasman Fracture Zone, 

southwest of Tasmania.  Unlike many other approaches, Teasdale et al. (2003) used 

many different sources of data, including magnetic, gravity and topographic data as well 

as the geology.  They then attempted to derive a geological history of the basement 

framework and then used this to build a geological history of the overlying rocks. 

 

Figure 2-8.  a.  Total magnetic intensity overlain by the Paleozoic geology (semitransparent).  Geological 
legend as for Figure 2-1.  The black dashed line shows Gibson et al.’s (2011) suggested extension southward of 
the Avoca Fault and the white box shows the location of b.  b.  Gravity image of the area of the white box.  The 
letter A marks the last mapped position of the Avoca Fault.  Further south it is covered by the Cretaceous and 
Cenozoic sedimentary rocks of the Otway Basin.  B marks the position of the Bambra Fault, which can be 
mapped on the surface (Tickell, 1990) and seen in seismic data (Finlayson et al., 1996).  C marks the position of 
the Ceres Gabbro, an unusual metagabbro with no known correlatives in Victoria.  The gravity image shows 
that the Avoca Fault does not cut the Bambra Fault, as proposed by Gibson et al. (2011) but instead terminates 
against it.   

Morse et al. (2009) and Gibson et al. (2011) used the magnetic and bathymetric data to 

suggest that the southward extension of the Yarramyljup Fault in western Victoria 

controlled the position of breakup between Tasmania and Antarctica.  They also 

interpreted the Yarramyljup Fault extended southwards to become the Tasman Fracture 
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Zone in the Southern Ocean.  They correlated the Avoca Fault with the Sorell Fault, 

along the western margin of the pre-Ordovician Tasmanian crust.  Like Stump et al. 

 

Figure 2-9.  Australia-Antarctic connections, after Gibson et al (2011, 2013).  Continent positions are for the 
end of the Jurassic.  T marks the position where the Tasmana Fracture Zone would form.  

(1986), they interpreted that the Glenelg, Grampians-Stavely and Stawell zones, all 

extended southwards, west of Tasmania, to link with the Wilson, Bowers and Robertson 

Bay terranes in Antarctica.  The Bendigo Zone was faulted out between the Heathcote-
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Bambra and Avoca Faults.  Gibson et al. (2011) correlated the Selwyn Block with the 

Rocky Cape Block in Tasmania, which was displaced to the east of north Victoria Land 

by at least two Cretaceous or Cenozic sinistral faults.  

Gibson at al. (2011) interpreted that in the Early Cambrian, an island arc lay outboard of 

Gondwana, separated by an east-dipping subduction zone.  At approximately 515 Ma, 

the island arc collided with the combined Tasmania-Selwyn Block, which was then part 

of Antarctica.  Subsequently slab break-off caused the subduction zone to flip and re-

establish outboard of Gondwana with a west dip.  They considered that, at about 

500 Ma, an east-west subduction zone began along a pre-existing plate boundary in 

what is now New South Wales.  In the Early Ordovician, this drew the Tasmania-

Selwyn Block northwards along a sinistral transform that in the Paleozoic was the 

Avoca Fault, but was reactivated in Tasmania to become the Sorell Fault system during 

the Australian-Antarctic break-up (Gibson et al., 2011).   

Burrett and Berry (2001) and Berry et al. (2008) considered Tasmania and its 

relationships in the AUSWUS model that fitted Australia and North America in Rodinia 

(Karlstrom et al., 2001).  They considered the possibility that in the Ediacaran, western 

Tasmania was close to the Musgrave Block in central Australia, but believed that a 

more likely position was near the central Transantarctic Mountains.  This position better 

matched the metamorphic U/Pb monazite and detrital zircon ages that Burrett and Berry 

(2001) had found in Tasmania and the ages of detrital zircons in Tasmania given by 

Black et al. (2004).  Burrett and Berry (2001) and Berry et al. (2008) placed Tasmania’s 

Ordovician position in its present place with respect to mainland Australia, but gave no 

indication of the path it took after rifting from East Antarctica at 580 Ma. 

2.4  CONFLICTS, STICKING POINTS AND RESOLUTIONS 

Clearly not all of the models outlined in the previous section can be valid.  Conflicts 

between the models are discussed in order.  We test the hypotheses, particularly against 

the potential field data and other recently published data.  Where resolution is not 

possible, we suggest possible future directions of study.   
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2.4.1		THE	NORTHERN	EXTENT	OF	TASMANIAN	CRUST	

Does Tasmanian crust extend across Bass Strait (Cayley et al., 2002; McLean et al., 

2010; Cayley, 2011), or is it truncated by a fault under Bass Strait or the Otway Basin 

(Stump et al., 1986; Powell and Baillie, 1992; Elliott et al., 1993; Rossiter and Gray, 

2008)?  If there are faults that truncate the Tasmanian crust under Bass Strait, in which 

direction do they strike (e.g. Teasdale et al., 2003; Rossiter and Gray, 2008) and when 

were they active?  Could the faults have aligned the gold deposits in eastern Tasmania 

with those in the Bendigo Zone in Victoria in the Devonian (Bierlein et al., 2005)?  If 

Tasmania does continue north under Victoria, does the Tamar-Tiers Fracture Zone link 

with the Moyston Fault (Teasdale et al., 2003) or is it truncated by the Arthur 

Lineament (McLean et al., 2010)?  If there is continental crust under the Melbourne 

Zone, is it an isolated ribbon, unconnected to Tasmania (Spaggiari et al., 2003b; 

Spaggiari et al., 2003c)? 

These questions can be answered at least in part by the newer magnetic and gravity 

data, which show continuity of units across Bass Strait, notably the Neoproterozoic rift 

tholeiites on the eastern edge of King Island with metabasalts on Phillip Island 

(Figures 2-4 and 2-5).  To connect with the Moyston Fault, the Tamar-Tiers Fracture 

Zone would have to cross these magnetic units.  The correlation seems highly unlikely, 

since the magnetic units strike north-northeast rather than the northwest strike 

demanded by the model of Teasdale et al. (2003) (Figure 2-7).  The model proposed by 

Rossiter and Gray (2008) seems equally unlikely, since it required that the Tamar-Tiers 

Lineament continue across Bass Strait and then be cut by a northeast-striking sinistral 

fault.  The magnetic data (Figure 2-6a) demonstrate that neither of these faults is 

present.  Furthermore, their proposed Ulrich Transform is at an angle of about 30° to the 

obvious western edge of the non-magnetic post-Tabberabberan granites above the 

Selwyn Block and the magnetic ~400 Ma Mt Cole Suite granites further west.  It also 

subdivides the Bendigo Zone where there seems to be little stratigraphic evidence of a 

significant break (VandenBerg et al., 2000).  Instead, the potential field data can be 

interpreted as showing that western Tasmania, and particularly the regions west of the 

Tyennan Block (Figure 2-1), continue northwards under central Victoria.  This would 

explain the different granite geochemistry seen in central Victoria.  If the granites were 
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sourced from different material from those intruded elsewhere in Victoria, they would 

inevitably have a different geochemistry (Cayley et al., 2011).   

The potential field data offers more support for the ribbon hypothesis of Spaggiari et al. 

(2003a, b), since the ribbon or ribbons could take any shape and be any size.  There is 

no evidence of major sutures in the outcropping geology of the Melbourne Zone, which 

suggests that the ribbons were consolidated no later than the Early Silurian and more 

likely by the end of the Tyennan-Delamerian Orogeny.  Thus this hypothesis is, in 

essence, similar to that by VandenBerg et al. (2000) and Cayley et al. (2002) that thin 

Tasmanian crust (the Selwyn Block) is also under the Melbourne Zone and nearby 

areas.  This leaves several significant outstanding questions that remained to be 

addressed including: what were outlines and geology of the ribbon(s)?  Where did they 

come from?  When did they amalgamate? 

2.4.2		CORRELATING	THE	MATHINNA	SUPERGROUP	

Does the Mathinna Supergroup most closely correlate with the Melbourne Zone (Powell 

and Baillie, 1992; Powell et al., 1993) or with the Tabberabbera Zone (Reed, 2001)?  

Mapping by Seymour et al. (2011) in Tasmania and by Willman et al. (2005) and 

VandenBerg et al. (2006) in Victoria have significantly aided correlations across Bass 

Strait.  The results, summarized in Table 2-1, show that the Mathinna Supergroup is 

more like the Tabberabbera Zone than the Melbourne Zone.  Although fossil control is 

mostly poor, there is sufficient to discount a correlation of the Mathinna Supergroup 

with the Melbourne Zone in the Ordovician.  The Melbourne Zone was sediment-

starved, particularly in the Early Ordovician when the Tippogoree Group was being 

deposited (VandenBerg et al., 2006; Seymour et al., 2011).  The correlation between the 

Melbourne Zone and the Mathinna Supergroup is more ambiguous in the Silurian and 

Devonian, since fossil controls are poor.  There seems to be no equivalent to the lower 

part of the Panama Group, the younger Mathinna Supergroup.  However Seymour et al. 

(2011) interpreted a faulted unconformity between the Tippogoree and Panama Groups, 

suggesting that the older part of the Mathinna Supergroup underwent Benambran 

deformation.  Since such a deformation is not observed in the Melbourne Zone, 

correlation between the Melbourne Zone and the Mathinna Supergroup seems unlikely.   
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MATHINNA SUPERGROUP MELBOURNE ZONE, MT EASTON 
PROVINCE 

TABBERABBERA ZONE 

Unit Age Lithologies Unit Age Lithologies Unit Age Lithologies 
Sideling 
Sandstone 

E. Devonian Fine-grained 
sandstone, lesser 
interbedded siltstone 

Walhalla 
Group 

E. Devonian Deep marine 
mudstone with 
lesser shale 
and sandstone 

Wentworth 
Group 

E Devonian Marginal marine 
to fluvial 
sandstone; lesser 
conglomerate & 
mudstone 

Lone Star 
Siltstone 

L. Silurian Mostly thin-bedded 
siltstone, interbedded 
fine-grained 
sandstone increasing 
towards top 

Jordan River 
Group  

Silurian Dominantly 
bioturbated 
mudstone or 
siltstone, with 
lesser 
sandstone and 
shale  

UNCONFORMITY 

Retreat 
Formation 

 Interbedded turbiditic 
medium to very fine 
grained sandstone and 
lesser siltstone-
mudstone 

Dandongadale 
Siltstone 

E. Silurian? Siltstone-
mudstone 
dominated, but 
with minor well 
sorted sandstone; 
deep marine 
turbidites 

Yarrow Ck 
Mudstone 

 Mostly thin-bedded 
mudstone, with 
subordinate cross-
laminated siltstone 

Moornapa Sst E. Silurian? Thick bedded 
sandstone 
dominated, with 
lesser mudstone; 
marine turbidites UNCONFORMITY 

Mt Easton 
Shale 

M.-L. 
Ordovician 

Laminated 
black shale 

Warbisco Shale L. Ordovician Black shale 

Turquoise 
Bluff Slate 

E.-M. 
Ordovician 

Phyllitic dark grey-
black slate; 
recumbent folded, 
cleaved 

   Pinnak Sst E.-M. 
Ordovician 

Lithic sandstone 
or granulestone 
grading upwards 
to sandstones, 
mudstones and 
rare chert; 
sandstone 
dominated 

Industry Rd 
Member 

 Interbedded phyllitic 
slate and foliated very 
fine-grained 
sandstone; recumbent 
folded, cleaved 

Stony Head 
Sandstone 

 Graded thick-bedded 
fine-grained turbiditic 
sandstone, minor 
pelite; large-scale 
recumbent folded, 
cleaved 

Phosphate 
Hill Fm 

E. Ordovician Black chert, 
siliceous 
shale, 
phosphorite 
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to fluvial 
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sandstone increasing 
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Jordan River 
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bioturbated 
mudstone or 
siltstone, with 
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sandstone and 
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UNCONFORMITY 

Retreat 
Formation 

 Interbedded turbiditic 
medium to very fine 
grained sandstone and 
lesser siltstone-
mudstone 
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Siltstone 

E. Silurian? Siltstone-
mudstone 
dominated, but 
with minor well 
sorted sandstone; 
deep marine 
turbidites 
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Mudstone 

 Mostly thin-bedded 
mudstone, with 
subordinate cross-
laminated siltstone 

Moornapa Sst E. Silurian? Thick bedded 
sandstone 
dominated, with 
lesser mudstone; 
marine turbidites UNCONFORMITY 

Mt Easton 
Shale 

M.-L. 
Ordovician 

Laminated 
black shale 

Warbisco Shale L. Ordovician Black shale 

Turquoise 
Bluff Slate 

E.-M. 
Ordovician 

Phyllitic dark grey-
black slate; 
recumbent folded, 
cleaved 

   Pinnak Sst E.-M. 
Ordovician 

Lithic sandstone 
or granulestone 
grading upwards 
to sandstones, 
mudstones and 
rare chert; 
sandstone 
dominated 

Industry Rd 
Member 

 Interbedded phyllitic 
slate and foliated very 
fine-grained 
sandstone; recumbent 
folded, cleaved 

Stony Head 
Sandstone 

 Graded thick-bedded 
fine-grained turbiditic 
sandstone, minor 
pelite; large-scale 
recumbent folded, 
cleaved 

Phosphate 
Hill Fm 

E. Ordovician Black chert, 
siliceous 
shale, 
phosphorite 

Table 2-1.  Stratigraphic comparison between the Mathinna Supergroup and the Melbourne and 
Tabberabbera Zones.  The age constraints given are from fossil control.  Data from Vandenberg et al. (2000), 
VandenBerg et al. (2004), Willman et al. (2005), Vandenberg et al.(2006) and Seymour et al. (2011). 
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Moreover, Powell and Baillie (1992) noted that the Melbourne Zone verged eastwards, 

whilst the Mathinna Supergroup verged to the west.  Mapping by Willman et al. (2005) 

has confirmed earlier mapping by Fergusson (1987) that the western Tabberabbera Zone 

also verges westwards.  This suggests that the Mathinna Supergroup correlates at least 

in part with the Tabberabbera Zone, although the correlation is less robust in the Late 

Silurian and Devonian.   

2.4.3		THE	AVOCA	FAULT‐SORELL	FAULT	CORRELATION	

Does the Avoca Fault mark a major boundary that continues south to the Sorell Fault 

system (Gibson et al., 2011), or is it terminated by the Bambra Fault (Figures 2-1 and 

 2-8) (Cayley et al., 2002; Moore, 2002; Cayley, 2011)?  Gibson et al. (2011) used the 

magnetic and bathymetric data to suggest this southward continuation of the Avoca 

Fault.  However the magnetic data are difficult to interpret in this region, since the rocks 

either side of the Avoca Fault are at best weakly magnetic.  As well, the Avoca Fault is 

covered by Cenozoic basalt and Cretaceous Otway Basin sedimentary rocks south of 

where it last crops out, about 70 km north of the area where the two faults intersect.  

However there have been vertical movements on the Avoca and Bambra Faults since 

the Early Cretaceous, and so the gravity data can be used to test Gibson et al.’s (2011) 

hypothesis.  Isostatic Bouguer gravity data (Figure 2-8) shows that the Avoca Fault is 

most likely to have been truncated by the Bambra Fault with a significant apparent 

right-lateral offset, with no evidence of the Avoca Fault extending south of the Bambra 

Fault.   

Furthermore, if the Bambra Fault is the southern extension of the Heathcote Fault Zone, 

then the timing of movements to the north must inevitably control movements on the 

Bambra Fault.  The Heathcote Fault Zone displaces all of the Silurian and Early 

Devonian sedimentary rocks of the Melbourne Zone, implying that the Bambra Fault 

must have also moved then.  The deep seismic data over the Heathcote Fault Zone 

shows that there was at least 20 km of east-verging movement in the Tabberabberan 

Orogeny, and illite crystallinity data from the Bendigo Zone suggests there may be as 

much as 50 km of overthrusting (Wilson et al., 2009; Cayley et al., 2011).  Since the 

Bambra Fault strikes obliquely to this movement direction, it suggests between 30 and 

70 km of Tabberabberan horizontal movement on the Bambra Fault.  There is no 
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evidence for post-Benambran strike-slip movement on the Avoca Fault, and so if the 

two faults intersect, the Bambra Fault should cut the Avoca Fault.  We suggest that 

neither the observed geology nor the gravity data support an Avoca-Sorell Fault system 

correlation. 

2.4.4		THE	DISAPPEARING	STAWELL	AND	BENDIGO	ZONES	

Cayley (2011) pointed out the paradox that the Stawell and Bendigo Zones strike 

towards King Island and are 150 km wide in southern Victoria, yet they are not present 

on King Island, less than 200 km to the south, or anywhere else in Tasmania.  The 

regional Bouguer gravity data of southwestern Victoria shows the Avoca Fault is 

truncated by the Bambra Fault (Figure 2-8), and so the metaturbidites either side of the 

fault, in the Stawell and Bendigo Zones, must also have been truncated.  Bernecker and 

Moore (2003) suggested that the Bambra Fault could be traced southwest onto the thin 

continental crust below the Otway Basin.  This interpretation allows for the possibility 

that the Bendigo and Stawell Zones to be faulted out onto the (now) continental shelf.  

Bernecker and Moore (2003) agreed with Lister et al. (1991) that the continental crust 

outboard of King Island had been separated along a detachment fault, with the upper 

plate now forming the western South Tasman Rise.  This could account for the northern 

part of the western South Tasman Rise including the Kanmantoo-like or Glenelg 

Complex-like rocks that Berry et al. (2007) described. 

2.4.5		CAMBRIAN	SUBDUCTION	

A major contention in mainland Australian and Tasmanian geology is the polarity of 

Cambrian subduction.  Crawford and Berry (1992) and Münker and Crawford (2000) 

interpreted the subduction in Tasmania as dominantly east-dipping, since the field 

evidence showed that the ophiolites obducted as a result of the subduction had come 

from the east.  In contrast, Miller et al. (2005) and Foden et al. (2006) interpreted the 

subduction zone on the mainland and in Antarctica as west-dipping.  The model of 

Miller et al. (2005) assumed that Tasmania was outboard of the west-dipping 

subduction zone that affected western Victoria, South Australia and north Victoria 

Land.  As such, a Tasmanian subduction zone was irrelevant to their model.  Miller et 

al. (2005) also interpreted  the Moornambool Metamorphic Complex as a reworked 



Understanding the early Gondwanan margin 

49 

zone at the edge of the Delamerian Orogen and the Glenelg Complex metamorphism to 

result from the dewatering of the west-dipping down-going plate.  The east-verging 

Delamerian thrusts in the Stawell Zone also resulted from this westward shortening 

against the previously-formed backstop.  In contrast, Foden et al. (2006) interpreted the 

apparently coeval boninite-related magmas in western Victoria, Tasmania and New 

Zealand as all forming in the same subduction system and that the subduction was 

clearly west-dipping in Victoria and Antarctica.  Subduction resulted from far-field 

ridge push pressures and that strain was heterogeneously distributed across the 

Gondwana continental margin.   

Crawford and Berry (1992) placed their east-dipping subduction zone close to the 

Motton Spilite, an interpreted Cambrian oceanic basalt sequence that can be traced at 

least 70 km offshore in the gravity data and aeromagnetic data.  It crosses TASGO 

seismic line 5 (Figure 2-1) and coincides with a region where Barton (1999) noted east-

dipping reflectors down to at least 8 s (about 24 km) in the hangingwall of the Arthur 

Lineament.  Deeper imaging was hindered because the easterly dip could not be imaged 

near the eastern end of the line.  The kinematics of high-temperature mylonites on the 

soles of ophiolite complexes led Stacey and Berry (2004) to interpret west-directed 

emplacement, consistent with an east-dipping subduction zone.  We also note that 

seismic tomographic results also are consistent with a relict east-dipping subduction 

zone to depths of at least 100 km (Rawlinson et al., 2010).  It seems likely that at least 

in northern Tasmania, Cambrian subduction was east dipping.  If so, perhaps the most 

likely resolution is that there were two subduction zones, one east-dipping in Tasmania 

and the other west-dipping in Victoria and Antarctica, as suggested by Cayley (2011).  

Further studies are needed to resolve this paradox. 

2.4.6		THE	DELAMERIAN	OROGENY;	A	COLLISIONAL	EVENT?		

Was there a Cambrian collision of proto-Tasmania (VanDieland) against Gondwana?  If 

so, where?  Was the Late Cambrian felsic volcanism a single line of igneous activity 

that extended through the Dimboola Igneous Complex-Stavely Volcanic Group through 

central Victoria to the Mt Read Volcanics in Tasmania and into the Wilson Terrane in 

Antarctica (Cayley, 2011)?  Or was there more than one belt of igneous rocks with 
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similar geochemistry, as implied by Cayley et al. (2002)?  Was there no collision at all, 

as argued by Foden et al. (2006)? 

Interpretations for collision tectonics during the Delamerian-Tyennan Orogeny still 

differ in the number of collisions, their nature, timing and location along the 

Gondwanan margin.  In Tasmania, Stacey and Berry (2004) identified four events, west-

directed ophiolite emplacement at about 520 to 515 Ma, south-directed convergence and 

collision at 510 Ma, east-west extension at about 500 Ma and finally east-west 

compression at about 495 Ma, implying a complex orogenic event.  In southeastern 

South Australia, Flöttmann et al. (1998) interpreted the Delamerian Orogeny as 

resulting from west-northwest-directed compression.  In far western Victoria, Moore 

(2006) used the magnetic data over the Dimboola-Stavely Igneous Complex and nearby 

areas to infer that it had collided from the east, although collision from the northeast 

was also possible.  Further to the east, Cayley and Taylor (2001) focused on the geology 

east of the Moyston Fault and determined a northeast-southwest maximum compressive 

stress (σ1), a horizontal and orthogonal σ2, and an orthogonal and vertical σ3 with 

respect to σ1 for late in the Delamerian-Tyennan Orogeny, at about 495 Ma.  The 

magnetic gravity and mapping data show no obvious earlier or later orientation in 

western Victoria.  This seems at odds with the model by Cayley (2011), which places 

his VanDieland in collision with Gondwana south of western Victoria at about 495 Ma, 

and then moving northeastwards.  If Cayley’s (2011) model is valid, it requires a rapid 

switch in tectonic mode from accretion to extension.  As well, there seems to be no 

obvious location for the present position of the hypothesized fault required to move 

VanDieland northeast to the Early Ordovician position required by Li et al.’s (1997) 

paleopole; this part of the model requires a definitive test.  These conflicts remain to be 

reconciled, as does the consequent possibility that the felsic volcanic rocks in the 

Dimboola-Stavely, central Victoria, Mt Read and Wilson regions might have formed in 

a single igneous chain.  However the magnetic and gravity data show that there is now 

no direct along-strike correlation of the Mt Read Volcanics with the Stavely-Dimboola 

Complex (Figure 2-6b). 

Foden et al. (2006) interpreted that the Delamerian-Tyennan Orogeny in southeastern 

Australia was due to “ridge-push stresses to the previously attenuated continental 

margin at the beginning of subduction.  Strain from this event was heterogeneously 
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partitioned across the continental margin, becoming focused in thermally weakened, 

attenuated crust.”  In this model, the Delamerian Orogeny ended when slab rollback 

took place at 490 Ma, causing upper plate extension and anorogenic magmatism.  

However Cayley (2011) pointed out that this mechanism could not explain the presence 

of Early to Middle Cambrian oceanic crust in western and central Victoria or the 

continuing convergence in Antarctica throughout the Ordovician.  As well, the magnetic 

data over the Dimboola-Stavely region strongly suggests that, at least locally, collision 

took place (Moore, 2006).  Thus, at least some aspects of the late stages of the 

Delamerian-Tyennan Orogeny seem to require collision as a tectonic driver. 

2.5  A POSSIBLE TECTONIC HISTORY 

We now attempt to reconcile the data and propose a tectonic evolution of the region.  Its 

early history is at best poorly known.  The 1400 to 1450 Ma detrital zircon populations 

indicate that, in the Neoproterozoic and perhaps earlier, the western and central parts of 

Tasmania were south of north Victoria Land were receiving detritus from Laurentia or 

its equivalent in Antarctica (Black et al., 2004; Goodge et al., 2008).  Although it shares 

the same detrital zircon population, there are no outcrops known elsewhere along the 

inland Rodinian margin for the King Island sequence with its 1290 Ma and 760 Ma 

metamorphic events (Turner et al., 1998; Black et al., 2004; Berry et al., 2005).  

However Goodge and Fanning (2010) found similar aged inherited zircons from the 

Ross Orogen off the eastern Wilkes Land coast in Cenozoic sediments and detrital 

metasedimentary and granite clasts.  Parts of the Rocky Cape Block or adjacent 

fragments may have begun rifting early as 777±7 Ma if the sheared granite present in 

the Arthur Lineament formed in an extensional regime (Seymour et al., 2007).  The 

extensional basin in which the Burnie Formation was deposited may also have formed 

at about this time, assuming the 711±16 Ma K/Ar age on the coeval Cooee Dolerite is a 

minimum depositional age (Black et al., 2004).  On mainland Australia, the rifting of 

Rodinia and the formation of the Adelaide Rift Complex began at about 830 Ma (Preiss 

et al., 1993; Boger, 2011).  Oceanic basin formation was completed after about 580 Ma, 

as indicated by the age dates on King Island and northwest Tasmania (Calver et al., 

2004).  As many as six fragments of continental crust could have been rifted during the 

Rodinian break up and are now incorporated into the Gondwanan margin of 
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southeastern Australia—King Island, the Rocky Cape Block, the northeast Tyennan 

Block, the southwest Tyennan Block, perhaps small fragments under the Dundas 

Trough indicated by Leaman and Webster (2002) and also continental crust under the 

Dimboola-Stavely Igneous complex.  Other fragments may now be elsewhere along the 

Terra Australis Orogen, including the Anakie Inlier in northern Queensland (Cawood, 

2005 and references therein) and the Beardmore Micro-continent along the Antarctic 

margin of Gondwana (Stump et al., 2006).  An implication of this is that several small 

oceanic basins formed, with continental ribbons separating them, perhaps as responses 

to episodes of roll back on a subduction zone outboard of Rodinia. 

At 550 Ma, the west-dipping subduction driving the Ross Orogeny had commenced 

along the Gondwana margin from southern Victoria Land to South Australia (Stump et 

al., 2003; Turner et al., 2009).  Sedimentation continued outboard of the Adelaide Rift 

Complex until at least 522 Ma, possibly in strike-slip zones adjacent to continental 

salients similar to those outlined by Williams et al. (2009) and Cawood (2005), where 

some parts of an irregular edge can be in compression while others are in extension 

(Jenkins et al., 2002).  However the dominant deformation in southeastern Australia did 

not begin until about 515 Ma (Foden et al., 2006; Berry et al., 2007).  In South Australia 

and western Victoria magmatic and metamorphic ages imply a break between about 513 

and 505 Ma but continuing thereafter until about 490 Ma (Miller et al., 2005; Foden et 

al., 2006).  The shortening direction was towards the west-northwest in South Australia 

but the later shortening in western Victoria was to the southwest and included sinistral 

strike slip movement (Cayley and Taylor, 2001; Foden et al., 2006).  Deformation in 

Tasmania was firstly accompanied by west-directed ophiolite obduction (Crawford and 

Berry, 1992; Foster et al., 2005; Berry et al., 2007).  In Tasmania, peak metamorphism 

occurred at c.a. 510 Ma, during north-south shortening (Stacey and Berry, 2004).  At 

least some Tasmanian deformation resulted from collision of continental blocks, since 

metamorphism in the Franklin Metamorphic Complex reached 650°C and 1.9 GPa 

(Chmielowski, 2009).  Later events included east-west extension and felsic volcanism in 

Tasmania and central and western Victoria, and finally east-west shortening and basin 

inversion (VandenBerg et al., 2000; Stacey and Berry, 2004).   

By the Early Ordovician, northwest Tasmania was located outboard of, but relatively 

close to southeastern Australia (Li et al., 1997).  It is likely that the Selwyn Block was 
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due east of its present position; thereafter the only shortening direction in the Melbourne 

and Bendigo Zones has been east-west (VandenBerg et al., 2000).  In the Ordovician, 

thick turbidite sedimentary packages eroding off the Tyennan-Delamerian highlands 

were deposited in the Bendigo and Tabberabbera zones in Victoria and formed the 

Tippogoree Group in eastern Tasmania (VandenBerg et al., 2000; Seymour et al., 2011).  

In western Tasmania and in the southeastern part of the Melbourne Zone shallow water 

marine carbonate deposits accumulated on a broad platform, but further north in the 

Melbourne Zone sedimentation was largely restricted to starved marine sequences that 

accumulated on a deeper part of the plateau (Seymour and Calver, 1998; Cayley et al., 

2002; VandenBerg et al., 2006).  Thus western and central Tasmania shed no detritus 

into the adjacent turbidite flows.  

In west central Victoria, the Benambran Orogeny took place at the end of the 

Ordovician.  The deformation was east-verging, giving simple upright folds and west-

dipping faults (VandenBerg et al., 2000).  In the Tabberabbera Zone, deformation began 

slightly later, in the Early Silurian and whilst the sediments were still unconsolidated, 

giving rise to tectonic mélange in the Wonnangatta Shear Zone (Fergusson, 1987; 

Willman et al., 2005).  Here the shortening was northeast-southwest (Willman et al., 

2005).  The lack of detritus from the Tabberabbera Zone into the now-adjacent 

Melbourne Zone implies that the two were apart during the Benambran Orogeny and for 

20 m.y. afterwards (Cayley et al., 2002).  In eastern Tasmania, the deformation included 

southwest-verging recumbent folds within an overall northeast verging system in the 

Tippogoree Group (Reed, 2001; Seymour et al., 2011).  The tectonic driver for the 

Benambran Orogeny is likely to have been the west-dipping subduction zone associated 

with the Narooma Accretionary Complex (Offler et al., 1998; Miller and Gray, 2007).   

Subsequently sedimentation increased in the Melbourne Zone, where up to 10 km 

stratigraphic thickness is present in the west and at least 6 km in the east.  Until the Late 

Early Devonian, sediments were only sourced from either the south or the west 

(VandenBerg et al., 2000).  In the Tabberabbera Zone, local rifts that formed along 

faults accumulated marine sediments and felsic volcanic rocks, which were then 

deformed in the latest Silurian Bindian Orogeny (Willman et al., 2005).  In eastern 

Tasmania, an extensional basin may have formed after the Benambran Orogeny 

(Seymour et al., 2011).  This basin accumulated turbidites, and the presence of plant 



Understanding the early Gondwanan margin 

54 

fossils suggests deposition proximal to a emerged landmass (Seymour et al., 2011).  In 

western Tasmania, widespread Ordovician limestone deposition was followed by shelf 

clastic sequences, mostly sandstone and shale (Seymour and Calver, 1998; Seymour et 

al., 2007). 

In the Tabberabbera Zone, much of the ~420 Ma Bindian deformation was concentrated 

in dextral strike-slip faults, suggesting that the zone moved southeastwards relative to 

the undeformed Melbourne Zone (Willman et al., 2005), perhaps driven by the 

formation of an orocline in the region (Moresi et al., 2014; see section 4.4.4).  Miller 

and Gray (2007) interpreted that at this time, the west-dipping subduction zone 

associated with the Narooma Accretionary Complex was undergoing trench-

perpendicular subduction.  If so, it suggests that the east-west shortening could not be 

accommodated north of the Tabberabbera Zone, causing it to be driven south.  This 

rigid block may either have been the Macquarie Arc or yet another thin, rigid plate 

fragment from the Rodinian breakup that was now embedded within the Lachlan 

Orogen.  No Bindian deformation has been recognized in Tasmania, although it is 

coeval with a period of non-deposition in western regions and coincides with a 

southward-sourced sand pulse in the Melbourne Zone (Seymour and Calver, 1998; 

VandenBerg et al., 2000). 

Tabberabberan deformation affected almost all of the Tasman Orogen (Champion et al., 

2009).  In Victoria, the Melbourne Zone underwent mostly east-verging east-west 

shortening (VandenBerg et al., 2006; Cayley et al., 2011).  Two phases of deformation 

are recognized in western Tasmania, an early generally east-northeast-west-southwest 

compression followed by northeast-southwest compression.  Deformation during the 

Tabberabberan Orogeny was strongly influenced by pre-existing basement structures 

(Stacey and Berry, 2004).  In eastern Tasmania deformation is characterized by an early 

east to northeast vergence, and a late southwest-directed tectonic vergence onto the old 

craton (Reed et al., 2002; Worthing and Woolward, 2010; Seymour et al., 2011).  This 

may indicate that the west dipping subduction zone associated with the Narooma 

Accretionary Complex was still active in driving convergence and was present outboard 

of Tasmania.  In Victoria, the effect of this shortening was for the Bendigo Zone to 

override the western edge of the Selwyn Block.  The sediments of the Melbourne Zone 

were trapped between the Bendigo Zone in the west and the basement high in the 
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eastern Selwyn Block, where Cambrian volcanic rocks now crop out (Cayley et al., 

2011).  Because the Selwyn Block was rigid, the overlying sedimentary rocks shortened 

along a décollement.  Further east, the Tabberabbera Zone was obducted onto the 

easternmost Selwyn Block (VandenBerg et al., 2000). 

2.6  CONCLUSIONS 

The new magnetic data confirm that the correlation between the geology of Tasmania 

and the Selwyn Block is most consistent with available geological and geophysical 

datasets.  Models that cannot accommodate the continuity of major magnetic units 

across Bass Strait seem no longer viable.  As well, future models need to take into 

account the presence of Kanmantoo- or westernmost Lachlan-like metasedimentary 

rocks on the western south Tasman Rise. 

Whilst much of the later history of the region is becoming clearer, the early history is 

less well understood.  Obvious questions include  

1. The number of cratonic fragments that came together in the Tyennan 

Orogeny, and perhaps later, and their previous locations; 

2. The basement to the marginal marine Rocky Cape Group.  What is it and 

does it crop out? 

3. The path that Tasmania took to arrive at its present position with respect to 

mainland Australia; 

4. The relationship between the Mathinna Supergroup and the Tabberabbera 

and Melbourne Zones.  Whilst the Mathinna-Tabberabbera correlation seems 

reasonable in the Ordovician and Silurian, the Devonian correlation seems 

better with the Melbourne Zone; 

5. The reason for the granites appearing to young to the west, particularly in 

Tasmania; and  

6. The relationship of the region with Antarctica. 

As well, there is a need for mapping and magnetic interpretation that clarifies the 

detailed correlations across Bass Strait.  This will be the subject of future work. 
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Chapter 3 

 

Behold the turtle, it only makes progress when it sticks its neck out  

J.B. Conant (in J.G. Hershberg, 1993, James B. Conant) 
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Fragmented	Tasmania;	the	transition	from	
Rodinia	to	Gondwana	
ABSTRACT 

The origin of the micro-continent VanDieland extends back to the late Paleoproterozoic, 

where it was positioned between East Antarctica and southwestern Laurentia within the 

supercontinent Nuna and Rodinia.  Palaeo- to Mesoproterozoic events recorded in 

VanDieland have greater affinities with southwest Laurentia and East Antarctica, 

suggesting southern VanDieland was part of the Grenville Front and the central 

Tasmanian part was adjacent to the Miller Range in the central Transantarctic 

Mountains.  Late in the Neoproterozoic Rodinia break-up, VanDieland separated from 

East Antarctica and southwestern Laurentia and moved north along the Terra Australis 

margin until its southern part was positioned next to the easternmost Robertson Bay 

Terrane of north Victoria Land.  VanDieland comprises up to seven different crustal 

mega-boudins or micro-continental ribbon terranes that likely had amalgamated by the 

end of the Cambrian.  These ribbon terranes are bounded by major faults and suture 

zones.  Some boundaries, such as the Arthur Metamorphic Complex, are well known.  

However, other boundaries, like the eastern edge of the Tyennan Zone, and the 

boundary between King Island and northwestern Tasmania, are more cryptic as they are 

covered by younger geology or are under water.  The boundaries are often defined by 

sedimentary and mafic volcanic infill that has been trapped between the crustal 

fragments.  These rocks have previously been interpreted as allochthonous terranes but 

are more likely to represent inverted sections of attenuated transitional crust and back 

arc basin fill that formed along the eastern margin of the Gondwana plate during the 

Cambrian.  This interpretation also provides an explanation for the previous tectonic 

analysis that suggests that Tasmania’s mafic-ultramafic complexes were obducted 

westward onto older sequences and were subsequently transported southwards as other 

ribbons collided along the northeastern and western edges of the growing micro-

continent, which existed in the overriding plate of a west-dipping subduction zone at the 

convergent margin between Gondwana and the proto-Pacific plate.   
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3.1  INTRODUCTION 

The period from 600 Ma to 500 Ma includes some of the most fundamental changes in 

Earth history.  Not only did animals develop hard skeletons and the ‘snowball earth’ 

time finish, the Rodinian supercontinent had completely dispersed and the Gondwana 

supercontinent began to amalgamate.  Facing the exterior ocean of Gondwana was the 

Terra Australis Orogen (Cawood, 2005), which records the accretion of dismembered 

fragments and oceanic material at the edge of Gondwana.  This paper examines the 

geological evolution and crustal architecture of western Tasmania.  The region contains 

excellent evidence of some of the last breakup events of the remnants of Rodinia, at 

about 580 Ma (Calver et al., 2004; Meffre et al., 2004).  Thus western Tasmania 

provides an opportunity to examine a fundamental transition in Earth history, from 

almost 300 million years of continent destruction to 300 million years of continent 

building.  Furthermore, the Cambrian orogenesis in Tasmania apparently took place 

isolated from the rest of Gondwana, and terranes of western Tasmanian were not truly 

accreted onto the Gondwanan margin until the Middle Devonian (Cayley et al., 2002; 

Cayley et al., 2011; Moresi et al., 2014).  Hence the region provides opportunity to 

understand tectonic processes associated with Rodinia break-up and subsequent 

accretion on the Gondwanan margin during the Cambrian to Devonian stages of the 

Terra Australis Orogen.  

Cayley (2011) coined the term ‘VanDieland’ for a Proterozoic micro-continent that 

included western Tasmania, the Selwyn Block (central Lachlan Fold Belt), the South 

Tasman Rise and the East Tasman Plateau.  VanDieland extends over 1500 km from 

north to south (Figure 3-1) and has been considered to represent a single, coherent entity 

(Berry et al., 2007; Cayley, 2011; Berry and Bull, 2012).  Western Tasmania 

(Figures 3-1 and 3-2) contains the most complete and accessible geological record of 

VanDieland.  This region contains a wide range of pre-Ordovician rocks, including deep 

water turbidites, non-marine and shallow marine clastic deposits, carbonate rocks, and 

cratonic fragments.  The oldest rocks were deformed and metamorphosed in the 

Mesoproterozoic (Chmielowski (2009).  Extensive areas of VanDieland contain 

Neoproterozoic to Cambrian rift assemblages of deep-water metasedimentary rocks, 
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Figure 3-1.  A. Southern Victorian and Tasmanian geology, showing the near-surface boundaries of the Selwyn 
Block and Tasmanian Elements (from Seymour and Calver, 1998).  Elements are labelled as AJ Adamsfield–
Jubilee, D Dundas, ET Eastern Tasmania, KI King Island, S Sheffield, RC Rocky Cape and TY Tyennan.  Inset 
shows the location within Australia.  B.  Tasmanian geology as in A with the total magnetic intensity as an 
intensity layer.  Suggested zones are BU Burnie Zone, ET Eastern Tasmania, KI King Island, SB Sorell–
Badger Head, P Pedder (including the Adamsfield–Jubilee Element; see Sections 2.4 & 3.1.3), RC Rocky Cape, 
T Tyennan Zone.  B marks the Braddon River Fault, G the Tamar Graben and H the Mt Hobhouse Fault.  C.  
VanDieland subdivisions, modified from Cayley (2011) to conform with the usage here.  D.  Schematic section 
across Tasmania, generalised from the cross section A-A’ in B.   
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granitic plutons, within-plate basalts or ocean floor basalts, Cambrian boninite-

associated mafic-ultramafic complexes, eclogite, blueschist, greenschist and 

amphibolite facies metamorphic rocks (Berry and Crawford, 1988; Crawford and Berry, 

1992; Black et al., 1997; Corbett et al., 2014).  Low temperature-high pressure 

metamorphic rocks formed during the Middle to Late Cambrian Tyennan Orogeny 

(Meffre et al., 2000; Chmielowski and Berry, 2012).  Rocks with oceanic affinities have 

been interpreted as allochthonous sheets emplaced at one or more collision zones 

associated with the Tyennan Orogeny (e.g. Stacey and Berry, 2004; Berry and Bull, 

2012) (Crawford and Berry, 1992; Turner et al., 1998; Meffre et al., 2000; Berry et al., 

2005; Chmielowski and Berry, 2012; Seymour et al., 2013).  The presence of these 

obducted mafic-ultramafic rocks suggests that discrete continental crustal blocks may 

have been separated by oceanic or transitional crust (Moore et al., 2013).  The Tyennan 

Orogeny is one example of the earliest phases of Gondwanan orogenesis (Crawford and 

Berry, 1992; Everard et al., 2007; Berry and Bull, 2012; Seymour et al., 2013) and 

appears to be part of a much larger orogenic system that includes the Ross Orogeny in 

Antarctica and the Delamerian Orogeny on mainland Australia (Boger and Miller, 2004; 

Cawood, 2005; Champion et al., 2009; Boger, 2011).  By the Ordovician, the extensive 

limestone sheet that stitches the many parts of western Tasmania indicates that the 

collage of cratonic and oceanic fragments had become a single continental ribbon 

(Seymour and Calver, 1998; Moore et al., 2013), with final consolidation into 

Gondwana in the Middle Devonian (Cayley et al., 2011). 

In constructing a new tectonic model for VanDieland, we used detailed mapping by 

Mineral Resources Tasmania (including Jennings, 1963; Gee and Legge, 1979; Brown, 

1986; Brown et al., 1989; Corbett, 2003; McClenaghan and Vicary, 2005; Reed and 

Vicary, 2005; Calver et al., 2006; Everard et al., 2007; Calver, 2008; Vicary et al., 2008; 

and summarised in Mineral Resources of Tasmania, 2011; Brown et al., 2012; and 

Corbett et al., 2014) and others (e.g. Powell and Baillie, 1992; Exon et al., 1997b; Berry 

and Gray, 2001; Hall, 2001; Holm and Berry, 2002; Noll and Hall, 2005), and combined 

these data with airborne magnetic data and the ground gravity data collated by 

Geoscience Australia. 

Where appropriate, we supplemented the data with interpretations of the TASGO 

seismic survey that circumnavigated Tasmania (Figure 3.1A) (Hill and Webber, 1995; 
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Drummond et al., 2000).  This approach allowed a reliable connection of the many 

geological observations along the coast with the sparse inland data.  The geophysical 

interpretation was grounded in geological observations, while the geology could more 

confidently be extrapolated beyond the immediate outcrop areas. 

We propose a tectonic model that defines each of the end-Proterozoic ‘micro-plate’ 

boundaries and provides a geological history for their amalgamation.  We resolve major 

Cambrian structural and stratigraphic breaks and define their spatial extent, geometry 

and role in the evolution of an amalgamated VanDieland.  We submit that, prior to the 

Tyennan Orogeny, western Tasmania was not a single cratonic fragment, but rather 

several microplates that had previously been extended to form mega-boudins (ribbons) 

linked by transitional oceanic crust, which lay in an oceanic setting similar to the 

present western Pacific (Crawford et al., 2003b; Metcalfe, 2011).  In modern settings, 

these fragments can be full- or part-thickness cratonic fragments, as well as parts of 

fore-arc, back-arc, oceanic or turbidite packages (Cawood et al., 2009).  This contrasts 

with the Ordovician to Devonian evolution of the Tasmanides, which was dominated by 

accretionary processes and resulted in turbidite-dominated successions that are thrust-

repeated with trivial amounts of oceanic crust (Gray and Foster, 1998), a setting that 

typifies parts of the modern northwest Pacific (Cawood et al., 2009).  Our proposed 

model offers tectonic solutions for long-standing paradoxes such as the apparent change 

in Cambrian subduction polarity along the Gondwanan margin  (c.f. Crawford and 

Berry, 1992; Miller et al., 2005; Foden et al., 2006), as well as an opportunity to assess 

and test different tectonic models, including those involving rapid changes of 

subduction polarity (Crawford and Berry, 1992; Crawford et al., 2003b), oblique 

subduction on an outboard fragment (Cawood, 2005) and complex tectonic scenarios 

where contemporaneous east- and west-dipping subduction zones were present in the 

Early Cambrian and VanDieland was sucked obliquely into Gondwana by the west-

dipping subduction zone in the Late Cambrian before rotating and moving away from 

Gondwana during the Early Ordovician (Cayley, 2011).  Finally, we place VanDieland 

in the context of Precambrian continental reconstructions. 
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3.2  REGIONAL GEOLOGY 

Tasmania is typically separated into two regions.  Western Tasmania comprises 

Mesoproterozoic and Neoproterozoic cratonic crust, whereas eastern Tasmania has 

oceanic affinities and was cratonised in the Middle Devonian Tabberabberan Orogeny 

(Figures 3-1 and 3-3) (e.g. Reed et al., 2002; Black et al., 2004; Berry and Bull, 2012; 

Seymour et al., 2013).  The boundary between eastern and western Tasmania is believed 

to be present beneath the Tamar Graben (Figure 3-1B) (Seymour et al., 2013), just west  

 

Figure 3-2. Tilt-derivative filtered magnetic image of Tasmania and adjacent areas, together with the zone 

boundaries (black), later faults (yellow) and letter symbols from Figure 3-1B. 
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Figure 3-3.  Tasmanian Pre-Silurian time-space plot for zones outlined in Figure 3-1B and C.  Because of internal differences, the Wings Subzone, largely the Adamsfield–Jubilee Element of Seymour and Calver (1995), has been subdivided from the main Pedder Zone.  The 
Arthur Metamorphic Complex has also been shown as a separate column.  Rock unit codes; BC Barrington Chert, BF Bowry Formation, BH Badger Head Group, BO Burnie and Oonah Formations, CC Crimson Creek Formation and equivalents, CG Clark Group, CS 
Caroline Creek Sandstone, DG Denison Group, GG Gordon Group, GR Grassy Group, HD Howell, Fisher and Dove Groups, HO Harrisons Opening Formation, MO Moina Sandstone, MR Mt Roland Conglomerate, MS Motton Spilite, OC Owen Conglomerate, P Panama 
Group, PS Port Sorell Group, R Mount Read Volcanics, RB Ragged Basin Complex, SB Surprise Bay Formation, SC Success Creek Formation, SF Scopus Formation, TG Tippogoree Group, WR Weld River Group, WS Wings Sandstone.  References in the text. 
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of which is seen a Lower Devonian sequence that has affinities with both eastern and 

western Tasmanian rocks (Rickards et al., 2002).  Further south, the boundary is covered 

by Permian and younger rocks.  Offshore seismic reflection data from eastern Tasmania 

indicated the possible presence of Proterozoic crust at depth along the southern half of the 

Tasmanian east coast (Drummond et al., 2000).  In contrast, Seymour et al. (2013) 

suggested that eastern Tasmania is not floored by Proterozoic crust and placed the 

boundary further west.  Eastern Tasmania has always been considered as a single block or 

‘element’ (Burrett and Martin, 1989; Seymour and Calver, 1998; Corbett et al., 2014). 

Western Tasmania records a more complex history including Neoproterozoic rifting, 

which involved break-up and eastward drift of the micro-continent from East Antarctica 

(Berry et al., 2008), followed by Middle to Late Cambrian crustal shortening and 

subsequent extensional tectonism, the Tyennan Orogeny (Berry and Bull, 2012).  Late 

Ordovician to Devonian reworking associated with the accretion of VanDieland into the 

eastern Gondwanan margin (Cayley et al., 2011) affected both eastern and western 

Tasmania as eastern Tasmania was either partly (Patison et al., 2001) or completely 

(Powell and Baillie, 1992; Reed et al., 2002) transported westward during the 

Tabberabberan Orogeny.  During the Jurassic, a Large Igneous Province resulted in 

voluminous emplacement of dolerite (Hergt and Brauns, 2001).  Cretaceous and 

Paleogene extension and crustal thinning led to the break-up of Australian and Antarctica 

(Norvick and Smith, 2001; Veevers, 2012), which was followed by Cenozoic basaltic 

volcanism and sedimentation (Stacey and Berry, 2004; Mineral et al., 2011; Corbett et al., 

2014).   

Seymour and Calver (1995) divided western Tasmania into six ‘elements’; King Island, 

Rocky Cape, Dundas, Sheffield, Tyennan and Adamsfield–Jubilee (Figure 3-1A).  Some 

boundaries between the elements are well established.  For example, the Arthur 

Metamorphic Complex is a high-strain zone containing blueschists and rift-related rocks 

that separate the Rocky Cape and Dundas Elements (Turner and Bottrill, 2001; Holm and 

Berry, 2002).  Other boundaries are covered.  The boundary separating eastern Tasmania 

from elements to the west is beneath younger sedimentary successions, Jurassic dolerite 

and Cenozoic basalt.  The boundary between King Island and the Rocky Cape Element is 

covered by water and Cretaceous and Cenozoic sedimentary rocks.  The boundaries have 

also been modified by later events, notably the Devonian Tabberabberan Orogeny (Holm 

and Berry, 2002; Reed et al., 2002).  The multiple deformations resulted in significant 
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metamorphic grade variations and styles across the boundaries, which range from 

greenschist to amphibolite and blueschist facies (Meffre et al., 2000; Chmielowski and 

Berry, 2012).  Age dating criteria are unable to distinguish the various phases of 

deformation as most record ages that cluster at ca. 510 Ma (e.g. Figure 10 in Berry et al., 

2007).   

 

Figure 3-4.  Gravity image of Tasmania and adjacent areas, a Bouguer onshore, free air offshore, b,  isostatic 
onshore, free air offshore, together with the zone boundaries (black), later faults (yellow) and letter symbols 
from Figure 3-1B. 

The following section first outlines each of the zones that comprise western Tasmania and 

the South Tasman Rise.  Figure 3-3 shows the pre-Silurian stratigraphic columns for each 

zone.  Some zones replicate the “Elements” of Seymour and Calver (1995, 1998), but we 

have chosen to vary or subdivide others.  In order to avoid confusion, we have called our 

divisions “Zones” and only used the term “Element” where it refers to areas defined by 

them.   

3.2.1		KING	ISLAND	ZONE	

King Island is largely comprised of Mesoproterozoic metasedimentary rocks with detrital 

zircon populations older than 1350±90 Ma (Black et al., 2004).  In the west, the rocks 

underwent regional metamorphism to greenschist or amphibolite facies at 1287±18 Ma 

(U/Th/Pb on monazite, Berry et al., 2005).  On the west and north coasts, later 
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metamorphism, deformation and granite intrusion at 760±12 Ma is coeval with ca 750-

780 Ma granites (Black et al., 1997; Turner et al., 1998; Calver et al., 2013b).  On the east 

 

Figure 3-5.  King Is Zone.  a.  Geology overlaid on the total magnetic intensity plus 40% of its first vertical 
derivative.  b.  Gravity response, Bouguer onshore, Free Air offshore.  Location given by the shaded area of the 
map of Tasmania inset in a.  Thicker dashed magenta lines mark zone boundaries; paler thinner dashed lines 
mark faults cutting zone boundaries.  B marks the Braddon River Fault and M the location of outcropping rift 
tholeiite.  The high magnetic and gravity responses associated with the tholeiite continue north to southern 
Victoria, where a MORB outcrop is present (Henry and Birch, 1992).  The eastern edge of this high is taken as 
the boundary of the King Island Zone.  Magnetic modelling suggests that the sequence has an east dip of 45° to 
70° (Meffre et al., 2004).  Geology from Raymond et al. (2012); grey and brown mark Proterozoic 
metasediments, green, Proterozoic mafic volcanic rocks, red granite and yellow Cenozoic sediments. 

coast, metasedimentary successions are unconformably overlain by Marinoan 

glaciomarine deposits with detrital zircon dates of ca 636 Ma (chemically abraded TIMS 
238U/206Pb zircon, Calver et al., 2013a).  This sequence is successively overlain by a cap 

carbonate, laminated black shale and the mafic volcanic (rift tholeiites) and intrusive 

rocks that form the eastern edge of the zone.  The mafic rocks are strongly magnetic and 

relatively dense and are evident in regional geophysical data as a 35 km zone wide zone 

(Figures 3-2, 3-4 and 3-5) that extends between outcrops on the east coast of King Island 

to Phillip Island on the southern Victorian coast (Henry and Birch, 1992; Moore et al., 

2013).  The magnetic package is truncated by the Braddon River Fault, approximately 40 

kilometres to the south of King Island.  The package dips moderately to steeply to the east 

between 45° and 70° (Meffre et al., 2004).  Meffre et al. (2004) suggested the sequence 

was tilted and fault repeated, and proposed a pre-repetition width of several tens to 
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hundreds of kilometres of rift tholeiites.  Based on stratigraphic and geochemical 

considerations, a volcanic passive margin sequence setting was interpreted.  Sm/Nd 

analyses suggested the tholeiites were emplaced at ca 580 Ma (Meffre et al., 2004).  

Mafic dykes in the sequence yielded a U-Pb SHRIMP date of 575±3 Ma (Calver et al., 

2004). 

 

Figure 3-6.  Northern Rocky Cape Zone. a. Geology on total magnetic intensity.  Location given by the shaded 
area of the map of Tasmania.  Grey marks Mesoproterozoic metasediments, brown Neoproterozoic 
metasediments, Irish green Cambrian basalt, pink and lavender Cambrian felsic rocks, red granite, bright blue 
Permian sedimentary rocks, and yellow Cenozoic sediments.  Geology from Raymond et al. (2012). A marks the 
Arthur Metamorphic Complex, the eastern boundary of the Rocky Cape Zone, B, the Braddon River Fault and 
S, the Smithton Basin.  Apple green lines, seismic lines; 9, line 148/9 (Figure 3-7).  b.  Isostatic gravity onshore, 
free air offshore.  The magnetic and gravity responses suggest an eastwards dip of the Arthur Metamorphic 
Complex. 

The Braddon River Fault (Figures 3-1, 3-2, 3-4 to 3-6) is prominent in regional magnetic 

images of offshore western Tasmania.  It is exposed onshore at the Braddon River head 

waters, where late movement has displaced Early Paleozoic rocks (Baillie and Corbett, 

1985).  Further south, it is defined by a 2 km wide mylonite at the eastern edge of a 

?Neoproterozoic mafic volcanic rock package (Brown (2011).  The Braddon River Fault 

is imaged in seismic reflection data as steeply west-dipping and has a significant change 

in seismic character across it (Figure 3-7).  South of King Island, it appears to have a 

displacement of approximately 70 km.  However, further south much of this movement 

appears to be taken up in internal faulting within the Burnie Zone (Figure 3-8). 
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Figure 3-7.  Seismic line, AGSO 148/9, upper panel shows the interpretation, lower panel uninterpreted line, 
inset gives the line location.  The Braddon River Fault is sub-parallel to the seismic line causing significant off-
line effects.  Shot points are approximately 50 m apart. 

3.2.2		ROCKY	CAPE	ZONE			

The Rocky Cape Zone occurs in the northwest corner of Tasmania and the northern Sorell 

Peninsula (Figures 3-1 to 3-4, 3-6, 3-8 and 3-9).  The oldest rocks are the 

Mesoproterozoic Rocky Cape Group, which comprises alternating sequences of marginal 

marine quartzite and shelf siltstone (Figure 3-9, Table 3-1) (Everard et al., 2007; Halpin 

et al., 2014).  The presence of the fossil Horodyskia williamsii suggests sedimentation at 

the basal part of the package occurred between 1400 and 1100 Ma (Calver et al., 2010).  

Authigenic monazite from quartzites yield dates that cluster in three populations, between 
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ca 1360-1290 Ma, ca 1280-1240 Ma and ca 1090 Ma (Halpin et al., 2014).  Cambrian and 

Devonian granites that intrude the Rocky Cape Group contain slightly different zircon 

inheritance patterns, notably an excess population of 1650-1600 Ma ages that are poorly 

represented in the Rocky Cape Group  (Black et al., 2010).  These are likely to be sourced 

from the cratonic basement on which the Rocky Cape Group was deposited (Black et al., 

2010). 

 

Figure 3-8.  Sorell Peninsula area.  a.  Geology on background grey scale total magnetic intensity.  Location 
given by the shaded area of the map of Tasmania.  Colour legend as for Figure 3-1A, with dark blue Cambrian 
ultramafic rocks.  B marks the Braddon River Fault, G, the Burnie (Oonah) Formation and S, the interpreted 
southern extension of the Smithton Basin.  b.  Tilt filtered total magnetic intensity.  c. Gravity, isostatic onshore, 
free air offshore.  The Rocky Cape-Burnie and Burnie-Pedder zone boundaries have been largely determined by 
the outcropping and inferred Precambrian boundaries.  The former is interpreted as an east-dipping thrust 
fault, which we interpret to lie in front (west) of a much larger fault marked by a mafic-ultramafic-boninite 
package at the western edge of a Cambrian felsic volcanic sequence.  We interpret this fault system as an east-
dipping, leading imbricate fan (Boyer and Elliott, 1982).  In the magnetic and seismic images, these major 
boundary systems can be traced south from the Braddon River Fault until they are truncated by the southern 
extension of the eastern boundary of the King Island Zone (Figures 3-2 and 3-10).  Although the mafic-
ultramafic-boninite package has been subsequently disrupted by the Devonian Tabberabberan deformation, we 
consider that this western boundary of the Burnie Zone on the Sorell Peninsula is more or less in place.  In the 
north, the Braddon River Fault has a sinistral displacement of up to 70 km.  However, the eastern boundary of 
the Burnie Zone is only displaced by approximately 5 km, and we suggest that most of the missing movement has 
been taken up along the sheared eastern boundary of a Neoproterozoic mafic volcanic package within the Burnie 
Zone.  These volcanic rocks can be seen as both magnetic and gravity highs. 

Within the Smithton Basin, the Togari Group unconformably overlies the Rocky Cape 

Group (Everard et al., 2007).  It includes conglomerate, dolomite, chert, diamictite, 

volcaniclastic rocks, siliceous metasedimentary rocks and tholeiitic basalt, which were 

deposited in an extensional setting (Everard et al., 2007).  δ13C values and 87Sr/86Sr ratios 

(Calver, 1998) from the Togari Group and correlations with similar succession of the 

Adelaide Fold Belt suggests the lower Togari Group may be mid-Cryogenian (Everard et 
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Figure 3-9.  Rocky Cape Group (Detention Metaquartzite) with herringbone crossbeds just above the scale.  
Location 40°51’41”S, 145°30’44”E.  Scale is 16 cm long. 

 al., 2007).  A rhyodacite in a rift tholeiite package in the upper Togari Group yielded an 

U-Pb zircon SHRIMP age of 582±4 Ma (Calver et al., 2004), while the uppermost 

siltstone unit contains Early to Middle Cambrian fossils (Everard et al., 2007).  A Late 

Cambrian marginal marine to terrestrial clastic sequence overlies the Togari Group.  This 

package contains serpentinite-rich detritus from mafic-ultramafic rocks, similar to those 

that were obducted onto the adjacent Burnie Zone during the Cambrian Tyennan Orogeny 

(Everard et al., 2007).   

3.2.3		BURNIE	ZONE	

The oldest rocks of the Burnie Zone are the clastic metaturbidites of the Burnie (Oonah) 

Formation (Figures 3-10 to 3-13).  Similar detrital zircon populations to the shallow water 

Rocky Cape Group can be interpreted as the two being coeval (Black et al., 2004).  More 

likely, the Burnie Formation represents a younger package derived from the Rocky 
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Youngest sample Jacob Quartzite Detention 
Subgroup 

Data sources 

Detrital zircon 
populations (Ma) 

1009±43, 1250, 1440, 
1850, 2650 

1433±14, 1690-
1740, 1780 

Black et al. 1997, 
2004 

Authigenic monazite age 
(Ma) 

 1085±9 Halpin et al. 
2014 

    
Oldest sample Pedder River Siltstone   

Detrital zircon 
populations 

1442±28, 1630, 1720, 
1790, 1850 

 Halpin et al. 
2014 

Authigenic monazite 
(Ma) 

1315±23, 1350  Halpin et al. 
2014 

 

Table 3-1.  Rocky Cape Group age constraints 

 

 
 
Figure 3-10.  Seismic line AGSO 148/14, upper panel shows the interpretation, lower panel uninterpreted line, 
inset gives the line location.  Shot points are approximately 50 m apart.  The Nye Bay Fault has a gross normal 
sense, and an unpublished 40Ar/39Ar age determination on muscovite from the northern side of Nye Bay gave 
an age of 490.2±1.3 Ma (J.McL. Miller, written comm.), giving a possible time of late movement, approximately 
15 m.y. later than the 505±2 Ma metamorphism of the rocks to the east (Chmielowski and Berry, 2012).  The 
King Island Zone boundary terminates the Burnie and Pedder zones, implying that the King Island Zone was 
emplaced later. 
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Cape Group or similarly sourced rocks.  The minimum age for the Burnie Formation is ca 

710 Ma based on a K-Ar biotite date in an alkaline dolerite that was intruded into wet 

sediments (McDougall and Leggo, 1965, recalculated in Black et al., 2004), suggesting 

the Burnie Formation correlates with the basal successions of the Togari Group in the 

Rocky Cape Zone (Calver, 1998).  

Further south, the Burnie Formation is overlain by a shallow water rift sequence of the 

Success Creek Group, and the deep water turbidites and tholeiitic basalt, chert, and 

mudstone of the Crimson Creek Formation (Brown, 1986).  The Success Creek Group has 

been correlated with ca 700 Ma succession in the Smithton Basin based on similarities in 

the stromatolites present (Brown, 1986).  The Crimson Creek Formation is considered to 

have been deposited on a rifting margin (Brown, 1986), with the basalts interpreted as 

seaward-dipping reflectors (Direen and Crawford, 2003a).   

Boninitic mafic-ultramafic complexes within the Burnie Zone include dunite-harzburgite, 

layered pyroxenite-dunite or layered peridotite-pyroxenite-gabbro cumulates that are 

interpreted to have formed in a forearc settings (Crawford and Berry, 1992; Stern et al., 

2012) or west-directed obducted slices from supra-subduction zones during the early 

phase of the Tyennan Orogeny (Stacey and Berry, 2004).  These rocks represent a small 

component of the Burnie Zone (Berry and Crawford, 1988).  The ages of these boninitic 

complexes are mostly poorly constrained, although Mortensen et al. (2015) gave a U/Pb 

zircon ca 516 Ma date for an associated gabbro in the Burnie Zone.  The packages mark a 

gross change of tectonic environment from crustal extension to crustal shortening. 

During the Middle Cambrian, in the second phase of the Tyennan Orogeny, the marine 

succession of the Mount Read Volcanics was deposited in north-south graben associated 

with east-west extension (Berry and Bull, 2012).  The Mount Read Volcanics vary in 

composition from basalt to rhyolite and include intrusions, lavas and volcaniclastic 

metasedimentary rocks, shelf limestone and mudstone (Burrett and Martin, 1989; Corbett 

et al., 2014) deposited between ca 507 and ca 495 Ma (Seymour et al., 2013; Mortensen 

et al., 2015).  Berry et al. (2008) gave a depleted mantle model age (TDM) of 

approximately 1670 Ma from two felsic porphyries, suggesting a late Paleoproterozoic 

mantle extraction age.  In the Late Cambrian, the Owen Conglomerate and associated 

rocks were deposited in half graben (Noll and Hall, 2005).  By the Middle Ordovician, 
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sedimentation had evolved from coarse clastics to fine clastics and then to the micritic 

dolomitic limestone of the Gordon Group (Seymour et al., 2013). 

3.2.4		PEDDER	ZONE	

The Pedder Zone and the Tyennan Zone form the Tyennan Element of Seymour and 

Calver (1998) (Figures 3-1, 3-3 and 3-14 to 3-16).  The Pedder Zone is differentiated 

 

Figure 3-11.  Burnie Zone.  a.  Geology on background grey scale total magnetic intensity.  Location given by the 
shaded area of the map of Tasmania.  Colour legend as for Figure 3-1, with dark blue Cambrian ultramafic 
rocks.  B marks the Braddon River Fault. b.  Tilt filtered total magnetic intensity.  c. Gravity, isostatic onshore, 
free air offshore.  The western boundary of the Burnie Zone is the Arthur Complex, indicated by the east-
dipping magnetic and gravity highs.  The eastern boundary is the edge of the Tyennan (in the north) or Pedder 
zones (in the south), in the central and southern parts typically with gravity responses of the order of 100 μm s-2 
higher than the adjacent parts of the Burnie Zone.  Further north the gravity low bifurcates, with the eastern 
arm marking the Cambrian dial Range Trough.  The northern arm of the gravity low continues to the 
Tasmanian north coast.  This coastal area marks the change from weakly to moderately deformed 
Neoproterozoic Burnie Formation metaturbidites in the west to strongly deformed metaturbidites and 
metaconglomerates, altered ?Cambrian MORB or back-arc basalt (Motton Spilite), tectonic mélange, 
sedimentary megabreccia, deep marine and volcanic-sourced chert (Figure 3-13) (Crawford and Berry, 1992; 
Seymour and Vicary, 2010); the boundary is also located at a possible east-dipping remnant subduction zone 
(Rawlinson et al., 2010).  We have taken an outcropping fault on the western edge of this region as the eastern 
boundary of the Burnie Zone and have named it the Penguin Fault (Figure 3-13d).  Over the 10 km east from the 
town of Penguin, the major faults generally dip to the west-northwest at about 70°.  We infer that the many west-
dipping faults to the east of are antithetic back-thrusts to the Penguin master fault. The deformation is older 
than the Lower to Middle Ordovician Moina Sandstone, which unconformably overlies many of the above 
lithologies.  The eastern arm of the gravity low marks the Fossey Mountain Trough, a Cambrian feature largely 
comprised of Mount Read Volcanics.  Boxes i and ii show the locations of Figure 3-12 a and b, where the 
boundary is detailed further. 
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Figure 3-12.  a.  Northern Burnie Zone, isostatic gravity onshore free air offshore.  Gravity lows labelled G are 
from granites.  The gravity low defining the eastern edge of the Burnie Zone can be seen just west of the Penguin 
Fault.  b. Southern end of the Burnie Zone, Nye Bay region.  1:250 000 scale geology from Mineral Resources 
Tasmania (2011).  The dashed line marks the position of the interpreted boundary between the Burnie and 
Pedder zones, the Nye Bay Fault.  This has juxtaposed rocks variously containing garnet, plagioclase ± kyanite 
and possibly glaucophane, at B, (C. Venn, pers. comm.) to the east of phyllites.  Monazite ages from the higher 
grade rocks indicate metamorphism at 505±2 Ma (Chmielowski and Berry, 2012).  The boundary places the Port 
Davey Metamorphic Complex in the Pedder Zone, with the lower grade Precambrian quartzites, phyllites and 
mafic volcanic rocks to the northwest in the Burnie Zone.  It also retains the Mount Read Volcanics as a cover 
sequence that generally overlies the Burnie Zone.  An unpublished 40Ar/39Ar age determination on muscovite 
from the northern side of Nye Bay gave an age of 490.2±1.3 Ma (J.McL. Miller, written comm.), giving a possible 
time of late movement.  Locations of images indicated on Figure 3-11. 

from the Tyennan Zone by the presence of the eclogite facies rocks of the Franklin 

Metamorphic Complex (Figure 3-15a).  Metamorphic analysis of these eclogites yielded 

pressures between 1400 to 1960 MPa (depths of~40 to 60 km) and temperatures of ~550° 

to 650°C (Chmielowski and Berry, 2012), and so are likely to have formed at a boundary 

between cratonic blocks rather than within the interior of a single block.   

Calver et al. (2006) interpreted the oldest rocks in the Pedder Zone as clast-bearing 

proximal turbidites. A mylonite within this package yielded a typical 1400 to 1900 Ma 
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detrital zircon population, but some had metamorphic overgrowths that yielded a date of 

1220±36 Ma (Chmielowski, 2009), suggesting the metaturbidites were either 

metamorphosed at 1220 Ma, or derived from rocks that had been metamorphosed then. 

 

Figure 3-13.  Traverse west along the northern Tasmanian coast showing the trasition across the western edge of 
the Burnie Zone (a)  Simple anticline in the Burnie Formation, outlined by a dark shale bed.  Location 41°4’9”S, 
145° 56’22”E, on the eastern edge of Burnie.  (b)  Lighter coloured Burnie Formation intruded by dark dolerite; 
the Burnie Formation has been bleached by the interaction with water heated by the dolerite intrusion.  Location 
41°2’35”S, 145°53’E, east of Cooee.  K/Ar dating on biotite from similar mafic rocks gave an age of 711±16 Ma.  
(c)  Complexly deformed Burnie Formation just west of the Tyennan-Burnie boundary.  White scale is 16 cm 
long.  Location 41°6’16”S, 146°3’51”E, west of Penguin.  (d)  Multiple episodes of quartz veining in the Penguin 
Fault (at the Tyennan-Burnie boundary) some of which show a sinistral movement sense.  Brecciation and a 
network of quartz veins is present over approximately 270 m across the dominant strike of veining.  Location 
41°6’19”S, 146°3’56”E, approximately 150 m southeast of (c).  (e)  Folded conglomerate and sandstone east of 
the Tyennan–Burnie boundary; view is to the south.  Location 41°8’12”S, 146°8’12”E, south of Goat Island, 
approximately 3 km west of Ulverstone. 
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Figure 3-14.  Central Tasmania, showing the Pedder, Tyennan and Sorell–Badger Head zones.  a.  Geology with 
a greyscale background of the total magnetic intensity; colours as for Figure 3-1A.  Inset gives the location of the 
images.  b.  Tilt filtered total magnetic intensity.  c.  Isostatic gravity onshore, free air gravity offshore.  H marks 
the Mt Hobhouse Fault, W the Mt Wedge Fault, the western boundary of the Wings Subzone.  A marks the 
Avenue Road Inlier and D the Fossey Mountain Trough.  The boundary between eastern and western Tasmania 
is constrained by drill holes at G that intersected andesite similar to that in the Mount Read Volcanics 
(Crawford and Berry, 1992), at M that intersected sheared Mathinna Group (Clarke and Farmer, 1983), and at 
X that intersected probable Proterozoic dolomite (Reid et al., 2003).  The western boundary of eastern Tasmania 
is also indicated by the rise of approximately 60 μm s-2 in the isostatic gravity response in western Tasmania.  
The boundary is also visible in the offshore seismic data as a feature that dips east at approximately 30° from 2 
to 8 s TWT (approximately 6 km to 24 km depth, Figure 3-17) (Barton, 1999).  The western boundary of the 
Sorell–Badger Head Zone is adjacent to an outcrop of blueschist facies rocks (Figures 3-14 box b, Figure 3-15b) 
(Calver and Reed, 2001).  The boundary between the Pedder and Tyennan zones, the east-dipping Mt Hobhouse 
Fault (Moore et al., 2012b) is seen in the offshore seismic data in southern Tasmania (Figure 3-16) (Drummond 
et al., 2000) and in the long wavelength magnetic data.  This fault has generally been placed along mapped 
faults; it also lies east of all of the ultramafic rocks in the Pedder Zone, placing it east of the Wings Subzone that 
has been inferred to have been emplaced westwards (Crawford and Berry, 1992).  It is also interpreted to lie 
adjacent to the only eclogite facies metamorphic rocks of western Tasmania (Figures 3-14 box a, Figure 3-15a). 

  The shallow marine to sub-aerial succession of the Clark Group overlies these 

metaturbidites, and the similarities in lithologies and detrital zircon populations suggest 

correlation with the Rocky Cape Group (Black et al., 2004; Calver et al., 2006).  Several 

samples contained a metamorphic monazite population of 1367±7 Ma (Chmielowski, 

2009).  Metaquartzite, dolomite and diamictite are in fault contact with, and are 

interpreted to overlie the Clark Group.  These rocks are correlated with the Togari Group 

(Calver et al. (2006). 

The oldest Tyennan ages of metamorphic monazites in the Franklin Metamorphic 

Complex are 529±10 Ma from a muscovite-quartz-garnet-plagioclase schist, and the 

youngest 505±7 Ma from a quartz-muscovite-plagioclase-garnet-biotite schist; most 

zircon and monazite ages cluster at approximately 510 Ma (Chmielowski and Berry, 

2012; Fergusson et al., 2013).  On the southwest coast near Nye Bay (Figure 3-12b), the 
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metamorphism is slightly younger, with monazite ages clustering at 505±2 Ma 

(Chmielowski and Berry, 2012). 

 

Figure 3-15.  a.  Northern Pedder Zone and adjacent areas, with the location circled of the eclogite in the 
Franklin Metamorphic Complex described by Chmeilowski and Berry (2012), approximately 20 km away from 
the boundary of the Burnie Zone. H marks the Mt Hobhouse Fault.  b.  Detailed geology of the northern Sorell–
Badger Head Zone overlaid on the total magnetic intensity.  The circle indicates the location of a small outcrop 
of ~650 Ma granite. B marks the location of blueschist facies rocks described by Calver and Reed (2001), P 
marks the Port Sorell area and T the Tamar River.  The magnetic data indicate that the Andersons Creek 
Ultramafic Complex (green) extends at depth both north and south of the outcrop area.  Locations of (a) and (b) 
in Figure 3-14a.  The geology was modified from Mineral Resources Tasmania (2011). 

Wings Subzone 

The southeastern part of the Wings subzone is comprised mostly of the Clark and the 

Weld River groups, broadly equivalent to the Rocky Cape Group and the Smithton Basin 

rocks (Calver et al. 2006).  Further north and west lies the Wings Sandstone, 

characterised by an unusual detrital zircon population with dominant populations between 

ca 900 and ca 1400 Ma, with the youngest population 914±44 Ma (Black et al. (2004).   

Ediacaran to Cambrian lithic volcanic metasediments, chert and minor basaltic tuff of the 

Ragged Basin, and slices of ultramafic rocks occur adjacent to the Wings Sandstone 

(Calver et al. (2006).  There are no direct age controls on these east-dipping ultramafic 
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slices; however, Crawford and Berry (1992) suggested they were obducted at the same 

time as other Tasmanian mafic-ultramafic complexes at ca 515 to 520 Ma.  

Unconformably overlying all the older sequences are stratigraphic equivalents to the 

Owen Conglomerate, which are conformably overlain by Ordovician carbonate 

successions.  The subzone has been tentatively placed in the Pedder Zone as it lies west 

ofthe Mt Hobhouse Fault, although it could easily be placed in the Tyennan Zone.  

 

Figure 3-16.  Seismic line AGSO 148/15, upper panel shows interpretation based mostly on that by Drummond et 
al. (2000), lower panel uninterpreted line, inset gives the line location.  Shot points are approximately 50 m apart.  
The Mt Hobhouse Fault forms the boundary between the Pedder and Tyennan zones. 
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3.2.5		TYENNAN	ZONE	

The oldest mapped rocks in the Tyennan Zone are marginal marine metaquartzite and 

garnet schist, with a maximum deposition age of 1574±59 Ma based on the youngest 

detrital zircon population (Black et al., 2004).  Like the Rocky Cape Block, the basement 

to this package is unknown.  Metamorphic conditions for these rocks reached 1960 MPa 

and 545°C at 508±9 Ma (Chmielowski, 2009; U/Th/Pb monazite age) in a region near our 

interpreted boundary with the Pedder Zone.  Drilling in central Tasmania intersected 

dolomite that was correlated with dolomite in the Togari Group of the Rocky Cape Zone 

(Figure 3-14) (Reid et al., 2003). 

The metaquartzites are overlain by metaturbidites that have previously been interpreted as 

Burnie Formation or its equivalents (Vicary et al., 2008).  Along the north coast, the poly-

deformed Goat Island Conglomerate contains a large proportion of quartzite cobbles to 

boulders (Figure 3-13e) (Berry and Gray, 2001), suggesting, at least locally, significant 

paleo-topography and erosion from the quartzites now exposed to the south.  The timing 

of deposition of this package pre-dates metamorphism and deformation at ca 510 Ma 

(Chmielowski and Berry, 2012).  Also present on the north coast of Tasmania are tectonic 

mélange, mafic-ultramafic complex rocks, and MORB basalt (Motton Spilite) that 

overlies Cambrian chert (Seymour and Vicary, 2010; Everard and Calver, 2014).  It is 

suggested that at least some of these rocks were deposited either prior to or in the early 

stages of the Tyennan Orogeny. 

The Tyennan Zone was extensively deformed and metamorphosed during the Tyennan 

Orogeny, and formed the Ulverstone/Forth Metamorphic Complex.  The Forth 

Metamorphic Complex was metamorphosed to peak temperatures of 700°C and pressures 

of 1690 MPa (Meffre et al., 2000; Chmielowski and Berry, 2012).  Metamorphism has 

been dated at 512±5 Ma (SHRIMP, Black et al., 1997 recalculated by Foster et al., 2005) 

and 508±2 Ma (40Ar/39Ar, Foster et al., 2005).  The metamorphic grade increases in the 

footwalls of west-dipping faults and Berry and Gray (2001) suggested the entire sequence 

was inverted and allochthonous.  We are not persuaded by this interpretation.  Their 

mapping and the cross section in Foster et al. (2005) show the metamorphic rocks in 

faulted contact with weakly metamorphosed packages, implying that the metamorphism 

took place before the faulting.  If there was inversion, the sequence most likely came 
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from the west.  The Arthur Metamorphic Complex, at the western edge of the Burnie 

Zone, is characterised by temperatures and pressures of 350°C and 700 MPa (Turner and 

Bottrill, 2001), which are significantly lower than those of the Forth Metamorphic 

Complex, suggesting they are not equivalents; other alternatives seem equally unlikely. 

While the southern part of the boundary between the Burnie and Tyennan zones is well 

defined, the northern end is less obvious, as it is mostly overlain by the cover sequences 

of the Cambrian-Ordovician Fossey Mountain Trough and intruded by Devonian plutons 

(Mineral Resources of Tasmania, 2011).  However, images of the isostatic gravity 

(Figures 3-12a, 3-14c) are consistent with the boundary continuing northwards to a 

200 m-wide breccia zone on the coast that is named the Penguin Fault (Figure 3-13d).  

This breccia zone also appears to separate the relatively uniform Neoproterozoic Burnie 

Group in the west from the complex ?Cambrian suite of conglomerate, mélange, mafic 

volcanic rocks and chert in the east.  The proposed boundary also places an isolated 

outcrop of polydeformed metaquatzite schist and dolomite that lies north of the Fossey 

Mountain Trough (McClenaghan and Vicary, 2005) in the Tyennan Zone.  Elsewhere, 

drilling near Hobart intersected high-Al basalt that has similar geochemistry and 

petrology to basalt in the Mount Read Volcanics (Crawford and Berry, 1992). 

3.2.6		SORELL–BADGER	HEAD	ZONE	

Metaturbidites at Badger Head, in the eastern part of this zone (Figures 3-14, 3-15b and 

3-17), contain a youngest detrital zircon population of 1242±29 Ma (Black et al., 2004), 

implying syn- or post-Grenville Orogeny deposition.  The rocks have been correlated 

with the Burnie Formation turbidites of the Burnie and Tyennan zones (Gee and Legge 

(1979).  They are metamorphosed to lower greenschist facies, and locally contain 

retrogressed garnet (Reed et al. (2002). 

To the west of these metaturbidites are mudstone, dolostone, volcaniclastic sandstone, 

conglomerate, chert, dolerite, rift tholeiite and rare rhyolite.  These rocks are also 

associated with bedding-parallel broken formation (Calver and Reed, 2001).  Microfossil-

bearing chert indicates deposition during the Cryogenian, which is supported by late 

Neoproterozoic δC13 values from these rocks (Calver and Reed, 2001).  The sequence 

may correlate with the Crimson Creek Formation of the Burnie Zone (Reed et al., 2002). 
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The Andersons Creek Ultramafic Complex lies immediately east of the metaturbidites at 

Badger Head (Figure 3-15b).  Magnetic and gravity modelling by Zengerer (1999) 

suggested the complex lay in the hangingwalls of east and west-vergent thrusts.  The 

west-dipping thrust shallows beneath the Badger Head rocks, whereas the east-dipping 

thrust extends beneath Cambrian to Devonian platform sequences.  Highly deformed 

granite in the apex of the ultramafic complex yielded U-Pb SHRIMP dates of 658±5 Ma 

and 661±8 Ma (Black, 2007, unpublished data, OZCHRON database).  The intrusion was 

metamorphosed to amphibolite facies at ca 510 to 520 Ma (U/Th/Pb on monazite, Berry 

et al., 2007). 

 

Figure 3-17.  West end of TASGO Seismic Line 4, northern Tasmania, showing the boundaries of the Tyennan, 
Sorell–Badger Head and Eastern Tasmanian zones.  The ramp anticlines in the Eastern Tasmanian Zone may 
reflect mafic volcanic packages.  Older west dipping faults have been truncated by younger (Tabberabberan) 
faults.  Dashed lines mark interpreted faults, solid lines marker horizons. No vertical exaggeration.  Insert shows 
the location of imaged data. Shot points are approximately 50 m apart. 
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Reed et al. (2002) proposed a complex tectonic model involving two intersecting 

subduction zones during the Tyennan Orogeny.  The model assumes that the rocks of the 

Sorell–Badger Head Zone were allochthonous and not connected to western Tasmania 

prior to the Tyennan Orogeny.  In this model, Reed et al. (2002) suggested the change 

between eastern and western Tasmania is a simple facies change from shallow-water 

succession in the west to deep-water succession in the east.  This model does not account 

for the presence of the 658±5 Ma granite in the footwalls of both thrusts nor is it easily 

reconciled with the geology of the other tectonic zones throughout Tasmania and the 

regional west-dipping subduction system outboard of Tasmania (Stump et al., 2003; 

Cawood, 2005; Squire and Wilson, 2005) .  We accept the interpretation that the Badger 

Head metaturbidite package is allochthonous (Reed et al., 2002) and has been thrust 

eastwards above the ultramafic rocks.  However, we prefer the interpretations by Powell 

and Baillie (1992) or Patison et al. (2001) that infer the presence of concealed 

Precambrian cratonic crust east of the Andersons Creek Ultramafic Complex as a 

basement to the Cambrian and Ordovician shelf sequences there, and consider that the 

eastern boundary of the cratonic crust lies under the Tamar Graben (Rawlinson et al., 

2010; Young et al., 2011). 

3.2.7		GLOMAR	ZONE	

Royer and Rollet (1997) and Berry et al. (1997) first outlined the boundaries, nature and 

positions of the thinned continental crust that lies to the south of Tasmania.  Based on the 

submarine topography, Royer and Rollet (1997) subdivided the region into three areas, 

the west South Tasman Rise, the east South Tasman Rise and the East Tasman Plateau 

(Figure 3-18).  Reconstructions by Exon et al. (1997a), Royer and Rollet (1997) and 

Norvick and Smith (2001) indicated that the East Tasman Plateau was rifted from the east 

South Tasman Rise in the Late Cretaceous.  In order to avoid confusion with their 

terminology, we have grouped a slightly redefined east South Tasman Rise and the East 

Tasman Plateau into the Glomar Zone, after the ship that recovered the first pre-Mesozoic 

rocks in the region. 

Exon et al. (1995) briefly described the results from four cruises in the region, three of 

which had recovered pre-Mesozoic samples from 42 dredge sites or drill holes.  

Subsequent age dating on 14 samples has allowed initial conclusions to be drawn about 
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the South Tasman Rise.  The east South Tasman Rise is topographically smoother and the 

bathymetry is ~1000 m.  Seismic interpretations indicate the presence of up to 2 s TWT 

(~3 km) thickness of Cretaceous and Cenozoic sedimentary rocks (Exon et al. (1997b).  

Basement is interpreted to have been attenuated during Gondwana break-up; however, the 

present-day expression is consistent with separation during the Tasman rifting event.  The 

free air gravity response has a strong linear pattern that trends at about 120°, although 

along its western edge the gravity anomalies trend parallel to the boundary with the west 

South Tasman Rise. 

 

Figure 3-18.  Glomar Zone and adjacent areas, with zone boundaries indicated by dashed black lines.  a.  
Bathymetry, topography and locations of selected dredge samples with age determinations.  The west South 
Tasman Rise has only yielded detrital zircons and metamorphic age determinations most like those from the 
Delamerian Orogen (Berry et al., 2007) and so has been excluded from the Glomar Zone.  b.  Gravity (Bouguer 
onshore, Free Air offshore).  In comparison to the west South Tasman Rise, the east South Tasman Rise is 
topographically higher, its gravity responses are dominated by a northwest-trending fabric and dredge samples 
have yielded several Proterozoic age determinations (Fioretti et al., 2005a; Berry et al., 2008).  The shape of the 
boundary with the Pedder Zone, as determined from dredge samples, bathymetry and the gravity, is consistent 
with a north dip.  Monazite in a mylonitic gneiss on the boundary gave a metamorphic age of 493±5 Ma (Berry 
et al., 2008).  The open arrow indicates the approximate direction of rifting of the East Tasman Plateau from the 
South Tasman Rise during the opening of the Tasman Sea.  The northwest gravity trends also result from this 
rifting. 

Cores in zircons from deformed granites yielded dates of 1051±8 Ma and 1042±35 Ma, 

and metamorphic monazites gave dates between 1015±24 Ma and 920±7 Ma, (Berry et 
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al., 2008).  An undeformed syenite in the southwestern Glomar Zone yields a U-Pb 

SHRIMP date of 1119±9 Ma and a TNd
DM age of 1270 Ma (Fioretti et al., 2005a).  

Originally this location had been considered as part of the west South Tasman Rise, but 

the bathymetric, gravity and geological data (Figure 3-18) from the area have more in 

common with other parts of the east South Tasman Rise.  All of these ages are unlike any 

from mainland Tasmania.  As a result we have chosen to regard the Glomar Zone as a 

separate geological entity.  Samples from the East Tasman Rise include granite gneiss, 

quartzite and marble with blue amphibole, all rocks unknown in eastern Tasmania but the 

first two are also present in western Tasmania.  No age date data are available. 

The west South Tasman Rise is bathymetrically rough and typically lies in deeper water, 

mostly between 2000 and 4000 m.  It also has a 200 μm-2 lower gravity response.  In the 

southern part, linear gravity anomalies generally trend approximately 010°, but in the 

north, anomaly trends vary between 070° and 140°.  Detrital zircons in a dredged 

metasedimentary sample suggests that at least part of the west South Tasman Rise can be 

correlated with the Delamerian Orogen of southeastern mainland Australia (Berry et al., 

2007), suggesting that the west South Tasman Rise may be better excluded from 

VanDieland.  An alternative interpretation is that the west South Tasman Rise is similar 

to the Kanmantoo Group in South Australia or the Robertson Bay Terrane in north 

Victoria Land, both of which have Proterozoic deep crust or mantle at depth (Handler et 

al., 1997; Fioretti et al., 2005b; Rawlinson et al., 2014). 

3.3  DISCUSSION 

3.3.1		TASMANIAN	ISSUES	

Despite the apparent structural, metamorphic and stratigraphic complexity outlined 

above, there are many geological features that are shared across many of the tectonic 

zones (Figure 3-3).  For example, the oldest exposed rocks are generally quartzites or 

quartzite-rich sequences with a minor but persistent detrital zircon population at 1380 to 

1450 Ma.  These are generally marginal marine facies, suggesting they were deposited on 

an older cryptic basement.  Neoproterozoic extension occurred between ca 780 Ma and 

580 Ma and is characterised by rifting, sedimentation and intermittent granite production.  

During this period western Tasmania was disaggregated into smaller crustal blocks 

separated by MORB and mafic-ultramafic complexes.  The rifted blocks were deformed 
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in the Tyennan Orogeny.  Early west- or south-directed movement was accompanied by 

regional metamorphism, including blueschist facies in the Arthur Metamorphic Complex 

and eclogite facies along the extension to the Mt Hobhouse Fault (Figures 3-14, 3-15a 

and 3-16).  The Mount Read Volcanics and the Owen Conglomerate were deposited 

during the waning stages of the Tyennan Orogeny across several tectonic zones, 

suggesting western Tasmania had reconfigured into a single crustal block.  Subsequent 

deformation in the Tabberabberan Orogeny modified the boundaries and internal 

structures but pre-existing structures can still be recognised. 

Despite these similarities there remain other observations that need to be addressed in 

order to develop a comprehensive tectonic model of VanDieland.  These are discussed 

below. 

What do the boundaries reflect? 

Most of the boundaries between the tectonic zones are defined by fault zones.  However, 

several boundaries, such as the Tamar ‘Lineament’ and the Arthur Metamorphic 

Complex, are more distributed fault networks.  Several of the boundaries may separate 

tectonic zones that are completely allochthonous with respect to their neighbouring zones 

(e.g. King Island Zone).  Based on comparison with other regions (e.g. the north Atlantic, 

Péron-Pinvidic and Manatschal, 2010; the Southern Ocean, Direen et al., 2012), some 

boundaries may represent the inverted remnants of variably thinned crust reflecting that, 

at the end of the Proterozoic, western Tasmania was a series of crustal scale 

megaboudins.   

The diversity in character and length of these boundaries suggests that different processes 

were active at the same time along the boundaries.  For example, the high pressure (to 

1.9 GPa) metamorphism seen in the northern part of the Pedder-Tyennan boundary is 

consistent with craton-craton collision.  By contrast, the southeastern segment of this 

boundary is characterised by lower metamorphic grade Proterozoic rocks (Calver et al., 

2006) that do not indicate collisional tectonic processes.  We suggest the Neoproterozoic 

to Early Cambrian rifting of the Pedder and Tyennan Zones resulted in ocean crust 

formation in the northern segment of the fault zone, while the southern zone was 

characterised by thin continental crust.  We suggest a similar setting along the Rocky 

Cape-Burnie Zone boundary, where the Arthur Complex has attained blueschist facies 
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metamorphic grades in the northern part (Turner and Bottrill, 2001), but the equivalent 

boundary to the south is defined by mafic-ultramafic units that underwent lower grade 

metamorphism (Corbett, 2003).  

Arthur Metamorphic Complex  

The Arthur Metamorphic Complex (Arthur Lineament) separates mostly shallow marine 

Proterozoic rocks of the Rocky Cape Zone to the west from largely deep water 

Proterozoic metasediments of the Burnie Zone to the east (Seymour and Calver, 1995).  

Holm and Berry (2002) mapped the Arthur Metamorphic Complex on both the western 

and northern Tasmanian coasts, and we interpret the boundary northward almost to the 

Victorian coast, and southward across the Sorell Peninsula (Figures 3-1, 3-2 and 3-4).  

Holm et al. (2003) divided the rocks in the zone into three packages.  The westernmost 

package was similar to rocks in the adjacent Smithton Basin.  The central package 

comprised the rift-related mafic schist, amphibolite and metagabbro of the Bowry 

Formation, which was intruded by ca 777±7 Ma granite (Turner et al., 1998) and 

metamorphosed to blueschist facies (350°C and 700 MPa, Turner and Bottrill, 2001).  

The eastern package comprised rocks similar to the older parts of the Burnie Zone. 

Geophysical modelling of the Arthur Metamorphic Complex suggests that none of the 

outcropping magnetic units persist to depths of more than 2 km (Leaman and Webster, 

2002).  An east-dipping listric fault truncates the western edge of the package (Leaman 

and Webster, 2002).  A body 10 to 15 km wide of weakly magnetic (0.01x10-3 SI), dense 

rocks (ρ=2080 to 2860 kgm-3) is present under the Arthur Metamorphic Complex, 

suggesting the presence of either mafic igneous or high grade metamorphic rocks.  

Further south, deep seismic data are consistent with the eastern boundary of the Arthur 

Metamorphic Complex having a dip to the east of approximately 30° and continuing to at 

least 5 s TWT, about 15 km depth (Leaman and Webster, 2002).   

Approximately 7 km offshore from the west Tasmanian coast, the Arthur Metamorphic 

Complex is displaced almost 50 km south (sinistrally) by the Braddon River Fault 

(Figures 3-1 and 3-8).  On the Sorell Peninsula the boundary between the Rocky Cape 

and Burnie zones is an east-dipping thrust fault (Figure 3-8).   
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The dominant Cambrian movement sense in the Arthur Metamorphic Complex is of 

southwest-directed (sinistral) movement, with a later west-verging thrusting event (Holm 

and Berry, 2002).  Both events took place after the obduction of the mafic-ultramafic 

complexes at about 516 Ma.  We interpret the Arthur Complex as crust that was extended 

at ca 770 Ma and then shortened in the Tyennan Orogeny and further modified in the 

Tabberabberan Orogeny.  An implication of this is that the western part of the Burnie 

Zone may be underlain by equivalents to the older rocks in the Rocky Cape Zone.   

Origin of the mafic-ultramafic complexes 

The understanding that VanDieland was a completely separate crustal fragment in the 

Cambrian (Cayley et al., 2011) has resolved the paradox of west-dipping subduction 

zones in Victoria (Miller et al., 2005) and Antarctica (Federico et al., 2006) lying either 

side of an east-dipping subduction zone in Tasmania (Crawford and Berry, 1992; Moore 

et al., 2012a).  However, the question remains as to where the mafic-ultramafic 

complexes were obducted from.   

Crawford and Berry (1992) considered that they came from an unseen but speculated 

Cambrian arc system that lay to the east of VanDieland.  In this interpretation, mafic-

ultramafic units were obducted at least 130 km westwards over the Tyennan and Pedder 

zones while leaving no evidence for their occurrence to the east, closer to their interpreted 

origin.  We pose an alternative model, in which the mafic and ultramafic rocks with 

oceanic and transitional crust affinities were formed between micro-continental fragments 

that separated during 250 m.y. of Neoproterozoic extension.  In the Tyennan Orogeny, 

these basins were inverted and the individual ribbons re-amalgamated to produce the 

geometries and lithological distributions in western Tasmania.  The model does not 

require an arc system as proposed by Crawford and Berry (1992).  Obducted mafic-

ultramafic units in the Burnie Zone were derived from the inversion of thinned 

continental crust (perhaps with some oceanic crust) along the deep, east-dipping Penguin 

Fault (Rawlinson and Urvoy, 2006; Rawlinson et al., 2010) that forms part of the western 

boundary of the Pedder and Tyennan zones (Figures 3-1, 3-11 and 3-12a).  This model 

requires obducted slices to travel ~30 km, not 130 km.  Inversion of small transitional 

crust to oceanic back arc basins may not have initiated subduction, as inversion may have 

been accommodated by obduction and thrust slicing of the transitional and ocean crust 
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substrate in a manner similar to that imaged in Bendigo Zone of the Lachlan Fold Belt 

(Cayley et al., 2011).  The driver for this inversion may have been a convergent margin 

located outboard of Tasmania.  A similar scenario might have seen the mafic-ultramafic 

complex rocks in the Tyennan Zone obducted west from the western boundary of the 

Sorell–Badger Head Zone. 

An east-dipping mafic-ultramafic complex lies close to the western edge of Seymour & 

Calver’s (1995) Adamsfield-Jubilee Element (Figure 3-1a).  Mapping implies that another 

significant boundary lies west of the mafic-ultramafic complex (Calver et al., 2006).  We 

interpret the mafic-ultramafic rocks and the rocks either side to have been within a 

leading-edge thrust system, with the master fault being the Mt Hobhouse Fault (Moore et 

al., 2012b).  While it is somewhat arbitrary as to whether one considers the Adamsfield–

Jubilee area part of the Tyennan Zone or the Pedder Zone, we have chosen the latter in 

order to emphasise the significance of the Mt Hobhouse Fault. 

Mount Read Volcanics 

The Mount Read Volcanics have been interpreted as a volcanic arc that formed above a 

west-dipping subduction zone during the late Cambrian (Crawford and Berry, 1992).  In 

this model, a transient, west-dipping subduction zone formed to the east of the ‘Tamar 

Lineament’.  However, there seems to be little independent evidence for this subduction 

zone.  Recent geochronology results by McNeill et al. (2012) from the Mount Read 

Volcanics demonstrate that they were formed over 12 m.y., apparently longer than the 

“short-lived” event envisioned by Crawford and Berry (1992), and potentially questioning 

the validity of their interpretation.  Meffre et al. (2004) described an east-dipping 

sequence at least 15 km thick of a rift-related tholeiitic volcanic passive margin sequence 

that crops out on King Island.  This magnetic sequence can be traced southwards 

approximately 50 km to the west of the Mount Read Volcanics (Figures 3-1 and 3-2).  

Inversion of this passive margin is likely to have resulted in the amalgamation of the King 

Island Zone with the rest of western Tasmania and, as this took place, the Mount Read 

Volcanics formed as the east-dipping subducting slab delaminated.  We consider that this 

is a more satisfactory solution to the origin of the Mount Read Volcanics than that 

proposed by Crawford and Berry (1992).   
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Fossey Mountain Trough 

The Fossey Mountain Trough comprises volcanic and sedimentary rocks of the Mount 

Read Volcanics and the overlying Tyndall Group, and Ordovician to Devonian 

sedimentary rocks.  It forms the northern boundary of Seymour and Calver’s (1995) 

Tyennan Element (Figures 3-1a).  All of these rocks, including the Mount Read Volcanics 

(Corbett, 1992), were deposited in shallow to moderately deep water, implying that there 

must have been older crust below the Trough.   

We suggest that the ‘Tyennan Element’ rocks extend north, under the Fossey Mountain 

Trough, to include the Avenue Road Inlier (Figure 3-14), forming the Tyennan Zone.  

This Inlier is comprised of polydeformed quartz mica schist, metaquartzite and dolomite 

(Mineral Resources Tasmania, 2011), similar to shallow-water lithologies found in many 

areas of Seymour and Calver’s (1995) Mesoproterozoic Tyennan Element.  We consider 

that the magnetic and gravity images of the region are dominated by Paleozoic features, 

and so do not give a clear representation of the Proterozoic basement geology on which 

the subdivisions here are based.  The strong magnetic responses in the region (to 

1000 nT) are from the Cambrian Mount Read Volcanics, the overlying Tyndall Group 

and Cenozoic basalt.  The dominant linear gravity lows of approximately 100 μms-2 are 

from the Fossey Mountain Trough, and these are further overprinted by deeper lows of up 

to another 200 μms-2 from the ca 370 Ma Dalcoath, Housetop and Granite Tor granites.  

Hence, gravity responses of at most 20 μms-2 that are related to the northern part of the 

Penguin Fault (e.g. Figure 3-12a) are, at best, second order effects. 

In this interpretation, the Fossey Mountain Trough may be considered as a generally east-

west-striking late Tabberabberan syncline, unconformably overlying the Proterozoic 

outcrops to the north and south that mark the adjacent anticlines.  These fold structures 

terminate against southern extension of the Penguin Fault, which continues south to form 

the western boundary of Seymour and Calver’s (1995) Tyennan Element.   

Wickham ‘Orogeny’ 

The Tasmanian Cryogenian and Ediacaran geological record is dominated by events that 

can be interpreted as extensional (Figure 3-3) (Li, 2001).  The Wickham ‘Orogeny’ was 

identified on the northern and western parts of King Island, where granite intrusion and 
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associated widespread contact metamorphism and tholeiitic dyke emplacement took place 

at 760±12 Ma (Black et al., 1997; Calver, 2004; Calver and Everard, 2014), consistent 

with extension.  These rocks are coeval with a 777±7 Ma granite and rift-related tholeiites 

in the Arthur Metamorphic Complex (Turner et al., 1998; Holm et al., 2003).  Everard et 

al. (2007) showed deposition occurred into the extensional Smithton Basin from the 

middle Cryogenian (ca 750 Ma).  We therefore consider that the Wickham ‘Orogeny’ is 

likely to represent a period of crustal extension rather than one of crustal shortening, and 

is likely to record Rodinia break-up in western Tasmania (Holm et al. (2003).  

 
 
Figure 3-19.  Gondwanan reconstructions by Norvick and Smith (2001), a, and Williams et al. (2012), b, showing 
theiir locations of the Glomar Zone. In both texts, the region is referred to as the South Tasman Rise. 

Pre-Gondwana breakup location of the Glomar Zone 

There is no consensus to the precise pre-breakup alignment of Australia and Antarctica.  

Several authors have favoured the alignment of the Darling Fault in Western Australia 

with the Denman Glacier in Antarctica (Fitzsimons, 2003; Finn et al., 2006; Goodge et 

al., 2010), whereas others have preferred a closer alignment of the eastern edge of the 

buried Gawler Craton with the western edge of Ross Orogen (Fioretti et al., 2005b; 

Boger, 2011; Lisker and Läufer, 2013), or intermediate locations (Williams et al., 2012; 
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Aitken et al., 2014).  Placing smaller crustal fragments in the context of Rodinia and 

Gondwana is even more subjective because their origins and original geometries are 

poorly constrained, and so there is no consensus about the original position of the Glomar 

Zone.  Norvick and Smith (2001) placed it to the southeast of Tasmania, while Williams 

et al. (2011) showed it to the west at about 160 Ma, and Royer and Rollet (1997) had it in 

its present location at 95 Ma.  The reconstruction of Norvick and Smith (2001) 

(Figure 3-19a) seems unlikely, as it places +1050 Ma crust east of our interpreted position 

of the eastern margin of VanDieland Proterozoic crust.  The reconstruction by Williams et 

al. (2012) (Figure 3 19b) appears to be equally unlikely, since it places the Glomar Zone, 

with granites with ages of 1050 Ma and metamorphic rocks at 920 Ma, adjacent to King 

Island, with metamorphism at 1290 Ma and granites at approximately 760 Ma, and there 

are no known thermal events between 1050 to 920 Ma on King Island.  We therefore 

consider the most likely location for the Glomar Zone before Gondwana breakup is close 

to its present position south of Tasmania, as originally suggested by Royer and Rollet 

(1997).  This interpretation may be supported by the presence of Cretaceous northwest-

trending basins on the east South Tasman Rise (Exon et al. (1997b), which are parallel 

with the dominant trends in the free-air gravity anomalies from with the Glomar Zone 

(Figure 3-18).  Furthermore, K/Ar ages determined on biotite in the Glomar Zone gave 

ages of 451±4 Ma and 511±4 Ma (Berry et al., 1997), consistent with Tyennan 

metamorphism.  These data suggest there was not sufficient crustal extension or increase 

in the geothermal gradient to exceed the closure temperature of biotite, approximately 

300°C, during Gondwana break-up.   

3.3.2		POSSIBLE	CORRELATIONS	WITH	VANDIELAND	

A fundamental part of deriving a coherent geological history for VanDieland is to place it 

within the wider context of earth history.  The Proterozoic events seen in VanDieland 

took place within the assembly and dispersal of Rodinia and the formation of Gondwana 

(Calver et al., 2014) and so events elsewhere should be reflected in the history of 

VanDieland.  Because there is only one Proterozoic paleomagnetic data point of doubtful 

reliability from VanDieland (McWilliams and Schmidt, 2003), other data assume greater 

importance in determining the most likely relationships with other cratons.  We accept the 

reservation outlined by Andersen (2014) that identical detrital zircon populations can 

form at the same time on cratons distant from each other.  Nevertheless, even though 
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these data are non-unique, they can exclude some possibilities.  As well, where other data 

are available, we have attempted to integrate them as closely as possible into the 

discussion and Table 3-2. 

Elsewhere in Australia 

The provenance of the detrital zircons in Tasmania provides important constraints on 

where any Tasmanian crustal fragments may have come from.  The dominant population, 

from approximately 1650 to 1900 Ma, is widespread in Australia and may have been 

derived from any of the Nuna assembly events (Evans, 2013).  In contrast, the 1380 to 

1460 Ma zircons seen in VanDieland are less common elsewhere (Condie et al., 2009) 

and so provide a tighter constraint.  In Australia, the only possibilities appear to be the 

Western Australian Madura Complex (near the South Australian border and covered by 

Cenozoic sedimentary rocks), which is known to include meta-igneous rocks containing 

zircons with the appropriate ages (Nelson, 2006a, b) or the Musgrave Province in central 

Australia (Kirkland et al., 2013).  However, if VanDieland has always been in generally 

the same position relative to the rest of Australia, as suggested in most Rodinian 

assemblies, e.g. Li et al. (2008b), the drainage required to transport the 1400 Ma zircons 

must have crossed the Mawson Craton, which includes the 1500 to 1600 Ma Hiltaba, 

Spilsby and St Peter Suites but  there is little evidence of these older zircons in the 

VanDieland meta-sedimentary rocks.  In contrast, 1500 to 1600 Ma zircons are abundant 

in the Neoproterozoic Adelaide Geosyncline metasedimentary rocks, which were also 

marginal to the Mawson Craton (Ireland et al., 1998; Preiss, 2000).  

An alternative interpretation is that VanDieland was once adjacent to the Madura 

Province in southeasternmost Western Australia.  However, the paleomagnetic evidence 

suggests that the Northern Australian, Western Australian and Mawson cratons have 

either maintained their present relative positions since 1500 Ma (Wingate and Evans, 

2003), or at most rotated approximately 40° between 650 and 550 Ma (Li and Evans, 

2011).  Although this interpretation can be used to correlate the 1290 Ma metamorphism 

seen on King Island and the Rocky Cape Zone (Berry et al., 2005; Halpin et al., 2014) 

with that seen in the Albany-Fraser Orogen (Bodorkos and Clark, 2004), it raises other 

problems such as extracting VanDieland and then positioning the other cratons back into 

their previous locations.  Detrital zircons found in the Anakie Inlier in central Queensland 
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include a significant 1100 to 1300 Ma population (Fergusson et al., 2001), similar to 

those seen in the Sorell–Badger Head Zone and are coeval with the 1290 Ma 

metamorphism on King Island, but other populations typical of those found on King 

Island or in the Sorell–Badger Head Zone are not present, suggesting the two regions 

have little in common.  The presence of detrital 1370 Ma monazite in VanDieland, an age 

absent from Australian terranes, adds yet another layer of difficulty in locating a possible 

Australian source area. 

 Southwest 
Laurentia 

East Antarctica Cathaysia Western Baltica 

Mesoproterozoic or 
older quartzite 
source 

Hondo & Vadito 
Groups (1) 

Source of Cotton 
Plateau ‘Goldie 
Formation’ (5) 

Shihuiding 
Formation and 
protoliths (10) 

Same source as that 
of widespread 
quartzites (15) 

Appropriate detrital 
zircon source 

Granite-Rhyolite 
Province, 
Mazatzal 
Province (2) 

1440 Ma A-type 
granite (6) 

Baoban 
Complex (10) 

Danopolonian 
Orogeny (15) 

Appropriate detrital 
monazite source 

Granite-Rhyolite 
Province (2) 

1440 Ma A-type 
granite (6) 

Baoban 
Complex (10) 

Late Danopolonian 
Orogeny A-type 
granites? (15) 

Sm–Nd model age 
basement approx. 
1700 Ma 

Yavapai & 
Mazatzal 
Provinces (2) 

Central 
Transantarctic Mts 
outboard of Miller 
Range (7)  

No; 2000 to 
2300 Ma (10) 

Mostly to 2100 Ma, 
with parts to 
3500 Ma (16) 

Midcrust with 
1600 Ma zircon 

Yes (2) Terre Adélie 
Craton (8) 

Unlikely; 
midcrust 
probably pre-
1850 Ma (12) 

Possibly in SW 
Fennoscandia (16) 

Grenville-age 
boundary 

Yes (2) Near Beardmore 
Glacier? (7) 

Most likely 
boundary 
deformed at 
830 Ma (11) 

Yes (16) 

Rifting started at 
approx. 760 Ma 

Yes, Chuar Group 
(3) 
 

Probably, Cobham 
Formation base (5) 

Initial rifting 
from 820 to 
730 Ma (11) 

Approximately 
800 Ma (15) 

Rifting completed 
at approx. 580 Ma? 

No; probably 
600 Ma (4) 

Yes; compressional 
Ross Orogeny 
starts 560 Ma (9) 

Continued to 
540 Ma (13) 

Approximately 620 
to 550 Ma (17) 

Other issues or 
problems 

Places 
VanDieland on 
the far side of the 
Panthalassic 
Ocean in the 
Ediacaran 

Quartzite source 
from under the 
icecap? (5) 

Located off 
Western 
Australia? (13) 

Most likely 
correlative, SW 
Fennoscandia, had 
semi-continuous 
zircon production 
from 1730 to 
1480 Ma (16) 

Reconstruction 
favored for Late 
Cambrian location 
of VanDieland 

Goodge et al. 
(2010), a 
modification of 
Dalziel (1997) 

Goodge et al. 
(2010), a 
modification of 
Dalziel (1997) 

Li and Evans 
(2011) 

Evans (2009) 

Table 3-2.  Possible correlatives of VanDieland.  Data sources; 1 Jones et al. (2011), 2 Whitmeyer and Karlstrom 
(2007), 3 Timmons et al. (2001), 4 Macdonald et al. (2013), 5 Goodge et al. (2004), 6 Goodge et al. (2008), 7 Borg 
and DePaolo (1994), 8 Peucat et al. (2002), 9 Goodge et al. (2012), 10 Li et al. (2008a), 11 Zhao et al. (2011), 12 (Li 
et al., 2014), 13 Zhao and Cawood (2012), 14 Cawood et al. (2013), 15 Kheraskova et al. (2002), 16 Bogdanova et 
al. (2008), 17 (Andréasson et al., 1998) 
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A further difficulty is that the Mesoproterozoic and Neoproterozoic history of 

VanDieland seems a poor fit with other regions in Australia.  There are many areas along 

the eastern Rodinian breakup margin where 1600 to 1900 Ma basement is present.  

However, none seem capable of generating the quartzites derived from what appears to 

have been a Grenville-aged source; all possibilities are either in Western Australia or 

have been previously eliminated by the problem of the 1400 Ma zircons (Betts et al., 

2002). 

Laurentia 

We consider that the southwestern margin of Laurentia is a potential source area for much 

of the detritus in western Tasmania.  The clean quartzites of both southwestern Laurentia 

and western Tasmania and equivalents contain a dominant detrital zircon population of 

1700 to 1800 Ma, and traces of >2400 Ma zircons (Figure 3-20) (Black et al., 2004; Jones 

et al., 2009).  As well, metasedimentary rocks from both regions host minor detrital 

zircon populations between 1380 and 1450 Ma (Black et al., 2004; Jones et al., 2011).  

Southwestern Laurentia was also a potential source of 1100 Ma igneous zircons (Bright et 

al., 2014) that are present in many of the western Tasmanian detrital zircon populations 

(Black et al., 2004).  Because of the multiple sources suggested, it is not possible to do 

meaningful statistical analysis such as that outlined by Sircombe and Hazelton (2004).  

Metasedimentary rocks from central Tasmania also include 1370 Ma detrital monazites 

(Chmielowski, 2009) that could reasonably have been derived from the western 

Laurentian Granite-Rhyolite Province and other A-type granites in the Yavapai and 

Mazatzal orogens (e.g. Jones et al., 2011).  

The excess of ca 1600 Ma inherited zircon populations in the Tasmanian Devonian 

granites relative to the host Rocky Cape Group (Black et al., 2010) suggests the zircon 

source from an unexposed VanDieland Mesoproterozoic basement that lies beneath the 

Rocky Cape Group.  We suggest that this basement may correlate with the Yavapai- 

Mazatzal terranes of southwest Laurentia.  Limited TDM model age data of 1700 Ma or 

younger is consistent with data from the Cochise Block in the Mazatzal Orogen 

(Whitmeyer and Karlstrom, 2007).  

VanDieland also shows evidence of Grenville-age events.  Detrital zircon populations 

with ages ranging from 914±44 Ma to 1268±19 Ma (Black et al., 2004) are common, and 
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the Glomar Zone includes granites with ages ranging from 1119±9 Ma (Fioretti et al., 

2005a) to 1042±35 Ma, which were metamorphosed at 918±9 Ma (Berry et al., 2008).  

We suggest that the Glomar Zone correlates with the Grenville Front in southwestern 

USA, and that the Grenville-Glomar Zone zircons were subsequently eroded to be 

deposited in the upper Rocky Cape Group and the Badger Head Group.  The ~770 Ma 

Wickham ‘Orogeny’ in VanDieland appears to be coincident with widespread rifting in 

Laurentia, in which the ca 800 to 740 Ma Chuar Group was deposited in Arizona  

(Timmons et al., 2001), and ca 780 Ma mafic intrusions were emplaced in a belt that 

extends from Montana to the Great Slave Lake (Harlan et al., 2003).  The final breakup of 

the southwest Laurentian margin occurred at about 580 Ma (Yonkee et al., 2014), coeval 

with the 580 Ma breakup in VanDieland. 

Halpin et al. (2014) suggested that the Rocky Cape Group in Tasmania could be 

correlated with the Belt-Purcell Supergroup in Laurentia.  However, Medig et al. (2014) 

correlated the 1500 Ma Mt Isa granite event with detrital zircon populations found in the 

Coal Creek Inlier in the Yukon, and hence the Mawson Craton granites with input into the 

Belt-Purcell Supergroup.  This correlation places potential Laurentia-East Antarctica 

correlates of VanDieland, much further to the south than the Belt-Purcell rocks.  As well, 

the hypothesis of Halpin et al. (2014) seems to take insufficient account of the 1120 to 

1040 Ma zircon igneous age dates (Fioretti et al., 2005a; Berry et al., 2008) and 

approximately 920 Ma metamorphic monazite dates (Berry et al., 2008) from granites 

from the Glomar Zone.  Like Fioretti et al. (2005a), we prefer correlating the Glomar 

Zone with the Grenville Orogen of Laurentia. 

East Antarctica 

There are few clear links between VanDieland and the pre-1300 Ma rocks of East 

Antarctica, including the Mawson Craton (Payne et al., 2009).  However, the prominent 

1650 to 1900 Ma detrital zircon peak in the Tasmanian quartzites overlaps with the 1720 

to 1730 Ma Nimrod Orogeny in East Antarctica (Figure 3-20); (Goodge et al., 2001).  

Clean metaquartzites in the area of the Princess Anne Glacier in the Queen Elizabeth 

Range also contain first cycle zircon populations with peaks between 1700 and 1800 Ma 

and lesser peaks from 1400 to 1450 Ma (Goodge et al., 2004), consistent with similar 

sources to the Tasmanian quartzites (Black et al., 2004).  Although Goodge et al. (2004) 



Tectonic Tasmania; the transition from Rodinia to Gondwana 

101 

did not record paleocurrent directions from the Antarctic quartzites, other units indicated 

sources from under the icecap, and they considered that the quartzites had come from the 

same direction.   

Goodge et al. (2008) recorded the presence of a 1441±6 Ma (U-Pb zircon SHRIMP date) 

A-type granite clast in a moraine a few tens of kilometres north of the quartzites and 

indicated that it came from under the icecap.  This clast was correlated with the Granite-

Rhyolite Province in Laurentia, suggesting southwestern Laurentia abutted the central 

Transantarctic Mountains during Rodinia assembly.  Similar granites may have sourced 

both the 1380 to 1450 Ma detrital zircon and the 1370 Ma detrital monazite in the 

Tasmanian quartzites.  Goodge et al. (2010) strengthened this Laurentia-East Antarctica 

correlation by finding meta-igneous clasts in moraines with protolith ages of 1000 to 

1100 Ma.  These ages are older than the 1290 Ma metamorphic ages seen on King Island 

(Berry et al., 2005), but are consistent with the 1000 to 1250 Ma detrital zircons seen in 

the Rocky Cape and Sorell–Badger Head Zones (Black et al., 2004).  They also accord 

with the 1040 to 1120 Ma ages of dredged granite and orthogneiss from the Glomar Zone 

(Fioretti et al., 2005a; Berry et al., 2008). 

Borg and DePaolo (1991) and Borg and DePaolo (1994) used Sm-Nd isotopic data to 

propose a strip of Nimrod Group basement that extended outboard of southern Victoria 

Land through to the Central Transantarctic Mountains and as far south as the Beardmore 

Glacier.  This outboard terrane is characterised by TDM model ages of 1600 to 1900 Ma 

(ƐNd -15.4 to -10.0 at 500 Ma), which are significantly younger than the >2000 Ma model 

ages for the inboard Antarctic terranes.  Recent data supports this division (Peucat et al., 

2002; Goodge et al., 2012).  Circa 1600 Ma granites are present in the Mawson Craton 

under the Antarctic ice (Peucat et al., 2002; Betts et al., 2008), but it is unlikely that the 

middle and lower VanDieland crust can be correlated with the deep Antarctic crust, 

because the Antarctic model ages are older than 2000 Ma where these intrusions are 

present. 

Other correlations can also be made.  Goodge et al. (2002) recorded the presence of minor 

ca 765 and 780 Ma detrital zircon populations in the central Transantarctic Mountains, 

which may be derived from the same igneous event as ~770 Ma rift-related granites in 

VanDieland.  Rhyolitic clasts in the Skelton Group in southern Victoria Land yielded a 
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650 Ma age (Cooper et al., 2011), within error limits of a 660 Ma deformed granite near 

Badger Head in northern Tasmania (Black, 2007, unpublished data).  A similarly aged 

(668±1 Ma, U-Pb zircon) gabbro was intruded into the middle of the Beardmore Group 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-20.  Detrital zircons from possible correlatives and/or 
source areas to VanDieland.  Data sources; Badger Head (Black et 
al. 2004), Marquenas Formation (approximately 1450 Ma, Jones et 
al. 2011), Princess Anne Glacier (Goodge et al. 2004) and 
Shihuiding Formation (Li et al., 2008a). 
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(Goodge et al., 2002), implying that rift-related sedimentation must have commenced 

earlier.  The upper age of the Beardmore Group is poorly constrained, but an 

unconformably overlying package contained detrital zircons with ages as old as 

589±6 Ma, which Goodge et al. (2012) interpreted as indicating that arc volcanism had 

commenced by then.  However, the age is indistinguishable from that of 582±4 Ma 

zircons in a rift-related rhyolite within a basaltic sequence in the upper Togari Group in 

Tasmania (Calver et al., 2004), suggesting that similar rift-related rhyolites may have 

been the source to the 589±6 Ma zircons.  Lastly, it may be no coincidence that both the 

early Beardmore Group and the possibly coeval Oonah Formation in Tasmania are quartz 

rich at the base, but become more carbonate rich near the top (Brown, 1986; Goodge et 

al., 2002). 

Cathaysia 

Li et al. (2008b) and Li and Evans (2011) suggested that the Cathaysia Block lay between 

Laurentia and the Northern Australian Craton, which could suggest that VanDieland once 

lay adjacent to Cathaysia.  This correlation is strengthened by the presence of similar 

zircon populations in the Sorell–Badger Head Zone to those from the Shihuiding 

Formation on Hainan Island at the southern end of the Cathaysia Block (Li et al., 2008a) 

(Figure 3-20); both regions have detrital zircons with age peaks at approximately 

1000 Ma, and 820 to 720 Ma igneous zircons present in the southeastern-most Cathaysia 

Block cover the age of the 770 to 740 Ma Wickham ‘Orogeny’ (Black et al., 1997; Black 

et al., 2004; Li et al., 2014).   

Zheng et al. (2011) considered that most, if not all, of the Cathaysia Block was underlain 

by Archean crust.  However, Li et al. (2014) suggested that these Archean ages were 

derived from far-travelled zircons, and that a more appropriate basement age is 

approximately 1850 Ma or younger.  Regardless of which is correct, neither age supports 

a correlation with VanDieland, where the data suggests a TDM model age of 

approximately 1700 Ma or younger.  Furthermore, Cawood et al. (2013) considered that 

the presence of 1000 to 900 Ma arc and back-arc rocks along the western margin of the 

Cathaysia Block indicated it must have been located on the edge of Rodinia, perhaps off 

the Western Australian Craton, while Li et al. (2014) considered that these ages reflected 

plume-related breakup.  Both the nature of the southernmost Cathaysia Block on Hainan 
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Island and whether these volcanic rocks are arc-related or break-up plume-related are 

beyond the scope of this paper.  Thus, VanDieland and southeastern-most Cathaysia 

might be able to be correlated, but there are too many uncertainties to be more definite. 

Baltica 

In his ANACONDA model of Rodinia, Evans (2009) placed Baltica between Laurentia 

and the Southern Australia-Mawsonland craton.  Zircons of the appropriate 1380 to 

1450 Ma age were produced in the Danopolonian Orogeny of southwestern Baltica, 

suggesting that a correlation with VanDieland might be possible.  As well, widespread 

remnants of older quartzites are present throughout much of Baltica (Bogdanova et al., 

2008), suggesting a possible source for the quartzites in VanDieland.  However, other 

factors seem incompatible with this interpretation.  Bogdanova et al. (2008) described a 

semi-continuous sequence of zircon-producing igneous and metamorphic events that 

lasted from 1730 to 1480 Ma.  This contrasts with the detrital zircon patterns in 

VanDieland, which typically show a population gap between approximately 1450 and 

1650 Ma (Black et al., 2004), and seems less likely to provide the contrast in inheritance 

between the Paleozoic granites and the Proterozoic metasediments (Section 2.1.2) (Black 

et al., 2010).  Finally, we note the slightly different breakup ages between Fennoscandia, 

800 Ma to 550 Ma (Andréasson et al., 1998), and VanDieland, 770 Ma to 575 Ma.  

Whilst not of themselves critical differences, they too suggest that other hypotheses may 

be stronger.  

3.4  SYNTHESIS, CORRELATIONS AND CONSTRAINTS; A 

REGIONAL TECTONIC HISTORY 

This section connects the previous interpretations and links them with others along the 

Australian and Antarctic Rodinian to Gondwanan margin.  

The xenocrystic zircons in the Paleozoic granites in western Tasmania indicate the 

presence of an older, unexposed substrate with a strong 1600 to 1650 Ma igneous 

component.  We suggest, first, that the source of these zircons is the Mazatzal Orogen of 

the Laurentian craton (Section 3.2.2), which Goodge et al. (2010) indicated was adjacent 

to East Antarctica from at least 1400 Ma to approximately 800 Ma, and second, that 

VanDieland lay between the two (Figures 3-21 and 3-22).  An implication is that we 
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favour a broadly SWEAT-like reconstruction of Rodinia for Australia, Antarctica and 

Laurentia similar to that suggested by Goodge et al. (2010), Cawood et al. (2013) or Li et 

al. (2013). 

The oldest rocks outcropping in the Tasmanian region are at the base of the Rocky Cape 

Group and on King Island, and were metamorphosed at ca 1300 Ma (Berry et al., 2005; 

Halpin et al., 2014).  If a Rodinian fit close to those suggested by Goodge et al. (2010) or 

Li and Evans (2011) is valid, then it appears likely that the 1300 Ma metamorphism is 

connected to the Grenville events in southwestern USA or East Antarctica.  We also 

suggest that the Grenville Front can be mapped at the northern edge of the Glomar Zone 

(Figure 3-18), since Grenville-age rocks have been recorded on the Glomar Zone but not 

in Tasmania. 

As Rodinia began to break up, at approximately 830 Ma (Wingate et al., 1998), extension 

took place along the proto-Terra Australis margin.  In VanDieland, it was marked by the 

780 to 750 Ma Wickham ‘Orogeny’ and sedimentation beginning in the Smithton Basin, 

coeval with the 777±7 Ma bimodal Boucaut Volcanics in the Adelaide Geosyncline (C.M. 

Fanning personal communication, 1994, in Preiss, 2000).  Continued extension is 

indicated by the intrusion of ca ?710 Ma rift tholeiites in the Burnie Formation and also 

by the beginning of sedimentation in the Beardmore Group in the Transantarctic 

Mountains, which pre-dates 668±1 Ma pillow basalts and gabbro there (Goodge et al., 

2002; Goodge et al., 2004).  Sedimentation also commenced at about 770 Ma in 

southwestern North America (Timmons et al., 2001; Yonkee et al., 2014).  The 660 Ma 

intrusive age of the deformed granite in the Sorell–Badger Head Zone is also close to the 

age of the gabbro in the Beardmore Group, suggesting that they may have formed during 

the same extensional event.  We interpret this rifting to have at least partly separated the 

Pedder, Tyennan, and Sorell–Badger Head zones into extensional allochthons or 

microcontinental ribbons (Figure 3-21).   

After approximately 650 Ma, strain became more distributed, allowing continued 

deposition in the Smithton Basin and equivalents, but perhaps also the Success Creek 

Group, which unconformably overlies the Oonah Formation (Brown, 1986).  Rifting also 

took place elsewhere along the Rodinian margin.  In western Victoria, ?Neoproterozoic 

metasedimentary rocks were intruded by gabbro dykes that yielded primary zircons with 
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an age of 643±4 Ma (Morand and Fanning, 2006).  In the Transantarctic Mountains, 

deposition continued in the Beardmore Group (Goodge et al., 2004).  A seaway had 

developed along the entire western USA (Yonkee et al., 2014). The final rifting event in 

VanDieland is marked by the 575±3 Ma MORB tholeiitic basalts of the Grassy Group on 

King Island (Calver et al., 2004; Meffre et al., 2004) and the 582±4 Ma rift tholeiitic 

basalt of the Spinks Creek Volcanics in the Smithton Basin (Calver et al., 2004).  The 

Crimson Creek Formation of the Burnie Zone and other mafic volcaniclastic packages in 

western Tasmania were probably deposited at this time or shortly before (Seymour and 

Calver, 1998).  These events left the King Island Zone isolated from both East Gondwana 

and VanDieland, while the Rocky Cape and Burnie zones remained contiguous.  The 

Tyennan and Pedder zones were separated at their (now) northern ends, but connected by 

subcontinental lithosphere further south, similar to the present western North Atlantic 

Ocean, where the Hatton, Rockall and Porcupine banks are partly separated by V-shaped 

basins (Péron-Pinvidic and Manatschal, 2010).  The Tyennan and Sorell–Badger Head 

zones were also contiguous.  This event slightly post-dates the last rifting event in the 

western Lachlan Fold Belt (586±3 Ma, Greenfield et al., 2011), which is evidenced by ca 

580 Ma detrital zircon population in the Delamerian Orogen (Ireland et al., 1998; Fanning 

and Morand, 2002; Morand and Fanning, 2009).  In East Antarctica, 589±6 Ma zircon 

cores surrounded by 559±6 Ma rims in a clast of muscovite-biotite granite may record the 

same event (Goodge et al., 2012).  The rims and the younger of the locally derived 580 to 

540 Ma detrital zircon  populations seen in the Cambrian Byrd Group in the 

Transantarctic Mountains (Goodge et al., 2002) may mark the transition to a convergent 

margin.  Breakup was also completed in Laurentia (Yonkee et al., 2014), suggesting that 

VanDieland was left as an isolated micro-continental ribbon between the larger 

Gondwanan and Laurentian cratons. 

After this, VanDieland drifted as at least two, and perhaps as many as seven fragments, 

on the proto-Pacific Ocean.  In Tasmania, Late Neoproterozoic sedimentation was 

restricted to carbonate deposition.  Early Cambrian laminated siliceous siltstone and shale 

deposits suggest VanDieland was isolated from clastic sources (Burns, 1964; Everard et 

al., 2007).  The rifted fragments of VanDieland migrated northwards along the earliest 

Gondwanan margin and were not affected by the ca 560-530 Ma early phases of the Ross 
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Figure 3-21.  Geological history of VanDieland. 
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Orogeny (Allibone and Wysoczanski, 2002; Stump et al., 2003; Goodge et al., 2012).  

Following a period of relative tectonic quiescence, the separated fragments of 

VanDieland began to converge at ca 530 Ma (Figures 3-21 and 3-23), perhaps beginning 

to generate the high-pressure Franklin Metamorphic Complex at 529±10 Ma, before they 

underwent decompression at 512±4 Ma (Chmielowski, 2009; Chmielowski and Berry, 

2012).  Convergence between the Pedder and Tyennan zones occurred along the Mt 

Hobhouse Fault and may have coincided with the westward obduction of the mafic-

ultramafic complexes in the region at 516±1 Ma (Mortensen et al., 2015).  Final docking 

of these zones post-dated movement along the Mt Hobhouse Fault because the eastern 

edge of the Burnie Zone truncates the fault.  During this event, the Wings Subzone, west 

of the Mt Hobhouse Fault (Figure 3-14) was trapped and obducted westwards onto the 

Pedder Zone.  At a regional scale, these events are coeval with the 514±4 Ma U/Pb zircon 

age for the syn-tectonic Rathjen Gneiss in South Australia (Foden et al., 1999).  

Deformation associated with the Ross Orogeny also continued in Antarctica (Goodge et 

al., 1993), and was associated with felsic magmatism (Encarnación and Grunow, 1996), 

associated with west-dipping subduction in the region (Boger and Miller, 2004). 

By 510 Ma, collisional events were close to peaking in Tasmania.  They drove the 

Tyennan metamorphism and deformation, including in the basement in the Sorell–Badger 

Head Zone in the east (monazite, 513±8 Ma, Chmielowski, 2009), in the Forth 

Metamorphics in the central north of the Tyennan Zone (zircon, 512±5 Ma Black et al., 

1997 recalculated by Foster et al., 2005; monazite, 510±11, Chmielowski, 2009), and in 

the Pedder Zone in the southwest (e.g. monazite, 511±5 Ma, Chmielowski, 2009).  

Inversion and cooling started along the Mt Hobhouse Fault (monazite, 512±4 Ma, 

Chmielowski and Berry, 2012).  Holm and Berry (2002) described north-south shortening 

along the Arthur Metamorphic Complex in the west.  In the east, northeast-southwest 

shortening took place, thrusting the Badger Head Block and a west-dipping mafic-

ultramafic slice over the Port Sorell Formation (D2 in Reed et al., 2002).  If the two 

shortening events were coeval, they would be likely to have driven some mafic- 

ultramafic complexes south, as described by Berry and Bull (2012).  More regionally, 

Preiss (2001) interpreted an initial northwest-southeast plate convergence at about 

510 Ma.  This was followed by northward propagating transpression.  In the Koonenberry 

Block in western New South Wales, northeast-southwest extension was accompanied by 

basaltic to rhyolitic volcanism (Greenfield et al., 2011).  Deformation and magmatic 
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activity also continued along the East Gondwanan Antarctic margin (Cawood and 

Buchan, 2007 and references therein). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-22.  Likely position of VanDieland at 
approximately 780 Ma.  Rodinian fit after Li et al. 
(2013), geology after Goodge et al. (2010).  R marks 
the location of the Miller Range and the Princess 
Anne Glacier. 

The Mount Read Volcanics began erupting at 506.8±1.0 Ma (McNeill et al., 2012; 

Mortensen et al., 2015).  We attribute this to subduction associated with the arrival and 

collision of the King Island Zone.  We note that probable blueschist metamorphism in 

southwestern Tasmania continued until 505±2 Ma and the white-schist metamorphism 

along the Mt Hobhouse Fault at 504±5 Ma (U/Th/Pb, monazite, Chmielowski and Berry, 

2012), suggesting shortening was maintained until this time.  The Mount Read Volcanics 

continued to erupt until 496±0.9 Ma (Mortensen et al., 2015), coeval with the last thermal 

event in north central Tasmania at 497±3 Ma (U/Th/Pb, monazite, Chmielowski, 2009).  

We suggest that the volcanism and shortening were due to an east-dipping subduction 

zone between King Island and Tasmania that rolled back after about 505 Ma. 

The Mount Read Volcanics are contemporaneous with the geochemically similar Stavely 

Volcanic Belt in western Victoria (Crawford et al., 2003a).  Volcanic rocks from the 

Stavely Volcanic Belt yield U-Pb SHRIMP dates of 501±9 Ma and 495±5 Ma (Stuart-

Smith and Black (1999a), similar to Delamerian magmatism in South Australia (Foden et 

al., 2006) and western New South Wales (Greenfield et al., 2011).  This magmatism 

occurred in the overriding plate of a west-dipping subduction zone along the main East 
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Gondwana margin, inboard of Tasmania (Foden et al., 2006; Greenfield et al., 2011).  The 

cessation of Tasmanian volcanism is coincident with movement on the Moyston Fault in 

western Victoria at about 495 Ma (40Ar/39Ar on mica and hornblende, Miller et al., 2005).  

This fault has a major dip-slip component, with the hangingwall of amphibolite facies 

rocks and footwall of prehnite-pumpellyite facies rocks (Cayley and Taylor, 2001) and is 

interpreted to represent the relicts of a west-dipping subduction zone (Miller et al., 2005).  

However, the fault also has a significant component of sinistral strike-slip movement, 

suggesting that oblique convergence in the region would have been likely (Cayley and 

Taylor, 2001).  The movement sense is consistent with the regional kinematics in the 

back-arc region in South Australia (Preiss, 2001), suggesting northwest oblique 

convergence outboard of the Cambrian East Gondwana margin continued for at least 

15 m.y.  It is also coeval with subduction associated with the Narooma Complex on the 

south coast of New South Wales (Prendergast and Offler, 2012).  In the same period, our 

model suggests that the individual tectonic elements that comprise VanDieland were 

accreting to the west of the Narooma Complex (Moore et al., 2012a) but outboard of the 

Gondwanan margin. 

After these accretion events, at the end of the Cambrian and into the Early Ordovician, 

western Tasmania underwent extension, perhaps caused by further rollback and/or by 

retreat of the eastern subduction zone.  As a result, the locally-derived Owen 

Conglomerate was deposited in half-graben on the west coast and in the north as far east 

as the eastern part of the Sorell–Badger Head Zone (Noll and Hall, 2005; Reed and 

Vicary, 2005).  Similar aged, locally derived conglomerate is also present in western New 

South Wales (Greenfield et al., 2011) and probably also in north Victoria Land 

(Tessensohn and Henjes-Kunst, 2005).  Near VanDieland, subduction stalled, perhaps as 

a result of the collision of the Dimboola Complex into the early Gondwanan margin 

(Moore, 2006).  In Antarctica, granite intrusion and deformation continued into the 

Ordovician, until at least 480 Ma (Goodge et al., 2004; Rossetti et al., 2011).  At least one 

granite, the 512±3 Ma Surgeon Island Granite, shows strong affinity in its inherited 

zircon population with granites in western Tasmania (Fioretti et al., 2005b).  As well, the 

eastern Robertson Bay Terrane appears to be underlain by a different basement from the 

rest of north Victoria Land (Fioretti et al., 2005b).  This suggests that VanDieland and the 

eastern Robertson Bay Terrane, separated in the Gondwanan breakup, were once part of 

the same micro-continental fragment.  Thus the terrestrial source of the Cambrian 
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sedimentary rocks of the Robertson Bay Terrane (Henjes-Kunst and Schüssler, 2003; 

Tessensohn and Henjes-Kunst, 2005) may have been the erosional products of the 

Tyennan Orogeny in VanDieland.  

 

Figure 3-23.  Reconstruction of western Tasmanian assembly.  Compare with Figures 3-1 and 3-2.  At 560 Ma, 
VanDieland was a series of cratonic blocks, either loosely connected by transitional crust, or completely 
separated as in the case of the King Island Zone.  These began to accrete at about 525 Ma (the Tyennan 
Orogeny) and by 510 Ma or shortly thereafter, most of the cratonic blocks had come together.  By 495 Ma, the 
remaining blocks had been accreted and most of the movement along the Braddon River Fault had taken place. 
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At this time, the only paleopole available from northwestern Tasmania places it close to 

the East Gondwanan coast, if not abutting it (Li et al., 1997).  Evidence from Victoria 

suggests that the former is more likely.  During the Late Ordovician to Silurian 

Benambran Orogeny, the Bendigo Zone was shortened by ~200 km (Gray et al., 2006; 

Cayley et al., 2011), while the western Melbourne Zone was shortened by ~40 km in the 

Middle Devonian Tabberabberan Orogeny (Foster and Gray, 2007), which was 

accommodated by the Bendigo Zone over-riding the Selwyn Block (Cayley et al., 2011).  

This shortening is well within the most likely error limits given by Li et al. (1997), α95 = 

10.4° (i.e. ~700 km east-west and ~1200 km north-south). 

Our accretion model for VanDieland requires broadly similar plate kinematics to that 

defined on the Late Cambrian eastern margin of Gondwana (e.g. Cayley and Taylor, 

2001; Cayley, 2011).  The horizontal accretion of micro-continental slivers or ribbons 

took place when a central core comprising the Tyennan and Pedder zones successively 

accreted or obducted the Burnie-Arthur-Rocky Cape, Sorell–Badger Head and King 

Island zones during north- to northwest relative movement (Figure 3-22).  During this 

accretion, north-south shortening took place in the Trial Harbour area on the west coast 

(McFarlane, 2011), in central Tasmania (Calver et al., 2006) and the Arthur Lineament 

(Holm and Berry, 2002).  Our model suggests that the internal collisions were oblique, 

consistent with the kinematic observations.  While the magnetic and gravity interpretation 

provides a clear sequence of accretion events, the polarities of the subduction zones 

between the accreted fragments are largely unconstrained.  Exceptions are the collision 

between the Tyennan-Pedder and Burnie regions, where westward obducted mafic-

ultramafic complexes indicate east-dipping subduction (Crawford and Berry, 1992), and 

the King Island-western Tasmanian subduction zone, which is also east-dipping.  Cayley 

(2011) proposed that VanDieland briefly accreted to the eastern margin of Gondwana at 

about 500 Ma and this is tentatively supported by trilobite fauna (Hally and Paterson, 

2014), which shows a convergence of shallow-water species in Gondwana and western 

Tasmania at that time. 

At the global scale, these later events lie between the early Gondwana continent and the 

great circum-Pacific subduction system that has existed throughout the Phanerozoic (e.g. 

Coney, 1992; Cawood, 2005).  We suggest that at least two Tasmanian fragments broke 
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off in the dispersal of Rodinia at about 580 Ma (Yonkee et al., 2014) and these were left 

isolated in the newly formed ocean.  Whether this was due to rifting or subduction roll 

back that caused back arc extension in the overriding plate is not clear.  After VanDieland 

had departed, East Antarctica began to accrete adjacent terranes to form Gondwana 

(Boger, 2011).  However, in the region of the Transantarctic Mountains, the 

Neoproterozoic continental fragments remained stranded in a back-arc setting between a 

retreating west-dipping subduction zone and the Gondwana margin.  VanDieland was left 

outboard of the subduction system that started in the Antarctic region at about 560 Ma 

(Goodge et al., 2012) and the larger subduction system that developed in the Cambrian 

along the early Gondwanan margin (Cawood, 2005; Casquet et al., 2012).  During 

inversion of this back arc setting the micro-continental fragments and megaboudins of 

VanDieland migrated northwards, and from approximately 520 Ma to approximately 

495 Ma they successively accreted within this closing back arc system.  Unlike the 

Beardmore and Bowers Terranes along the Antarctic margin (Stump et al., 2003; Godard 

and Palmeri, 2013), VanDieland did not accrete back onto the early Gondwanan margin 

at this time.  Rather, it moved closer in the Early Silurian and, together with eastern 

Tasmania and the Lachlan Orogen, was finally integrated with the Gondwanan craton in 

the Middle Devonian. 

The accretion of different fragments in different ways along the Gondwanan margin in 

the Ross-Tyennan-Delamerian Orogeny would inevitably lead to different effects at 

different times along the same margin.  The timings range from 554±10 Ma (87Rb/86Sr) in 

South Australia (Turner et al., 2009) and 559±6 Ma (SHRIMP) in Antarctica (Goodge et 

al., 2012), through to 489±3 Ma (40Ar/39Ar) in western Victoria (Miller et al., 2005) and 

484±8 Ma (SHRIMP) in Antarctica (Goodge et al., 2012), and perhaps even to 

approximately 485 Ma (SHRIMP) in north Queensland (Paulick and McPhie, 1999).  

Some micro-continental ribbons accreted directly onto the early Gondwanan margin, 

while others aggregated outboard.  Our synthesis would suggest that VanDieland 

represents one of these micro-continental fragments, and was separated from the Western 

Lachlan Orogen by ocean crust that is now imbricated (Cayley et al., 2011).  It suggests 

that the accretion of VanDieland must have happened after the accretion of the Dimboola 

Complex in western Victoria.  This may have occurred during the early Ordovician but 

was finalised during early Silurian Benambran and Middle Devonian Tabberabberan 

orogenies (Glen, 2005; Champion et al., 2009).  A modern analogue is the western Pacific 
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(Crawford et al., 2003b), where some micro-continental ribbons have been accreted 

directly onto Asia (Metcalfe, 2011), while others, like in The Philippines, have come 

together but are yet to accrete to the Asian mainland (Yumul et al., 2003).  

3.5  FUTURE DIRECTIONS 

Many areas remain poorly controlled.  At a more detailed scale, mapping of key areas 

will help to understand the more problematic boundary relationships.  Because much of 

region is difficult to access, mapping and age dating along the western Tasmanian coast is 

particularly important, and any results should be integrated with the potential field and 

seismic data.  One important area is northwest from Nye Bay, where doubts remain as to 

the position of the eastern edge of the Burnie Zone and to the relationships of the mafic 

volcanic sequences there to the rest of the Burnie Zone.  Another is along the Mt 

Hobhouse Fault, where mapping should more accurately locate its position and history.   

At the regional scale, there is a need for better paleomagnetic controls on VanDieland, but 

this can only come after tight age constraints can be placed on individual units.  Age 

controls have been established in some of the glacial sequences of the Smithton Basin and 

associated rocks (Calver, 2011; Calver et al., 2013a), but older rocks are generally less 

well constrained, as are supposedly equivalent sequences elsewhere.  Tighter age controls 

have been established in some pre-570 Ma rocks on King Island and a comparison of 

poles with those in the Rocky Cape Zone would test the hypothesis that the two zones 

were from different parts of Rodinia.  As well, too few Sm-Nd model ages of the 

basement have been determined to make statistically valid comparisons with other 

regions.  These should be obtained not only from the Paleozoic plutonic rocks, but also 

from plutonic rocks on the South Tasman Rise.  Only then can the hypothesis proposed 

here be adequately tested. 

3.6  ACKNOWLEDGEMENTS 

The geophysical data used in this study has come from many years of acquisition and 

compilation by Geoscience Australia.  The regional mapping was from Mineral 

Resources of Tasmania.  Without these data, the study would not have been attempted.  

Research for this paper has been supported by Monash University as part of a PhD 

project.  Their assistance has been invaluable.  We also gratefully thank Clive Calver for 



Tectonic Tasmania; the transition from Rodinia to Gondwana 

115 

his insights gained through many years of mapping much of Tasmania.  Without these, 

the paper would have been much the poorer.  Discussions with Nick Direen and Ross 

Cayley also helped clarify several issues.  Reviewers Ross Cayley and Zheng-Xiang Li 

and an unnamed reviewer further improved this manuscript.  This research was funded 

from ARC Discovery Grant DP11010253. 

    



 

  116 

	 	



 

117 

	

PART	B:	Declaration	for	Thesis		

Monash	University	
	
Declaration	for	Thesis	Chapter	4	
	
Declaration	by	candidate	David	H	Moore	
	
In	the	case	of	Chapter	4,	the	nature	and	extent	of	my	contribution	to	the	work	was	the	following:	
Nature	of	contribution	 Extent	of	

contribution	(%)	
Did	the	research,	wrote	almost	all	of	the	paper	
	

95%	

	
The	following	co‐authors	contributed	to	the	work.	If	co‐authors	are	students	at	Monash	University,	
the	extent	of	their	contribution	in	percentage	terms	must	be	stated:	
Name	 Nature	of	contribution	 Extent	 of	 contribution	 (%)	

for	student	co‐authors	only	
Peter	Betts	 Supervision,	guidance	on	text	 5%	
	
The	undersigned	hereby	certify	that	the	above	declaration	correctly	reflects	the	nature	and	extent	
of	the	candidate’s	and	co‐authors’	contributions	to	this	work*.		
	
Candidate’s	
Signature	

	

	
28	August	2015	

	
Main	
Supervisor’s	
Signature	

	

	
26	August	2015	

	
	
*Note:	Where	the	responsible	author	 is	not	 the	candidate’s	main	supervisor,	 the	main	supervisor	
should	consult	with	the	responsible	author	to	agree	on	the	respective	contributions	of	the	authors.	

 



 

118 

  



 

119 

 

 

 

 

 

 

 

 

Chapter 4 

 

 

We measure shadows, and we search among ghostly errors of measurement for 
landmarks that are scarcely more substantial. 

E.P. Hubble (in D. Overbye, 1991, Lonely hearts of the cosmos) 
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The	basement	under	Bass	Strait;	connecting	
Paleozoic	Victoria	and	Proterozoic	Tasmania	
ABSTRACT  

The geology of western Tasmania has been interpreted north across Bass Strait into 

Victoria using airborne magnetic and marine gravity data.  The three westernmost zones 

in Tasmania, the King Island, Rocky Cape and Burnie zones, are inferred to form the 

Selwyn Block in Victoria.  The Eastern Tasmanian Zone correlates with the 

Tabberabbera Zone in Victoria.  These relationships suggest the Tasmanian Tiers 

Fracture Zone is equivalent to the Victorian Governor Fault.  Regions of Victorian 

geology that are interpreted to correlate with western Tasmania contain rare outcrops of 

equivalent geology.  The Ceres Gabbro in Victoria is correlated with a package of 

magnetic rocks west of King Island that is tentatively considered to be Neoproterozoic.  

The Cambrian andesitic to rhyolitic volcanic rocks of the Jamieson, Licola and Glen 

Creek windows correlate with rocks above the Burnie Zone, as are most of the Mt Read 

Volcanics in Tasmania.  The Burnie Zone equivalents in the Selwyn Block include all 

known ultramafic rocks, similar to the Burnie Zone in Tasmania.  Reinterpretation of 

the deep seismic reflection line in central Victoria indicates Burnie Zone equivalent 

rocks were thrust southwest over the Rocky Cape Zone equivalents. 

A link between western Tasmania and central Victoria can be interpreted from Upper 

Devonian rocks in the Selwyn Block.  The eastern end of the Upper Devonian Cobaw 

Complex and the Warburton Granodiorite both contain calc-silicate enclaves that are 

interpreted to have been derived from a northern equivalent to the Smithton Basin.  The 

Mount Disappointment Granodiorite has a high Ni and Cr content and pseudomorphs 

after orthopyroxenes, consistent with it having been partly sourced from the underlying 

basaltic rocks similar to those on the eastern margin of the King Island Zone.  Quartzite 

cobbles in a Devonian conglomerate in the southeastern Melbourne Zone may have 

been derived from Rocky Cape Group equivalents.  In the western Melbourne Zone, 

both ƐNd values and 87Sr/86Sr ratios suggest older crust in the north and younger crust in 

the south.  This is interpreted to correspond to the transition from the Mesoproterozoic 

to Neoproterozoic Rocky Cape Zone to the Ediacaran part of the King Island Zone.  The 

deep magnetic responses under the Strathbogie Complex and the Lysterfield 
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Granodiorite are attributed to metamorphism of part of an extension of the Smithton 

Basin, most likely an equivalent to the Spinks Creek Volcanics. 

4.1  INTRODUCTION 

The landward margin of the Terra Australis Orogen was formed by the breakup of 

Rodinia (Cawood, 2005).  In the eastern Australian-Antarctic sector, the last breakup 

events took place at approximately 580 Ma (e.g. Greenfield et al., 2011) (Chapter 3).  

Thereafter the Pacific Ocean was kept open by a stable convective cell, upwelling along 

a mid-ocean ridge system and subducting in a more complex fashion around the Pacific 

margin (Coney, 1992; Collins, 2003).  This system provided the opportunity for the 

accretion of exotic terranes into the Terra Australis Orogen.  For much of the Early 

Paleozoic in eastern Australia,  the orogen was generally in extension but this was 

punctuated by shorter compressional phases (Collins, 2002) that coincided with the 

arrival of exotic terranes (Cayley et al., 2002; Cayley, 2011; Moresi et al., 2014).  These 

exotic (or suspect) terranes are important in understanding the broader orogen (Coney, 

1989), since: 

 the timing of their arrivals may mark the time of switching from extension to 

compression in the orogen, 

 their internal structure and stratigraphy may have been quite different to the 

enclosing orogen.  This means that the exotic terrane may have had very 

different chemical and/or physical properties to the enclosing orogen, which in 

turn could have led to the generation of mineral systems or igneous rocks with 

different characteristics to those nearby, and 

 the collision of an exotic terrane could have profoundly influenced the 

development of the enclosing orogen (Moresi et al., 2014). 

Exotic terranes appear to have played a significant role in modifying the margin of East 

Gondwana (e.g. Moresi et al., 2014).  Further, the presence of these exotic terranes 

along this margin resolves many outstanding issues, such as not being able to correlate 

the geology of the Terra Australis Orogen along strike.  One of the most perplexing 

issues is the link between the geology of western Tasmania and the southern Lachlan 

Orogen in Victoria, which are separated by the relatively narrow Bass Strait.  
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Although many studies have examined the sedimentary and igneous rocks deposited 

outboard of the southern Australian sector of the Terra Australis Orogen, until recently 

the likelihood of pre-existing cratonic fragments having been incorporated into the 

Australian margin has generally been given less prominence (e.g. Spaggiari et al., 

2003b; Glen, 2005).  Little changed for about 50 years after David (1950, p. 135) wrote 

that “the tectonic history of this region is hard to decipher” when discussing differences 

in the geological histories of Tasmania and mainland southeastern Australia.  

The Selwyn Block model opened up the possibility that these problems might be solved.  

This model (Cayley et al., 2002; Cayley et al., 2011) (Chapter 2, Section 2.3) 

hypothesised that the Proterozoic western Tasmanian crust extended under Bass Strait 

and into central Victoria and lies beneath the Melbourne Zone.  The Selwyn Block 

model explained: 

 the presence of a carbonate-rich Lower Paleozoic outcrop at Cape 

Liptrap (Figure 4-1) on the Victorian coast that has more in common 

with those in Tasmania than the coeval turbidite-rich rocks in Victoria, 

 the meta-igneous rocks unconformably below the carbonates mentioned 

above, and in the Barrabool Hills west of Geelong and on Phillip Island,  

 the continuity of magnetic responses from western Tasmania across Bass 

Strait and into Victoria, suggesting geological continuity,  

 the Cambrian felsic to intermediate volcanic rocks in the eastern 

Melbourne Zone, a region that elsewhere is dominated by Ordovician 

black shale and Silurian to Middle Devonian turbidite rocks, 

 the differences in structural grain between the southern and northern 

parts of the Melbourne Zone in central Victoria, 

 the change in seismic character under the Melbourne Zone when 

compared to the adjacent Bendigo Zone, and  

 the increase in earthquake intensity in central Victoria (Gray et al., 

1998), consistent with significant lithological variation at depth.			

Where the correlative rocks are exposed in western Tasmania, they have been 

subdivided into 7 zones (Figures 3-1 and 3-3, Chapter 3).  From the west these are 
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Figure 4-1.  A.  Geology of southeastern Australia with an intensity layer the total magnetic intensity of the 
region.  b marks the location of the Barrabool Hills, c, Cape Liptrap, p, Phillip Island and v, the Cambrian 
volcanic rocks in central Victoria.  B  Location map. 

 the King Island Zone, of deep water sedimentary rocks that were 

metamorphosed at  1290 Ma and again at 760 Ma (Turner et al., 1998; 

Berry et al., 2005) and that is bounded to the east by 580 Ma rift 

tholeiites (Meffre et al., 2004), 

 the Rocky Cape Zone, a three-layer package, with the upper layer the 

Ediacaran-Cryogenian Smithton Basin containing volcaniclastic rocks, 

siltstone, mudstone, dolomite, 580 Ma rift tholeiite (Calver et al., 2004), 

diamictite, chert and conglomerate, overlying Mesoproterozoic clean 

marginal marine quartzite and siltstone of the Rocky Cape Group 

(Everard et al., 2007; Halpin et al., 2014), which in turn overlies an 

unseen basement containing rocks with a significant component of 1600 

to 1650 Ma zircons and with a TDM model age of approximately 1700 Ma 

(Black et al., 2010), 

 the Burnie Zone, largely of Neoproterozoic deep water turbidite rocks 

intruded by 710 Ma basaltic rift tholeiite sills (McDougall and Leggo, 

1965; Crook, 1979; Black et al., 2004) that are overlain by ?580 Ma 
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mafic volcaniclastic sandstone, shale and rift-related basalt, and 

Cambrian mafic-ultramafic rocks (Vicary, 2004) and that is often 

overlain by the Upper Cambrian Mt Read Volcanics (Mortensen et al., 

2015), 

 the Pedder Zone and Tyennan Zone, both of which comprise similar 

geology to the Rocky Cape Zone, but are separated by eclogite facies 

metamorphic rocks (Chmielowski and Berry, 2012).  Both are overlain 

by minor amounts of Mt Read Volcanics, 

 the Sorell-Badger Head Zone, of turbidite rocks similar to those in the 

Burnie Zone and, in the west, of ?Ediacaran melange, chert, 

volcaniclastic sandstone, black shale, rift-related dolerite and dolostone 

(Calver and Reed, 2001), and 

 the Glomar Zone, which lies in submarine plateaux to the south of the 

above zones, and which includes granites with ages of approximately 

1050 Ma and 1120 Ma and that was metamorphosed at approximately 

920 Ma (Fioretti et al., 2005a; Berry et al., 2008).	

Cayley (2011) suggested uniting these western Tasmanian rocks with the Selwyn Block 

under the single term, VanDieland.  These Proterozoic and Cambrian rocks contrast 

with the enclosing part of the Terra Australis Orogen, locally known as the Lachlan 

Orogen.  The Lachlan Orogen in Victoria and eastern Tasmania is comprised of 

Cambrian to Middle Devonian turbidite rocks that have generally been metamorphosed 

to epizone or anchizone grades (Patison et al., 2001; Wilson et al., 2009) although, to 

the east of the region under detailed consideration, the rocks have been metamorphosed 

to migmatites in the ~430 Ma Benambran Orogeny (VandenBerg et al., 2000).  Where 

the Selwyn Block is absent, the turbidite rocks have a substrate of Cambrian ocean floor 

basalt (Cayley et al., 2011).  The Selwyn Block is generally covered by up to 15 km of 

Ordovician black shale and Silurian to Middle Devonian turbidite rocks (VandenBerg et 

al., 2000). 

The collision of VanDieland with western Victoria provides a potential mechanism for 

the semi-continuous deformation from about 460 Ma to 370 Ma (Gray et al., 2003; 

Cayley et al., 2011; Moresi et al., 2014).  Deep seismic data image a distinct change in 

the middle crust under the Melbourne Zone (Cayley et al., 2011) and other independent 
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tests since the model was first suggested by VandenBerg et al. (2000) have continued to 

support its existence (Clemens et al., 2014; Pilia et al., 2015).   

 

Figure 4-2.  Total magnetic intensity, showing the lines modelled (red), the offshore TASGO seismic survey 
148 (yellow, with line numbers referred to in the text), the Victorian 2006 seismic survey (green) and offshore 
boreholes that intersected the Proterozoic basement.  Victorian seismic lines 3 and 4 are interpreted in 
Figure 4-17.  Boreholes are 2, Bass 2, 3, Bass 3, C, Clam 1, and W, Whelk 1.  Thicker black dashed lines mark 
the (near-)surface zone boundaries, thinner black dashed lines indicate faults.  Red numbers refer to the line 
numbers in the text.  Victorian zones G Glenelg, GS Grampians-Stavely, S Stawell, B Bendigo, M Melbourne, 
T Tabberabbera, O Omeo, D Deddick, K Kuark.  Same area as Figure 4-1.  Magnetic data from Geoscience 
Australia. 

Despite these recent gains in understanding the role of VanDieland in eastern 

Gondwanan accretionary dynamics, the detailed connections between western 

Tasmanian geology and that of central Victoria remain poorly resolved.  For example, 

McLean et al. (2010) suggested that the large magnetic anomalies present under the 

Strathbogie Complex in central Victoria and further south, and which lie at depths close 
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to the top of the Selwyn Block, resulted from ultramafic sheets and are equivalent to the 

ultramafic rocks seen in western Tasmania.  However, the largest ultramafic complex in 

Tasmania has an area less than 250 km2 and, even assuming continuity between the 

largest group of occurrences, occupies an area of approximately 1,200 km2 (Crawford et 

al., 2014).  By contrast, the area of the central Victorian anomalies exceeds 23,000 km2 

(McLean et al., 2010).  While some of the size difference can be attributed to post-

Middle Devonian erosion in Tasmania, this ten to hundred-fold size difference invites 

an investigation of possible alternatives.   

The deep seismic images of central Victoria show distinct layering in the Selwyn Block.  

Cayley et al. (2011) attributed the upper layer to Cambrian felsic volcanic rocks and 

correlated them with those seen in the Jamieson and Licola erosional windows 

(VandenBerg et al., 2006), but the lower layers remain unexplained.  Furthermore, the 

gravity inversions in Cayley et al. (2011) used a density of 2780 kgm-3 for the upper 

layer, a density more typical of intermediate to mafic rocks.  The background density 

used was 2670  kgm-3. 

Better understanding of the relationships between the geology of western Tasmania and 

the Selwyn Block would help to resolve questions like this and so improve our 

understanding of the Selwyn Block.  As well, it could aid understanding of both the 

Paleozoic evolution of Tasmania and of the surrounding parts of the Lachlan Orogen, 

including the origins of the Devonian granites in the region.   

The Selwyn Block is overlain by up to 15 km of Silurian and Devonian sedimentary 

rocks of the Melbourne Zone, with only rare, isolated windows of the basement geology 

exposed at Ceres (west of Geelong), Phillip Island, at Cape Liptrap and as the Cambrian 

volcanic rocks in the east of the Melbourne Zone.  However, there are many Upper 

Devonian granites that intrude the Melbourne Zone and these granites could provide 

insights into the basement rocks because they are derived, at least in part, from 

basement melts (Chappell and White, 1974; Keay et al., 1997; Rossiter and Gray, 2008; 

Clemens and Phillips, 2014).  The ability to trace Tasmanian geology across Bass Strait 

into the region where the granites formed could allow for a better understanding of the 

granites.  
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Although Chapter 3 outlines a strato-tectonic map of the pre-Ordovician rocks of 

western Tasmania, no such map exists for the parts of VanDieland under Bass Strait or 

the Selwyn Block in Victoria as they mostly lie under water or several kilometres of 

younger rocks.  This chapter takes both the geophysical (magnetic, gravity and seismic) 

and geological (outcrop, drill hole, granite geochemistry and xenolith) data in an 

attempt to extrapolate these divisions north.  Geological cross sections have been 

constructed using Gm-Sys® forward modelling software (Stewart and Betts, 2010) to 

further constrain the 3D geometry of the basement rocks beneath the Bass Basin and to 

provide a better model of VanDieland and adjacent areas.  The result is the first strato-

tectonic map of the northern part of the micro-continent and a description of some of the 

relationships between VanDieland and the Lachlan Orogen.   

4.2  METHOD 

The oldest basement exposed on the north coast of Tasmania and on King Island have 

been studied in detail and integrated with the marine drilling results, offshore seismic, 

airborne magnetic and onshore and offshore gravity data (Chapter 3).  The major 

packages and boundaries were then interpreted across Bass Strait and correlated with 

the geology of Victoria (Figures 4-1 and 4-2).  Finally, the geological interpretation was 

used to construct seven gravity and magnetic constrained geological cross-sections 

using Gm-Sys® (Stewart and Betts, 2010) to further constrain the correlation across 

Bass Strait.  The sections were constructed to a depth of 30 km.  The MOHO depth is 

constrained by AGSO (Australian Geological Survey Organisation) offshore seismic 

survey 148, and typically occurs at a depth of 10 to 12s TWT (e.g. Drummond et al., 

2000) (Chapter 3), and thus interpreting sections below ~30 km would need to include 

significant amounts of mantle, a largely unconstrained parameter.  Although this 

approach used the best available data, several problems remained.  While the onshore 

outcropping Pre-Mesozoic geology is well known in both Victoria and Tasmania (e.g. 

VandenBerg et al., 2000; Corbett et al., 2014), only six offshore bore holes were 

considered to have intersected Paleozoic or Proterozoic rocks (Table 4-1).  The 

remaining 25 bore holes in the Geoscience Australia database (Blevin et al., 2003) did 

not intersect basement, and therefore significant parts of the interpretation were less 

well constrained.   
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The 2006 Victorian deep seismic survey suggests Cambrian and Ordovician meta-

turbidite rocks in western Victoria are underlain by ocean floor basaltic rocks that are 

largely concealed (Cayley et al., 2011).  Away from the margins of the Stawell and 

Bendigo zones (Figure 4-2), where the metabasalts crop out, the thickness of the meta-

turbidite package varies from about 0.6 s TWT (~2 km) to 6 s TWT (~18 km).  Below 

this lies stacked slices of mafic oceanic and metasedimentary rocks (Cayley et al., 

2011).  A similar distribution is suggested in eastern Victoria (VandenBerg et al., 2000; 

Moresi et al., 2014).  In eastern Victoria, the base of the outcropping sequence occurs at 

the eastern edge of the Selwyn Block, where Cambrian pillow basalts and boninites 

have been thrust over Late Cambrian chert and Ordovician meta-turbidites 

(VandenBerg et al., 2000; Spaggiari et al., 2004; VandenBerg et al., 2006).  In 

Tasmania, Roach and Leaman (1996) used geophysical modelling to interpret the 

presence of west-directed thrust slices of mafic or ultramafic rocks below parts of the 

Mathinna Supergroup.  Furthermore, Figure 3-17, Chapter 3 indicates west-verging 

ramp anticlines of mafic rocks in the seismic data on Geoscience Australia line 148/04.  

There are no outcrops of these rocks and so the interpretation is speculative. 

Hole East; 
Decimal 
degrees 

South; 
Decimal 
degrees 

Basement 
Lithology 

Interpreted 
Unit 

Inferred Age 

Bass 2 146.304 39.886 Tuffaceous 
mudstone, 
mafic 
volcanics 

Crimson 
Creek 
Formation 

Neoproterozoic 
K-Ar 589±3 Ma 

Bass 3 145.2825 39.9975 Quartzite Rocky Cape 
Group 

Mesoproterozoic  

Clam 1 144.2167  40.8631  Argillite, 
Basalt 

Grassy 
Group 

Ediacaran  
K-Ar 630±21 Ma 

Whelk 1 143.5572  39.8979  Basalt Grassy 
Group? 

Neoproterozoic? 

White Ibis 1 145.254772 39.963781 Quartzite Rocky Cape 
Group 

Mesoproterozoic 

Table 4-1.  Offshore drill holes that intersected Proterozoic basement. 

With the exception of AGSO survey 148 around Tasmania, almost all of the available 

seismic data from Bass Strait were collected over basins; hence there are minimal data 

in areas with little hydrocarbon potential.  Thus, regions with the best geological control 

often had the weakest seismic control.  Also, the seismic data were processed to 

maximise contrast in the basins, and so basement structures were not effectively 
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imaged.  These problems are compounded because basement structures are steep.  

Nevertheless, previous seismic interpretations in the Bass Basin (Setiawan, 2000) and 

the Torquay Embayment (Madsen, 2002) provided tighter depth constraints on the 

shapes of the basins along the modelled profiles.   

 

Figure 4-3.  Upward continued total magnetic intensity.  Thicker black dashed lines mark the (near-)surface 
zone boundaries, thinner black dashed lines indicate faults.  Same area as Figure 4-1.  Magnetic data from 
Geoscience Australia. 

The gravity data set used was compiled by Geoscience Australia prior to 2010.  Since 

the marine gravity was almost entirely from hydrocarbon exploration surveys, there 

were gaps in the data of up to 100 km in areas where there was little or no basin 

development.  Onshore data in northwestern Tasmania also contained gaps of up to 

50 km.  Consequently, the gridding process generated artefacts.  Furthermore, there are 
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no gravity surveys that cross the land-sea interface—most marine data are deliberately 

collected well away from coastal areas.  Hence stitching of onshore and offshore data 

sets is problematic.  Thus, parts of the gravity profiles on Sections 1, 2, 5, 6 and 7 

(Figures 4-9, 4-10, 4-14, 4-15 and 4-16) are unreliable in the region where the onshore 

and offshore data sets were merged.   

 

Figure 4-4.  Isostatic gravity of the same region as Figure 4-1.  Thicker white dashed lines mark (near)-surface 
Zone boundaries, thinner white dashed lines mark faults.  The onshore and offshore isostatic gravity models 
used slightly different parameters.  A marks the location of the Arthur Complex, and J, a gravity high 
interpreted to be from Jurassic Dolerite.  See also Figure 4-8.  Gravity data from Geoscience Australia. 

Density data in the Mesozoic and Cenozoic sequences were lacking, and this also had a 

significant effect on the gravity models.  Having a basement depth map for the Torquay 

Embayment (Madsen, 2002) and a two-way-time map and depth-time conversion 

factors for the deeper regions of the Bass Basin (Setiawan, 2000) implied densities for 
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these stratigraphic columns that could be extrapolated more widely.  Where no data 

were available, we have been guided by values listed in Berkman (2001) and Skladzien 

(2007).  All models used a background density of 2670 kgm-3.  

The magnetic data were derived from surveys flown in Victoria and Tasmania from 

1996 to 2008 by the Geological Survey of Victoria and Geoscience Australia.  The 

onshore data were acquired at approximately 250 m line spacing, while the offshore 

data were typically flown at 400 m spacing, with the deeper water surveys often being 

flown at 800 m spacing.  Subsequently the data were grid stitched together using a cell 

size of 0.05 minutes (approximately 80 m) by Geoscience Australia and released in 

2010.   

While the collected magnetic data were of high quality, much of the region is covered 

by magnetic Cretaceous to Recent basaltic volcanic rocks.  These rocks have been 

subjected to rapid chilling, resulting in uneven distributions of fine grained magnetic 

minerals and hence high frequency changes in susceptibility and significant remanence 

(Clarke and Emerson, 1991). This made modelling their thicknesses problematic and the 

modelling of magnetic units beneath them correspondingly less reliable.  Remanence 

problems were also present in the Jurassic Tasmanian Dolerite, but this covered 

significantly less area and was mostly over the homogenous, very weakly magnetic 

turbidites of the Mathinna Supergroup sedimentary rocks.  Other lithologies have been 

assumed to carry no remanent magnetism. 

Because rocks are only ferrimagnetic below the Curie Point, ~580°C (Ross et al., 2006), 

broad scale magnetic models such as in this study require depth estimates below which 

the rocks become non-magnetic.  In the onshore Otway Basin of western Victoria, Purss 

and Cull (2001) gave an average gradient of approximately 31°Ckm-1, implying a Curie 

Point depth of approximately 18 km.  This is in close agreement with Driscoll (2006), 

who suggested a figure of approximately 32°Ckm-1 for those parts of Victoria most 

likely to be investigated for geothermal purposes.  However, Purss and Cull (2001) gave 

an average figure of 25.6°Ckm-1 for cratonic areas of Victoria, implying a Curie Point 

depth of approximately 22 km.  Because the region of investigation ranges from 

onshore cratons to offshore basins and there was little detailed control on the Curie 

Point depths for the region, an arbitrary maximum depth of 20 km has been used for the 
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magnetic modelling.  In order to obtain closer fit to the extracted profiles, remanence 

was modelled in the Cenozoic basalt and the Jurassic Tasmanian Dolerite.  In all cases, 

the remanence was assumed to be normal, that is collinear and additive to the Earth’s 

present magnetic field.   

I have chosen not to use the model by Eshaghi et al. (2015) for Curie Point depths in 

southeastern Australia as the cell size, 25 km, was too large to effectively accommodate 

the models presented here.  Furthermore, it seemed to be at variance with some of the 

known geology.  For example, the seismic tomographic model presented by Rawlinson 

and Kennett (2008) indicates the likelihood of a strong thermal high (i.e. a very shallow 

Curie Point depth) under the Newer Volcanic Province in western Victoria.  Here 

volcanism persisted well into the Holocene (Price et al., 2003).  This region is less 

prominent in the image presented in Eshaghi et al. (2015) than parts of northern Victoria 

where no Cenozoic volcanism is known, or much of Tasmania, where the youngest 

volcanic rocks are little older than 8 Ma (Quilty et al., 2014).   

At depths of 20 km or more, there are fewer controls on lithology distributions.  The 

rocks are likely to be metamorphosed to amphibolite facies, and so their densities will 

be greater than for their near-surface equivalents.  Furthermore, it is possible that the 

rocks at these depths are different to those at the surface.  For example, in northern 

Tasmania, the Cooee Dolerite was intruded into the Burnie Formation.  The dolerite 

geochemistry is consistent with intrusion early in the development of the rift in which 

the Burnie Formation lies (Crawford and Berry, 1992).  However, the seismic or other 

data sets do not constrain the depth to the contact or indicate the nature of the 

underlying rocks. 

By comparing the zircon inheritance patterns of Tasmanian granites and their host 

sedimentary rocks, Black et al. (2010) demonstrated that there is likely to be an older 

crustal unit below the Rocky Cape Group, here called ‘Lower Rocky Cape Group’.  

This unit has an excess of 1600 to 1650 Ma zircons when compared to the presently 

outcropping rocks.  Halpin et al. (2014) suggested that the Rocky Cape Group was 

deposited in environments that ranged from tidal to the outer shelf, implying that there 

must be another concealed package below it.  There are no other data to indicate what 

this package might be or its physical properties.  This unknown basement is assumed to 
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be denser than the overlying rocks, but the geometries given to it are a best fit 

approximation.  The models also assume a constant density over significant distances, 

illustrated in Section 7, the diagonal section (Figure 4-16).  Here the major changes 

modelled in the depths to the top of the ‘Lower Rocky Cape Group’ might at least be 

partly explained by density variations in either the lower parts of the Rocky Cape Group 

or the ‘Lower Rocky Cape Group’.  Assuming as close as possible to a constant density 

was considered to be the simplest approach to this almost completely unknown package.  

The unit was assumed to be non-magnetic.   

 

Figure 4-5.  Interpreted basement geology of Bass Strait and surrounds; background image Automatic Gain 
Control (AGC) filtered TMI (see Dentith and Mudge, 2014).  Same area as Figure 1.  VanDieland and the 
Tabberabbera and Eastern Tasmania zones coloured.  Thicker black lines mark the zone boundaries and 
thinner dashed lines mark faults.  A marks the location of the Arthur Complex, C, the Ceres Gabbro, D, the 
Dolodrook Window, F, drill hole FOS1, G, the Glen Creek Window, I, the Proterozoic basalt on Phillip Island 
and the megacrystic basalt at West Point, J, the Jamieson Window, K, King Island, L, the Licola Window, O, 
the Boola Formation, P, Cape Liptrap, T, the Tamar Fracture Zone, BF marks the Bambra Fault and GF, the 
Governor Fault.  Magnetic data from Geoscience Australia. 

The ends of most sections indicate rises in the gravity responses.  These have been 

accounted for by interpreting wedges of mantle, mostly with a density of 3000 kgm-3 

and no magnetic response.  Some of the rises may be an artifice caused by the ends of 

the sections.  In other areas (e.g. the western end of line 5) the mantle wedge may be 
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more realistic, since the water depths are significant and there has also been a 

significant amount of extension in forming the Otway Basin.   

4.3  RESULTS 

4.3.1		BASEMENT	MAP	

Figures 4-5 and 4-7 are plans of the final interpretation and Figures 4-9, 4-10 and 4-12 

to 4-16 are of the interpreted cross sections.  Figure 4-5 shows much of the basement of 

western Tasmania to continue across Bass Strait and under the Melbourne Zone of 

southern and central Victoria.  The southwestern Melbourne Zone is underlain by the 

King Island Zone; the central part is underlain by the Rocky Cape Zone and the eastern 

part by the Burnie Zone.  Although the boundaries have been principally based on the 

magnetic data, other data were also considered and the boundaries often modified to 

accord with them.  As proposed by Reed (2001), the western edge of the Eastern 

Tasmanian Zone, the Tamar Fracture Zone, continues north to become the Governor 

Fault in eastern Victoria.   

The eastern edge of the magnetic Grassy Group defines the eastern edge of the King 

Island Zone.  This boundary places both the Ceres Metagabbro and the Proterozoic or 

Cambrian mafic rocks that crop out on the south coast of Phillip Island in the King 

Island Zone.  In Bass Strait, Whelk 1 (Figure 4-2) is interpreted to have intersected 

basalts of the Ediacaran Grassy Group (Esso Exploration and Production Australia Inc., 

1970).  In south-central Victoria, the northeastern edge of the King Island Zone appears 

to be terminated by a northwest-striking fault that crosses the western edge of the 

Melbourne Zone (Figure 4-6).  Where it crops out crossing the eastern edge of the 

Bendigo Zone, this unnamed fault dips at 60 to 70° to the southwest as it displaces 

Cambrian to Devonian rocks (Gray and Willman, 1991).  The northwest-striking fault is 

interpreted to have been a Tabberabberan Orogeny (ca 380 Ma) or later reactivation of 

an older Tyennan fault.  The western boundary of the King Island Zone is undefined. 

In Tasmania, the Rocky Cape Zone is marked by a broad central magnetic high of 50 to 

300 nT, coincident with the Spinks Creek Volcanics (an upper unit in the Smithton 

Basin; Calver et al., 2014).  To either side, the Rocky Cape Group and the lower parts of 

the Smithton Basin are marked by 50 nT magnetic lows that are approximately 35 km 
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wide.  In Bass Strait, the eastern low becomes narrower, so that at the Victorian 

coastline it is no longer present.  In Bass Strait, Bass 3 (Figure 4-2) (Esso Exploration 

 
 
Figure 4-6.  Zone boundaries, comparing Selwyn Block and Lachlan Orogen boundaries (smaller, italicised) 
overlaid on the total magnetic intensity with the intensity layer AGC filtered.  What appears to be a fault 
truncates the 200 nT high on line 6.  P marks the position of an Ediacaran MORB tholeiite and H the 
Heathcote Fault Zone where mafic volcanic rocks have a steeply SW-dipping foliation.  The three broad 
magnetic highs in the Rocky Cape Zone are attributed to metamorphism of equivalents to the Spinks Creek 
Volcanics.  Insert map shows location of main image.  Magnetic data courtesy of Geoscience Australia. 
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Inc. 1967) bottomed in “interbedded quartzite, recrystallized siltstone and fine 

grainedandstone and black metamorphosed shale”, of similar lithological character to 

the Rocky Cape Group and consistent with the magnetic interpretation.  The magnetic 

parts of the Smithton Basin have a distinct linear pattern that strikes approximately 020° 

almost as far north as the Victorian coast (Figures 4-2, 4-5 and 4-7).  Further north, 

beneath the Melbourne Zone, prominent magnetic highs occur along strike from 

magnetic highs interpreted to be sourced from the Spinks Creek Volcanics (Figure 4-6).  

Figure 4-7.  Detailed interpretation of the Proterozoic and Early Paleozoic basement of western and central 
Bass Strait and southern Victoria.  a.  Automatic gain control filtered total magnetic intensity, with 40% of the 
first vertical derivative added.  Insert gives location.  b.  Interpretation overlaid on a.  Thick dashed lines 
indicate zone boundaries, thinner lines major faults.  The Rocky Cape Group generally has a much lower 
response and less linear character than the Smithton Basin.  Magnetic data from Geoscience Australia. 

In Tasmania, the western edge of the Burnie Zone is clearly defined by the 150 nT 

magnetic and 12 mGal gravity highs associated with the Arthur Metamorphic Complex.  

These highs continue approximately half way across Bass Strait (Figures 4-4, 4-5 

and 4-8), apparently continuing either side of a broad magnetic and gravity high that is 

interpreted to result from approximately 5 km thickness of overlying Jurassic 

Tasmanian Dolerite.  In Tasmania, the Burnie Zone is characterised by strong magnetic 

variation, with local highs of up to 1000 nT from the mafic-ultramafic rocks and the 

Ediacaran basalts and related rocks, and broader 100 nT highs with half wavelengths of 

20 km that may be related to granites (Large et al., 1996).  The highs persist across Bass 

Strait and into southernmost Victoria, but in central Victoria the interpreted Burnie 

Zone generally has a low magnetic response.  Long wavelength highs are occasionally 
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present along its eastern margin, but the origin of these is unknown and could either be 

due to Cambrian granite or Upper Devonian basalt intrusions (VandenBerg et al., 2000). 

4.3.2		SECTIONS	

Section 1, Tasmanian coast 

The western end of the section (to approximately 60 km; Figure 4-9) is interpreted as 

two packages of metasedimentary rocks and three packages of basalt in the King Island 

Zone.  Approximately 80 km north of the section, the westernmost magnetic package 

was intersected by Whelk 1 (Figure 4-2) and the subsequent petrology indicated the 

 

Figure 4-8.  Interpretation of the magnetic high in the centre of the Bass Basin.  a.  AGC filtered magnetic data 
with major boundaries and faults.  b.  Basement interpretation.  c.  Jurassic Tasmanian Dolerite and younger 
mafic volcanic rocks. 

presence of both siltstone and basalt (Esso Exploration and Production Australia Inc., 

1970), perhaps equivalent to the Cryogenian-Ediacaran Grassy Group (Hall, 1998) that 

crops out on the eastern coast of King Island, where it unconformably overlies the 

Mesoproterozoic Surprise Bay Formation (Calver, 2012).  The modelled susceptibility 

is 8.2x10-3 SI and the density 2745 kgm-3 above 20 km depth and 2760 kgm-3 below 

this.  The central magnetic package has no onshore equivalents.  It is modelled as 

having a range of susceptibilities from 8.1 to 25x10-3 SI and a density of 2695 kgm-3.  

The eastern package was intersected by Clam 1, which is approximately 20 km south of 

the section (Lunt, 1970).  This hole bottomed in argillite and basalt, the latter with a 

K/Ar whole rock age of 630±21 Ma, which suggests correlation with the Robbins Creek 

Formation, the basal unit of the Grassy Group.  Most of this unit is modelled as having a 
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Figure 4-9.  Section 1, along the Tasmanian coast.  Location shown in Figure 4-2.  SBHZ is the Sorell-Badger 
Head Zone.  Susceptibilities as 10-3 SI units. 

susceptibility of 13x10-3 SI and a density 2700 kgm-3, but the eastern margin has a 

susceptibility of 23x10-3 SI and a density 2670 kgm-3.  This is consistent with the 

Neoproterozoic sequence on King Island dipping east and younging from (glacio)-

marine sedimentary rocks into rift tholeiite and MORB in a back-arc basin setting.  Two 

weakly magnetic sedimentary units are present.  The western one has a susceptibility of 

0.01x10-3 SI and a density 2655 kgm-3, rising to 2720 kgm-3 at depth.  It has no onshore 

equivalent, but appears to continue to the north under the Otway Basin.  The eastern 
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metasedimentary unit is interpreted as having a susceptibility of 3.2x10-3 SI and a 

density 2690 kgm-3.   

Both the magnetic and non-magnetic units are interpreted to have been intruded by 

weakly magnetic granite (2.5x10-3 SI) with a density of 2670 kgm-3.  These are all 

overlain by the Cretaceous-Tertiary Otway and Bass basins.  The Otway Basin rocks are 

non-magnetic and a have density of 2550 kgm-3.  Further east, these young rocks are 

also non-magnetic but with a density of 2450 kgm-3.  Overall, the gravity response 

increases to the west; this is interpreted as resulting from the thinning of the crust 

associated with the development of the Otway Basin.  The modelled density used for the 

mantle is 2890 kgm-3. Most of the boundaries between the major rock packages dip to 

the east at 40° to 60°.  An exception is the westernmost boundary, which dips to the 

west at approximately 75°.  Steep westerly dips are modelled on the western ends of all 

of the sections.  It is not clear whether they are real or artefacts resulting from being 

close to the section ends. 

The boundary between the King Island and Rocky Cape zones does not crop out.  This 

boundary is modelled with a listric geometry, dipping at 70° to the east near the surface, 

but flattening to less than 40° at depth, and lies from 55 to 85 km along the profile.  To 

the east, the Rocky Cape Zone continues to 180 km, where it terminates against the 

Arthur Metamorphic Complex.  The Rocky Cape Zone consists of three broad 

packages, an upper Smithton Basin, the Rocky Cape Group and the Lower Rocky Cape 

rocks.  Onshore in western Tasmania, the Smithton Basin (including the overlying 

Scopus Formation) has approximately 4 km measured thickness (Everard et al., 2007), 

but the model suggests that it may reach a thickness of approximately 5.5 km in the 

deepest parts.  It is mostly comprised of non-magnetic to weakly magnetic sedimentary 

rocks, including dolomite, diamictite and clastic sedimentary rocks ranging from 

conglomerate to mudstone (Everard et al., 2007).  It also includes basalts of the Spinks 

Creek Volcanics, which to the south of the studied area have a median susceptibility of 

31x10-3 SI units with a peak value of 110x10-3 SI (N=140 measurements, written 

communication from J. Everard, 18 Feb 2013).  The Smithton Basin is a broad 

synclinorium in the centre of the Rocky Cape Zone, and is distinctly more magnetic 

than the underlying Rocky Cape Group (Figures 4-2, 4-3 and 4-9).   
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The Rocky Cape Group lies unconformably below the Smithton Basin.  It crops out 

extensively in northwest Tasmania where it can be seen as marginal marine siltstone, 

mudstone and clean quartzite.  Along Section 1, it is generally characterised as non-

magnetic and with a density of 2640 kgm-3.  A small west-dipping unit at 72 km is 

weakly magnetic (5.0x10-3 SI) and was slightly denser than other Rocky Cape Group 

units (2670 kgm-3), perhaps due to a pyrrhotite-rich siltstone.  These compare with 

susceptibilities recorded by the author that had a median value of 0.04x10-3 SI (N=124) 

in the quartzite-rich units and 0.16x10-3 SI in the siltstones (N=80).   

The Lower Rocky Cape Group does not crop out, and so there is minimal control on any 

of the rock properties or body shapes assigned.  Along Section 1, a constant density of 

2700 kgm-3 was used.  The unit shallows to 3.5 km deep in the western part of the 

section.  The 70° dip of the contact with the King Island Zone and the 30° dip of the 

contact with the overlying Rocky Cape Zone suggest either west-directed thrusting or 

east-block-down extension; all of the models generated show this pattern.  Another high 

is modelled at approximately 120 km along the section, where the Lower Rocky Cape 

Group was interpreted at approximately 12 km from the surface. 

The Arthur Metamorphic Complex forms the boundary between the Rocky Cape Zone 

and the Burnie Zone and lies at approximately 170 km along the section.  In western 

Tasmania, it is a zone of blueschist facies meta-sedimentary and mafic volcanic rocks 

that are interpreted to have formed in the Tyennan Orogeny and that underwent 

significant sinistral strike-slip movement (Holm and Berry, 2002) (Chapter 3).  

Geophysical forward modelling by Leaman and Webster (2002) suggests the complex 

has a shallow, steeply west-dipping part that overlies a deeper boundary that dips east at 

about 50°.  Here, the shallow complex was modelled with a density of 2720 kgm-3 and a 

susceptibility of 8.2x10-3 SI.  The area is covered by non-magnetic Cenozoic 

sedimentary rocks (density 2300 kgm-3) and partly by Cenozoic basalt (density 

2750 kgm-3, susceptibility 0 to 24x10-3 SI, normal remanence 0 to 0.101 Am-1).  

Cenozoic cover continues east along the section, overlying non-magnetic deep marine 

turbidite rocks of the Burnie Formation (density 2664 kgm-3) in the Burnie Zone.  The 

Cenozoic basalt is variably magnetic (susceptibility 0 to 28x10-3 SI, normal remanence 

0 to 0.601 Am-1) and dense (2670 to 2800 kgm-3).   
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The eastern boundary of the Burnie Zone, at approximately 210 km along the section, is 

a fault zone that crops out on the coast at Penguin (Chapter 3).  The fault has a modelled 

dip of 80° to the east.  This fault separates two packages of rocks with only slightly 

different susceptibilities and densities (0 and 2670 kgm-3 for the Burnie Zone and 

0.6x10-3 SI and 2664 kgm-3 for the Tyennan Zone) and so the control on the dip of the 

boundary was poor.  In the coastal outcrops, the rocks in the western part of the 

Tyennan Zone are breccias, and thence a poly-deformed conglomerate, pelite and 

psammite succession that becomes progressively more metamorphosed to the east.  

After approximately 220 km along the section, the rocks are metamorphosed to 

amphibolite facies.  Further east, the Proterozoic rocks are covered by non-magnetic 

Permian glacial deposits, sandstone and mudstone that are modelled with a density of 

2460 kgm-3.  The Permian rocks continue to the east and conceal the non-magnetic 

Tyennan Zone basement.  However, the Tyennan is inferred to be present as it crops out 

approximately 6 km south of the section as a poly-deformed quartz-mica schist (Calver 

& Everard, in Corbett et al., 2014) and is interpreted to extend to 245 km along the 

section line.  Both Tasmanian Dolerite (density 2700 kgm-3, susceptibility18x10-3 SI) 

and Cenozoic basalt (density 2670 to 2680 kgm-3, susceptibility 9.4 to 84x10-3 SI, 

normal remanence to 0.2 Am-1) overlie the Permian rocks and the Tyennan basement 

rocks. 

The Sorell-Badger Head Zone extends from 245 km to 260 km along the section.  Both 

the western and eastern boundaries are interpreted to dip east at approximately 60°.  The 

western boundary lies along strike from an outcrop of blueschist rocks; to the east are 

poly-deformed Neoproterozoic fine grained, rift-related deep water turbidite rocks, chert 

and metabasalt of the Port Sorell Formation (Calver and Reed, 2001).  The rocks were 

mostly forward modelled as non-magnetic, with a density of 2670 to 2680 kgm-3, but 

include a small, steeply dipping basalt body with a susceptibility of 6.3 x10-3 SI and a 

density of 2740 kgm-3.  Median susceptibilities measured in the field were 0.05x10-3 SI 

(N=76) for the sedimentary rocks of the Port Sorell Formation. 

The Badger Head Group is a ?Neoproterozoic meta-turbidite package that crops out 

from approximately 250 to 257 km.  The rocks are modelled as non-magnetic, with a 

density of 2630 kgm-3.  Measured susceptibilities had a median of 0.10x10-3 SI (N=71).  

The model follows that by Zengerer (1999), who suggested that the Badger Head rocks 
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had been thrust over the Port Sorell Formation, so that Port Sorell Formation underlies 

the Badger Head Group.   

A narrow lens of serpentinite, layered orthopyroxenite, websterite and gabbro occurs at 

the eastern edge of the outcropping Badger Head Group (Reed et al., 2002).  It has a 

strong magnetic response that indicates it almost entirely occurs to the south of the 

section.  The model includes a lens of this mafic to ultramafic assemblage, but it is too 

small to be shown on Figure 4-9.  The modelled susceptibility of 2.5x10-3 SI and density 

of 2730 kgm-3 compares with a median measured susceptibility of 26x10-3 SI (N=112) 

for the serpentinite and 0.38x10-3 SI (N=51) for the gabbro.  The unit is interpreted as 

defining the leading edge of a zone of thrusting associated with activity along the Tamar 

Fracture Zone.  To the east, rocks from both western and eastern Tasmania are present.  

The western Tasmanian rocks include equivalents to the Mt Read Volcanics, the 

Denison Group and the Owen Conglomerate (Reed and Vicary, 2005), none of which 

are known from eastern Tasmania and so imply a Proterozoic substrate.  However, there 

are also thin fault slices of Devonian deep marine turbidite rocks that correlate with 

rocks of the Eastern Tasmanian Zone (Rickards et al., 2002; Mineral Resources 

Tasmania Data Management Group, 2011).  Because of scale constraints, the present 

section shows the 3 km-wide area at approximately 260 km as dominantly associated 

with western Tasmania.  At depth, the boundary between eastern and western Tasmania 

has a modelled dip of 60° to the east.  Its eastern edge is covered by Permian and 

Cenozoic sedimentary rocks (density 2310 to 2320 kgm-3), flat-lying Tasmanian 

Dolerite (modelled susceptibility 42x10-3 SI, measured median susceptibility 36x10-3 SI 

from 164 measurements, density 2790 kgm-3) and Cenozoic basalt (modelled 

susceptibility 2.5x10-3 SI, measured median susceptibility 18x10-3 SI from 187 

measurements, density 2700 kgm-3).   

Paleozoic meta-turbidites and granites dominate outcrops in the Eastern Tasmanian 

Zone.  Mostly these rock types have no discernible modelled magnetic response, 

although the easternmost package of metasedimentary rocks has a modelled 

susceptibility of 1.2x10-3 SI.  This compares with the 0.15x10-3 SI median measured 

magnetic susceptibility of the Mathinna Group.  The western part of the Mathinna 

Group coincides with long-wavelength magnetic responses (Figures 4-2, 4-3 and 4-5), 

which are interpreted to be sourced from magnetic bodies at depth.  Seismic sections 
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suggest the presence roll-over anticlines and a strengthening in the seismic responses 

below depths of approximately 15 km (Chapter 3, Figure 3-17).  Similar interpretations 

have been made in western Victoria and have been attributed to mafic volcanic rocks 

(Cayley et al., 2011).  Roach and Leaman (1996) have previously modelled the broad 

magnetic high as of mafic rocks.  The forward model (Figure 4-9) suggests the anomaly 

is caused by a body with magnetic susceptibilities that vary from 5.0x10-3 SI to 

130x10-3 SI and densities between 2700 and 2690 kgm-3 for the upper and lower 

sections of the anticline.  Interpretation of this part of the section is limited as the model 

exceeded the software limits on the number of surfaces allowed.  If more surfaces were 

allowed, more complex body shapes would have been modelled from 320 km along the 

section.  In outcrop, the Ordovician meta-turbidite rocks above and to the west of the 

magnetic high are strongly deformed, with recumbent folding mapped (Seymour et al., 

2011).  Further east, the deformation is of lower intensity and the metamorphic grade is 

lower (Patison et al., 2001) and the rocks exposed there are Silurian and Devonian; the 

relationship between the older and younger sequences may either be faulted or 

unconformable (Seymour et al., 2011).  The forward model suggests slightly different 

densities for the western (2670 kgm-3) and eastern (2660 kgm-3) areas.   

Granites form a significant part of the outcrop of the Eastern Tasmanian Zone.  They 

are non-magnetic, and have modelled densities between 2600 kgm-3 and 2675 kgm-3.  

Both the granites and country rocks are overlain by Tasmanian Dolerite, Cretaceous and 

Cenozoic sedimentary rocks and Cenozoic basalt.  The sedimentary rocks include the 

southeastern end of the Bass Basin, the Cretaceous and Paleocene Durroon Sub-basin.  

Forward modelling of the associated 15 mGal gravity low suggests a maximum depth of 

3.4 km with a density of 2400 kgm-3.  Tasmanian Dolerite crops out in two areas and is 

also inferred to underlie the eastern end of the Durroon Sub-basin.  The modelled 

magnetic susceptibilities fall from 56x10-3 SI in the western body to 43x10-3 SI in the 

eastern part, while the density increases from 2680 to 2920 kgm-3.  The central body is 

also remanently magnetised (0.5 Am-1).  Minor thin sheets of basalt are present in the 

western part of the Eastern Tasmanian Zone.  These range in susceptibility from 6.3 to 

110x10-3 SI, with three bodies also being normally remanently magnetised (0.1, 2.2 and 

8.7 Am-1).  Densities range from 2710 to 2950 kgm-3.  These are the edges of a much 

larger body that lies offshore, mostly between lines 1 and 2.   
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Section 2, offshore Tasmania   

The first 80 km of this section (Figure 4-10) is almost identical to the similar part of 

Section 1.  This includes all of the King Island Zone and the western Rocky Cape Zone.  

Elsewhere, the section is mostly across deeper water than Section 1 and so the magnetic 

sources are deeper. Hence there are fewer high frequency magnetic responses.  Most of 

the modelled high frequency responses represent the seaward extensions of basalt or 

dolerite occurrences mapped onshore.   

The Smithton Basin extends from 61 to 179 km along Section 2.  The upper unit of the 

Smithton Basin (between 80 and 180 km) is modelled as weakly to non-magnetic, with 

a maximum susceptibility of 1.3x10-3 SI.  Densities range from 2600 to 2660 kgm-3.  

The Spinks Creek Volcanics, present between 95 and 180 km, is folded (Figure 4-10).  

In the west, the folds have approximately north-south axes but from 130 km the axes 

trend towards 070° (Figure 4-11).  Modelled dips were typically 60 to 70° where the 

section was normal to the structural grain.  In the east, many modelled dips were flatter, 

and are interpreted to reflect the apparent dips of the strata.  Modelled susceptibilities 

range from 5.7 to 60x10-3 SI, and densities from 2620 to 2810 kgm-3.  Northwest-

dipping faults are also interpreted at approximately 160 km.  The lower Smithton Basin 

is generally magnetic, with susceptibilities ranging from 0.01 to 17x10--3 SI. 

Apart from a small unit at71 km with a susceptibility of 3.7x10-3 SI, the Rocky Cape 

Group is interpreted to be non-magnetic.  The modelled density was 2620 to 

2640 kgm-3.  Below this, the Lower Rocky Cape Group is non-magnetic, with a density 

of 2690 kgm-3, increasing to 2700 kgm-3 below 20 km depth.  Minor amounts of non-

magnetic Cenozoic sedimentary rocks with density values between 2180 to 2400 kgm-3, 

and basalt rocks with magnetic susceptibilities between 1.3 and 110x10-3 SI and 

densities between 2670 and 2800 kgm-3, overlie the Rocky Cape Zone.  The most 

westerly basalt occurrence is modelled with normal remanence of 0.7 Am-1. 

The Arthur Metamorphic Complex is present from 200 to 220 km.  The magnetic 

response suggests a body that was repeated by a late Tyennan steeply west-dipping 

fault, possibly during deformation CaD3 of Holm and Berry (2002).  Both parts of the 

Arthur Metamorphic Complex have similar modelled magnetic (11 and 12x10-3 SI) and 
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density (2695 and 2700 kgm-3) characteristics.  At depth, the Arthur Metamorphic 

Complex is modelled as a single boundary dipping east at approximately 60°. 

 
 
Figure 4-10.  Section 2, offshore Tasmania.  Location shown in Figure 4-2.  Susceptibilities as x10-3 SI units. 

The Burnie Zone is weakly magnetic (susceptibility 1.9x10-3 SI), with a density of 

2680 kgm-3 increasing to 2720 kgm-3 at depth (Figure 4-10).  This increase in density is 

attributed to either a higher metamorphic grade at depth or a change in lithology to an 

underlying mafic oceanic crust.  The Burnie Zone is interpreted to be successively 

overlain by flat-lying, minor amounts of Jurassic Tasmanian Dolerite (susceptibility 

42x10-3 SI, density 2710 kgm-3), Cenozoic sedimentary rocks (non-magnetic, density 
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2240 kgm-3) and Cenozoic basalt (susceptibility 53x10-3 SI, density 2670 kgm-3).  The 

eastern boundary of the Burnie Zone is considered to be the northern extension of the 

Tamar Fracture Zone, as the Sorell-Badger Head Zone pinches out to the south of the 

section (Figure 4-5).  The boundary, at approximately 250 km, has a modelled dip of 

35° to the east. 

The eastern end of the section has a basement interpreted to be a northern extension of 

the Eastern Tasmanian Zone.  As described above, these comprise Early Paleozoic 

sedimentary rocks (non-magnetic, with a density of 2690 kgm-3) and Devonian granites 

(non-magnetic, with density 2640 kgm-3).  The model requires a deeper, dense layer 

(2700 to 2720 kgm-3) that, in the west was also magnetic (11 to 13x10-3 SI).  This is 

consistent with Section 1, and is considered to be a package of interlayered mafic and 

sedimentary rocks in west-verging slices thrust onto the Proterozoic craton. 

Permian-Triassic Parmeener Supergroup sedimentary rocks, Jurassic Tasmanian 

Dolerite, Cretaceous Durroon Basin and Cenozoic sedimentary rocks and Cenozoic 

volcanic rocks all overlie the Paleozoic basement.  Outcrops of these units occur on 

Tasmania and small offshore islands, and are imaged along the western end of deep 

seismic line AGSO 148/04.  Only minor amounts of Parmeener Supergroup crop out, 

however it has a modelled thickness up to 2 km on the eastern end of the section (non-

magnetic, density 2320 to 2350 kgm-3) to satisfactorily match the observed and 

calculated geophysical responses.  However, the gravity grid in this area had no data 

points and relied on extrapolations from onshore and from an offshore survey 

approximately 30 km away.  Neither does the Parmeener Supergroup have a distinct 

seismic response.  Thus, the modelling here has significant uncertainties Semi-

continuous bodies of Tasmanian Dolerite (susceptibility 0.6 to 99x10-3 SI, remanence to 

6.45 Am-1, density 2670 to 2780 kgm-3) underlie the younger sedimentary rocks. The 

dolerite bodies are typically between 0.4 and 1 km thick.  They are generally modelled 

as flat-lying, but at approximately 350 km, dolerite below the Durroon Basin has a dip 

of up to 15°.  It is interpreted as having been tilted during the basin formation in the 

Aptian (Hill et al., 1995).  The basin is well imaged by seismic line AGSO 148/04, 

giving a maximum depth of 4.2 km.  With a density of 2240 kgm-3 for the overlying 

Cenozoic sedimentary rocks, this implied a density of 2360 kgm-3 for the basin fill.   
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Figure 4-11.  Magnetics of offshore northwestern Tasmania, showing interpreted fold axes extrapolated from 
onshore mapping.  Inset gives location.  Magnetic data from Geoscience Australia. 

Cenozoic basalt is interpreted between approximately 220 and 295 km.  This is 

interpreted as having a maximum thickness of 0.7 km, with a susceptibility of 

57x10-3 SI and a density of 2670 kgm-3.  The magnetic images show the unit to be a 

northern extension of the flows described in Section 1.   
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Section 3, Central Bass Basin 

The western end of this profile is southwest of King Island, while its eastern end 

reaches the Furneaux Group in eastern Bass Strait (Figures 4-2 and 4-12).  It crosses a 

broad magnetic high that is from a body that lies under the Bass Basin.  The first 

125 km of the profile is within 5 km of AGSO seismic line 148/06.  Whelk 1 (see 

above, Section 1) was drilled approximately 40 km north of the western end of the 

profile.  The section was pinned at 355 km to the extracted profile, as the eastern end of 

the extracted profile was approximately 25 nT below the null model value.   

The western end of the profile includes both metasedimentary and rift tholeiitic mafic 

volcanic rocks of the King Island Zone.  Metamorphic monazites from sedimentary 

rocks near the southern tip of King Island yielded ages of approximately 1290 Ma 

(Berry et al., 2005), approximately 12 km north of 40 km from the western end of the 

section.  The modelling is consistent with older boundaries dipping east at 

approximately 45° having been truncated by later faults dipping west at approximately 

50°.  In map view, the smaller, late, northeast-striking faults truncate the older 

dominantly north-striking major boundaries.  The Braddon River Fault, with a 

displacement of up to 70 km, is an exception to this pattern, as it strikes at 330°.  This 

Tyennan Orogeny fault lies 35 km from the western end of the section and dips west at 

approximately 70°.  More detailed mapping and modelling by Meffre et al. (2004) 

indicated similar dips for the early boundaries.  The eastern boundary of the King Island 

Zone was taken as the easternmost magnetic unit, at approximately 70 km from the 

western end of the section.  Here it dips east at approximately 55°, but is cut by a later 

fault striking at 030° with an apparent dip of 45° to the west (Figure 4-12). 

In the mafic volcanic rocks, susceptibilities range from 0.63 to 42x10-3 SI units, with 

most close to 10x10-3 SI.  Densities range from 2670 kgm-3 to 2800 kgm-3.  Modelled 

susceptibilities in the sedimentary rocks are less than 0.6x10-3 SI, but mostly 0.  

Susceptibilities collected from Stokes Point on King Island, approximately 12 km north 

of the section, had a median of 0.19x10-3 SI (n=67).  Modelled densities ranged from 

2680 to 2690 kgm-3. 
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Figure 4-12.  Section 3, central Bass Basin.  Location shown in Figure 4-2.  Susceptibilities as 10-3 SI units.  b 
indicates the location of the BraddonRiver Fault. 

the Smithton Basin is projected north from outcrops in northwest Tasmania.  However, 

a west-dipping outcrop of the basal unit of the Smithton Basin (Forest Conglomerate) is 

present on Albatross Island (Everard et al., 1997), approximately 10 km south of the 
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section at ~100 km from the western end of the section.  This conglomerate is 

coincident with the eastern edge of a magnetic low, and accordingly the Smithton Basin 

was interpreted to extend from 68 km to 102 km along the section.  The interpretation 

suggests a 0.3 km thick, generally flat-lying layer of Smithton Basin rocks in the east 

(susceptibility 0.6, density 2650 kgm-3) and a upright syncline in the west with the limbs 

with dips of up to 60° (susceptibility 5.7x10-3 SI, density 2660 kgm-3). 

Further east, the Smithton Basin rocks have been intruded by the Devonian Three 

Hummock Island Granite.  However, the distinctive fold patterns in the magnetics 

continue north of the intrusion (Figures 4-7 and 4-11), and accordingly the Smithton 

Basin is interpreted to occur beneath the granite.  In the weakly magnetic parts of the 

Smithton Basin, the rocks are modelled with susceptibilities of 2.5 to 23x10-3 SI and 

densities between 2650 and 2690 kgm-3.  The magnetic units are interpreted to correlate 

with the Spinks Creek Volcanics, with susceptibilities that range from 5 to 130x10-3 SI 

and densities from 2660 to 2790 kgm-3.  The magnetic units are mostly modelled as 

upright folds with steeply dipping to vertical limbs. 

Hunter Island lies approximately 20 km south of the section line at ~110 km along the 

profile.  Here, Rocky Cape Group quartzite and siltstone crop out in north-striking 

moderately to steeply dipping limbs of folds that have been overprinted by west-dipping 

reverse faults (Hall, 2001).  Two of the siltstone units are correlated with magnetic 

responses that continue north to the section and have modelled susceptibilities of 2.5 

and 16x10-3 SI units and densities of 2650 and 2660 kgm-3.  Elsewhere, the Rocky Cape 

Group is non-magnetic, with a density of 2650 kgm-1.   

The magnetic low at 153 km (Figure 4-12) was interpreted as the core of an anticline 

that exposed the Rocky Cape Group in the Mesozoic.  Drill holes Bass 3 (Esso 

Exploration Australia Inc, 1967) and White Ibis 1 (Premier Oil Australasia, 1999) 

approximately 30 km north of the section line, lie on the edge of this low, and 

intersected quartzite typical of those in the Rocky Cape Group.   

The Lower Rocky Cape rocks underlie the entire Rocky Cape Zone.  This package is 

non-magnetic and is modelled with a density of 2680 kgm-3.  The unit appeared to 

decrease in depth to the east, under the Bass Basin. 
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Both Mesozoic to Cenozoic sedimentary rocks and Cenozoic basalt overlie the Rocky 

Cape and Smithton Basin sequences.  The sedimentary rocks are non-magnetic and have 

a modelled density of 2080 kgm-3, while the basalt has susceptibilities that range 

between 8.0 and120x10-3 SI, have modelled remanence between 0 and 3.4 Am-1 and 

densities that vary from 2660 to 2720 kgm-3. 

The Bass Basin is interpreted to extend from 174 km to 330 km along the section.  

Setiawan (2000) suggested successive west-dipping normal faults stepping downwards 

from the eastern edge of the basin and a maximum basin thickness of 4.4 s TWT 

(equivalent to approximately 8.8 km depth) at 198 km along the section.  Most of the 

basin is ~7.5 km thick.  The western, deepest parts of the basin have a modelled 

susceptibility of 18x10-3 SI and a density of 2540 kgm-3, while most of the basin has a 

modelled susceptibility of 0.6x10-3 SI and a density of 2530 kgm-3, with the upper part 

of the basin modelled as non-magnetic and having a density of 2200 kgm-3.  A wedge of 

mantle (density 3000 kgm-3) is included below the Bass Basin to allow for the crustal 

thinning associated with basin formation.  This disagrees with the model of Kennett and 

Salmon (2012) which suggested a mantle depth of over 30 km.  However, their model 

used a 0.5 x 0.5° grid (approximately 55 x 45 km), which may be too coarse to allow for 

any rise in the mantle under the Bass Basin.  Furthermore, their model did not use any 

data from the area of the Bass Basin, and so any mathematical interpolation over the 

region would not take its presence into account. 

A broad 300 nT magnetic anomaly coincident with a complex 22 mGal gravity anomaly 

occurs near the deepest part of the Bass Basin.  This is interpreted to result from a 1 to 

5 km thick sheet of flat-lying Tasmanian Dolerite, the top of which lies immediately 

below the Bass Basin.  This dolerite horizon extends from 195 km to 365 km along the 

section, with the deepest and thickest parts in the west and the thinnest and shallowest 

parts in the east.  Interpreted susceptibilities and densities vary from 43 to 130x10-3 SI 

and densities from 2690 kgm-3 to 2840 kgm-3. Poonboon 1 was sited on the western end 

of the feature and bottomed at 3266 m in Cretaceous siltstone without encountering any 

mafic rocks (Trigg et al., 2003), implying that the causative body lies below this depth.  

In this region, the top of the dolerite has a modelled depth of approximately 7.4 km.  An 

overlying Cretaceous basaltic volcanic unit contributed to the broad magnetic feature 

(susceptibility 74x10-3 SI, density 2790 kgm-3), but it is considered to be a less 
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significant factor as it is interpreted to be less than 1 km thick.  Chat 1 was drilled 

approximately 14 km north of the 274 km point along the profile and bottomed in Upper 

Cretaceous olivine basalt at 3104 m (Furr, 1986). 

The Arthur Metamorphic Complex forms the eastern boundary of the Rocky Cape 

Zone, but responses from this are largely obscured by the overlying Tasmanian Dolerite 

and Bass Basin.  The Arthur Metamorphic Complex is interpreted to have been 

duplicated by a steeply (75°) west dipping fault active during the Tabberabberan 

Orogeny (Figures 4-8 and 4-12).  The two parts of the Arthur Metamorphic Complex 

have slightly different characteristics.  The western fault block is modelled to be more 

magnetically susceptible (36x10-3 SI) and dense (2840 kgm-3) than the eastern fault 

block (29x10-3 SI and 2750 kgm-3), suggesting that perhaps it contains a higher 

proportion of mafic rift tholeiites (c.f. Holm et al., 2003).  As in the previous sections, 

the Arthur Metamorphic Complex is interpreted to be of limited thickness, and below it 

the boundary between the Rocky Cape and Burnie Zones dips to the east between 60 to 

70°. 

Apart from a small sliver faulted into the Arthur Metamorphic Complex at 

approximately 235 km, the Burnie Zone extends from approximately 245 to 265 km.  

The rocks are weakly magnetic, with a modelled susceptibility of 6.9x10-3 SI and a 

density of 2680 kgm-3 above 20 km, but below this the modelled density increases to 

2730 kgm-3.  As in modelled Section 2, this may be due to either an increase in 

metamorphic grade or the presence of mafic oceanic crust.  The eastern boundary of the 

Burnie Zone, the equivalent to the Tamar Fracture Zone, is modelled as dipping ~60° to 

the east. 

As in Sections 1 and 2, from 265 km to the end of the section, the rocks are interpreted 

to be Paleozoic turbidite rocks underlain by oceanic crust, similar to the interpretation 

of the 2006 Victorian deep seismic survey (Cayley et al., 2011).  The sedimentary rocks 

are modelled as weakly magnetic (0 to 14x10-3 SI, but mostly 0), with densities ranging 

from 2655 kgm-3 to 2710 kgm-3.  The more mafic rocks (susceptibilities 29 to 67x10-3 

SI above the Curie Depth, densities 2680 to 2700 kgm-3) appeared to lie in the hanging 

walls of west-verging reverse faults with dips of approximately 60°.   
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Granite was the dominant near-surface lithology interpreted from 330 km to the eastern 

end of the section, although small areas of Tasmanian Dolerite are present to 340 km 

and from 358 to 365 km (109x10-3 SI, density 2800 kgm-3) and a small area of 

Paleozoic metasedimentary rocks crops out at 375 km, on Chappell Island.  The granites 

are all modelled as being non-magnetic.  Modelled densities range from 2590 to 

2600 kgm-3. 

Section 4, North King Is 

Principal controls on this section include the outcrops on the north end of King Island, 

from 86 to 96 km from the western end of the section, and the Furneaux Group islands, 

which are as close as 4 km from the eastern end.  The western end of the section  

(Figure 4-13) finishes in water depths of over 1000 m, implying significant crustal 

thinning.  The presence of Cretaceous Sorell-Otway Basin sedimentary rocks, of 

unknown thickness, to the west of the modelled section further complicates 

interpretation in this area.  A wedge of mantle (density 3060 kgm-3) has been added to 

partly take account of these factors, but the model does not satisfactorily resolve with 

the extracted profile at the western end.  Another wedge of mantle (density 3000 kgm-3) 

is added to the eastern end of the profile in order to account for the 25 mGal rise in the 

gravity response there.  However, part of the reason for the gravity low at 

approximately 365 km along the profile may caused by a lack of data and gridding 

issues related to the merging of land and sea-based surveys.  If so, then the amount of 

mantle that is modelled may be an over-estimate.  Furthermore, the densities and 

thicknesses of the other lithologies modelled there may be in error. 

The 70 nT lows from 18 to 27 km along the section are considered to be caused by 

problems related to stitching of two adjacent grids.  No attempt has been made to fit 

bodies to them. 

As in the previous sections, the western end is largely comprised of (meta)-sedimentary 

rocks interlayered with mafic volcanic rocks, with the mafic rocks dominantly in the 

east.  From 0 to 50 km, the mafic rocks dip steeply to the west, but further east the 

modelled dips are to the east, initially at 80° or more, but by 120 km from the western 
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Figure 4-13.  Section 4, King Island North.  Location shown in Figure 4-2.  Susceptibilities as 10-3 SI units. 

end of the section, at 55°.  Modelled susceptibilities range from 3.7 to 40x10-3 SI, and 

densities from 2665 to 2770 kgm-3.  At approximately 40 km, a lens modelled with a 

susceptibility of 3.2x10-3 SI and density of 2690 kgm-3 is considered to be of mafic 

volcaniclastic rocks folded within the sedimentary rock package.  Mafic rocks in the 

east of the King Island Zone are northern extensions of those seen on the southeast coast 

of King Island, where the median susceptibility measured by the author in picrite was 

34 x10-3 SI (N=44), while that in basalt was 0.47x10-3 SI (N=10).  Calver (2008) 

recorded dips to the east, typically between 40° and 60°.  The easternmost magnetic unit 

is taken as the eastern boundary of the King Island Zone.  This boundary dips east at 

approximately 60°. 
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The Mesoproterozoic (meta)-sedimentary rocks are typically modelled with 

susceptibilities of less than 3x10-3 SI, although a metasedimentary package at 78 km 

from the western end of the section has a modelled susceptibility of 7.2 x10-3 SI.  This 

package can be traced south to the west cost of King Island, where Calver and Everard 

(2014) recorded the presence of garnet-bearing phyllite and slate of the 1300 Ma 

Surprise Bay Formation.  Susceptibility measurements have a median of 0.14x10-3 SI 

with the maximum from 81 measurements of 0.40x10-3 SI, while amphibolite grade 

meta-sediments elsewhere on King Island had a median susceptibility of 0.18x10-3 SI 

and a maximum of 1.41x10-3 SI (N=137).  These data are too low to account for the 

modelled value.  Contact metamorphism of an unusual unit also seems unlikely, since 

the abnormally susceptible body was modelled as extending to depth of 20 km.  It 

suggests that another lithology could be present in the anomalous package on the 

profile.  Possibilities include interlayered basalt, an example of which were seen in 

Currie Harbour (median susceptibility 0.87x10-3 SI, upper value 1.5x10-3 SI, N=24), or 

amphibolite dykes similar to those present further south, at Ettrick Beach (median 

susceptibility 2.2x10-3 SI, upper value 10.2x10-3 SI, N=20) (Calver, 2007).  Three 

generations of dykes were recorded by Calver and Everard (2014) on Cape Wickham at 

the north end of King Island, and these had a median susceptibility of 0.79x10-3 SI, with 

an upper value of 13x10-3 SI (N=158).  It suggests that amphibolite dykes too small to 

have been interpreted on the 500x500 m grid used in the present study might have been 

sampled by the extracted profile.  The Braddon River Fault is interpreted to cut the 

section at approximately 40 km, but juxtaposes two equally weakly magnetic 

metasedimentary packages (1.3x10-3 SI) and so could not be modelled.   

Both Neoproterozoic and Paleozoic granites are known on King Island, and both have 

been interpreted to intersect the section.  The westernmost granite is non-magnetic at 

the near-surface, but at depth is associated with a magnetic layer with a modelled 

susceptibility of 32x10-3 SI in the west and 5.5x10-3 SI in the east.  This magnetic layer 

is interpreted as either part of the granite or from a contact aureole.  The former 

interpretation is favoured by analogy with granites in western Victoria, where many 

granites have magnetic rims and non-magnetic cores.  Neoproterozoic granites are 

distinguished by the presence of many mafic dykes with susceptibilities of 

approximately 0.8x10-3 SI.  As discussed above, dykes crop out on the section line, 

where they intrude the 760±12 Ma Cape Wickham Granite (Turner et al., 1998; Calver 
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and Everard, 2014).  The Cape Wickham Granite and associated metamorphism is 

coeval with the formation of the Smithton Basin and both have been attributed to 

extension related to the breakup of Rodinia (Chapter 3).  Model 4 requires the granite to 

be weakly magnetic (1.8x10-3 SI), but a small dyke within it gives a modelled 

susceptibility of 3.3x10-3 SI.  Measured responses from granites in the northern part of 

King Island gave a median susceptibility of 0.07x10-3 SI (N=34).   

A 13 mGal gravity low at approximately 15 km from the western end of the section was 

modelled as a 2 km thick northern extension of the Cretaceous Sorell Basin, with a 

density of 2200 kgm-3.  At the eastern end of the zone, a 3 mGal low was attributed to a 

1.3 km thick western extension of the Bass Basin, also with a density of 2200 kgm-3.   

As in previously described sections, the Rocky Cape Zone is interpreted as three layers, 

with the Neoproterozoic Smithton Basin overlying the Mesoproterozoic Rocky Cape 

Group, which in turn overlies an unseen Mesoproterozoic-Paleoproterozoic basement.  

The broad magnetic high that marks the Spinks Creek Volcanics in the Smithton Basin 

is less prominent, although even here the average response level over the Smithton 

Basin is approximately 100 nT higher than that over the adjacent Rocky Cape Group 

and this rose another 150 nT over the most magnetic parts of the Basin.  The broad 

response is interpreted to be sourced from the metasedimentary rocks (susceptibilities 0 

to 20x10-3 SI, density 2655 to 2780 kgm-3), with the higher responses reflecting Spinks 

Creek Volcanic equivalents (susceptibilities 0.01 to 130x10-3 SI, densities 2780 to 

2860 kgm3).  The Rocky Cape Group is interpreted as being relatively thin, typically 3 

to 5 km thick, with susceptibilities that ranged from 3.9 to 18x10-3 SI.  Densities range 

from 2640 to 2680 kgm3.  As it does not crop out and is non-magnetic, the Lower 

Rocky Cape rocks has fewer constraints, but are interpreted to comprise most of the 

lower half of the Rocky Cape Zone.  The contact between the Rocky Cape and Lower 

Rocky Cape zones is somewhat flatter than in other sections, with modelled dips of 

approximately 20°.  The assumed density above 20 km is 2700 kgm3 and below that, 

2760 kgm3. 

Most of the Bass Basin on the section overlies the Rocky Cape Zone.  Following 

Setiawan (2000), it is interpreted to have formed in northwest-striking rifts formed by 

southwest-dipping normal faults.  On the section line, they are prominent at 
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approximately 195 km and 220 km, where vertical displacements of up to 2.5 km are 

modelled.  Modelled densities range from 2150 kgm3 in the upper parts to 2660 kgm3 in 

the deepest parts of the basin.  Minor basaltic layers were present in many holes drilled 

in the Basin (e.g. Trigg et al., 2003).  These are interpreted in several places, typically at 

depths between 1 and 3 km, and as giving rise to anomalies of up to 850 nT.  Modelled 

susceptibilities are as high as 130x10-3 SI; densities range from 2600 to 2780 kgm3.  

Three basalt bodies are modelled with remanence of 0.25, 1.4 and 2.4 Am-1.  A block of 

mantle (density 3000 kgm3) is placed at the base of the model in order to compensate 

for the crustal thinning in the formation of the Bass Basin.  This compensates for the 

broad 20 mGal gravity high at 250 km.  

Unlike previous sections, there is no clear evidence of the Arthur Metamorphic 

Complex on the section line.  Accordingly, the western boundary between the Rocky 

Cape and Burnie zones is modelled as a simple fault that dips east at 50°.  The Burnie 

Zone is modelled as a simple body with a susceptibility of 1.8x10-3SI and a density of 

2700 kgm3, rising to 2730 kgm3 at depth.  Drill hole Bass 2 was drilled approximately 

25 km south of the section line 290 km from the western end.  It intersected tuff that 

yielded a K/Ar age of 589±3 Ma (Hall, 1998).  If the age is valid, it may have come 

from an equivalent to the Crimson Creek Formation.  This Ediacaran rift-related 

succession of basalt and associated deep water metasedimentary rocks commonly 

overlies the Burnie Formation in Tasmania. 

The boundary between the Burnie and Eastern Tasmanian (or Tabberabbera) zones is 

modelled as dipping East at approximately 60°.  East from here, the Ordovician to 

Devonian meta-turbidites rocks (susceptibility less than 0.7x10-3 SI, density 2690 to 

2710 kgm-3) are interpreted as having been thrust to the west on steeply dipping faults.  

These faults brought up sections of the underlying ocean-floor basalt.  The magnetic 

feature associated with the fault at approximately 320 km can be traced in the magnetic 

images for approximately 170 km.  Its northern end appears to be truncated by the 

Selwyn Block boundary, while at its southern end, the magnetic features associated with 

it are reduced by the presence of the overlying Bass Basin and subsumed in responses 

from the Tasmanian Dolerite.   
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Granite is present on all of the many small islands in eastern Bass Strait and is 

interpreted to sub-crop along most of the eastern end of the section line.  Many are 

modelled as magnetic, with susceptibilities as high as 19x10-3 SI, and with densities that 

range from 2620 to 2680 kgm-3.  The magnetic character is considered to be from the 

many dykes in the area (Figures 4-2 and 4-5), which were emplaced from the Jurassic 

onwards during the breakup of Gondwana (Soesoo et al., 1999; Moore and Wong, 

2002).  At 323 km along the profile, the dykes were sufficiently numerous that they are 

modelled as a cluster with a susceptibility of 2.9x10-3 SI in the granite and 3.6x10-3 SI 

in the underlying sedimentary rocks.  Small areas of Paleozoic meta-turbidite rocks are 

also present on Flinders Island and other larger islands.  Accordingly, a small area of 

sub-cropping meta-sedimentary rocks is interpreted at approximately 380 km to account 

for a 5 mGal gravity anomaly there.  However, the gravity data are poor, as the sparse 

offshore data has been combined with onshore data from an island approximately 20 km 

away.  Thus the reliability of the grid used may be compromised by both merging and 

interpolation errors and the anomaly may not be real.  The gravity response rise at the 

eastern end of the section, and this requires the addition of a wedge of mantle to have 

the model conform to the extracted profile.  The continental shelf edge is approximately 

80 km east of the end of the line, suggesting that this may have some validity.  

However, the rise in the gravity response may be another artefact, at least part, because 

of the problems discussed above. 

Section 5, Wilsons Promontory 

The western end of the section, as far as 60 km, covers the eastern part of the 

Delamerian Orogen (Figure 4-2 and 4-14).  Its eastern boundary is the Bambra Fault, 

seen in the onshore seismic data to dip to the northwest (Finlayson et al., 1996), and 

here modelled with an apparent dip of approximately 60° (Figure 4-2), implying a true 

dip of 70°.  A broad north-trending 40 nT magnetic high at approximately 15 km from 

the western end of the section with an accompanying 5 mGal low is modelled as a non-

magnetic granite overlying a mafic magnetic unit with a susceptibility of 19x10-3 SI 

beneath it.  The eastern boundary of the magnetic package is interpreted to be a 

southern extension of the Yaramyljup Fault, which separates the higher grade western 

part of the Glenelg Metamorphic Complex from the lower grade, eastern part (Morand 

et al., 2004).  Elsewhere, the Neoproterozoic-Cambrian sedimentary rocks have 
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modelled susceptibilities less than 1.9x10-3 SI and densities of 2690 kgm-3.  More mafic 

sections are modelled with susceptibilities of up to 2.5x10-3 SI and densities of from 

2710 to 2860 kgm-3.  All of the area is covered by Cretaceous and Cenozoic Otway 

Basin sedimentary rocks, typically 7 km thick (Schneider, 2005) with modelled 

densities from 2350 to 2590 kgm-3.  The rocks are mostly non-magnetic, although a 

0.4 km thick horizon is modelled as having a susceptibility of 7.6x10-3 SI.  Water depths 

at the western end of the section exceed 1400 m.  This suggests significant of crustal 

thinning during the formation of the Otway Basin and accordingly a wedge of mantle 

(density 3000 kgm-3) is included at the western end.   

As in previously described sections, the western part of the King Island Zone is largely 

of meta-sedimentary rocks, while the eastern part is of mafic volcanic rocks that are the 

northern extension of the Grassy Group MORB tholeiites that crop out on the southeast 

coast of King Island (Meffre et al., 2004).  The sedimentary rocks are mostly non-

magnetic, although a package at 128 km and another at 230 km are modelled with 

susceptibilities of 3.8x10-3 SI.  Modelled densities range between 2630 and 2720 kgm-3.  

Susceptibilities in the mafic units range from 3.2 to 23x10-3 SI and densities from 2640 

to 2770 kgm-3.  Contacts are sub-vertical in the west, while in the east contacts generally 

dip to the east at greater than 60°.  An exception is the contact at 233 km, which dips to 

the west at 85°.  The section line crosses the northern end of the Braddon River Fault, 

but it is not modelled as the fault juxtaposes two metasedimentary packages with similar 

geophysical properties.  However, it can be traced to within 25 km of the section line on 

the magnetic images (Figures 4-2 and 4-5), and is projected to intersect the section 

67 km from the western end where there is a 4 mGal dip in the gravity response. 

The Mesozoic and Cenozoic cover thins over the King Island Zone, from as much as 

7.5 km in the west to less than 1 km north of King Is, 190 km from the western end of 

the section.  This is generally non-magnetic, with densities that ranged from 2250 to 

2590 kgm-3.  Minor thin layers of mafic volcanic rocks are present, with susceptibilities 

that range from 8.2 to 130x10-3 SI. 

The Rocky Cape Zone extends from 246 to 323 km along the section line.  Both the 

western boundary, with the King Island Zone and the eastern boundary, with the Burnie 

Zone, have dips of 85° to the east.  The Smithton Basin is the upper layer of the zone 
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and is restricted to a relatively small area between 276 and 303 km.  Its internal and 

external contacts are modelled with shallow dips of 30° or less.  Only two units are 

recognised, an upper unit with susceptibility of 2.5x10-3 SI and a density of 2640 kgm-3 

 

Figure 4-14.  Section 5, Wilsons Promontory.  Location shown in Figure 4-2.  Susceptibilities as 10-3 SI units.  b 
marks the Bambra Fault, here the boundary between the Delamerian Orogen and VanDieland. 

and a lower unit, the mafic Spinks Creek Volcanics, with a susceptibility of 16x10-3 SI 

and a density of 2730 kgm-3.  The Rocky Cape Group, below the Smithton Basin, is 

modelled with a susceptibility of 1.3x10-3 SI and a density of 2665 kgm-3.  This is the 

highest density modelled for the Rocky Cape Group and, together with the magnetic 

response, suggested an increased proportion of pyrrhotite-rich pelite was present, as 
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susceptibilities measured in northwestern Tasmania returned higher values from fine 

grained rocks than the coarser quartzites (see Section 1, above).  The non-magnetic 

Lower Rocky Cape unit is modelled with densities ranging from 2681 kgm-3 above 

20 km depth to 2720 kgm-3 below this.  

A discontinuous 0.6 km thick layer of Melbourne Zone rocks is modelled from 307 km 

to 350 km in the section to accord with the mapped geology in southern Victoria, where 

rare inliers of the Selwyn Block are present (VandenBerg et al., 2000; Welsh et al., 

2011).  The model uses a non-magnetic sedimentary sequence with a density of 

2640 kgm-3, which compares with median densities for Melbourne Zone sedimentary 

rocks of 2636 kgm-3 for mudstone (N=1), 2707 kgm-3 for shale (N=1), 2459 kgm-3 for 

siltstone (N=8), and 2581 kgm-3 for sandstone (N=23) (Skladzien, 2007).  The 

Melbourne Zone is interpreted to continue east to the eastern edge of the Burnie Zone.  

A layer of Cretaceous and Cenozoic sedimentary rocks up to 2 km thick (density 

2250 kg-3) is interpreted to overlie both the Rocky Cape and Burnie Zones, and this in 

turn, is overlain by a thin layer of Eocene basalt (Price et al., 2003) with modelled 

susceptibilities that range from 8.5x10-3 to 130x10-3 SI.  Basalt also extends above the 

western Burnie Zone.   

The Burnie Zone is modelled as non-magnetic, with a density of 2670 kgm-3 above 

20 km and 2720 kgm-3 below this.  However, a magnetic anomaly is present at 334 km 

that lay 25 km directly along strike from the pre-Tyennan Orogeny tholeiitic basalt and 

meta-gabbro present at Cape Liptrap (VandenBerg et al., 2000) and a second was 

present at 338 km that appears to be of similar character, but is larger and does not crop 

out.  The anomaly at 334 km is modelled with a source having an east dip of 75° and a 

susceptibility of 80x10-3 SI and a density of 2780 kgm-3, while the larger anomaly at 

338 km is modelled as having a vertical source with a susceptibility of 90x10-3 SI and a 

density of 2750 kgm-3.  The outcropping meta-gabbro has a median measured 

susceptibility of 0.6x10-3 SI, insufficient to explain the anomalies, but a Tasmanian 

?Neoproterozoic rift-related tholeiitic basalt that is geochemically similar to the basalt 

seen on Cape Liptrap (Woof, 2006) has a median response of 22x10-3 SI, (N=235) with 

values as high as 336x10-3 SI.  It is possible that the anomalies at 334 and 338 km may 

be from the basaltic units present at Cape Liptrap.  If so, they may be more or less 

coeval with the basalts of the Ediacaran Crimson Creek Formation.   
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The boundary between the Burnie Zone and the Tabberabbera Zone, at 355 km along 

the profile, dips ~40° to the east.  As in the previous sections, the base of the 

Tabberabbera Zone is modelled with a west-directed thrust against the VanDieland 

craton.  However, unlike other sections, a second west-dipping magnetic unit is 

modelled approximately 10 km in the hanging wall of the contact.  It is correlated with 

the magnetic feature at 320 km on Section 4, the King Island section, as another mafic 

package on a west-verging thrust fault inside the Tabberabbera Zone that is truncated by 

the Burnie-Tabberabbera Zone boundary approximately 30 km north of the section line.  

The mafic package is modelled with a susceptibility of 7.5x10-3 SI and a density of 

2680 kgm-3.  The model also has another east-dipping fault at 455 km that has a package 

of magnetic mafic rocks (susceptibility 5.7x10-3 SI) in its hanging wall.  These separate 

weakly magnetic Tabberabbera Zone sedimentary rocks in the east (susceptibility 

1.3x10-3 SI) from non-magnetic sedimentary rocks to the west.  Both sedimentary 

packages have a modelled density of 2665 kgm-3.   

Granite dominates the near-surface Paleozoic rocks in the eastern end of the section.  It 

crops out on Wilsons Promontory and the nearby islands and is interpreted to have 

produced the gravity lows seen in the region.  One is modelled as magnetic, with a 

susceptibility of 6.9x10-3 SI.  Others were non-magnetic.  Modelled densities range 

from 2580 kgm-3 for the Mt Norgate Granite on Wilsons Promontory to 2620 kgm-3.  

The 8 mGal mismatch between the gravity model and the grid from 370 to 380 km 

corresponds to Wilsons Promontory, suggesting a problem in stitching the onshore and 

offshore data and that the modelled density for the Mt Norgate Granite might be quite 

different to the actual density. 

A thin (less than 2.7 km thick) Gippsland Basin sequence overlies the Paleozoic rocks.  

Diffuse magnetic responses were present from 399 to 408 km and east of 468 km that 

are interpreted as a magnetic sedimentary layer at the base of the Gippsland Basin.  

Both the Strzelecki Group and the Golden Beach Subgroup in the Gippsland Basin are 

known to have a volcanic component (O'Halloran and Johnstone, 2001; Duddy, 2003) 

and it is possible that the magnetic layer is part of one or other of these units.  Both 

units are modelled as having relatively high susceptibilities (58 and 79x10-3 SI) but low 

densities (2540 and2580 kgm-3), more consistent with a partly lithified sedimentary rock 

than a volcanic flow.  Non-magnetic sedimentary rocks (density 2300 kgm-3) are 
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modelled above the Tabberabbera Zone.  A minor near-surface flow (susceptibility 

130x10-3 SI, density 2750 kgm-3) is interpreted at 438 km.   

Section 6, Phillip Island 

This section was south of almost all of the outcropping Paleozoic rocks in Victoria and 

was approximately 50 km south of a forward modelled profile by McLean et al. (2010).  

Section 6 (Figure 4-15) extends from the southern parts of the Stawell Zone in the west 

to the southern Tabberabbera Zone in the east.  The extracted section was ‘pinned’ to 

the model value at 8 km east of the western end of the extracted profile, as this end of 

the extracted profile was approximately 28 nT below the expected value for a uniform 

background with no influence from magnetic bodies.  This meant that the final model is 

based on a profile higher than that extracted from the gridded data. 

The Cambrian meta-turbidite rocks of the Stawell Zone are modelled in the far west of 

the section.  They are non-magnetic with a density of 2686 kgm-3.  However, much of 

the magnetic modelling in the region was disrupted by the presence of at least one 

weakly magnetic near-surface unit in overlying the Otway Basin with modelled 

susceptibilities of up to 31x10-3 SI.  The eastern boundary of the Stawell Zone, the 

Avoca Fault, is extrapolated approximately 70 km south along a 5 mGal gravity high.  

This anomaly is interpreted to be sourced from highly strained Cambrian mafic volcanic 

rocks observed in a mine dump and drill core (Taylor et al., 1996).  The Avoca Fault is 

interpreted to intersect Section 6 at ~35 km where it has a modelled dip of 70° to the 

west.  The basalt and sedimentary rocks in the hanging wall of Avoca Fault are 

modelled as magnetic (29x10-3 SI) and dense (2730 kgm-3).   

A non-magnetic wedge of Ordovician Bendigo Zone meta-turbidites is modelled from 

35 to 45 km along the section; the modelled density was 2670 kgm-3.  The eastern 

boundary is the Bambra Fault, a complex fault zone with fault segments that dip to the 

northwest and southeast (Finlayson et al., 1996).  Modelling indicates an apparent dip of 

30° for the northwestern segment, which accords with the 50° true dip interpreted by 

Finlayson et al. (1996).  Section 6 indicates the Bambra Fault truncates the Avoca Fault 

at a depth of approximately 15 km.  The southeastern fault segment has not been 

modelled.  Figure 4-4 and the model suggest that movement on the northwest-dipping 

segment of the Bambra Fault controlled the present thickness of the Otway Basin by 
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normal movement allowing deposition in the Late Jurassic-Early Cretaceous and by 

subsequent inversion at approximately 90 Ma (Hill et al., 1995). 

 

Figure 4-15.  Section 6, Phillip Island.  Location shown in Figure 4-2.  Susceptibilities shown as x10-3 SI.  a 
marks the Avoca Fault, b, the Bambra Fault and x the possible continuation south of an unnamed fault that 
displaces the Heathcote-Mt William Fault.  See also Figure 4-6.  

The seismic interpretation by Finlayson et al. (1996) indicated that the overlying 

Barwon Downs Graben, part of the Otway Basin, had a depth of 3.8 s TWT, or 

approximately 6 km.  This has been used to constrain this part of the section and 
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requires a density of 2500 to 2540 kgm-3 for this sedimentary package.  The Otway 

Basin is interpreted to be at least 1 km thick from 29 km to 144 km along the section, 

with thickest part through the northern end of the Torquay Embayment, at 95 km 

(Madsen, 2002).   

The King Island Zone extends from 45 km to 180 km along the section.  As with 

previous sections, the boundaries between the mafic and metasedimentary units dip to 

the west in the west and to the east in the east.  Dips in the west are typically from 60° 

to 75°, while those in the east range from 50° to 70°.  The westernmost mafic unit can 

be traced approximately 35 km north from the section to the Ceres Gabbro, described by 

Morand (1995) as having been metamorphosed to amphibolite facies.  The median 

susceptibility of the Ceres Gabbro is 0.28x10-3 SI (N=165), compared to the modelled 

susceptibility of from 3.7 to 4.4x10-3 SI.  Weathering of the outcrop may explain at least 

part of this discrepancy.  Near the eastern edge of the zone, at 177 km, the section line 

passes 4 km north of a small outcrop of MORB tholeiite (Henry and Birch, 1992) with a 

median measured susceptibility of 6.1x10-3 SI (N=92), compared to a modelled 

susceptibility of 3.1x10-3 SI.  The modest discrepancy may be due to the presence of the 

overlying Eocene basalt (Price et al., 2014) that hampered effective modelling.  Henry 

and Birch (1992) compared the MORB tholeiite to the exposed Cambrian ‘greenstones’ 

elsewhere in Victoria, but images of the magnetic and gravity data (Figures 4-2 to 4-5) 

suggest a stronger correlation with the 575 Ma MORB tholeiites on King Island (Calver 

et al., 2004; Meffre et al., 2004).  Elsewhere, interpreted susceptibilities in the mafic 

units range from 3.7 to 11x10-3 SI where modelled as above the Curie Depth.  Modelled 

densities in the same region range from 2680 to 2764 kgm-3.  Meta-sedimentary units 

have modelled susceptibilities of 1.9 to 4.1x10-3 SI.  Ordovician Melbourne Zone chert 

and thin-bedded turbidite rocks are present less than 15 km north of the section line in 

the eastern part of the King Island Zone (VandenBerg et al., 2000), and these are 

included as a layer of non-magnetic rocks with densities of 2650 to 2660 kgm-3.  Much 

of the eastern end of the zone was also covered by less than 0.2 km of Eocene basalt 

(Price et al., 2014) and these are modelled with susceptibilities to 130x10-3 SI and 

densities from 2620 to 2700 kgm-3.  One unit also is modelled with remanence of 

1.3 Am-1.  
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The Rocky Cape Zone extends from 180 km to 265 km along the section.  Both 

boundaries are modelled as dipping east at approximately 60°.  The zone is marked by a 

200 nT high, the western side of which is truncated by a fault at 210 km.  This 

truncation can be traced northwest to where it crosses the Heathcote Fault Zone 

(Figure 4-6).  Here, the Heathcote Fault Zone appears to have been cut by a fault with 

an apparent displacement of approximately 1 km, and foliations in the mafic volcanic 

rocks in the footwall of the displaced region show a consistent 70° to 80° southwestern 

dip (Gray and Willman, 1991).  Although this displacement is no older than Middle 

Devonian as it displaced the Melbourne Zone (which was only deformed in the Middle 

Devonian Tabberabberan Orogeny), it may indicate reactivation of an older structure. 

McLean et al. (2010) modelled a parallel section over the same magnetic high but 

55 km north of Section 6.  Their section suggested that the causative body was an 

ultramafic unit (susceptibility 40x10-3 SI, density 2800 kgm-3) with a top at a depth of 

7 km and a base at 15 km and was over 70 km wide.  They correlated the ultramafic 

body with those seen in the Burnie Zone in Tasmania.  Paleozoic Melbourne Zone rocks 

overlay this.  Section 6 suggests an alternative possibility, with the Melbourne Zone 

approximately 4 km thick and underlain by an 8 km thick non-magnetic sequence of the 

Smithton Basin.  The Spinks Creek Volcanics are modelled as magnetic (susceptibility 

95x10-3 SI, density 2750 kgm-3) and form a layer up to 3 km thick that extends from 191 

to 266 km along the section.  The top is at a depth of 6 km.  Below this lies another 

layer of Smithton Basin rocks with a susceptibility of 20x10-3 SI and a density of 

2700 kgm-3.  The Rocky Cape Group (non-magnetic, density 2670 kgm-3) and the 

Lower Rocky Cape unit (non-magnetic, density 2700 to 2720 kgm-3) underlie this 

package.  The Woolamai Granite (non-magnetic, density 2620 kgm-3) is intruded near 

the western edge of the Zone.  Thin layers of Mesozoic and Cenozoic sedimentary rocks 

(non-magnetic, density 2270 to 2580 kgm-3) and basalt (susceptibility 0 to 130x10-3 SI, 

density 2500 to 2900 kgm-3) cover much of the region, but a small outcrop of 

Melbourne Zone rocks is present 4 km south of the section 217 km from its western 

end.  

The Burnie Zone extends from 265 km to 300 km.  It is modelled with a susceptibility 

of 7.4x10-3 SI and a density of 2700 kgm-3, rising to 2720 kgm-3 at depth.  The 

Melbourne Zone is modelled as continuing across the Burnie Zone.  Eocene basaltic 
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volcanic rocks (Price et al., 2014) (susceptibility 57x10-3 SI, density 2590 kgm-3) are 

modelled as overlying the boundary between the Melbourne Zone and the Tabberabbera 

Zone.  Mesozoic and Cenozoic sedimentary rocks (susceptibility 0 to 31x10-3 SI, 

density 2400 to 2450 kgm-3) also cover the entire area; the thickness increases from less 

than 0.2 km in the west to 0.8 km in the east. 

The Tabberabbera Zone extends from 265 km to the end of the section.  Following 

mapping further north (VandenBerg et al., 2000), it is interpreted as largely comprised 

of Paleozoic turbidite rocks on a basement of mafic volcanic rocks.  Unlike most of the 

previous sections, the sedimentary rocks are modelled as being weakly magnetic, with 

susceptibilities ranging from 1.7x10-3 to 2.9x10-3 SI.  The boundaries between the areas 

with different susceptibilities are interpreted to dip east at approximately 65°.  Densities 

range from 2670 to 2680 kgm-3.  Furthermore, the model suggests that the mafic 

volcanic basement is both slightly closer to the surface and more magnetic, with 

susceptibilities from 21x10-3 to 85x10-3 SI.  A magnetic granite (susceptibility 

24x10-3 SI, density 2670 kgm-3) is interpreted at the eastern end of the section to 

account for the 100 nT high at this location.   

Cretaceous to Recent Gippsland Basin sedimentary and volcanic rocks overlie the 

Paleozoic sequence.  The sedimentary rocks have modelled susceptibilities ranging 

from 0 to 11x10-3 SI and densities from 2400 to 2630 kgm-3.  These relatively high 

susceptibilities may be due to the mineralogical immaturity of the Strzelecki Group, the 

lowest unit in the Gippsland Basin.  The sequence thins to the east, with the thickest 

part, 3.7 km, at approximately 325 km along the section whereas the package is 

approximately 1 km thick at the eastern end.  Volcanic units interlayered with the 

sedimentary rocks have susceptibilities that range from 0 to 57x10-3 SI, and densities 

between 2570 and 2590 kgm-3. 

Section 7, Northwest-southeast 

The gravity data on this section are notably poor, with the data from only five ship 

traverses in the data set available between 95 km and 360 km along the section line.  

Consequently, forward models of the gravity data for the southeastern part of the King 

Island Zone and all of the Rocky Cape Zone are less reliable than elsewhere.  The 

section was ‘pinned’ 36 km southeast of the northwestern end of the extracted profile, 
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as this end of the extracted profile was approximately 37 nT below the expected value 

for a uniform background with no influence from magnetic bodies.  The line traversed 

at least 4 different magnetic surveys that have been stitched together and this may have 

caused part of the problem. 

The Bendigo Zone of the Lachlan Orogen forms the basement at the northern end of the 

section (Figure 4-16).  Outcrops to the north are of non-magnetic Ordovician turbidite 

rocks (density 2680 kgm-3) that have been metamorphosed to epizone to anchizone 

levels (Wilson et al., 2009).  Seismic surveys further north indicated that deeper than 

15-20 km, the section has a significant mafic volcanic component (susceptibility 3.4 to 

26x10-3 SI, density 2730 to 2800 kgm-3) (Cayley et al., 2011).  These mafic rocks are 

also present in the hangingwalls of the major thrust faults, and the model suggests that 

this has happened under the onshore Otway Basin.  The southern boundary of the 

Lachlan Orogen sequence is the Bambra Fault, 20 km from the northern end of the 

section.  It has an overall dip of approximately 50° to the northwest, as imaged in 

seismic sections by Finlayson et al. (1996). 

The Otway Basin overlies the Lachlan Orogen rocks, with displacements on the Bambra 

Fault indicating that it was the headwall of a half graben during the early formation of 

the Otway Basin and was active during inversion at 90 Ma (Hill et al., 1995; Cooper 

and Hill, 1997).  However, modelling near the Bambra Fault is compromised by an 

apparent mismatch between the onshore and offshore data sets of approximately 

3 mGal.  The modelled thickness of the basin is approximately 6 km, assuming a 

density of 2530 kgm-3 for the lower parts and 2350 kgm-3 for the upper parts.  Pliocene 

to Recent basaltic flows overlie much of the Otway Basin.  Here they are modelled as 

mostly with susceptibilities of 10x10-3 SI but with minor values between 1.2 and 

14x10-3 SI where particular flows are crossed.  The basalts have modelled densities of 

2750 to 2800 kgm-3. 

The King Island Zone extends from south of the Bambra Fault to 190 km along the 

section.  As in previous sections, the zone comprises alternating units of mafic and 

sedimentary rocks, with sedimentary rocks more often in the northwest and the mafic 

rocks more common in the southeast.  Susceptibilities in the mafic rocks range up to 

30x10-3 SI.  Densities range from 2680 to 2770 kgm-3.  The mafic rocks at the 
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southeastern end of the zone are abnormally weakly magnetic when compared to the 

previous sections, with responses mostly less than 7x10-3 SI.  This is because the section 

line runs along a fault that was the site of local alteration of the rocks.  The sedimentary  

 

Figure 4-16.  Section 7, northwest-southeast.  Location shown in Figure 4-2.  Susceptibilities as 10-3 SI units.  
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rocks are less magnetic, with the maximum susceptibility 5.3x10-3 SI.  Modelled 

densities range from 2630 to 2740 kgm-3.  Apparent dips are variable but steep, with 

both northwest and southeast apparent dips modelled.   

The Cretaceous Torquay Embayment lies above the King Island Zone.  Seismic 

interpretation by Madsen (2002) provided the basin-basement surface that is used in the 

model.  This suggests that the maximum depth of the sub-basin along the section line is 

6.2 km deep, just north of the Snail Fault that lay at 65 km along the section line.  Like 

the Bambra Fault, the Snail Fault acted as a the headwall fault in a half graben that was 

initially filled with Upper Jurassic to Barremian sediments (modelled density 

2640 kgm-3) and then by Aptian to Albian sediments (density 2550 kgm-3) and then 

overlain by Cenozoic sedimentary rocks (density 2300 to 2350 kgm-3) that extend over 

the entire King Island Zone (Hill et al., 1995).  Minor Cretaceous and Cenozoic basaltic 

dykes and flows were also modelled.  Susceptibilities range from 3.7 to 49x10-3 SI and 

densities from 2660 to 2770 kgm-3.  One dyke is remanently magnetised (1.5 Am-1). 

The Rocky Cape Zone extends from the boundary with the King Island Zone, at 

190 km, to 365 km.  This boundary is modelled as having an apparent dip of 

approximately 40°.  As in previous models, the zone is divided into three, with the 

upper layer the Neoproterozoic Smithton Basin, the middle layer the Mesoproterozoic 

Rocky Cape Group and the lower layer the Paleoproterozoic ‘Lower Rocky Cape 

Group’.  The Smithton Basin is modelled with an upper layer of magnetic volcanic 

rocks, the Spinks Creek Volcanics, a middle layer of sedimentary rocks and, in one 

area, a lower layer of mafic igneous rocks.  The Spinks Creek Volcanics are present in 

the axes of synclines, where dips are mostly less than 45°.  Susceptibilities ranged from 

17 to 38x10-3 SI and densities from 2640 to 2760 kgm-3.  The sedimentary layer is 

variably magnetic (susceptibility 0 to 50x10-3 SI) and with densities ranging from 2675 

to 2710 kgm-3.  The lowest layer is only present at approximately 207 km from the 

northern end, where it has a modelled susceptibility of 18x10-3 SI and a density of 

2760 kgm-3.  The unit may be comparable to the mafic rocks outlined by Everard et al. 

(2007) that are present near the base of the Smithton Basin.   

Non-magnetic Devonian granite (density 2620 kgm-3) intruded the Smithton Basin from 

255 to 263 km.  Sections 3 and 7 intersect near the southern edge of the granite, at 
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265 km.  The two sections do not compare well, as Section 3 shows approximately 5 km 

of granite lying above 5 km of Smithton Basin sedimentary rocks with a susceptibility 

of 2.5x10-3 SI, while Section 7 has 0.5 km of granite above 1.2 km of Spinks Creek 

Volcanics (susceptibility 38x10-3 SI), which in turn lie above 5.5 km of Smithton Basin 

sedimentary rocks with susceptibility 22x10-3 SI.  However, the granite contact on 

Section 3 is modelled as sub-vertical and so only a small difference between the plotted 

path and the extracted path would make a significant difference in the model.  As well, 

where the two sections cross, Section 3 is modelled as having folded Spinks Creek 

Volcanics either side of the intersection point, with a syncline to the west having a 

susceptibility of 130x10-3 SI and a syncline to the east with a susceptibility of 

24x10-3 SI and the anticline between the two truncated by the granite.  Any minor 

variation between the extracted path and the plotted path would result in significant 

differences in the modelled sections.  The Rocky Cape Group is interpreted to have 

more variation on this section than elsewhere.  The variations in the densities modelled 

probably result from the poor gravity coverage noted above.  Variations in the 

susceptibilities are at least partly due to orientation of the section, sub-parallel to the 

strike of the rocks, particularly between 220 and 300 km.  This means that there are 

many responses on the section that were due to edge effects of magnetic bodies that are 

either not on the section line or inadequately represented on it.  Where exposed on the 

northwestern tip of Tasmania, the Rocky Cape Group was found to have a wider range 

of susceptibilities (from 0.02 to 0.2x10-3 SI) than quartzite units elsewhere, and one of 

the siltstones had values as high as 0.38x10-3 SI.  These compare with overall medians 

of 0.04x10-3 SI for the quartzite units (N=138) and 0.14x10-3 SI (N=117) for the 

siltstones.  In the model, susceptibilities range from 0.6 to 12x10-3 SI, and densities 

from 2670 to 2780 kgm-3.  The boundaries between the Rocky Cape layers are mostly 

gently dipping, although those at approximately 200 km along the section line are sub-

vertical.  The Lower Rocky Cape Group is modelled as non-magnetic, with a density of 

from 2700 to 2705 kgm-3. 

Northwest of 325 km, the rocks of the Rocky Cape Zone are covered by a layer of 

Cretaceous to Recent sedimentary rocks (density mostly 2200 to 2380 kgm-3) that 

generally thicken northwards to a maximum depth of 1.8 km near the boundary with the 

King Island Zone.  One 0.4 km thick sedimentary layer that extends from 185 to 200 km 

has a modelled susceptibility of 58x10-3 SI and a density of 2590 kgm-3.  It may be of 
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volcaniclastic material as it lies adjacent to a minor ?Cretaceous mafic flow.  Other 

Cretaceous and Cenozoic mafic volcanic rocks are also present, with susceptibilities 

ranging from 0 to 85x10-3 SI and densities from 2620 to 3000 kgm-3.  Some volcanic 

rocks were remanently magnetised, with values ranging from 0.15 to 3.7 Am-1.  The 

misfit in the section between 298 km and 316 km may be caused by another remanently 

magnetised Cenozoic volcanic rock package to the south of the Smithton Basin that 

could not be imaged in a deep low.  As suggested above, another possible cause may 

result from difficulties in stitching the onshore and offshore data sets. 

The Arthur Metamorphic Complex is modelled as lying from 350 km to 365 km and 

extending to 6.5 km deep, with a suggested susceptibility of 20x10-3 SI and density of 

2660 to 2670 kgm-3.  Modelling of the shape is difficult as most of the Complex was 

covered by Tertiary basalt with modelled susceptibilities of from 74 to 120x10-3 SI.  

These appear to have at least in part flowed down paleovalleys, with an unknown 

thickness of Cenozoic river deposits in them.  Carboniferous-Permian diamictite also 

partly covers the basement.  This means that neither the magnetic or gravity data could 

be relied on to effectively model the shape of the Arthur Metamorphic Complex.  Below 

the Arthur Metamorphic Complex, the model suggested an apparent dip of the contact 

between the Rocky Cape and Burnie zones of approximately 50°. 

The southeastern end of the section covers the Burnie Zone, a non-magnetic package 

with a modelled density of 2650 kgm-3.  Past the end of the modelled data points, the 

rocks have been intruded by Devonian granite with a modelled density of 2680 kgm-3.  

Both are covered by the same Carboniferous-Permian diamictite and/or Tertiary basalt.   

4.4  DISCUSSION 

4.4.1		VICTORIAN	OUTCROPS	

There have been many difficulties in correlating the Proterozoic and Early Paleozoic 

geology of Tasmania with that seen in central Victoria.  There are only a few relevant 

outcrops in Victoria, as most of the region is covered by the Ordovician to Middle 

Devonian rocks of the Melbourne Zone and the Cretaceous and Tertiary Gippsland and 

Otway basins, and many critical areas are under Bass Strait.  In the past, there have been 

attempts to correlate the Tasmanian Mt Read Volcanics with the Stavely Volcanic 
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Group in western Victoria (e.g. Shaw et al., 1996; Foster et al., 2005) or the Mathinna 

Group with the Melbourne Zone (Powell and Baillie, 1992).  Recognition of the Selwyn 

Block (Cayley et al., 2002) has provided a new opportunity to re-examine some of the 

potential correlations between Tasmania and Victoria.   

The high-resolution magnetic data available has made this extrapolation a realistic 

possibility by providing a single framework over the region into which other disparate 

and sometimes cryptic observations can be placed.  Some units in the Tasmanian parts 

of VanDieland, such as the Spinks Creek Volcanics and the Grassy Group, have 

distinctive magnetic and/or gravity responses that can be recognised as continuing north 

under Bass Strait and into Victoria.  These responses from the pre-Mesozoic basement 

were recognised even in the deepest parts of the Bass Basin.   

Even so, some difficulties remain.  Responses from the Tasmanian Dolerite and 

Cretaceous to Recent mafic volcanic rocks partially or completely obscure the magnetic 

responses of the older packages.  Faults of all ages have displaced the basement and the 

associated geophysical responses.  Those with significant (apparent) displacement 

added uncertainty to the interpretation.  Because of this, correlation of individual units 

across Bass Strait was not possible, even where the units extend into Victoria.  Rather, 

the zones established in Tasmania have been extrapolated north, giving the first broad, 

continuous pre-Carboniferous strato-tectonic map of this part of VanDieland.  Together 

with the interpretation outlined in Chapter 3, the zones provide a complete map of the 

internal structure of the micro-continent.  Furthermore, by defining the edges of the 

micro-continent, the results allow for a better understanding of the relationships 

between this exotic terrane and the enclosing Lachlan Orogen. 

The interpretation results (Figures 4-5 and 4-7) suggest that the three western zones in 

Tasmania (the Burnie, Rocky Cape and King Island zones) lie beneath the Bass Strait 

and their extensions comprise the Selwyn Block.  In Tasmania, the Burnie Zone is 

characterised by ?710 Ma turbidite rocks (Burnie Formation) that are successively 

overlain by 580 Ma rift-related basalt and associated sedimentary rocks (Crimson Creek 

Formation), by 515 Ma mafic-ultramafic rocks, by 496-508 Ma Mt Read Volcanics 

(Mortensen et al., 2015) and finally by Owen Conglomerate (Chapter 3).  In Victoria, 

the Cambrian andesites and rhyolites of the Jamieson Volcanic Group, exposed in the 
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Jamieson, Licola and Glen Creek windows (Figure 4-5) through the eastern Melbourne 

Zone (VandenBerg et al., 1995) are geochemically similar to, and the same age as the 

Mt Read Volcanics (Crawford et al., 2003a).  Like the Mt Read Volcanics they host 

copper-gold mineralisation (Morey et al., 2002).  These windows are interpreted to be 

the northern extension to the Burnie Zone.  In Tasmania, no outcrops of Mount Read 

Volcanics are known in the Rocky Cape Zone.  All are either associated with the Burnie 

Zone or lie further to the east.  The geophysical interpretation suggests these eastern 

zones in Tasmania do not extend across Bass Strait and so the Jamieson Volcanic Group 

may indicate the presence of the Burnie Zone at depth. 

Crawford and Berry (1992) studied the mafic-ultramafic rocks in Tasmania, most of 

which occur in the Burnie Zone.  Subsequently, Crawford (in Goss and Lenard, 2006) 

noted the similarity between the serpentinised cumulate harzburgite intersected in hole 

FOS 1, drilled 30 km north of Cape Liptrap in Victoria (Figure 4-5), with those seen in 

the Burnie Zone in Tasmania.  Ultramafic rocks are also present in the Dolodrook 

Window (Figure 4-5) in the eastern Selwyn Block and, although the rocks are extremely 

altered, they have similar primary mineralogy and Cr/Al ratios to some ultramafic rocks 

in Tasmania and are also associated with basaltic lavas (Spaggiari et al., 2003a).  

Ultramafic rocks are also present in the Glen Creek Window (VandenBerg et al., 2006) 

(Figure 4-5), but correlation with occurrences in Tasmania is more tenuous.  Pillow 

basalt of the Maitland Beach Volcanics and the Corduroy Creek Metagabbro crop out at 

Cape Liptrap (VandenBerg et al., 2000), and clasts of both are found in the Pragian 

Boola Formation in the southeastern Melbourne Zone (Figure 4-5) (VandenBerg et al., 

2006).  While neither lithology is unique to the Burnie Zone in Tasmania, basalt is 

present in the Crimson Creek Formation and both are present in some mafic-ultramafic 

complexes (Crawford and Berry, 1992).  Cape Liptrap is interpreted to be the northern 

continuation of the Burnie Zone.  The Boola Formation mostly overlies the northern 

continuation of the Burnie Zone, but partly overlies the eastern edge of the Rocky Cape 

Zone.  It is suggested these clasts were eroded from the exposed Burnie Zone during the 

Bindian Orogeny.  Parts of Boola Formation also contain clasts of quartzite 

(VandenBerg et al., 2006), a characteristic lithology of the Rocky Cape Group in 

Tasmania (Halpin et al., 2014) but unknown in Victoria prior to the Upper Devonian.   
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Henry and Birch (1992) described a small basalt inlier on Phillip Island (in the south 

central part of the Selwyn Block) to which they tentatively ascribed a Cambrian age 

(Figure 4-5).  Both the magnetic and gravity data suggest that the inlier can be 

correlated south along strike with the 580 Ma rift-related mafic volcanic rocks on 

southeastern King Island (Chapter 2).  In Chapter 3, these mafic volcanic rocks were 

used to define the eastern edge of the King Island Zone in Tasmania.  There may also be 

instances where the overlying Oligocene Older Volcanic Province has sampled clasts 

from the underlying 580 Ma basement.  Unusual megacrysts of amphibole up to 7 cm 

long are present in the Oligocene Older Volcanic Province basalts approximately 13 km 

west of the Phillip Island occurrence, at West Point (Simmons et al., 2014), and 13 km 

northwest, at Point Leo (Scholte, 2010).  If this has taken place, it suggests that the 

Oligocene basalts have sampled from Proterozoic layer 3 oceanic gabbros, lithologies 

that are not exposed on either King Island or Phillip Island, but that may reasonably 

have come from deeper parts of the rift-related mafic sequences present on King Island.   

In the western Selwyn Block, Morand (1995) described the Ceres Gabbro as having 

been metamorphosed to amphibolite facies and shortly after having been subjected to 

north-south shortening.  He suggested it might represent layer 3 of oceanic crust.  Woof 

(2006) recorded the presence of cumulate texture in samples of the gabbro.  The 

magnetic data suggest that the Ceres Gabbro can be traced along strike to a magnetic 

package west of King Island.  The mafic rocks of the King Island Zone are interpreted 

to have formed as a result of extension during the breakup of Rodinia, between 760 and 

580 Ma (Chapter 3).  If the Ceres Gabbro is indeed a correlative of one of the mafic 

packages seen on King Island, it represents the northernmost exposure of the geology of 

the King Island Zone. 

4.4.2		CENTRAL	VICTORIAN	SEISMIC	LINE		

Interpretation of data from the Geoscience Australia 2006 central Victorian seismic 

survey lines 06GA-V3 and V4 (hereafter referred to as Lines 3 and 4, Figure 4-2) 

suggested that under the Melbourne Zone, the Selwyn Block had three layers (Cayley et 

al., 2011).  The top layer was thin and discontinuous, and shallowed to the northeast, 

but elsewhere the base of this layer occurred at a depth of approximately 15 km.  It had 

a maximum thickness of approximately 3 km and a modelled density of 2780 kgm-3 and 
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was correlated with the andesite-rhyolite-volcanic breccia unit of the Jamieson Volcanic 

Group.  This unit cropped out to the southeast on basement highs of the Selwyn Block, 

and was inferred to be present on the basement high imaged at the northeastern end of 

the seismic line.  Furthermore, Rossiter and Gray (2008) had suggested that the 87Sr/86Sr 

ratios and barium contents of the central Victorian Upper Devonian granites implied 

that they had been sourced from Ediacaran or Cambrian felsic rocks and consequently 

suggested the widespread presence of the Jamieson Volcanic Group at depth.  The two 

lower layers were not ascribed to any particular unit, but the non-reflective middle layer 

varied in thickness from 0 to 8 km where not fault repeated and had a modelled density 

of 2600 kgm-3.  Their lower layer was up to 25 km thick, had variable responses and a 

density of 2760 kgm-3 (Cayley et al., 2011).  Neither was considered magnetic. 

An alternative interpretation is presented (Figure 4-17), which considers an 

understanding of the geology of western Tasmania and its interpreted extension across 

Bass Strait.  The seismic data suggest that there is a difference in the character of the 

crustal layering at the northern end of Line 4 to that evident on Line 3 and the southern 

part of Line 4.  At the northern end of Line 4, the upper layer is more continuous, 

strongly reflective and thicker than on Line 3.  The middle, non-reflective layer of 

Cayley et al. (2011) appears to not continue further north than CDP 9500 on Line 4.  

Thereafter, it appears to include discrete reflectors, suggesting that it may be a different 

unit.  On Line 3, the lower unit of Cayley et al. (2011) can be divided into an upper 

reflective unit approximately 2 s TWT (6 km) thick and a lower non-reflective unit, the 

top of which lies at approximately 8 s TWT (24 km).  This division is not present at the 

northern end of Line 4, where the bottom, non-reflective layer appears to be truncated 

by a north-dipping fault that extends into the overlying Melbourne Zone and that crops 

out west of CDP 8600 (Welsh et al., 2011).  This fault appears to mark the boundary 

between the 4 layers visible on Line 3 and the southern part of Line 4 and another, 

different rock package.   

The layers of Line 3 and part of Line 4 are consistent with the crustal layers modelled 

for the Rocky Cape Zone.  The lowest unit (Lower Rocky Cape Group in the models) 

may represent the deep crust inferred by Black et al. (2010), which may represent late 

Paleoproterozoic to Mesoproterozoic basement (Chapter 3).  The strongly reflective unit 

above it may be from the Rocky Cape Group, which includes both quartzites and 
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mudstones and even when metamorphosed would retain a significant lithological 

contrast, consistent with the strongly reflective seismic response. 

 

Figure 4-17.  Geoscience Australia seismic lines 06GA-V3 and 06GA-V4, lower panel uninterpreted, upper 
panel interpreted, with emphasis on the basement.  Location on Figure 4-2.  In the Rocky Cape Zone, the red 
horizon marks the base of the Melbourne Zone, the blue horizon the base of an upper strongly reflective zone 
(possibly the Scopus Formation), the green horizon the base of a weakly reflective zone (the Smithton Basin), 
the orange horizon the base of a lower strongly reflective zone (the Rocky Cape Group).  In the Burnie Zone, 
the lavender horizon marks the base of what is interpreted to be the Jamieson Volcanic Group, an equivalent 
to the Mt Read Volcanics.  Below this, the Burnie Zone has a different character to the Rocky Cape Zone. 

Overlying the interpreted Rocky Cape Group package is a layer that is characterised by 

bland seismic response with little reflective character.  This response is similar to the 

seismic response of the seaward extension of the Smithton Basin off the coast of 

northwestern Tasmania imaged along AGSO seismic line 148/05.  I propose the poorly 

reflective seismic package in Line 3 is equivalent to most of the Smithton Basin beneath 

the Melbourne Zone.  The upper, discontinuous layer with a modelled density of 

2780 kgm-3 may be from an equivalent to the Spinks Creek Volcanics, an upper unit in 

the Smithton Basin in Tasmania that is likely to have significantly different seismic 
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character to the rest of the basin.  It is not always present; on AGSO seismic line 148/05 

it was mostly so shallow its responses could not be differentiated from those from the 

sea floor.  The presence of these basaltic layers at the top of the Smithton Basin would 

yield higher densities than andesites of the Jamieson Volcanic Group.  An alternative 

possibility is that the upper discontinuous layer might be from the Scopus Formation, 

which lies above the Smithton Basin.  However, the Scopus Group would probably have 

lower density values than those forward modelled and so is considered a less valid 

interpretation.  Furthermore, mafic volcanic rocks like the Spinks Creek Volcanics 

typically show a strong seismic contrast with the enclosing sedimentary sequences (e.g. 

O'Halloran and Johnstone, 2001). 

The change from the interpreted seismic responses imaged on Line 3 (Rocky Cape 

Zone) to the thicker and more reflective seismic package along the northern part of Line 

4 suggests a change in the geological architecture of the Selwyn Block.  One possible 

explanation for this change may be elucidated by the interpretation of AGSO seismic 

line 148/05 by Barton (1999), which indicated that the eastern boundary of the Rocky 

Cape Zone is an east-dipping reverse fault, in which rocks of the Burnie Zone have been 

thrust over the Rocky Cape Zone.  The eastern boundary of the Rocky Cape Zone can 

be traced across Bass Strait to southern Victoria.  In all forward models this boundary is 

also an east dipping fault.  The Jamieson Volcanic Group may indicate the presence of 

the Burnie Zone at depth, and this unit can be traced as far north as the Glen Creek 

Window, approximately 50 km southeast of Line 4.  The Jamieson Volcanic Group 

crops out on basement highs in the Selwyn Block (VandenBerg et al., 2000; 

VandenBerg et al., 2006), and the most prominent basement high in the 2006 seismic 

survey over the Selwyn Block is that at the northern end of Line 4.  Consequently, the 

change in seismic character along the northern section of line 4 is interpreted to indicate 

the presence of the Burnie Zone, which has been thrust over the Rocky Cape Zone.  

An implication of this suggestion is that the Cambrian volcanic rocks are unlikely to be 

present over most of the Selwyn Block, as proposed by Rossiter and Gray (2008).  This 

will be examined in the following section. 
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4.4.3		CENTRAL	VICTORIAN	GRANITES	

The enclaves and geochemistry of central Victorian granites provide indirect 

mechanisms to gain insights into the nature of the middle and deep crust of the Selwyn 

Block.  Many of the central Victorian granites where U/Pb zircon ages have been 

obtained have been formed at such high temperatures that almost all pre-existing 

zircons have been recrystallised (Clemens et al., 2014), and so one useful discriminator 

between the Tasmanian Precambrian and Lachlan Orogen (Chapter 3) is not possible 

using these granites.  The zircons that yield dates that are older than the intrusive ages 

typically have Lachlan Orogen signatures, and are likely to be late stage xenocrysts 

accumulated during or after the ascent of the intrusions (Clemens and Bezuidenhout, 

2014). 

Nevertheless, the geochemical signatures of the granites do help constrain the basement.  

The initial 87Sr/86Sr ratios of these granites imply that they were formed from 

Neoproterozoic or Cambrian precursors (Gray, 1990; Rossiter and Gray, 2008).  Maas 

and Nicholls (2012) demonstrated that the 87Sr/86Sr ratios rise from as low as 0.704 in 

the south to as high as 0.712 in the north of the Selwyn Block.  The ƐNd values are 

higher in the south, reaching +2, whereas values of -6 are obtained further to the north.  

These data suggest granites in the south are derived from more juvenile sources, which 

may include mantle melts, or Ediacaran and Cambrian back-arc or arc rocks, whereas 

source material for the granites to the north appears to be more evolved and with a 

greater crustal component.  These relationships were particularly evident in the western 

Selwyn Block, and suggest that, at least here, the granite source rocks became 

increasing more evolved and presumably older to the north.  Maas and Nicholls (2012) 

also considered the I-type granites on the Selwyn Block were sourced from a more 

juvenile mafic component, but were not able to distinguish whether this was from the 

remelting of pre-existing mafic rocks or from a syn-magmatic component.  These 

geochemical data support the geophysical interpretation presented in this chapter 

(Table 4-2).  For example, the southern part of the outcropping Melbourne Zone is 

interpreted to be underlain by the eastern parts of the King Island Zone, an Ediacaran 

back-arc basin sequence of mafic volcanic and meta-sedimentary rocks, where ƐNd at 

579 Ma ranged between -3.1 and +4.8 (Meffre et al., 2004).  The northern part of the 

Melbourne Zone is interpreted to be underlain by the Rocky Cape Zone—
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Mesoproterozoic shallow marine sedimentary rocks and the Neoproterozoic Smithton 

Basin.  No ƐNd or TDM data are available on these units in Tasmania.   

Pluton Basement source 
rocks 

Reference Basement 
Zone 

Lithologies of the 
underlying zone 

Cobaw 
Complex 

Metasediments, 
including 
carbonates 

Anderson 
(1997) 

Rocky 
Cape, King 
Island 

Quartzite, siltstone, 
mudstone, meta-
turbidites, mafic 
volcanic rocks, 
dolomite 

Cerberean 
Cauldron 

Arc-related 
greywacke 

Clemens and 
Birch (2012) 

Rocky 
Cape 

Quartzite, siltstone, 
mudstone, dolomite, 
mafic volcanic 
rocks 

Lysterfield 
Granodiorite 

Intermediate 
volcanic rocks 

Clemens and 
Bezuidenhout 
(2014) 

King Island Mafic volcanic 
rocks including 
picrites, meta-
turbidites 

Mt 
Disappointment 
Granodiorite 

Alkali basalt and 
metasedimentary 
rocks 

Clemens and 
Benn (2010) 

Rocky 
Cape, King 
Island 

Mafic volcanic 
rocks including 
picrites, meta-
turbidites, quartzite, 
siltstone, mudstone  

Strathbogie 
Complex 

Andesite, dacite, 
greywacke, pelite 

Clemens and 
Phillips (2014) 

Rocky 
Cape 

Quartzite, siltstone, 
mudstone, dolomite, 
mafic volcanic rock 

Tolmie Igneous 
Complex 

(Volcani)clastic 
greywacke 

Clemens et al. 
(2011) 

Burnie Meta-turbidites, 
felsic to 
intermediate 
volcanic rocks 

Warburton 
Granite 

Metasediments, 
including 
carbonates 

Anderson 
(1997) 

Rocky 
Cape 

Quartzite, siltstone, 
mudstone, dolomite, 
mafic volcanic 
rocks 

Table 4-2.   Source rocks for Victorian granites. 

Rossiter and Gray (2008) found that when the Ba contents of the central Victorian Late 

Devonian granites are normalised to granites with 70% SiO2, they have abnormally high 

Ba contents, up to 1700 ppm.  The highest values are concentrated in the central and 

eastern Melbourne Zone or just east of it, and they considered that this indicated that the 

source rocks were, at least in part, felsic volcanic rocks.  One possibility is that they are 

from the Cambrian Mt Read Volcanics (Cayley et al., 2011).  However, as noted above, 

the Mount Read Volcanics have only been mapped as overlying the Burnie and 

Tyennan zones, and not the Rocky Cape Zone that is inferred to underlie much of the 

area with high Ba granites.  An alternative possibility is that the erosional products of 
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the Mt Read Volcanics or geochemically similar rocks were partly deposited on the 

Rocky Cape Zone.  The Scopus Formation, which lies immediately above the Smithton  

 

Figure 4-18.  Central Victorian Upper Devonian granites (red) and their relationships to the basement outlined 
in Figure 4-5.  C marks the Cobaw Complex, D the Mt Disappointment Granodiorite, L the Cerberean 
Complex, P the Pyramid Hill Granite, S the Strathbogie Complex and T the Tynong Granodiorite.  The 070° 
trend is evident in their alignment, particularly in the Cobaw and Strathbogie complexes where the dominant 
strike of the basement is at 340°.  This contrasts with the broadly north-south alignment seen in the magnetic 
Upper Silurian granites in the upper left hand corner of the image and the Pyramid Hill Granite.  Background 
image is the AGC filtered total magnetic intensity.  White arrows indicate possible σ1 direction.  Inset ahows 
suggested Reidel directions that may have influenced the emplacement of the granites.  Magnetic data from 
Geoscience Australia and the Geological Survey of Victoria. 

Basin, was deposited in the Late Middle Cambrian, approximately 500 Ma (Everard et 

al., 2007), and is coeval with the Mt Read Volcanics (Mortensen et al., 2015).  It also 

contains ultramafic clasts, consistent with at least some of its sedimentary rocks having 

been sourced from the adjacent Burnie Zone (Everard et al., 2007).  As well, in the 

Smithton Basin, Everard et al. (2007) recorded the presence of felsic volcanic clasts in 
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the uppermost Cryogenian Croles Hill Diamictite, and this is another possible felsic 

source for the Devonian granites.  However, Clemens and Phillips (2014) suggested that 

higher Ba concentrations in granites could also be due to increased melting of a 

protolith where the granite formed by peritectic assemblage entrainment.  If so, then the 

proposition by Rossiter and Gray (2008), that the high Ba was from a felsic volcanic 

protolith, may not be valid.  The explanation of Clemens and Phillips (2014) is more 

consistent with the geophysical interpretation presented in this chapter. 

Anderson (1997) located two granites from the Selwyn Block that contained calc-

silicate enclaves, the Warburton Granodiorite and the Cobaw Complex (Figure 4-18).  

The Warburton Granodiorite is an S-type granite, for which Elburg (1996a) gave a 

Sm/Nd isochron of 551±129 Ma, whilst Richards and Singleton (1981) found an 

intrusive age of 369±13 Ma (K/Ar on biotite).  Elburg (1996a) reported ƐNd at 369 Ma 

of -6.23 to -6.55 and an 87Sr/86Sr ratio of 0.7097 to 0.7100.  The calc-silicate enclaves 

typically contain quartz, Ca-plagioclase, calcite, biotite, titanite, diopside, Ti-magnetite, 

apatite and hornblende.  The mafic enclaves present in the granite were considered to be 

derived from a juvenile mantle-like melt (Elburg, 1996a).  The body was intruded into 

the Humevale Siltstone, the Wilson Creek Shale and the Norton Gully Sandstone.  

These are at the same stratigraphic level as the Lilydale Limestone, approximately 

30 km away but there is no limestone mapped any closer, and it appears likely that the 

calc-silicate rocks are from a deeper level, potentially the Black River Dolomite or the 

Smithton Dolomite of the Smithton Basin.   

The Cobaw Complex lies on the boundary between the Melbourne and Bendigo zones.  

It intrudes the Heathcote Volcanic Group and the overlying chert, black shale and 

turbidite rocks of the Bendigo Zone and the Silurian and Devonian clastic sedimentary 

rocks of the Melbourne Zone.  Anderson (1997) gave a U-Pb zircon age of 356±4 Ma, 

ƐNd of -4.4, and a TDM age of approximately 1800 Ma, with calc-silicate enclaves 

ranging from 1700 to 1900 Ma.  The calc-silicate enclaves were only found east of the 

Heathcote Volcanic Group, eliminating it and the overlying rocks of the Bendigo Zone 

as a possible source unless the enclaves were stoped down into the magma.  The calc-

silicate enclaves are 80 km from the Lilydale Limestone in the Melbourne Zone, the 

closest carbonate rocks exposed.  Again, it appears more likely that the enclaves have 
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come from a deep, concealed source, perhaps the dolomite-rich units of the Smithton 

Basin.   

Images of the magnetic data over the Melbourne Zone show the presence of broad 

200 nT magnetic anomalies under the Strathbogie and Tynong granites and the 

Cerberean Caldera (compare Figures 4-6 and 4-18).  These are part of a larger 60 nT 

high that extends over 250 km north from the Victorian coastline and is up to 80 km 

wide.  McLean et al. (2010) interpreted the more local highs as resulting from 

serpentinised ultramafic rocks at depths of approximately 15 to 20 km, thicknesses of 5 

to 10 km, over an area of 20,000 km2 and with a susceptibility of 0.04 SI units and a 

density of 2.9 kgm-3.  This is much larger than the largest area of ultramafic rocks seen 

in Tasmania, 1,200 km2.   

Another possibility is that this broad response could be from a more widely spread 

mafic unit.  Grant (2002) recorded that, near the Stawell Granite, Carrolls Amphibolite, 

originally a MORB-like sequence, had a median susceptibility of 4.5x10-3 SI units and 

ranged up to 100x10-3 SI units.  In Tasmania, the mafic Spinks Creek Volcanics, in the 

upper part of the Smithton Basin, has a median susceptibility of 30x10-3 SI units, with 

some values exceeding 100x10-3 SI (Everard et al., 2007) and this rock type would 

generally be expected to increase its magnetic response with increasing metamorphism 

(Isles and Rankin, 2013).  It crops out over an area of 30x60 km and its magnetic 

response can be traced offshore suggesting an extent of at least 10,000 km2 in a single, 

continuous sheet.  Upward continuation of the magnetic data (Figure 4-3) shows a 

continuation of the high across Bass Strait and into the Melbourne Zone.  The present 

modelling showed a wide range of values, from 0.01 to 130x10-3 SI units (Figures 4-9, 

4-10 and 4-12 to 4-16).  In Victoria, the more local anomalies are located beneath 

outcropping intrusions, which suggests that they are more likely to be at least partly due 

to metamorphic effects during the intrusive event, perhaps on some basaltic rocks 

similar to the Spinks Creek Volcanics.   

Clemens and Benn (2010) found that the Upper Devonian Mt Disappointment 

Granodiorite (Figure 4-18) had abnormally high Ni and Cr contents, a wide range 
87Sr/86Sr370 ratios and the presence of pseudomorphs after orthopyroxenes.  They 

attributed these to inhomogeneities at the source, with both greywacke and basalt 
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present.  The intrusion lies on the boundary between the King Island and Rocky Cape 

zones and on the northern extension of the MORB-type tholeiite basalts and picrites that 

crop out on the southeastern coast of King Island (Meffre et al., 2004).  It seems likely 

that the mafic component was derived from these basalts and the greywacke from either 

the Rocky Cape Group or, more likely, sedimentary rocks interlayered between the 

basalts.  

 

Figure 4-19.  Early Paleozoic subduction in southeastern Australia, outlining the development of an orocline in 
response to the presence of VanDieland and the retreat of a subduction zone.  After Moresi et al. (2014). 

Finally, a distinctive characteristic of the Upper Devonian granites on the Selwyn Block 

north of approximately 38°30’ is that their long axes strike at approximately 070° 

(Figure 4-18).  This contrasts with Upper Devonian granites elsewhere and the 

dominant strike of the host rocks and the long axes of the nearby Upper Silurian 

granites, which tend to strike close to 000°.  This unusual strike also reflects the strikes 

of the suites in the region (Chappell et al., 1988).  I speculate that this is a mid-crustal 

effect, where the Upper Devonian granites reflect part of a conjugate shear set, the other 

half being the boundaries either side of the Rocky Cape Zone.  This implies that the 

granites were formed in a stress field where σ1 was approximately 115° and σ3 

approximately 025°.  In contrast, the Upper Devonian Pyramid Hill Granite, intruded 

west of the Selwyn Block, has a long axis trending 000°, similar to the Upper Silurian 

granites in the area. 
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4.4.4		THE	OROGEN	ENCLOSING	VANDIELAND	

Following Reed (2001) and Chapter 2, correlation between the Early Paleozoic Eastern 

Tasmanian Zone with the Early Paleozoic Tabberabbera Zone in Victoria is proposed.  

This correlation requires that the eastern boundary of the Selwyn Block (the Governor 

Fault), correlates with the Tamar Fracture Zone in Tasmania (Figure 4-5).  However, 

the Tabberabbera Zone forms the western portion of an oroclinal structure in eastern 

Victoria and southeastern New South Wales (Cayley, 2012; Moresi et al., 2014).  

Geodynamic modelling by Moresi et al. (2014) suggested the orocline formed in 

response to the collision of VanDieland and east Gondwana (Figure 4-19).  The orocline 

developed ‘west’ of VanDieland as the subduction zone attempted to re-establish itself 

after the Tyennan Orogeny.  By the Silurian, the plate reorganisation associated with 

this collision caused the rifting off of much of the Early Paleozoic Gondwanan margin 

in western Queensland and western New South Wales and a U-shaped Banda Sea-style 

subduction zone began to form north of VanDieland.  Through the Silurian and into the 

Devonian, this U-shaped subduction zone retreated south, outboard (east) of 

VanDieland.   

 

 
 
 
 
 
 
 
 
 
 

Figure 4-20.  Faulting patterns in eastern Victoria 
and southeastern New South Wales in the vicinity of 
the suggested orocline.  K marks the Kiewa Fault, 
which at its northern end strikes 350° but to the south 
the strain is taken up on the Lochiel (L) and Cassilis 
(C) faults that at their southern ends strike 280°.  
Most of the faults appear to have been formed at the 
same time, with northwest trending faults both 
truncating and being truncated by northeast trending 
faults.  Fault patterns abstracted from Simons and 
Moore (1999) and Scheibner (1997). 

The orocline in eastern Victoria and southeastern New South Wales is the remnant of 

this retreat, where the Ordovician turbidite rocks, initially formed along the eastern 

Gondwana margin, wrapped around VanDieland as they followed the retreating 

subduction zone (Moresi et al., 2014).  For example, at the Tabberabbera-Omeo Zone 

boundary, the Kiewa Fault has a distinctive convex-south pattern.  It changes from a 
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strike of approximately 160° to 090°, with much of the strain taken up on the Cassilis 

and Lochiel faults (Figure 4-20).  Further north, in the axis of the orocline outlined by 

Moresi et al. (2014), the Omeo and Deddick zones are characterised by an interlaced set 

of coeval northwest-trending and northeast-trending faults, and this pattern continues 

north into New South Wales (e.g. Scheibner, 1997). An implication of this geodynamic 

model is that similar structures might be present in the Eastern Tasmanian Zone.  

However, there is a narrower region of outcrop than on the mainland and most of it is 

covered by younger rocks or intruded by granite, making detection more difficult.  

Nevertheless, some similarities in character can be seen. 

 

  
Figure 4-21.  Basement structures concealed under younger cover that may be analagous to those seen in 
eastern Victoria.  a. Magnetics, b, isostatic gravity onshore, free air offshore.  Zone boundaries from 
Chapter 3.  Magnetic and gravity data from Geoscience Australia. 

Lows in the magnetic and gravity responses seen in Figure 4-21 curve away from the 

western boundary of the Eastern Tasmanian Zone in a convex-south shape, with the 

strike changing from approximately 140° to 100°, a similar pattern to that seen on the 

Kiewa Fault.  These shapes are interpreted as faults in the basement that have been 

reactivated, perhaps at about 90 Ma in the breakup of Gondwana (Sdrolias et al., 2003; 

Berry, 2015), and so have created sites of increased alteration and weathering in the 

overlying Tasmanian Dolerite.  In images of offshore seismic data, one of these zones 

correlates with what can be interpreted as a fault in AGSO seismic line 148/1 

(Figure 4-22).  Images of the seismic section suggest an interlaced pattern of faulting, 

with both north-dipping and south-dipping faults formed at the same time.  This fault 
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pattern is similar to the axial zone of the orocline on mainland Australia.  While there is 

no conclusive proof of the development of an orocline in the Eastern Tasmanian Zone, 

 

Figure 4-22.  AGSO seismic line 148/01, north end.  Upper panel interpreted, lower panel uninterpreted.  The 
inset gives the location of the imaged segment.  No vertical exaggeration.  North- and south-dipping faults 
intersect each other, suggesting formation at the same time. The Fault at A is aligned with the curved fault in 
Figure 4-21.  

the fault patterns seen there are consistent with this possibility.  The detrital zircon 

populations in the Ordovician to Early Devonian Eastern Tasmanian Zone may also be 

significant.  Black et al. (2004) noted the strong similarity of the detrital zircons there to 

those found elsewhere in the Lachlan Orogen.  There was no evidence of zircons from 

the 496-508 Ma Mt Read Volcanics (Mortensen et al., 2015) or the distinctive 1400 Ma 

detrital zircons seen throughout VanDieland (Black et al., 2004) (Chapter 3).  It is likely 

that none of the sedimentary rocks in the Eastern Tasmanian Zone were sourced from 

the now-adjacent VanDieland.  One possible explanation for this is that the two regions 

that are now adjacent were not juxtaposed until after sedimentation was largely, if not 

completely, finished.  The model of Moresi et al. (2014) suggests this possibility. 

Figure 4-23 indicates that U/Pb zircon age dates on ‘Tasmanian’ granites have a 

distinctive spatial relationship.  The oldest lie in the northeast corner, on Flinders Island 
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(401±4 Ma), and that they young in a clockwise direction, with the youngest on the 

eastern Tasmanian coast having an age of 374±3 Ma, one granite on the south coast has 

an age of 370±3 Ma, and the youngest ‘Tasmanian’ granite, the Sandblow Granite, lies 

in the northwest, on King Island (351±2 Ma) (Black et al., 2010).  Black et al. (2010) 

suggested that the 390 to 400 Ma granites in eastern Tasmania were formed over an 

east-dipping subduction zone, and that the down-going slab broke off at about 380 Ma, 

generating the granites in western Tasmania.  The model of Moresi et al. (2014) is 

consistent with this hypothesis, in that the east-dipping subduction zone of Black et al. 

(2010) may be the western part of the southwards-retreating U-shaped Banda Sea-style  

 

Figure 4-23.  Tabberabberan age granites in Tasmania (a) and central Victoria (b), with ages that have been 
colour grouped into intervals of approximately 5 million years to highlight age trends.  Only the granite 
complexes where SHRIMP or K/Ar on muscovite ages have been determined are shown.  Tasmanian ages 
from Black et al. (2010), Victorian U/Pb zircon ages from Anderson (1997), Arne et al. (1998), Bierlein et al. 
(2001b), Clemens et al. (2014), Compston (2004), Elburg (1996b) and Kemp et al. (2006), and K/Ar ages on 
muscovite from Richards and Singleton (1981).  The ages generally show clockwise younging, with the oldest 
granites in the northeast and the youngest in the northwest.   

subduction system referred to above.  This system may have initially generated granites 

on Flinders Island at 401±4 Ma while retreating south along the east Tasmanian coast.  

Shortly after 380 Ma, the system tore along its western margin and so allowed mafic 

under-plating of both eastern and western Tasmania, giving rise to further granite 

production.  Under-plating began closest to the tearing, in southeastern Tasmania, at 

approximately 375 Ma, but later gave rise to granites as young as 360±2 Ma in western 
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Tasmania and ultimately to the 351±2 Ma granite on King Is, the most distant granite to 

the subduction system (Figure 4-23a).  The Central Victorian Granite Province does not 

show a similar age pattern (Figure 4-23b).  Rather, there appears to have been distinct 

magma pulses at approximately 395 Ma, 375 Ma (preserved as volcanic units) and at 

368 Ma.  K/Ar ages from the Lake Boga Granite (363±6 Ma) and the Pyramid Hill 

Granite (362±5 Ma) are close enough that they could be included in the 368 Ma 

grouping since the errors overlap and the closure temperature of the K/Ar muscovite 

system is significantly lower than that of the U/Pb zircon system. 

4.5  CONCLUSIONS 

The Proterozoic western Tasmanian crust continues north under Bass Strait to become 

the Selwyn Block.  Its eastern boundary in Tasmania, the Tamar Fracture Zone, 

continues north and is equivalent to the Governor Fault in Victoria.  The King Island, 

Rocky Cape and Burnie zones (Chapter 3) can be interpreted northward across Bass 

Strait, and are evident in the magnetic data in the Selwyn Block in Victoria.  They are 

also evident in Victorian outcrops.  For example, in Tasmania neither the Rocky Cape 

or King Island zones include mafic-ultramafic complexes or the Mt Read Volcanics.  

The present interpretation northward into Victoria is consistent with this; all fall inside 

the Burnie Zone, including the Cambrian volcanic rocks inferred in the northern part of 

seismic line 06GA-V4.  In the western Melbourne Zone, the Ceres Metagabbro lies 

within the western part of the King Island Zone and is interpreted to have formed as part 

of the Neoproterozoic breakup sequence.  The pre-Cenozoic basalt on Phillip Island is a 

northern extension of the 580 Ma mafic volcanic rocks on King Island.  

Most of the Melbourne Zone is underlain by the Rocky Cape Zone.  Most of seismic 

lines 06GA-V3 and 4 show a distinct layering that can be interpreted as reflecting the 

layering present in the Rocky Cape Zone—an uppermost Spinks Creek Volcanics, the 

lower Smithton Basin, the Rocky Cape Group, and an unseen ‘Lower Rocky Cape 

Group’ otherwise only known from a population of zircons in Tasmanian granites that is 

not present in the host rocks.  Quartzite clasts recorded from a conglomerate in the 

southeastern Melbourne Zone have no known source in the Melbourne Zone, but are 

consistent with derivation from the Rocky Cape Zone. 
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Features in the granites also reflect the underlying rocks.  Calc-silicate enclaves in the 

eastern parts of the Cobaw Complex and in the Warburton Granodiorite seem to have 

been sourced from the Smithton Basin equivalent rocks.  The Mt Disappointment 

Granodiorite appears to have formed from the basaltic and metasedimentary rocks of 

the eastern King Island Zone.  The 87Sr/86Sr370 ratios and many other features of the 

granites are compatible with formation from the uppermost Neoproterozoic rocks such 

as the Smithton Basin or from the eastern King Island rift sequences.  In the western 

Melbourne Zone, both the 87Sr/86Sr370 ratios and the ƐNd values indicate that the granite 

parent material becomes older to the north.  The granite orientations appear to be 

controlled by the orientation of the mid-crustal fabrics as shown by the orientations of 

the boundaries of the Rocky Cape Zone.   

The Smithton Basin is marked by a broad magnetic high from the Spinks Creek 

Volcanics, and this high generally extends north to the Melbourne Zone (Figure 4-3).  If 

some of the Upper Devonian central Victorian granites were sourced from the Smithton 

Basin, then the upper units there would likely have been metamorphosed by the granites 

during or shortly after emplacement.  The Spinks Creek Volcanics is the most likely 

unit to have been affected and to give a significant response, and is considered to be the 

cause of the broad highs seen in the Melbourne Zone.   

The Eastern Tasmanian Zone continues north to become the Tabberabbera Zone in 

eastern Victoria.  The eastern margin of the King Island Zone is defined in the isostatic 

gravity data.  The Tyennan and Sorell-Badger Head Zones are restricted to regions close 

to Tasmania. 

The effects of oroclinal development seen in eastern Victoria also appear to be reflected 

in eastern Tasmanian geology.  The distinctive faulting patterns of both regions are 

quite similar.  These are attributed to the formation of a U-shaped (Banda Sea style) 

retreating subduction system described by Moresi et al. (2014).  As the development of 

this moved south, so did granite production in eastern Tasmania.  When the subducting 

slab tore, shortly after 380 Ma, it allowed mafic underplating, which started in eastern 

Tasmania but spread west and ultimately north to King Is, forming the Sandblow 

Granite at 351±2 Ma.  The timings of granite emplacement in the Central Victorian 

Granite Province suggest that slightly different processes have gone on there. 
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Thus the subdivisions seen in the outcropping part of VanDieland can be carried north 

into the buried Selwyn Block.  These subdivisions can be carried to the northern end of 

the Selwyn Block, and together with those outlined in Chapter 3, give rise to a strato-

tectonic map of VanDieland that stretches over 1700 km to the southern end of the east 

South Tasman Rise.  As well, the effects of VanDieland colliding with and being 

embedded into the Lachlan Orogen appear to be present on both sides of Bass Strait.   
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Chapter 5 
 

 

 

 

Day by day natural science accumulates new riches….  The true system of the world 

has been recognised, developed and perfected…..  Everything has been discussed and 

analysed, or at least mentioned. 

J. d’Alembert, 1759, Elements of Philosophy. 
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Conclusions		
5.1  SUMMARY OF FINDINGS 

This study of the basement (pre-Cretaceous) geology of the Bass Strait region and 

adjacent areas has supported the concept of the Selwyn Block model of VandenBerg et 

al. (2000) and Cayley et al. (2002).  Geophysical interpretation, modeling, and a 

regional geological synthesis suggest that the Proterozoic and Cambrian cratonic crust 

of western Tasmania continues across Bass Strait and underlies the Melbourne Zone 

and adjacent areas in Victoria.  The Tamar Fracture Zone in Tasmania can be correlated 

with the Governor Fault in Victoria, as proposed by Reed (2001).  Other models that 

require alternative reconstructions (e.g. Gibson et al., 2011; Jacob and Dyment, 2014) 

are considered to be invalid.   

 
 

Figure 5-1.  VanDieland.  a.  Zones in VanDieland.  B Burnie, G Glomar, K King Island, P Pedder, R Rocky 
Cape, S Sorell-Badger Head, T Tyennan.  VanDieland is surrounded by the Lachlan and Delamerian orogens 
L, subdivided into the following zones; b Bendigo, d Deddick,e East Tasmania, g Grampians-Stavely, m 
Mallacoota, o Omeo, s Stawell,and t Tabberabbera and w West South Tasman Rise.  b.  Zone boundaries with 
bathymetry and topography. c.  Zone boundaries with isostatic gravity onshore and free air gravity offshore. 

VanDieland (the Selwyn Block, western Tasmania, the east South Tasman Rise and the 

East Tasman Plateau; Cayley, 2011) has been subdivided into seven different zones 
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(Figure 5-1) and a geological history has been outlined for it that accounts for the major 

variations in each zone.  From the west, these zones are the King Island, Rocky Cape, 

Pedder, Tyennan, and Sorell-Badger Head zones, with the Glomar Zone covering the 

east South Tasman Rise and the East Tasman Plateau.  The west South Tasman Rise has 

been excluded from VanDieland as the detrital zircon populations suggest a closer 

correlation with the Delamerian Orogen of South Australia than the Paleozoic or 

Proterozoic crust in VanDieland.  To the east of VanDieland, the East Tasmania Zone is 

correlated with the Tabberabbera Zone in Victoria.   

The westernmost three zones, the King Island, Rocky Cape and Burnie zones, are 

interpreted to continue north under Bass Strait to form the Selwyn Block.  This is 

evidenced by the magnetic and gravity interpretations that indicate continuity across 

Bass Strait.  Outcrops in the Melbourne Zone in Victoria support this continuity.  The 

Ceres Metagabbro is correlated with ?Neoproterozoic magnetic units west of King 

Island.  The basalt that crops out on Phillip Island is correlated with the MORB and rift 

tholeiites on the east coast of King Island.  The Mt Disappointment Granodiorite has 

features that suggest derivation from the mafic rocks in the King Island Zone.  Both the 

Burnie Zone in Tasmania and its northern extension into Victoria include ultramafic and 

mafic rocks.  In Tasmania, the Mt Read Volcanics are restricted to the Burnie Zone and 

zones further east.  In Victoria, the coeval and geochemically identical Cambrian 

intermediate and rhyolitic volcanic rocks present in the eastern Melbourne Zone also lie 

in the northern extension of the Burnie Zone.   

The Rocky Cape Zone does not crop out in Victoria, but the granites there suggest its 

presence, perhaps most clearly in the calc-silicate enclaves present in the Warburton 

Granodiorite and the eastern end of the Cobaw Complex.  These are otherwise difficult 

to explain, since the Melbourne Zone is almost entirely comprised of clastic 

sedimentary rocks, but the Ediacaran-Cryogenian Smithton Basin of the Rocky Cape 

Zone includes the Black River and Smithton dolomites.  Clasts of metaquartzite are 

present in sedimentary rocks in the southeastern Melbourne Zone and these too have no 

obvious source in the presently exposed sequences, but the lithology is well known in 

the Rocky Cape Zone in Tasmania.  In the western Melbourne Zone, the transition from 

low 87Sr/86Sr ratios and high ƐNd values in the south to high 87Sr/86Sr ratios and low ƐNd 

values in the north can be explained by the transition from Upper Neoproterozoic King 
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Island Zone basement to Mesoproterozoic or older Rocky Cape Zone basement.  As 

well, images from the Victorian 2006 deep seismic survey can be interpreted as 

indicating the same layering as is present in the Rocky Cape Zone in Tasmania.  The 

Spinks Creek Volcanics, part of the Smithton Basin, are inferred to give rise to the 

broad magnetic highs present under the Strathbogie Complex, the Cerberean Cauldron 

and the Tynong Granite. 

The oldest VanDieland crust is likely to have formed between the Mexico-Arizona 

border region in Laurentia and the central Transantarctic Mountains in East Antarctica.  

As Rodinia broke up, Laurentia and East Antarctica separated, and so by 580 Ma or 

shortly thereafter VanDieland was an aggregation of extended micro-continental 

fragments loosely held together by thinned continental crust.  A modern analogue might 

be the Porcupine, Hatton and Rockall banks in the North Atlantic Ocean (e.g. Figure 1, 

Péron-Pinvidic and Manatschal, 2010).  This aggregation then moved ‘north’ along the 

Terra Australis margin (Cawood, 2005), until by approximately 520 Ma it lay outboard 

of its present position with respect to Gondwana.  VanDieland was then progressively 

shortened over the next 25 million years as it came under the influence of the circum-

Pacific subduction cell that has operated throughout the Phanerozoic, as well as other 

more local subduction events.  One of these local subduction events shortened the back 

arc basin between the King Island Zone and other zones further east, and as the 

subducting slab retreated, it gave rise to the economically important Cambrian Mt Read 

Volcanics.  The Owen Conglomerate and correlates are an expression of post-collisional 

extension.  From the end of the Ordovician, VanDieland was progressively accreted into 

Gondwana, with its present position finally being achieved in the Tabberabberan 

Orogeny through the mechanism outlined by Moresi et al. (2014).  The faulting patterns 

seen in the East Tasmania Zone resemble those seen in the Tabberabbera, Deddick and 

Omeo zones in Victoria (Figure 5-1), suggesting that similar processes took place in 

eastern Tasmania.  The general clockwise younging of granites in Tasmania, from as 

old as 401±4 Ma on Flinders Is through 374±3 Ma east of Hobart to 351±2 Ma on King 

Island is consistent with this hypothesis.  It is suggested that a southwards-retreating 

Banda Sea-style subduction system to the east of VanDieland gave rise to the granites in 

eastern Tasmania that young to the south.  After the downgoing slab tore, mafic 

underplating could take place and this thermal event spread west, away from the tear, 
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reaching King Island last.  This has not happened in central Victoria.  Rather, there 

appears to have been distinct pulses of magma generation at approximately 395 Ma, 

375 Ma and 368 Ma. 

5.2  DIRECTIONS FOR FUTURE RESEARCH 

This study has described one exotic fragment in the Terra Australis Orogen.  More 

speculative possibilities include the Hay-Booligal Block (Glen, 2013) and the 

Beardmore micro-continent in Antarctica (Stump et al., 2003).  However, if the 

commonly suggested analogue of this margin to the present southwestern Pacific (e.g. 

Crawford et al., 2003b) is valid, then other so far unrecognised fragments may lie along 

this margin.  The initial recognition of the Selwyn Block came about by seeing that the 

magnetic units of western Tasmania crossed Bass Strait and continued into central 

Victoria.  Other fragments may similarly be recognised by interpreting potential field 

geophysical responses in areas of cover.  In eastern Australia, large areas of Paleozoic 

rocks are covered by the Murray Basin and the pre-Cenozoic geology is poorly known.  

Further north, in southern Queensland, the Paleozoic geology is even less well 

understood as it lies under the Eromanga, Cooper and Surat basins.  Continental crustal 

fragments like the Lord Howe Rise would be difficult to recognise, as they would not 

crop out but be covered by Paleozoic and younger sedimentary rocks. The relationships 

of the Cambrian Western Province terranes in New Zealand (Adams et al., 2015) to the 

Lachlan Orogen and the rest of the Terra Australis margin is another poorly-resolved 

question. 

The ubiquitous traces of 580 Ma zircons in the Paleozoic rocks of the Tasman Orogen 

can be attributed to igneous rocks formed in the last stages of regional rifting along the 

eastern Australian part of the Rodinian margin.  But older populations are sometimes 

present, notably 600 to 700 Ma in the Delamerian Orogen of South Australia (Ireland et 

al., 1998), in the Anakie Metamorphic Group (Fergusson et al., 2001) and in Recent 

beach sand deposits in eastern Australia (Veevers, 2007).  These have been considered 

to have come from Antarctica (Veevers, 2007), but it is possible that thinned crust now 

hidden under younger basins might also have contributed to this population.  The 

660 Ma granite in the Andersons Creek Ultramafic Complex (Chapter 3, Sorell-Badger 

Head Zone) is one example where the appropriate zircons have formed, although here 
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the outcrop is too small to have made a significant contribution to the overall zircon 

budget of the region.  A further possibility is that this population may have been derived 

from Laurentia (e.g. Balgord et al., 2013).  If so, the data may help to constrain the 

timing of the breakup of Rodinia. Lu-Hf studies on the zircons could provide more 

constraints on their source. 

As the basement to the Central Victorian Granite Province becomes better understood, 

this may open up opportunities for investigation.  All intrusions are end products of 

their constituent starting materials and the P-T conditions prior to and during their 

crystallisation.  Any additional controls on any of these factors should allow tighter 

constraints to be placed on other variables.  In turn, this could lead to a better 

understanding of the processes that went on in the formation of the Central Victorian 

Granite Province, and perhaps also to a more generalised understanding of the 

formation of granites and the mineral deposits that granites generate.  For example, 

what are the fundamental controls that drove the formation of the King Island scheelite 

deposits and the many tin deposits in the Burnie Zone in Tasmania and in the Omeo 

Zone in eastern Victoria, and why are these not present elsewhere in the region studied?  

Are these tin and tungsten deposits the indicators of other mineral deposits in the 

district, such as intrusion-related gold deposits (e.g. Thompson et al., 1999)?   

This thesis has not examined any of the potential linkages of the Pre-Ordovician 

geology of Bass Strait to the Bass Basin.  Yet the Cretaceous rifting in the Bass Basin 

appears to have been controlled by the pre-existing basement fault structures.  The Chat 

Accommodation Zone (Figure 1, Briguglio et al., 2013) partitions the Durroon Sub-

basin from the larger Cape Wickham Sub-basin.  This partition overlies the western 

boundary of the East Tasmania Zone.  The western end of the Cape Wickham Sub-basin 

parallels the eastern boundary of the King Island Zone and overlies a change in the 

magnetic character of the Rocky Cape Zone.  It is possible that the new understanding 

of the major basement zones and fault patterns could lead to a better understanding of 

the structural evolution of the Bass Basin and so to more hydrocarbon discoveries.  

Ideally, this would be done in a 3-dimensional model that includes both the Bass Basin 

and the underlying basement.  It would also be integrated with the 3-dimensional model 

developed by GeoScience Victoria (Rawling et al., 2011) and that currently being 

developed by Mineral Resources Tasmania. 
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FIELDWORK 

During the course of the research described in this thesis, approximately three months 

were spent on field work in Tasmania, King Island and southern Victoria.  This had two 

aims 

 To become familiar with the western Tasmanian rocks and to check the publicly 

available mapping sourced from Mineral Resources Tasmania.  I had only had 

cursory visits to western Tasmania, and I had last worked on King Island in 

1973 on engineering geology projects associated with the mines there.  I found 

the Mineral Resources Tasmania mapping to be of a uniformly high standard 

and an invaluable guide to my own studies.  Even so, some critical areas, like 

the coastal outcrops of the Penguin Fault, had not been mapped, and their 

significance only became apparent well into the interpretation phase.  

Furthermore, almost all of the reasonably accessible and useful outcrops were 

along coastal rock platforms that are only exposed at low tide as they have tidal 

ranges in excess of 3 m; and 

 

 To take susceptibility measurements that could be used in any subsequent 

forward modelling studies.  Overall, in excess of 4,000 measurements were 

taken, and these are included in digital files associated with this thesis.   

Less than one week was spent on field work in Victoria.  This was partly due to the lack 

of outcrop and partly to being more familiar with Victorian lithologies.  Even so, over 

700 susceptibility measurements were taken.   

The benefit of this field work may not always be obvious in the text of this thesis.  Even 

so, without it my understanding of the geology of the region would have been much the 

poorer. 
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Sensitivity	Analysis	
For a given gravity or magnetic profile, an infinite number of possible solutions could 

be used to satisfy the extracted profiles (e.g. Whiting, 1986).  The forward modeller can 

use the known geology to limit the possibilities somewhat, but even so, the solutions are 

almost always non-unique (Nabighian et al., 2005a; Nabighian et al., 2005b).  Thus, the 

forward magnetic and gravity models presented in Chapter 4 have ambiguity.  This 

discussion examines Section 4, the King Island North section and Section 5, through 

Wilsons Promontory, to examine how varying particular geometric properties of the 

units might influence variations in the calculated fit when compared to the extracted 

profile.  These sections have been chosen as the magnetic and gravity responses most 

closely represent the Paleozoic and Proterozoic geology.  Others are more strongly 

influenced by the magnetic Tasmanian Dolerite and Cretaceous and Cenozoic volcanic 

rocks.   

The sections have been slightly simplified, but most characteristics are preserved.  In 

both selected sections, the mantle, the Smithton Basin and the Bass Basin have been left 

constant as far as possible, with only the steep dips in the basement investigated.  The 

original dips assigned are compared against dips of 45°E, 20°E, vertical and 45°W.  

Where older faults are inferred to control younger units, like in the Bass Basin, the 

younger unit has been modified as necessary.  The magnetic susceptibilities and 

densities assigned to the original blocks are retained. 

A5.1  SECTION 4, KING ISLAND NORTH 

Because much of the contrast in the physical properties of the models was least in the 

eastern parts of the section, significant variation in the dips there makes relatively little 

difference to misfits in the models.  The main variations in the magnetic and gravity 

responses are attributed to susceptibility, density and thickness variations in the granite 

bodies that are interpreted to be widely present and that crop out on many islands in 

eastern Bass Strait; these properties were not varied.  Only modest variations to the 

properties of the turbidite rocks are modelled in the original sections, and so variations 

in their attitudes cause little variation in the model.  Only minor amounts of MORB 

tholeiite are modelled close to the surface, and so varying the attitudes of these causes 
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only small changes in the misfits.  Even so, examination of the misfits (Figure A5-4) 

suggests that the steeply east-dipping boundaries and faults are a good fit, notably at the 

Burnie Zone-Tabberabbera Zone boundary.  This accords with the near-surface 

geological cross sections in Tasmania by workers in Tasmania (e.g. Powell and Baillie, 

1992; Patison et al., 2001; Reed and Vicary, 2005) and Victoria (e.g. VandenBerg et al., 

2000; Spaggiari et al., 2004).   

Forward Model Magnetic Misfit RMS Gravity Misfit RMS 

Original 18. 468 2.140 

Vertical 37.482 5.045 

45°E 36.925 5.545 

20°E 64.582 7.655 

45°W 56.918 5.384 

Table A5-1.  Comparison of misfits from the final forward model in Section 4, King Island North, in Chapter 4 
with models with different fixed dips.  The misfits for original forward model here are larger than those from 
the one presented in Chapter 4 as the model here has been simplified. 

By contrast, varying the dips of the basement rocks in the eastern part of the section 

causes significant changes in the misfits and demonstrates that the model presented is 

robust.  Both the near-surface effects, as indicated in the magnetic solution, and the 

deeper effects, as indicated in the gravity solution, support the offered solution.  The 

steep west dips of the body at approximately 50 km on the section line are suggested by 

the comparatively close fits of the west-dipping solution (Figure A5-4) when compared 

to other possibilities.  The dense mafic rocks in the eastern King Island Zone are best 

represented with steep west dips of the final proffered model, with other solutions 

providing gravity lows at the edge of the Bass Basin.   

The magnetic response of the eastern boundary of the King Island Zone is partly 

obscured by a local lens of ?Mesozoic basalt.  As well, the Bass Basin is interpreted to 

be 0.6 km thicker in the westernmost Rocky Cape Zone, and so the gravity response 

varies significantly with the change in dip.  Even so, steepening or flattening the mafic 

volcanic rocks at the eastern margin of the King Island Zone causes major misfits in the 

region as sedimentary rocks are substitute for the denser mafic rocks. 
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Overall, the final model presented offers a more robust solution to the magnetic and 

gravity profiles extracted than other possibilities presented here. 

 
 
Figure A5-1.  Original Section 4, King Island North, and after subsequently modifying the dips of the 
basement to vertical.  Section location indicated on Figure 4-2. 
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Figure A5-2.  Section 4, King Island North, after modifying the dips of the basement to 45°E (top) 20°E 
(middle) and 45°W.  Section location indicated on Figure 4-2.  Same colour legend as for Figure A5-1. 
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Figure A5-3.  King Island North, magnetic and gravity profiles from Figures A5-1 and A5-2 compared.  

 

Figure A5-4.  King Island North, misfits from Figures A5-1 and A5-2 compared. 

A 5.2  SECTION 5, WILSONS PROMONTORY  

Similar to Section 4, King Island North, the eastern part of the section showed relatively 

minor variations in the misfits with changes in the modelled dips (Figures A5-5 to 

A5-8).  The final submitted model and that with vertical dips were particularly close, 
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suggesting that the dips in the original section could have been steepened with little 

increase in misfit.  Even so, there is a consistent pattern, with the section with vertical 

boundaries closest to the submitted model, with dips of 45°E and 45°W the next closest, 

with the poorest fit from the model with dips of 20°E.  The boundary between the 

Tabberabbera Zone and the Burnie Zone is modelled with a dip of 40°E, but a vertical 

dip fits the profile almost as well (Figure A5-8).  The large misfit in the gravity data at 

approximately 380 km is where the profile crosses Wilsons Promontory, and is assumed 

to be due to poor stitching of the onshore and offshore data.  

Forward Model Magnetic Misfit RMS Gravity Misfit RMS 

Original 25.331 1.784 

Vertical 27.812 1.918 

45°E 42.365 3.879 

20°E 57.108 8.325 

45°W 49.588 4.077 

Table A5-2.  Comparison of misfits from the final forward model in Section 5, Wilsons Promontory, in 
Chapter 4 with models with different fixed dips.  The misfits for original forward model here are larger than 
those from the one presented in Chapter 4 as the model here has been simplified. 

Much of the high frequency misfits at the western end of the section may be due to 

variations in water depth, which are modelled at more than 1500 m, in an area where 

submarine canyons can be seen in images of digital data (Webster and Petkovic, 2005).  

The gravity data implies that the boundary between the Delamerian Orogen and the 

King Island Zone, at approximately 60 km, dips to the west.  Here the Delamerian 

Orogen is interpreted to be comprised of magnetic, dense rocks.  A model with a 

vertical boundary has the gravity and magnetic responses as too high to the east and the 

gravity response is too low to the west.  Other solutions look even less likely as they 

create even larger misfits in the model.   

The mafic volcanic rocks on the eastern margin of the King Island Zone (from 190 to 

220 km on the section) are generally modelled as having internal dips of approximately 

70° to 80°E, with the eastern boundary dipping vertically.  Steepening or shallowing of 

the dips causes misfits at the western edge of the gravity models, and the models with 
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45°E, 20°E and 45°W dips also showing magnetic and gravity misfits at the eastern 

boundary with the adjacent Rocky Cape Zone.   

Overall, the final model presented offers a more robust solution to the magnetic and 

gravity profiles extracted than other possibilities presented here. 

 

Figure A5-5.  Original Section 5, Wilsons Promontory, and after subsequently modifying the dips of the 
basement to vertical.  Section location indicated on Figure 4-2.  Same colour legend as for Figure A5-1. 
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Figure A5-6.  Section 5, Wilsons Promontory, after modifying the dips of the basement to 45°E (top) 20°E 
(middle) and 45°W.  Section location indicated on Figure 4-2.  Same colour legend as for Figure A5-1. 
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Figure A5-7.  Section 5, Wilsons Promontory, magnetic and gravity profiles from Figures A5-1 and A5-2 
compared.  

 

Figure A5-7.  Section 5, Wilsons Promontory, misfits from Figures A5-5 and A5-6 compared. 
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