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Abstract
The St Marys Porphyry (SMP) is unique within the Lachlan Fold Belt, as it is the only
interpreted, large-scale, crystal-rich ignimbrite to have been emplaced in the Eastern Tasmania
terrane during the middle Devonian. The unit’s origin has been contentious due to its granitelike texture, porphyritic nature and abundant crystals. In the 1980s, Nic Turner of Mineral
Resources Tasmania mapped the SMP. He interpreted the unit as a massive, welded ash flow
tuff, part of which was still connected to its feeder - but this interpretation has been
controversial. Confirming the presence of Devonian volcanism is key to better understanding
the crustal architecture of eastern Tasmania. Furthermore, this has implications for
understanding the evolution of the Eastern Tasmania terrane within the larger setting of the
Lachlan Fold Belt. The main aim of this thesis was to determine whether the SMP is volcanic
or intrusive. If the SMP is volcanic, it is then important to identify its volcanic architecture.
This project revisits Turner’s interpretation of the SMP, using modern techniques, by:
1. Characterising and estimating the extent of distinct facies.
2. Mapping the type, size and abundance of lithic clasts.
3. Analysing the size, aspect ratio, texture and distribution of enigmatic features described
here as White Igneous Lenticular Domains (WILDs) but which Turner called
'schlieren', to understand their origins.
4. Radiometrically dating the SMP and surrounding units using U-Pb ICPMS zircon
analysis.
The main findings of this project were:
1. The SMP contains six distinct facies, four of which are volcaniclastic and two of which
are intrusive.

2. The distribution of lithic clasts in the SMP is inhomogeneous, with distinct zones of
high lithic abundance mapped along the coastal outcrop of the SMP. Smaller and more
broken sedimentary lithic clasts were associated with zones of high lithic abundance.

3. WILDs are a component of Facies C, along the coastal outcrop and inland. Although
visually apparent in outcrop, they are difficult to distinguish from Facies C under the
microscope, as they contain the same mineralogy and granophyric textures. However,
iii

WILDs are distinct petrographically from the bulk of Facies C in that they are more
porphyritic, contain less broken crystals and are more groundmass supported.

4. U-Pb zircon dating found that all units of the SMP are of a similar age: between 397 389 Ma. The underlying Scamander Formation is only slightly older (400.5 +/- 2.4 Ma),
effectively identical to two phases of the Catos Creek Dyke (401- 398 Ma). The
Piccaninny Creek Granite is also contemporaneous with the SMP, but slightly younger
than the Catos Creek Dyke (397 - 393 Ma).

Together, these findings were used to interpret the facies, recommend a mode of emplacement
and propose the volcanic architecture.
Results from this project indicate that the SMP was emplaced as multiple pulses of ignimbrite
flows that ponded in a subsided caldera. The extreme thickness of the pile (over 1,670 m thick)
insulated the bulk of the unit, causing welding and recrystallisation. Flow unit boundaries are
difficult to identify now because they are masked by welding. The presence of lithic rich zones
and the orientation of WILDs are indicators for reconstructing the volcanic architecture. Facies
C represents the most insulated portions of the SMP; here, welding textures became devitrified,
and the matrix recrystallised into a granophyric texture. The Piccaninny Creek Granite is part
of the intra-caldera complex and intruded via the Southern Caldera Fault.
This interpretation is in accordance with Nic Turner’s interpretation. This project has reconfirmed that middle Devonian volcanism occurred in the Eastern Tasmania terrane.
Furthermore, the new results define a slightly older age of the Tabberabberan Orogeny in
eastern Tasmania (~391 Ma), indicating the Eastern Tasmania terrane is temporally distinct
from the rest of the Lachlan fold belt.
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Chapter 1. Introduction
The St Marys Porphyry, previously called the St Marys Porphyrite (Turner et al., 1986)
and hereafter referred to as the SMP is located on the east coast of Tasmania. The SMP covers
an area of 89 km2 and contains a variety of landscapes. Inland from the township of St Marys
the SMP is dissected by steep valleys overgrown with sclerophyll forests. In the lowlands closer
to the coast much of the landscape is used for agriculture and consists of wide-open grassy
paddocks. The SMP extends 17km south along the coast from the coastal settlement of
Falmouth to the Chain of Lagoons (Fig. 1.1). This strip of coastline contains well exposed
outcrops along beaches and steep coastal cliffs. Most of the coastal outcrop is accessible via
the Tasman Highway which runs parallel to the coast.

Figure 1.1 Project location in north-eastern Tasmania.

Devonian granites in eastern Tasmania were emplaced at a high crustal level in the later
stages of the Tabberabberan Orogeny around 400-374 Ma, where they intruded the Mathinna
Supergroup (Black et al., 2005). The St Marys Porphyry (SMP) is thought to represent the only
known extrusive equivalent of these Devonian granites in NE Tasmania. It is interpreted to
have been emplaced at least in part as an extrusive unit which re-crystallized to have a granitelike texture, except for tell-tale volcanic fragmental features at the basal contact (Turner et al.,
1986). Turner and his co-authors interpreted an intrusive and extrusive component in the SMP
and described the unit as a thick pyroclastic sheet which has been connected to its intrusive
subvolcanic feeder via an inferred subsidence fault (Turner et al, 1986). It was interpreted to
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have been emplaced in a subaerial, intra-caldera setting, rimmed at its western margin by a
linear shaped feeder dyke. Turner also dated the SMP and attained a Rb-Sr age of 388 ± 1 Ma.
This date has been used to constrain the age of the Tabberabberan Orogeny because the SMP
unconformably overlies the youngest sequence of the Mathinna Supergroup. Since the work of
Turner et al (1987) no recent work using modern techniques has been undertaken. The
interpretation of Turner (et al 1986) makes the SMP unique within the crustal architecture of
eastern Tasmania.

1.1 Aims and objectives
This study aims to reappraise our understanding of the igneous processes that resulted in
the formation of the SMP using a modern volcanology mineralogy, hyperspectral and XRD
analysis and U-Pb zircon dating. The key questions that this thesis addresses are:
1. Is the SMP homogenous throughout, or does it have distinct facies (i.e., distinct
textural or mineralogical variations)?
2. What are the White Igneous Lenticular Domains (WILD) textures, and do they
represent coherent syn-volcanic/intrusive processes, or pyroclastic/volcaniclastic
processes?
3. Was the main emplacement process of the SMP volcanic or intrusive?
4. Are lithics distributed homogenously or variably throughout the SMP, and can they be
used to model the internal architecture of the SMP?
5. What is the temporal relationship between the SMP, the underlying Scamander
Formation and the adjacent granite?

1.2 Thesis structure
▪

Chapter 1 briefly introduces the subject explaining the need and relevance for
exploring this topic. It includes research questions and outlines the thesis structure.

▪

Chapter 2 introduces the Eastern Tasmania terrane in the broader context of the
Lachlan Fold Belt and introduces the main stratigraphic units in the district. It briefly
reviews the distribution and timing of igneous complexes within the Lachlan Fold
Belt. The chapter goes on to broadly introduce the regional geology of the East
Tasmania Terrain and concludes with a local geological setting of the project.

▪

Chapter 3 describes the core logging and fieldwork methodologies that were used.
Next it presents a simplified core log of the FAL-1 drill-core and the petrological
characteristics of six lithofacies identified in the SMP. Data relating to facies analysed
with the MLA and XRD is also presented.
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▪

Chapter 4 presents the main lithic types that were identified during the core logging
stage and provides a lithic description of both mineralogical and textural features. The
chapter concludes with a closer look of the special distribution of lithics along the
coastline of the SMP.

▪

Chapter 5 presents the distribution enigmatic schlieren-like features in the SMP
which we term “white igneous lenticular domains” (WILDs) on the SMP coastline,
characterising them with field observation, petrographic, MLA and XRD analysis.

▪

Chapter 6 presents the results from a geochronological analysis of U-Pb isotopic
ratios in magmatic and detrital zircons in the SMP and related rocks, to interpret the
age constraints on rocks in the St Marys study area.

▪

Chapter 7 is a discussion that uses results from earlier chapters to determine the
architecture and mode of emplacement for the SMP. It summarised all the findings
made in this study and concludes that the SMP is mainly an extrusive unit. The
chapter describes the implications these findings have for the broader geological
context of the Lachlan Fold Belt and the timing of the Tabberabberan Orogeny

▪

Chapter 8 is a conclusion that acknowledges the limitations of this study, makes
suggestions for future research on the SMP, and concludes with a summary of the
main findings of this study.

3

Chapter 2. Geological setting
2.1 North-eastern Tasmania – a terrane of the Lachlan Fold-belt
The East Tasmanian Terrane (ETT) is a unique geological terrane that is part of the
Lachlan Fold Belt (LFB) located in south-eastern Australia that is made up of rocks of
Cambrian to early Carboniferous age (Berry et al., 2019, Cayley, 2011, Glen, 2005). The LFB
is composed of accreted allochthonous and autochthonous fragments that form much of the
crust for south-eastern Australia (Fergusson et al., 1986, Atton, 2013). The widest part of the
LFB is exposed in Victoria where it is subdivided into two terranes: the Benambra Terrane and
the Whitelaw Terrane (Willman et al., 2002). These terranes are further subdivided into
structural zones. A uniform placement of terrane and structural zones is not accepted by all
relevant authors, resulting in publications that have drawn boundary lines with slight
differences. This synopsis uses the boundaries defined by VandenBerg (2000), Willman et al.,
(2002) and Berry et al., (2019). In the south-eastern portion of the LFB, thick sequences of
Ordovician to Early Devonian deep marine turbidites occur (Fig. 2.1). These sequences make
up the basement rocks and host early to middle Devonian igneous complexes, some of which
contain crystal rich ignimbrites (Fig. 2.1).

Figure 2.1 Simplified time-space diagram comparing Ordovician to lower Devonian stratigraphy across the Lachlan Fold
Belt in south-eastern Australia (Reed, 2001) (Berry et al., 2019). In Tasmania only the East Tasmanian Terrane (ETT) is part
of the Lachlan Fold Belt, the West Tasmanian Terrane (WTT) is not.
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The Benambra Terrane, Whitelaw Terrane and ETT all contain extensive Ordovician
to Silurian turbidite sequences intruded by voluminous granites during the Early to Late
Devonian and Early Carboniferous; they are associated in places with extrusive units. Both
areas were tectonised during the major orogenic events that culminated with the Devonian
Tabberabberan Orogeny.

2.1.1 Basement rocks of the Eastern Tasmania terrane
Eastern Tasmania makes up the southernmost extent of the exposed LFB, and its
correlation with the Victorian terranes is poorly understood. The pre-Carboniferous basement
of the ETT is made up of an extensive, and apparently continuous, deep marine turbiditic
sandstone and mudstone sequences known as the Mathinna Supergroup. The Mathinna
Supergroup extends from just east of the Tamar River and the Furneaux Group (in the Bass
Strait) in the north, to Eagle Hawk Neck in the south-east (Calver et al., 2014). Although the
overall age range of the Mathinna Supergroup is constrained between the Early Ordovician to
Early Devonian, internal subdivision is problematic as much of the succession is poorly
fossiliferous (Powell et al., 1993). This formation is similar to the turbidite sequences of the
LFB of Victoria(Calver et al., 2014). A regional younging of the sequence from west to east is
evident (Seymour et al., 2014).
The Mathinna Supergroup has total estimated thickness of 7 km and is subdivided into
two structurally and compositionally distinct sedimentary packages, which are separated by an
inferred unconformity (Seymour et al., 2011). The Tippogoree Group (Early Ordovician to
Middle Silurian) is the older, underlying package and is located in the western portion of the
ETT. The younger, overlying package is the Panama Group (Late Silurian to Early Devonian)
(Reed, 2001) and is located in the eastern porttion of the ETT. The ages of the Tippogoree and
Panama Groups are defined based on sparse fossil records (Seymour et al., 2011).
The oldest exposed unit in the Tippogoree Group is the early Ordovician Stony Head
Sandstone. There is no exposed base to this unit, and its upper portion transitions into the
massive mudstone of the Turquoise Bluff Slate. The Turquoise Bluff Slate is made up of thick,
graded beds of fine- to medium-grained sandstone overlain by massive black slate (Seymour
et al., 2011, Berry et al., 2019).
The Panama Group overlies the Tippogoree Group and is Silurian to Early Devonian in
age. It comprises the younger eastern package and is divided into four formations. The oldest
formation of the Panama Group is Yarrow Creek Mudstone, which has an inferred faulted
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contact with the underlying Turquoise Bluff Slate. The nature and character of the Yarrow
Creek Mudstone is uncertain, as it remains concealed (Seymour et al., 2011). The Yarrow
Creek Mudstone and the Turquoise Bluff Slate are differentiated on a structural basis (Reed,
2001). The Yarrow Creek Mudstone is conformably overlain by the Retreat Formation, which
is in turn conformably overlain by the Lone Star Siltstone. Stratigraphically the Sideling
Sandstone conformably overlies the Lone Star Siltstone, The Sidling Sandstone occurs east of
the Lone Star Siltstone. Fossil dating places the Sideling Sandstone at early Devonian
(Seymour et al., 2011). The eastern portion of the Sidling Sandstone is intruded by the Middle
Devonian Scottsdale Batholith.
Panama Group rocks located east of the Scottsdale Batholith have been mapped but are
not differentiated into as many units as west of the granite. The Sideling Sandstone extends
east across the ETT; in St Helens, it is in faulted contact with the Scamander Formation. The
Scamander Formation is differentiated from the Sideling Sandstone because it contains more
massive sandstone (Worthing and Woolward, 2010a). The Scamander Formation is described
as turbiditic quartz-rich sandstone with minor siltstone and mudstone. This formation has an
early Devonian age derived from fossils (Rickards and Banks, 1979) and confirmed by detrital
zircon dating (Knight et al., 2022). In summary, the Panama Group constitutes the younger and
less differentiated portion of the Mathinna Supergroup, has an overall west to east younging
trend, and is not deformed by the Benambran orogeny (Reed, 2001). Its youngest rocks are in
the east, where it is unconformably overlain by the Devonian-aged St Marys Porphyry.

2.1.2 Devonian plutonism
Granites and their associated volcanic rocks were emplaced throughout the LFB in both
Victoria and Tasmania (Hong et al., 2017). Granites make up between 20-36% of the entire
LFB, with associated volcanic rocks covering a further 5% (Atton, 2013). They were emplaced
in four main magmatic episodes during the Late Silurian – Early Devonian (430–400 Ma),
Mid-Devonian (400–385 Ma), Late Devonian–Early Carboniferous (380–350 Ma), and
Carboniferous (350–320 Ma). The granites are variable from I to S type and have been assigned
to ten granite provinces (Hong et al., 2017).
Granites in the ETT were mostly emplaced from the Middle Devonian to Early
Carboniferous. Along with the Mathinna Supergroup, they constitute a major component of the
ETT basement geology. Granites in the ETT are grouped into the Bassian Granite Province;
these are further subdived into three primary batholiths and many singular pluton bodies. The
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main batholiths comprise the Blue Tier, Scottsdale and Ben Lomond Batholiths, which together
occupy an area of 3,120 km2 (Seymour et al., 2006).

2.1.3 Early to Middle Devonian Ignimbrites of the South-eastern LFB
The LFB hosts extensive areas of granite plutons and volcanic rocks, many of which
are interpreted to have evolved co-magmatically (Atton, 2013). Major igneous complexes (IC)
that contain crystal rich ignimbrites in the south-eastern portion of the LFB are restricted to the
Early, Middle and Late Devonian (Fig 2.2). Their occurrence can broadly be subdivided into
four groups.
▪

Group One: From the Silurian to the Early Devonian the LFB consisted of localised marine
basins that were separated by uplifted and eroded land areas (Cas et al., 2003). Here volcanics
that host crystal rich ignimbrites formed in the Early Devonian. These crystal rich ignimbrites
were emplaced in the Benambra Terrane before it amalgamated with the Whitelaw Terrane.
This group predates the Tabberabberan Orogeny (Fig. 2.2); it includes the Dartella Volcanics,
Mt Elizabeth Cauldron and the Snowy River volcanics.

Figure 2.2. Time-space diagram of major igneous complexes (IC) of the South-eastern LFB and their respective basement
geology. 1-Mount Macedon IC, 2-Dandenong Ranges IC, 3- Marysville IC, 4- Strathbogie IC, 5 – Tolmie IC, 6 - Dartella
Volcanics, 7 - Mount Elizabeth Cauldron, 8 – Snowy River Volcanics, 9 – St Marys Porphyry.
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These igneous complexes were all emplaced onto an Ordovician basement. Felsic, Stype magmatism (around 430 Ma) is thought to have been fed by the melting of buried
Ordovician turbidites, which was caused by crustal thickening after the Benambran
Orogeny around 440-450 Ma (Black et al., 2010).
▪

Group Two: By the Late Devonian, the local marine basins of the LFB had rapidly
become an almost wholly subaerial highland continental terrain. The transition took
place during the Middle Devonian compressional phase of Tabberabberan Orogeny.
The onset of volcanism is thought to have occurred late or post orogeny (380-377 Ma)
(Cas et al., 2003). Late Devonian volcanics that hosted crystal rich ignimbrites were
emplaced in the Whitelaw Terrane. These igneous complexes were emplaced after the
cratonisation of the LFB by the Tabberabberan Orogeny, which joined the Whitelaw
and Benambra Terrane. These igneous complexes unconformably overly SilurianDevonian sedimentary rocks and include the Mount Macedon IC, Dandenong Ranges
IC, Marysville IC and the Strathbogie IC (Fig. 2.2).

▪

Group three: The emplacement of the Tolmie IC was contemporaneous with group
two in the Whitelaw Terrane. It is assigned its own group as it is the only large-scale
crystal rich ignimbrite-bearing igneous complex to be partially contained in the
Benambra Terrane (Fig. 2.2). It formed on the cusp between the Whitelaw and the
Benambra Terrane and unconformably overlies Ordovician turbidite sequence to the
east (the Adaminaby group) and Silurian-Devonian turbidite sequence to the west
(Murrindindi Supergroup) (VandenBerg, 2000).

▪

Group four: The St Marys Porphyry is the only crystal rich ignimbrite recorded in the
ETT. It has an age of 388 ± 1 Ma (K/Ar) and unconformably overlies the early
Devonian Mathinna Supergroup (Turner et al., 1986). The St Marys Porphyry is
different from the Middle Devonian ignimbrites of Victoria in that it was probably
emplaced during the Tabberabberan Orogeny (Figure 1.2).

2.1.4 Tabberabberan Orogeny
The Tabberabberan Orogeny occurred in the middle Devonian; it was the last major
deformation event to occur in the LFB and it reflects the closure of a large back-arc basin
system and marked the accretion and east-west compression of Ordovician to Early Devonian
terranes (Glen, 2005). In the Victorian portion of the LFB, the orogeny resulted in the Governor
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Fault, a large transform fault that is inferred to have caused strike-slip displacement between
the Whitelaw and Benambra Terranes (Willman et al., 2002). In the Melbourne zone
sedimentary rocks from this time have a complete absence of material derived from the
Benambra Terrane in the east. The two terranes were not juxtaposed until just before the
Tabberabberan Orogeny. The orogeny amalgamated the Whitelaw and Benambra Terranes,
and the Melbourne Zone experienced intense deformation (Willman et al., 2002). In the ETT,
regional deformation has been equated with the Tabberabberan Orogeny, where a north-west
trending foliation in Devonian granites indicates a date of deformation of about 390 Ma (Black
et al., 2005). In the Mathinna Supergroup, the orogeny produced north, north-west trending
folds throughout the ETT (Black et al., 2005). The Tabberraberan Orogeny is thought to have
been quite long lived with two main phases, in the early and late Devonian. The early Devonian
phase produced locally overturned north-east vergent folds and predates the emplacement of
the St Marys Porphyry (388 ± 1 Ma). The second phase early in the middle Devonian caused
south-westward thrusting of the Mathinna Supergroup (Seymour et al., 2014)

2.2 Local geology
The study area is typical of the ETT with basement rocks comprising the Mathinna
Supergroup and igneous rocks of early Devonian age (Fig. 2.3).

Figure 2.3 Local geology of study area.
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As elsewhere east of the Scottsdale Batholith the oldest rocks are the Sideling
Sandstone and the Scamander Formation. The igneous rocks include the Catos Creek Dyke,
the St Marys Porphyry and the Piccaninny Creek Granite (PCG) (Fig. 2.3). Younger rocks of
the Permo-Triassic Tasmania Basin and intrusive Jurassic dolerite sills overlie these units.
These pre-Carboniferous units in the area are described in more detail to provide context for
the field work locations *(chapter 3) and discussions in later chapters.
2.2.1 Scamander Formation – the youngest sequence of the Panama Group
The Scamander Formation is the youngest sequence in the Panama Group and is
distinguished on a lithological basis. The formation is characterised by abundant massive,
amalgamated, and thick sandstone beds with intercalated mudstone and siltstone. The total unit
is 3 km thick. The depositional environment for the sequence is a proximal marine turbidite; it
contains abundant sedimentary structures such as cross-lamination, load casts, convolute folds,
and small scale syn-sedimentary slump folds (Powell et al., 1993). The Scamander Formation
has been correlated with the Sideling Sandstone (Worthing and Woolward, 2010a) which
occurs east of the Catos Creek Dyke (Fig. 2.3). The sequence extends southward from St Helens
to just north of Falmouth, where it is unconformably overlain by the SMP (Fig. 2.3). In the
Scamander area, the formation is intruded by the Middle Devonian Scamander Tier
Granodiorite. To the west, the formation is in thrust-faulted contact with adjacent older
sequences of the Panama Group. Based on fossil evidence, the age of deposition for the
sequence is early Devonian (Rickards and Banks, 1979). These dates are supported by recent
radiometric dating of detrital zircons (Knight et al., 2022).

2.2.2 Catos Creek Dyke
The Catos Creek Dyke (CCD) is a partially foliated body, located northwest of the
SMP, that strikes in a N/NW direction. The CCD is part of the Blue Tier Batholith and is
regarded as the deeper unvesiculated part of the volcanic feeder of the SMP (Turner et al.,
1986). The Scamander Tier Dyke to the east is also regarded as a significant structure relating
to the emplacement of the SMP (Worthing and Woolward, 2010a). The CCD has a linear dyke
geometry and is made up of two outcropping bodies, separated by the Orieco Fault (Fig. 2.3).
The Orieco Fault is a sinistral strike-slip fault that trends northeast to southwest and displaces
the Catos Creek Dyke, as well as the Scamander Tier Dyke to the east (Worthing and
Woolward, 2010a). The Orieco Fault splits the CCD into separately outcropping bodies: a
northern and a southern body (Fig. 2.3). The southern body of the dyke has a general width of
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1.5 km, and the northern portion has a width of 300-800m. The northern body is tapered
towards the south and becomes 1.5 km wide towards the north; its extent is ambiguous because
it grades into the Poimena granite. The total length of the CCD is about 12 km.
The CCD contains three phases (Worthing and Woolward, 2010b):
▪

Phase I (Dgai) is a foliated coarse grained porphyritic to equigranular biotite –
minor muscovite – monzogranite.

▪

Phase II (Dgf) is a Quartz-Feldspar porphyry.

▪

Phase III (Dgrv) is a variably porphyritic – fine grained hornblende granodiorite.
The southern portion of the CCD below Catos Road is entirely made up of phase
three.

Phase one is the oldest phase, it is foliated, and it makes up the western portion of the
northern body. At the southern end of the northern body, all three phases are present and occur
along strike of the CCD. Phase three makes up the whole of the southern body and the eastern
portion of the northern body. While phase three makes up the eastern boundary of the northern
body, it is phased out towards the north and replaced by phase two. Phase two is only present
in the northern body; at the southern end it is sandwiched between phase one and phase two.
Towards the north, it becomes the eastern boundary of the northern body.
The eastern portion of the northern body is in faulted contact with the upper Panama
Group (Sideling Sandstone). There is no thermal metamorphism recorded in the country-rock
that is juxtaposed with phase one of the CCD which itself is faulted and sheared. An early
intrusive breccia composed of phase three is observed along strike of this contact. While poorly
preserved it reaches up to 10 m in width north of Cheeseberry Hill (Turner, 1987). On the
western edge of the CCD the contact relationship with the Panama Group rocks is intrusive.
Here extensive thermal metamorphism of the country rock has resulted in the growth of
cordierite and andalusite (Turner 1986). It is thought that the CCD (and the Scamander Tier
Dyke) are contemporaneous with the SMP. The CCD is interpreted as the conduit that fed
material to SMP at the time of its emplacement. This is based structural, mineralogical,
chemical and isotopic evidence (Higgins et al., 1986).
2.2.3 The St Marys Porphyry
The St Marys Porphyry (SMP) was interpreted by Turner et al. (1986) as a dacitic,
plagioclase-quartz-biotite-augite-enstatite-sanidine tuff, and a portion of it is considered the
extrusive equivalent of the of the micro-granodiorite Catos Creek Dyke (Turner, 1986). The
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unit covers approx. 84 km2 and was thought to contain both an intrusive and an extrusive zone
(Turner et al., 1986).
Turner (1986) divided the SMP into Zone A and Zone B. The main body of the
porphyrite (Zone A) is thought of as an extrusive sheet consisting of a thick welded ash flow
tuff that had recrystallised after extrusion. This interpretation is mainly based on petrographic
evidence and detailed field mapping. In some places. the unit thickness is estimated to be up to
1400 m thick. At its northern margin, Turner observed no thermal metamorphism in underlying
units or any fracturing in the porphyrite body; he therefore concluded that Zone A of the SMP
was neither intrusive nor faulted. Instead, Zone A of the SMP was interpreted to have a super
positional relationship with the underlying Scamander Formation (Turner, 1986). A thin
breccia zone separates the SMP from underlying sediments; it is mainly composed of
brecciated fragments of sedimentary rock. The thickness of this layer varies from cm to m and
was interpreted to unconformably overly the Scamander Formation (Turner et al., 1986).
The western portion of the porphyrite was labeled Zone B: it is much smaller then then
Zone A and is interpreted to be intrusive. This portion of the SMP is interpreted to extend north
under Permo-Triassic sequences and Jurassic Dolerite cover rocks and links up with the
southern portion of the Catos Creek Dyke.

2.2.4 Piccaninny Creek Granite
The Piccaninny Creek Granite (PCG) is the youngest pre-Carboniferous unit to share a
contact with the SMP (Fig. 2.3). The PCG is a coarse grained, equigranularity to sparsely
porphyritic (K-feldspar) biotite-hornblende-trace pyroxene monzogranite that contains aplite
intrusions in some places (Turner et al., 1984). In zones where the PCG intrudes the SMP, there
are abundant fine-grained mafic enclaves and some hornfels xenoliths from the Panama Group.
The PCG is considered a younger body because it crosscuts compositional banding in the SMP.
However, the Rb-Sr isotopic ages of the SMP and the PCG are indistinguishable (Turner,
1987). No significant thermal resetting appears to have been associated with emplacement of
the PCG because there is no correlation between the ages of samples of St Marys Porphyry and
their distance from the granite (Turner 1986). Based on differences in compositional trends of
major elements, trace elements and REE the SMP and PCG are thought to have been derived
from different parental magmas (Turner, 1987).
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Chapter 3: Lithofacies of the SMP
3.1 Introduction and aims
Lithofacies of the SMP were identified in order to address the question Is the SMP
homogenous throughout or does it have distinct Facies, textural, or mineralogical variations?
From work on both drill-core (FAL-1) and in coastal and northern outcrops six facies were
identified (Fig 3.1). These are designated A, B1, B2, C, D and E. In this chapter, the methods
used to identify the Facies are outlined and each of the Facies is systematically described.

3.2 Methods and lithofacies recognition
562 m of drill-core from FAL-1 was logged and Hylogged (Appendix 1). 17 km of
coastal section and inland section in the north were mapped and examined. Both archived and
new thin sections from drill-core FAL-1 and from samples collected during field mapping
(2020-2021) were examined in detail. Qualitative thin section analysis using reflected light
microscopy was used to classify four main lithofacies (A-D). Several lithofacies were
subdivided based on differentiations of matrix textures found in different portions of the drillcore. See Appendix 2 for a list of thin sections used and their drill hole depth. During
assessment of thin sections from drill-core and outcrop, I chose to qualitatively define the
nature of several variables to detect variations within the SMP. These variables included:
▪

Mineral recrystallization/textural characteristics

▪

Mineral abundance and distribution

▪

Lithic types and abundances

▪

Grain size

3.2.1 Methods for logging FAL-1
The drill-core was logged using graphic logging techniques (at 20 mm per 10 m) and
descriptive nomenclature as described in McPhie et. al., 1993 (p. 10). Mineral and lithic
components were identified along with grainsize variations, alteration textures and lithofacies
characteristics (Table 3.1 and Fig 3.3). This method allowed me to record the distribution of
lithic clasts at a high resolution. To maintain a consistent approach, drill-core logging was
undertaken using a descriptive framework for volcaniclastic rocks (as outlined in McPhie et
al., 1993) to document the variation in components and textures. This non-genetic approach to
describing the drill-core was required because the emplacement mechanisms for the SMP have
been disputed. Documenting all rocks as volcaniclastic provided a robust framework for
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recognising the subtle component and Facies variations within the SMP in more detail than any
framework relating to coherent or granitic rocks.
While logging I started the process of identifying and sampling lithics.

3.2.2 Archive MRT and new thin sections
A total of 133 archival thin sections used in prior studies by Nic Turner were accessed
via the MRT database. The thin sections needed to be relabelled with MRT registration
numbers to match them to their old field numbers in the database. 25 thin sections were
prepared from the FAL-1 drill hole at 25m intervals in 1986 and 15 additional thin sections
were prepared for this study to characterise lithofacies in the FAL-1 drill-core (Chapter 4).
Additional thin sections from field samples were used to compare with the thin sections in
FAL-1 (See Appendix 2 for list of thin sections). All thin sections were analysed using
transmitted light microscopy; three thin sections were also analysed with the MLA (one thin
section from Facies B and two thin sections from Facies C).
The main aims of petrological analysis were to:
▪

Describe the mineralogical proportions and textures of the SMP in FAL-1 using
reflected light microscopy. Thin sections were systematically analysed starting from
the bottom of the hole.

▪

Compare my observations of the thin sections with those of Turner et. al 1986.

▪

Assess the diversity of mineralogical proportions and characteristics regionally (away
from the drill-core) to better understand the distribution of certain facies within the
SMP

▪

To contrast and compare the distribution of Facies in the drill hole with those selected
during field work (and already collected by Turner et. al. 1986). Thin sections from
the field samples were looked at and where possible matched to Facies identified in
drill hole.

▪

Develop a lithofacies distribution map based on the distribution of facies defined
through the thin section work (and mapping work completed in areas of the SMP).

3.2.3 Outcrop locations
The fieldwork surveyed three areas:
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A) Inland creek beds in the north where outcrops show the contact relationships between
the SMP and underlying sedimentary rocks (Fig. 3.1 and Fig. 3.2 A).
B) The southern portion of the coastal outcrop to observe field relationships between the
PCG and the St Marys Porphyry (Fig. 3.1 and Fig. 3.2 B).
C) 17 kms of coastline of the St Marys Porphyry outcrop (Fig 3.1) to collect data relating
lithics and distinctive White igneous lenticular Domains (WILDs).

Figure 3.1 Field work locations map. Locations A and B denote where main field observations were made. See fig. 3.2 A
and 3.2 B for higher resolution maps. Location C denotes the extent of the SMP coastline traverse.

3.2.3.1 Observations at the northern contact: Inland survey of creek bed outcrop
The north-eastern extent of the SMP unit is located on private property owned by a
forestry company called Cooltrans Limited. I accessed the property and used existing
geological and geophysical base maps to locate the contact between the SMP and the
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underlying sedimentary rocks. I traversed a 3 km portion of the northern contact (Fig 3.2 A)
which is partially in creeks. The western portion of the northern contact is elevated so subcrop
or float was more prominent.
This traverse allowed understanding of the contact relationship between the SMP and
the underlying sedimentary rocks and the breccia unit which separates them. I was able to
correlate volcanic Facies/rocks observed in drill core and match them to observations in the
field.

Figure 3.2 A Map of northern transect; refer to figure 3.2 for location context. 3.2 B Map of southern portion of SMP
travers. In this portion multiple occurrences of PCG intrusion were recorded. Refer to figure 3.2 for location context.

3.2.3.2 Observations at the southern coastal outcrop
At the southern portion of the coastal traverse, I saw small patches of a granitic unit
intruding the SMP. The occurrences were observed at locations south of and beyond Little
Beach (Fig 3.3). In the Piccaninny25 (1:125000) geological map of Tasmania this unit is
recorded as the marginal xenolith rich phase of the Piccaninny Creek Granite.
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Table 3.1 Main observations made in FAL-1.

FAL-1
depth
0m 515m

Grain size

Matrix

Lithic clasts

This portion of the SMP is
crystal rich. Crystals are
homogenously distributed
and are primarily clast
supported. The proportions
of crystals are
homogenous, largest
crystals are plagioclase
and quartz phyric with an
average width of between
2 mm to 8 mm and.
Crystals occur both as
anhedral and euhedral
clasts. Biotite, amphibole,
and pyroxene are also
present but minor.

The matrix is
light grey and fine
grained. This
portion of the
SMP contains
some domains
that are matrix
supported.

Lithic clasts are variably
distributed throughout this
portion of the core,
forming zones of high
lithic abundance. The
width of lithics starts at 0.
5cm and is constrained by
the width of the core.
Lithic fragments usually
appear in lithic rich zones
but are also spread
throughout the core. There
is a variety of lithic types
observed, these include
sedimentary, mafic
igneous, felsic igneous and
metamorphic lithologies.
Main lithic rich zones are
at 40m, 160m, 360m,
390m, 430m, 460m and
515m.

515m 533.5m

portion of the SMP is finer The rock appears Lithic fragments in this
and less crystal rich with
much more
portion of the core are far
overall crystal size
matrix supported, fewer and much smaller
becoming smaller towards the matrix
than the lithics observed in
the base. This portion of
appears finer
the upper portion of the
the drill core contains a
grained and much SMP. Lithics are small,
high abundance of broken darker.
angular, and sedimentary
plagioclase and quartz
or fluidal, crystal rich and
crystals. Crystals have a
appear juvenile.
width between 0.5 mm and
3 mm.
533.5m - The contact between the SMP and underlying sedimentary rock is uneven.
534m
There is a short 15 cm zone of disrupted sedimentary textures with lenses or
fragments of SMP intercalated with siltstone. Underneath this zone the
siltstone is laminated for 30 cm before becoming a fault zone. The fault zone
is roughly 1.8 m long and is weathered and puggy in some spots.
534m – Is a siltstone, that becomes less brecciated further from the contact. Grey to
560m
dark silt stone with some diffuse irregular laminae. Between 538 m and 548
m siltstone is massive and is normally graded, portions of this rock are
brecciated. Between 559.5 m and 558 m there is a fault.
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3.3 Lithological Facies
3.3.1 Facies A – Crystal rich polymictic lithic volcanic breccia
Facies A is at the base of FAL-1 (Table 3.1, Fig. 3.3) and is present along most of the
base of the SMP in the northern transect (Fig 3.6 A). Generally, it forms irregularly shaped to
long thin outcrops over 10 m in length and can be up to 1 m thick (Figs 3.4). It appears to be
unconformable on the underlying Scamander Formation (mostly interbedded sandstone and
mudstone). In FAL-1, Facies A is between 533.36 m and 533.46 m deep, 10 cm above the
basal sedimentary rocks (Fig. 3.4). Facies A is overlain sharply by Facies B1 along creek
exposures in the northern transect (Fig. 3.4) and at about 533.36 m in FAL-1.

Figure 3.3 Simplified drill core log of FAL-1 with distributions of Facies A-B1-B2-C. The interpreted extents of individual
lithic rich zones is annotated and represents up to six individual flow units that represent residuum of pyroclastic density
currents.

Facies A contains abundant crystals and lithic clasts in varying amounts of matrix,
ranging from matrix to clast-supported (Fig. 3.5 A-B). The matrix is very fine grained. Lithic
clasts (0.5 - 3 mm across) comprise 5% of the rock. The most common lithics are highly
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altered fine-grained diorite/dolerite, poorly sorted quartz sandstone (Fig. 3.5 C), and crystal
rich volcanic clasts with an aphanitic groundmass (Fig. 3.5 C).
Most of the breccia is made of euhedral and broken crystals of plagioclase (highly
altered) (60%), quartz (30%), pyroxene (4%) biotite (5%), minor opaques (1%) (Fig. 3.6 B).
In thin section, the matrix is aphanitic yellow to beige in plane polarised light (Fig. 3.5 D-F)
and sugary under crossed polars (Fig. 3.5 C). Plagioclase can be partially to completely
altered. In most cases only the crystal shapes are remanent, in some cases the multiple
twinning is still visible in partially altered crystals (Fig. 5.5 E).
Quartz crystals are 50 μm to 3 mm across and (Fig. 3.5 C-D-E-F) the largest crystals
are display jigsaw textures that suggest fragmentation into smaller anhedral crystals (Fig. 3.5
D-F). Biotite flakes can be compressed between other crystals. Biotite is altered to chlorite
which appears dark purple under crossed polars (Fig. 3.5 E). Pyroxenes are anhedral to
euhedral in shape and are mostly altered except in the cores of some crystals.
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Figure 3.4 A Field contact between underlying sediments and Facies A and B at the northern contact occurs at 0601970 E,
5403936 N. 3.4 B Angular sedimentary lithic clasts occur at the base Facies B1 at the northern contact. See Figure 3.4 A for
locality context.
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Figure 3.5 A Facies A – sample NM189. Crystal rich breccia with altered and partially altered plagioclase crystals
interspersed with broken quartz crystals. 3.5 B sample NM189 - Euhedral quartz that is breaking up into smaller anhedral
parts. 3.5 C sample NM189 – lithic clasts present in the breccia. Poorly sorted sandstone and aphanitic groundmass
supported crystal rich juvenile clast. 3.5 D sample NM189 – very fine matrix surrounding large euhedral quartz which
appears to be breaking up. 3.5 E sample NM188 Two phases of plagioclase and the second population of quartz, top left is
altered, and bottom right is sharp and fresh. 3.5 F sample NM187 Large quartz from the first population that is breaking up.

3.3.2 Facies B1 – Matrix supported crystal rich fiamme breccia
Facies B1 occurs at the base of FAL-1 (directly above Facies A) and is present at the
base of the SMP in the northern transect. In FAL-1, Facies B1 occurs between 533.4 and 515m
(Fig 3.6 A). The boundary between Facies B1 and B2 is defuse and marked by an increase in
crystal size and abundance. In outcrop along the northern transect, it forms a coherent unit that
is over 5m thick and laterally continuous. In the field the contact between Facies B1 and
underlying Facies A is sharp (Fig 3.4). In the field the contact between Facies B1 and the
overlying B2 is not well constrained and the thickness of Facies B1 is approximated based on
observations in FAL-1.
In the Field Facies B1 has a weathering surface that is light beige (Fig. 3.5), but a fresh
broken surface reveals a dark grey colour (Fig 3.7 B). Texturally it is porphyritic, crystal rich
and contains abundant angular dark lithic clasts. In hand sample some portions of Facies B1
contain flow banding. In FAL-1 Facies B1 (in comparison to Facies B2) is lithic poor, is more
matrix supported, has a darker matrix, is less crystal rich and the largest crystal fragments are
0.5 mm to 3 mm wide (Fig. 3.7 A). Crystal size and abundance decrease towards the base,
milky white quartz and white and well cleaved plagioclase is the predominant mineral type.
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Figure 3.6 A An interpretive map of Facies extent in the SMP. 3.6 B Crystal abundance for each Facies.
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In FAL-1, Facies B1 contains abundant plagioclase and quartz crystals and minor
angular sedimentary lithic clasts, both are mainly matrix supported. The matrix is very fine
grained, with an overall light beige colour and contains elongate, fiamme-like textures. Noted
as fiamme as well as foliation that looks like eutaxitic texture (Fig. 3.7 G). Eutaxitic textures
are deflected around more competent broken crystals indicating a plane of compaction. Biotite
crystals which are less competent are semi aligned with the compaction fabric defined by the
banded textures. Internally the bands display axiolitic textures (Fig. 3.7 H), best observed under
XPL and appear as sugary intergrowths of fine quartz and K-feldspar.
Lithic clasts comprise less than 5% of the rock. The most common lithics are poorly
sorted sandstone (1 – 3 cm across), well sorted greywacke (1 – 3 cm across), equigranular
clusters of pyroxene-amphibole-plagioclase-biotite (0.1 mm – 0.5 mm across), and crystal rich
volcanic clasts with an aphanitic groundmass (1 – 3 cm across). Altered fine grained mafic
clasts (Fig. 3.9 A) are common and account for up to 20-25% of volume. Clasts have yellow
brown oxidation which altered the surrounding matrix as well (possible smectite). At the
northern contact (Fig. 3.2 A) high abundance of angular sedimentary lithics up to 8 cm across
occur (Fig. 3.4 A-B) at the base of Facies B1. These high lithic abundances are not observed
in FAL-1, but the narrow width of the drill hole does not discount lithics from occurring at the
base of FAL-1.
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Figure 3.7 A Facies B1 is at the base of Facies B with small, fragmented crystals supported in a dark aphanitic matrix. 3.7 B
Field observations of Facies B1 at the northern contact. 3.7 C sample NM188 – Differentially altered plagioclase crystals.
3.7 D sample NM188 – Plagioclase crystals were differentially fragmented suggesting that they have not all experienced the
same amount of high energy transport. 3.7 E Sample NM187 Rounded euhedral quartz with resorption/sieve textures. 3.7 F
NM187 Axiolite/spherulite textures in XPL matrix. 3.9 G NM187 Middle and top portion of Zone B. Contains elongate,
fiamme like textures, noted as fiamme as well as foliation that looks like eutaxitic textures. Fiamme are visible on textural
and colour basis. Yellow trails within this foliation are distinct from finer lighter bands that make up the matrix closer to
crystals. 3.9 H NM1867 Fiamme/yellow patches under XPL light are a mosaic of intergrown quartz and feldspar which form
an axiolitic texture.

The average crystal proportions of Facies B1 is presented in Figure 3.6 B. Plagioclase
makes up 70% of crystals and contains two populations. The first population is highly altered
to moderately altered (Fig. 3.7 C). These crystals generally are anhedral and display zoning.
The second population is made up of broken and unbroken unaltered crystals (Fig. 3.7 C-D, GH). Quartz makes up 20% of crystals and has two populations. The first population has rounded
euhedral phenocrysts of quartz with resorption/sieve textures (Fig. 3.7 E), which are largely
unbroken or display a jigsaw texture. These quartzes have undulous extinction under cross
polarised light. The second population of quartz is milky in colour and defined by small broken
crystals which look fresh and have sharp extinction angles under cross polarised light.
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Figure 3.8 Simplified graphic log shows that a decrease in grain size at the base of the SMP in FAL-1 (blue dotted line)
coincides with a with a decrease in silica. Microcline is the main K-feldspar recorded throughout most of the drill hole. At
the base, Orthoclase was recorded as the dominant K-feldspar type.

Biotite makes up 5% of crystals and is partially altered to green chlorite. Biotite grains are
somewhat aligned with the fiamme and appear to be folded around other more robust crystals.
Amphibole makes up 3%, pyroxene makes up 1% and opaques make up less than 1% of
crystals.
Facies B1 is also differentiated from the overlying SMP based on hyperspectral data.
Facies B1 is the only portion of the SMP which contains orthoclase as the main K-feldspar type
(Fig 3.8). The rest of the overlying SMP mainly contains microcline (See Appendix 1 for all
other Hyperspectral observations).

3.3.3 Facies B2 - Crystal rich polymictic fiamme breccia
In FAL-1 Facies B2 is between 515 m and 451 m with a thickness of about 66 m (Fig.
3.6 A). It is above Facies B1 and below Facies C (Fig 3.3). In FAL-1 the contact between
Facies B1 and Facies B2 is graded. The transition from Facies B1 to Facies B2 is marked by
an increase in abundance and size of the average largest crystal size and by an overall decrease
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of matrix. The top contact between Facies B2 and Facies C is also graded and is between 458m
- 451m. In the field Facies B2 is present along the northern transect above Facies B1. Here its
thickness was not constrained, so its interpreted thickness is estimated based on observations
from FAL-1.
In FAL-1 Facies B2 is variably lithic rich, there are at least two lithic rich zones (Fig.
3.3) Some sections contain up to 15% lithic clasts. The main lithic types in Facies B are:
▪

Sedimentary clasts: sandstone, mudstone, and greywacke clasts (Fig. 3.9 C-D)
are common within this unit.

▪

Mafic clasts (Fig. 3.9 B) are common and are fine to medium, grained mafic
intrusive igneous derived rocks (diorite, dolerite and gabbro). They are also
observed as zones of darker aphanitic groundmass in contact with lighter, finer
grained matrix from the SMP.

In FAL-1 at the base of Facies B2 the SMP is less matrix supported than Facies B1 but
contains the same fiamme and eutaxitic banded textures observed in Facies B1. The fiamme
textures are banded and can have wispy margins that look like vitriclastic textures (Fig 3.10
A). The banded portions are not continuous, they look like welded/compressed glass shards.
Higher up in Facies B2 the matrix becomes slightly granular and the fiamme are separated
based on colour (Fig. 3.10 B, Fig. 3.7 G-H). In domains where the rock is matrix supported and
contains less crystals, the matrix is yellow (Fig. 3.7 G, Fig. 3.10 B). Under XPL these yellow
zones contain axiolitic textures comprising a radial intergrowth of quartz and K-feldspar (Fig.
3.7 F, 3.7 H).
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Figure 3.9 A Altered fine mafic clasts with yellow zones. 3.9 B Mafic xenolith crystal clasts. 3.9 C Greywacke clast. 3.9 D
Coarse, poorly sorted sandstone clast.

In FAL-1 at the top of Facies B2 is where the banded glassy textures in the matrix are
no longer discernible as they are overprinted by small crystals. The gradual transition to a
recrystallised matrix is apparent in the drill-core between 465 and 451 m. The matrix becomes
slightly more crystalline with microcrystals forming trails (Fig. 3.10 B). With increasing
distance from the contact these microcrystals become larger. Above 451 m it is not possible to
recognise the eutaxitic texture, although axiolitic textures are still present.
Facies B2 is crystal rich and mostly clast supported, the largest crystal fragments are
up to 8 mm across. The average crystal proportions of Facies B2 is presented in Figure 3.6 B.
In Facies B2 plagioclase makes up 65% of crystals and like in Facies B1, contains two
populations. The first population ranges from highly altered to moderately altered. These
crystals generally are anhedral with zoning. The largest of these phenocrysts is up to 5mm and
contains internal alteration and inclusions of orthopyroxene and clinopyroxene. The second
population is made up of unaltered crystals which occur as broken and unbroken crystals.
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Figure 3.10 A – Sample G405376 Flow banding texture in aphanitic matrix. 3.10 B – Sample NM187 Flow banding texture
higher up in sequence exhibits colour separation. 3.10 C sample FLI012 – dark microcrystals outline matrix textures
including fiamme in uppermost portion of Facies B (464m).

Quartz makes up 25% of crystals and contains two populations. The first population
contains rounded euhedral phenocrysts of quartz with resorption/sieve textures, these are
largely unbroken or if broken display a jigsaw texture (Fig 3.10 C). These crystals are up to 12
mm across, they often contain inclusions, inclusion trails, vacuole trails and strain marks
(defined by undulous extinction under cross polarised light). The second population of quartz
is clear to milky in colour and defined by smaller euhedral crystals which exhibit sharp
extinction under cross polarised light. Biotite makes up 5% of crystals. Some biotite is altered
to green chlorite. Biotite grains are somewhat aligned and appear to be folded around other
more robust crystals. Biotite is more abundant in upper parts of Facies B2. Pyroxene makes up
3-5% and opaques make up less than 1% of crystals.

3.3.4 Facies C – Granophyric crystal-rich polymictic breccia
Most of FAL-1 is Facies C (458 m and 0 m). It occurs above Facies B2 (Fig. 3.3, Fig.
3.6 A). In FAL-1 the contact between Facies B2 and Facies C is transitional and marked by a
change in the matrix texture from eutaxitic banding to a granophyric texture. In the field Facies
C is the most widespread Facies. Facies C was observed along the whole coastal outcrop except
for a few locations in the southern sector where Facies E was observed. Facies C was also
observed in outcrops along St Marys Pass Road. Based on FAL-1 Facies C has a minimum
thickness of about 460 m. The collar of FAL-1 is located about 80 m above sea level. From
locations such as St Marys Pass Road which occur topographically up to 340 m above sea level.
From the base of Facies C in FAL-1 to the top of St Marys Pass Road Facies C has a thickness
of about 720 m. But the pre-erosional cumulative thickness of Facies C is probably much
greater than 720 m.
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In FAL-1 Facies C is variably lithic rich, but there are at least six zones containing more
abundant lithic clasts (10-15%) than other zones (Fig. 3.3). Lithic populations and the
variability thereof are very similar to those of Facies B2. In the field Facies C also contains
zones with high lithic abundances. These are examined in more detail in Chapter 4. The main
lithic types in Facies C are:
▪

Sedimentary clasts: sandstone, mudstone, and greywacke clasts are common
within this unit.

▪

Mafic clasts are common and are fine to medium, grained mafic intrusive igneous
derived rocks (diorite, dolerite and gabbro). Metamorphosed mafic clasts occur
very sporadically.

▪

Felsic clasts: Aplite clasts are scarce. In the field, some rare granite clasts occur in
zones of high lithic abundance.

▪

WILDs: White igneous lenticular domains are relict pumice clasts that are
widespread throughout Facies C. They are examined in more detail in Chapter 5.

In FAL-1, the matrix of Facies C is made up of a mosaic of fine sugary intergrowths of
quartz, K-feldspar and minor plagioclase. This becomes more pronounced, and causer grained
with increasing distance from the contact with underlying Facies B2. From the base of Facies
C to 224m the matrix is made up of fine intergrowths with larger microcrystals scattered about
(Fig. 3.11 A-B). The base of Facies C does not contain eutaxitic textures and the matrix is
somewhat recrystalised, evident in XPL (Fig. 3.11 A-B). Between 224 m and the top of FAL1, the matrix of Facies C is made up of microcrystals which become larger and more
pronounced, forming a granophyric texture (Fig. 3.11 C). The best granophyric textures are
observed between 125m and the top of FAL-1. (Fig. 3.11 C-D). A sample from St Marys Pass
Road quarry (Fig 3.1) also displays well developed granophyric textures in thin section (Fig.
3.11 E).
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Figure 3.11 A Sample FLI011 – SMP matrix at 426m (bottom of Facies C); there is very little to no flow texture visible (xpl
and ppl). 3.11 B sample NM179 – SMP matrix in Facies C at 323m has micrographic texture (xpl and ppl). 3.11 C sample
NM169 – SMP matrix at 125m is quite re-crystallised at this point forming a sugary intergrowth of quartz and K-feldspar
(K-feldspar is turning yellow due to resin used in thin section) (xpl and ppl). 3.11 D sample FDC001 – SMP matrix at 40m
has a pronounced micrographic texture (xpl and ppl). 3.11 E sample G405367 – (Facies C) taken from quarry on St Marys
Pass Road contains a well-developed granophyric texture. The matrix is an interlocking mosaic of quartz, K-feldspar, and
plagioclase (ppl and xpl).
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The average crystal proportions of Facies C is presented in Figure 3.6 B. Plagioclase
makes up 50% of crystals and has two populations. The first population is weakly to moderately
altered (Fig. 3.12 A). These crystals generally are anhedral and show zoning and inclusions.
The largest of these phenocrysts is 8 mm. The second population is made up of freshly broken
crystals which exhibit twinning and are unaltered, these crystals are up to 5 mm across (3.12
B). Quartz makes up 35% of crystals in Facies C, there are also two populations of quartz in
Facies C (like Facies B2). Biotite makes up 5%, orthopyroxene makes up 3%, clinopyroxene
makes up 2%. Less than 1% of crystals are opaques.

Figure 3.12 A An Altered plagioclase crystal (bottom left) and quartz with re-sorption texture. Matrix is a granophyric and
occurs around larger crystals. 3.12 B Fresh broken plagioclase crystals and unbroken quartz with re-sorption texture.

3.3.5 Facies D - Plagioclase and quartz phyric porphyry
Facies D does not occur in FAL-1, it is inferred to have a transitional contact with Facies
C in the western portion of the SMP. At its western extremity Facies D intrudes the Mathinna
Supergroup (probably the Scamander Formation) (Fig. 3.6 A). Contact aureole is present in the
sedimentary rock in this location. A contact between Facies D and the Scamander Formation
dips the west at 80 ̊ (Fig. 3.13). As only limited outcrop was observed of Facies D its extent is
based on mapping and interpretation completed by Turner (1986).
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Figure 3.13. Western intrusive contact between the SMP (Facies D) and the Scamander Formation occurs at 0599757 E,
5396662 N (see Figure 3.1 for location context).

Facies D is a crystal rich plagioclase - quartz porphyry and makes up the western
portion of the SMP. Lithic clasts were not observed in field outcrops. The groundmass is finegrained and sugary; the groundmass is composed of finely intergrown quartz, K-feldspar, and
plagioclase. The groundmass contains snowflake or micropoikilitic textures (Fig. 3.14 A). The
mineral types and proportions in Facies D are much the same as that of Facies C (Fig. 3.6 B)
however their appearance is not the same. In Facies D, phenocrysts of quartz and plagioclase
(2 – 10 mm across) are euhedral and unbroken whereas crystals in Facies A - C exhibited both
fragmented and in situ crystals. Crystals in Facies D are clearly in a fine groundmass however
the presence of a contact aureole means that this rock is interpreted as a high-level intrusive
porphyry (Fig. 3.14 A-B). Turner et al (1986) interpreted the SMP to consist of an extrusive
Zone A and an intrusive Zone B. The distribution of Facies D is constrained to Turners Zone
B – the intrusive portion of the SMP (Fig 3.6 A).
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Figure 3.14 A Sample G405361 - Facies D observed at the western edge of the SMP, shows that the groundmass between
phenocrysts is a finely intergrown mosaic. The groundmass contains snowflake or micropoikilitic textures indicating
recrystalising of glass. Facies D is porphyritic and contains crystals that are mainly euhedral and unfragmented. (Left image
is ppl and right image is xpl) 5.14 B Sample G405361 - Plagioclase crystal in Facies D is euhedral and unbroken. The
groundmass is fine-grained. (Left image is ppl and right image is xpl).

3.3.6 Facies E – Xenolith rich Piccaninny Creek Granite
The Piccaninny Creek Granite (PCG) is Facies E. It has a width of 5 km, a length of 9
km, and tapers towards the south. The PCG intrudes the southern portion of the SMP, where it
is xenolith rich (Fig. 3.6); the contact between the two units is about 5 km long. Facies E is
restricted to the southern end of the SMP coastal traverse.
In some southern coastal outcrops, the contact relationships between the PCG and the
SMP look co-magmatic, with contacts that are diffuse and gradational (Fig. 3.15 A-B). In one
case this gradational boundary is seen as a tongue-shaped portion of the PCG which seemingly
intrudes the SMP (Fig. 3.15 C). The PCG was also observed intruding the SMP as aplite of
many shapes and geometries. In one case the PCG cross cuts the SMP, and this contact is clean
and looks intrusive (Fig. 3.15 D). In another case the PCG intrudes a lithic-rich portion of the
SMP, where it appears that the SMP was still plastic while intruded (Fig. 3.15 E). The PCG
contains abundant xenoliths of diorite, with fragments up to 2m across, these are the most
common xenolith observed (Figure 3.15 F). Sedimentary xenoliths are also present and are up
to 1.5 m across, they are composed of interlaminated mudstone and sandstone of the Mathinna
Supergroup.
The PCG is a coarse grained, equigranular to sparsely porphyritic (K-feldspar-biotitehornblende-trace pyroxene monzogranite (Fig. 3.15 G-H) It contains 24% quartz, 38%
plagioclase, 11% K-feldspar, 19%, biotite, 3% chlorite and 3% amphibole. See Table 3.3 (in
section 3.5) for XRD results confirming the mineralogical composition of the PCG. The PCG
is clearly an intrusive unit; coarse interlocking grains (Fig. 3.15 G-H) are an obvious proof of
slow cooling.
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Figure 3.15 A PCG with an igneous lithic is the bottom unit and shares a diffuse boundary with the SMP top unit. 5.25 B
SMP is the right unit and shares a diffuse boundary with the PCG with an igneous lithic. 3.15 C The SMP is the main unit in
this image, from the right a lenticular portion from the PCG is intruding into the SMP. The boundary between the two units
is diffuse and a lenticular lithic from the SMP is (top right) is aligned with the intruding portion of the Piccaninny Creek
granite. 3.15 D Aplite-like intrusion of the PCG (lighter unit) into the SMP. 3.15 E Aplite-like textures intruding into lithic
rich portions of the SMP, portions of the SMP look to be assimilating with the Piccaninny Creek Granite. 3.15 F Xenolith
rich portion of the Piccaninny Creek Granite; the most common clasts are Diorite (up to 2m). Sedimentary clasts thought to
be Mathinna Supergroup are also present but less common. 3.15 G Biotite rich domains occur in the Piccaninny Creek
Granite. (XPL) 3.15 H Plagioclase and quartz domains in the Piccaninny Creek Granite. (XPL)

3.4 MLA analysis on Facies B1 and C
The Scanning Electron Microscope (SEM) controlled by an automated software
package (Mineral Liberation Analyser or MLA) was used at the University of Tasmania Central
Science Laboratories (CSL). The MLA was used to analyse representative samples of Facies
B and Facies C, to better understand the differences between the two main Facies classified in
FAL-1. In particular, the aim of this was to establish mineralogical/textural differences between
the fiamme and eutaxitic textures in Facies B and the granophyric matrix in Facies C. Two
polished thin sections were analysed, each on an area of 1 x 1 cm. FLI013 (522 m) is
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representative of the SMP matrix for Facies B1 (matrix supported crystal rich fiamme breccia,
533.4 to 515m). FLI002 (83.8 m) is representative of the SMP matrix for Facies C (granophyric
crystal-rich polymictic breccia, 458 to 0 m). Mineral assemblages (wt.%) were classified by
MLA within both domains (Table 3.2) and MLA software was used to create detailed mineral
maps of the analysed areas (Figs. 3.16 and 3.17). Mineralogical identities were verified with
an additional session on the Hitachi (SEM) at the CSL labs.
Table 3.2 Mineralogical components of Facies B and C as analysed by the MLA.

Modal Mineralogy

Facies B FLI013
FAL-1 (522.8m)

Facies C FLI002
in FAL-1 (83m)

Facies C G405354
Iron-house point

Name

Wt%

Wt%

Wt%

Quartz

11.25

30.72

29.21

Albite

1.81

2.56

1.69

Albite(80)-Quartz(20)

1.33

0.4

0.2

Albite(60)-Quartz(40)

9.59

0.42

0.13

Quartz(60)-Albite(40)

2.58

1.07

0.34

Alkali-Feldspar

1.4

0.73

0.55

Alkali-Feldspar(80)-Quartz(20)

8.1

0.19

0.56

Alkali-Feldspar(60)-Quartz(40)

5.9

0.08

0.3

Quartz(60)-Alkali-Feldspar(40)

0.61

0.41

0.83

19.97

25.95

29.95

Plagioclase(80)-Quartz(20)

2.31

3.63

5.03

Plagioclase(60)-Quartz(40)

1.73

0.27

0.22

Quartz(60)-Plagioclase(40)

1.55

0.06

0.02

Anorthite

1.42

1.82

1.33

K-feldspar

1.73

11.57

11.28

K-feldspar(80)-Quartz(20)

3.25

3.31

1.85

K-feldspar(60)-Quartz(40)

14.09

0.55

0.3

Quartz(60)-K-feldspar(40)

1.37

0.38

0.22

Augite

0.17

0.33

1.67

Orthopyroxene

0.42

0.04

0.12

Orthopyroxene_1

0.39

4.72

5.59

Hornblende

0.27

0.67

0.39

Actinolite

0.34

0.52

0.34

Tourmaline

0.06

0

0

Muscovite-illite

0.88

0.32

0.32

Biotite

0.59

0.07

0.03

Biotite_Fe

2.26

5.54

5.46

Chlorite

1.94

2.13

0.83

Kaolinite-dickite

0.13

0.01

0

0.1

0.07

0.03

Magnetite

0.09

0

0

Ilmenite

0.69

0.41

0.45

Plagioclase

Titanite
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Pyrite

0.05

0.02

0.02

Calcite

0.12

0

0

Zircon

0.02

0.06

0.03

Apatite

0.18

0.29

0.23

Unknown

1.21

0.66

0.41

3.5.1 Facies B1 - Results
This domain of Facies B1 is primarily matrix-supported with some minor zones that
are clast-supported (Fig 5.16 A). Plagioclase crystals make up about 25% of the domain, are
up to 2.5 mm across and occur in different states of fragmentation which are rarely in situ.
Some plagioclase cores are altered to muscovite-illite, especially in anorthite-rich cores. Quartz
crystals make up less than 10% of the domain and, they occur as two populations. The first
population is made up of large euhedral grains that are up to 3.5 mm across and contain
inclusions and skeletal/resorption textures. The second is made up of smaller fragmented grains
that don’t contain skeletal/resorption textures and are generally less than 1 mm wide. Biotite
grains make up less than 3% of the domain, are tabular, and some are altered to chlorite. Kfeldspar grains make up less than 1% of the domain and contain plagioclase and albite
alteration. Minor orthopyroxene grains are present (less 1%), up to 0.6 mm wide and contain
complex amphibole (hornblende and actinolite) alteration textures. Orthopyroxene grains
consistently contain alteration rims with unknown mineralogy. Minor amphibole grains are
present, less than 0.5 mm wide (recorded as hornblende and actinolite) and make up less than
1% of the domain. Muscovite-illite occurs as an alteration phase and makes up less than 1% of
the domain.
The matrix for Facies B appeared aphanitic and banded under both PPL and XPL, and
with banded textures visible under PPL but not under MLA analysis (Fig 5.16 B). The MLA
results recorded the matrix as a fine grained, complex intergrowth of mainly K-feldspar (50%)
with plagioclase, albite and minor quartz; these fine feldspars are contain quartz inclusions.
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Figure 3.16 A Sample FLI013 - MLA classified domain in Facies B1 (at 522 m). 3.16 B Sample FLI013 - MLA classified
matrix in Facies B1 (522 m) intergrown quartz, alkali-feldspar, and plagioclase (including albeit and minor anorthite).

3.5.2 Facies C - Results
Most of the domain analysed in Facies C is clast-supported crystals (Fig 5.17 A) with
minor zones being matrix-supported (especially around larger crystals). Anhedral, fragmented
plagioclase crystals up to 2.5 mm wide, make up the highest proportion of crystals in the
domain (25%). Less than 10% of the plagioclase crystals contain zoning with anorthite cores
and more sodic plagioclase (albitic) rims. Anorthite-rich grains (mostly plagioclase cores)
make up 1% of the domain and contain moderate to strong muscovite-illite alteration. Quartz
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grains make up approximately 15% of the domain and are up to 4 mm wide. Large quartz clasts
contain resorption textures, and some contain platy biotite inclusions.

Figure 3.17 A Sample FLI002 - MLA classified domain in Facies C (at 83 m). 3.17 B sample FLI002 - MLA classified
matrix in Facies C (83 m), matrix is intergrown quartz, albite, minor alkali-feldspar, and minor plagioclase.

Orthopyroxene makes up less than 5% of the domain and is mainly composed of
crystals with minor clinopyroxene and actinolite alteration rims. Biotite grains are tabular and
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makes up 5-6% of the domain, with some grains altered to chlorite. Chlorite occurs mainly as
alteration phase and makes up 2% of the domain. Hornblende is less than 1% of grains and
occurs as alteration on small clinopyroxene grains.
The matrix of Facies C is primarily made up of K-feldspar that is intergrown with quartz
and lesser plagioclase (including minor albite and very minor anorthite) (Fig. 5.17 B). MLA
software has assigned some portions of the matrix as mixtures of quartz and other minerals but
quartz-feldspar intergrowths are lower than in Facies B1. Matrix material is variably distributed
with some domains being matrix-supported while other domains are full of fragmented crystals
and are clast-supported.
3.5.3 Comparison between Facies B1 and Facies C results
MLA results for Facies B1 show that it can be differentiated from Facies C in terms of
mineralogy and intergrowth textures (Table 3.2): Facies B1 contains almost 10% less quartz
crystals: it actually has a similar quartz content to Facies C, but much of this is in the finegrained matrix. Facies B1 also contains approximately 5% less plagioclase crystals than Facies
C, but again has more fine plagioclase in the matrix. Both facies contain minor plagioclase
crystals with cores rich in anorthite plus muscovite-illite alteration. Quartz and plagioclase
crystals are generally larger in Facies C than in Facies B1. The MLA analysis did not record
the banded textures which are present in Facies B1 in PPL.
Facies B1 contains less than half the amount of biotite and almost 80% less pyroxene
than Facies C. Orthopyroxenes in Facies C are much larger (up to 2 mm wide) and contain
minor chlorite alteration. Orthopyroxene in Facies B1 is much smaller (less than 0.5 mm wide)
than in Facies C and consistently contains alteration rims of an unknown mineral.
The matrix in Facies B1 and C is mainly differentiated based on mineralogy (Table
4.1): Facies B1 mainly contains intergrown quartz, K-feldspar, albite and alkali-feldspar.
Facies C mainly contains intergrown K-feldspar and quartz with only minor amounts of
plagioclase and albite. In Facies B1 the matrix is aphanitic, and it is expected that minerals
are mixing and thus intergrowths of feldspars and quartz are abundant. On the other hand, in
Facies C the matrix is coarser (sugary/granophyric) and individual quartz crystals are more
prominent.

40

3.6 XRD Analysis of the SMP
To better understand the mineralogical differences between the facies, selected samples
were analysed by Power X-ray Diffraction (XRD) at the MRT labs. Five Samples were selected
from Facies B1, C and E (See Table 3.3). Sample G405376 from Facies B1 was sampled at
531.4 m in FAL-1. Sample A500858 (FDC020) from Facies B1 was sampled at 524.8 m in
FAL-1. Sample G405377 from Facies C was sampled at 96.7 m in FAL-1. Sample G405454A2 from Facies C was sub-sampled from G405454 which was sampled from coastal outcrop at
Falmouth (0606036 – 5404633). Sample R009965 from the xenolith rich phase of the PCG
(Facies E) was taken from the MRT archives.
XRD results indicate all these samples comprise mostly quartz, calcic plagioclase,
alkali feldspars (albite and K-feldspar), clinopyroxene and biotite mica (Table 3.3). The
mineralogy appears to indicate an increase upwards in the SMP in coarse grained quartz, Kfeldspar, plagioclase, orthopyroxene, biotite and amphiboles. There is a large decrease in fine
grained mixtures of quartz and feldspars, particularly alkali feldspar. Overall, including matrixmaterial, there is an increase in quartz and mafic minerals and a decrease in all feldspars. The
K-feldspar/Plagioclase ratio decreases upwards (Bottrill and Unwin, 2022). The SMP modal
analyses can be mostly classified as granodiorite or dacite, with the basal zone being more
felsic and rhyodacite or monzogranite in composition. The PCG is similar to the SMP but
contains more biotite and amphibole rather than pyroxene, plus less quartz.
Table 3.3 Mineral proportions of five samples analysed with the XRD.
A500858
St Marys
Porphyry

G405377
St Marys
Porphyry

G405354A-2
St Marys
Porphyry

R009965

Unit

G405376
St Marys
Porphyry

Facies

Facies B1

Facies B1

Facies C

Facies C

Facies E

Quartz

24(5)

31(8)

33(8)

30(8)

24(8)

Plagioclase

31(8)

42(10)

37(8)

34(8)

38(8)

K-feldspar

13(4)

15(5)

20(5)

15(4)

11(4)

Mica

19(5)

8(3)

<1

14(4)

19(5)

Chlorite

3(2)

3(2)

9(3)

Amphibole

1(1)

1(1)

1(1)

<1

Pyroxene

4(2)

1(1)

4(2)

Kaolinite
Calcite
Prehnite

Piccaninny Ck granite

3(2)
3(2)

2(2)
3(2)
2(2)
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3.7 Facies interpretation
3.7.1 Interpretation of Facies A - Crystal rich polymictic lithic volcanic breccia
Facies A (Fig. 3.6) is at the base of the SMP. Its elongate but variable thickness in
outcrops means that it may have infilled valleys and was therefore extrusive (Ross and Smith,
1961). Its position at the base of the SMP means that it is probably a basal breccia that
underlies the main extrusive body of the SMP. It could be the remnant of the hot gaseous
ground surge layer which was contemporaneously emplaced with the first pyroclastic flow
(Facies B1). Facies A is like Facies B1 in thin section because it contains the same mineral
types and proportions as Facies B1. But it looks different in hand sample because it is
weathered/altered and contains chaotic zones of clast supported and matrix supported
domains.
There are several other options for the origin of this Facies. The breccia zone underlying
the SMP is composed of fragmented material probably derived from the Scamander formation
(Turner et al., 1986) and could be a palaeosol that was preserved by the emplacement of the
overlying SMP. This idea was put forward by Turner et al. (1986) and is supported by the
breccia zone often being puggy and very friable in outcrop.
An alternative model is that this breccia is not primarily related to the emplacement of
the SMP but instead due to secondary faulting. This is supported by the 20 cm fault zone that
directly underlies the SMP in FAL-1 and the soft puggy clay zone that underlies the SMP in
the field (Fig. 3.5). Weathering has occurred in plagioclase and biotite crystals. This has
probably occurred because the SMP is a more coherent unit than the underlying Scamander
Formation. The more coherent base of the SMP has acted as a conduit for groundwater to pass
along, causing alteration in the plagioclase and biotite grains. A third alternative is that Facies
A represents a combination of the former two interpretations. It could be a paleosol that has
experienced movement and in therefore brecciated.
3.7.2 Interpretation of Facies B1 – Matrix supported crystal rich fiamme breccia
Facies B1 (Fig. 3.6) represents the earliest pyroclastic density current to be emplaced
as part of the SMP. Partial caldera floor subsidence resulted in the evacuation of a crystal rich
magma that underlaid the SMP area. Facies B1 is a different unit from the overlying SMP based
on crystal abundance, matrix abundance, hyperspectral signatures and XRD analysis. The
presence of broken crystals and angular broken lithics clasts supported in matrix displaying
eutaxitic textures is evidence that this portion of the SMP was originally clastic but experienced
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welding after emplacement. In outcrop, angular sedimentary lithic clasts are common at the
base of Facies B1 (Fig. 3.4 A-B). Furthermore, the presence of crystals in varying states of
fragmentation, suggests that the unit was emplaced through a high energy process. Banded
textures in the matrix and fiamme represent flattened and welded glass and/or pumice. Primary
or near primary axiolite textures are also very common in the welded facies (Facies B1 and
B2); this is a high temperature crystallisation texture often seen in densely welded ignimbrites
(Lofgren, 1971). Thoroughly welded pyroclastic deposits have much lower porosity than their
non-welded counterparts, and display eutaxitic texture (Ross and Smith, 1961). Eutaxitic
textures resulting from primary welding are limited to volcaniclastic aggregates that are
deposited while hot, and is most commonly found in subaerial or very shallow subaqueous
pyroclastic deposits. (McPhie and Hunns, 1995). Mineral populations are bimodal with
suggesting magma mixing, this may have been the catalyst for the eruption. Another cause for
bimodal populations might also be due eruption through a granite.
3.7.3 Interpretation of Facies B2 Crystal rich polymictic fiamme breccia
Facies B2 (Fig. 3.6) represents at least two individual pyroclastic density currents.
Evidence for this is the presence of two discreet zones in FAL-1 that contain high lithic
abundances. The flow units in Facies B2 are about 40 m thick (Fig. 3.3). This is different to
Facies B1 where there is only evidence for one pyroclastic density current. Also, the evidence
for flow units within Facies B1 were not observed in FAL-1 (where lithic clasts abundance is
minimal) but in the field along the base at the northern contact (Fig. 3.4 A-B).
As in Facies B1, the presence of eutaxitic textures throughout Facies B2 is evidence
to suggest that this portion of the SMP was originally clastic with glass shards and pumice
which after emplacement experienced welding and became banded with axiolitic textures.
Any other indicators (besides lithic rich zones) which might point to flow unit boundaries
have presumably been masked by welding and devitrification.

3.7.4 Interpretation of Facies C - granophyric crystal-rich polymictic breccia
Facies C (fig. 3.6) represents up to six individual flow units that represent residuum of
pyroclastic density currents. Evidence for this is the presence of up to six discreet zones that
contain abundant lithic clasts in FAL-1 (Fig. 3.3). The flow units at the base of Facies C are
about 40 m thick, flow units at the top of Facies C are up to 120 m thick (Table 3.1). The central
parts of very thick densely welded ignimbrites commonly display granophyric texture due to
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cooling and crystallisation of former glass components” (McPhie et al., 1993, Lofgren, 1971).
The matrix in Facies C contained welded textures like the ones in Facies B1 and Facies B2,
this is evidence to suggest that this portion of the SMP was also clastic. The flow unit
boundaries in Facies C have been masked by recrystallisation. The primary glass matrix has
become welded which in turn has become devitrified and recrystallised into a granophyric
texture. Because Facies C is located further from the base it was more thermally insulated,
resulting in a greater amount of recrystallisation of the matrix. This is analogous to the Dundee
Rhyodacite which is hosted in the Late Permian Coombadjha Volcanic Complex, New South
Wales (McPhie, 1986). Facies B2 grades into Facies C at the base, but the crystal abundances
and relative proportions change up sequence through Facies C. This would reflect the
compositional variations in the evacuating magma chamber.
3.7.5 Interpretation of Facies D - Plagioclase and quartz phyric porphyry
Facies D represents an intrusive portion of the SMP. It has a sharp steep contact with
the surrounding Scamander Formation, which exhibits some contact metamorphism. Its eastern
contact was not established, but it was recognised and mapped by Turner (1986) as shown on
the facies map (Fig. 3.6). Internally it is characterised by unbroken euhedral phenocrysts and
snowflake textures in the groundmass. Mineralogically Facies D is like Facies B2 and C hence
these Facies are co-magmatic. Facies D is located on the western edge of the SMP unit. If the
SMP was emplaced as the result of caldera floor subsidence, then ring fractures on the margins
of the caldera would act as a conduit to transport crystal rich material from the underlying
magma chamber.
3.7.6 Interpretation of Facies E - Xenolith rich Piccaninny Creek Granite
Facies E (Figure 5.6) represents an intra-caldera pluton that is probably related to the
same magma body that fed the SMP eruption. Evidence for this includes the similarity in
mineralogical composition between Facies E, B, C and D in thin sections plus data from XRD
analysis. The PCG is similar to the SMP in mineralogical composition but contains more
biotite and exhibits amphibole rather than pyroxene, plus less quartz. Field relationships
indicate that Facies C and E are synchronous. Co-magmatic/intrusive field-relationships
observed along a 1 km portion of the southern coastal outcrop indicate a complex intra-caldera
setting. Here the PCG contains a high abundance of diorite xenoliths. These may be consistent
with an intrusion of mafic magma into a felsic magma, and could even be the catalyst for the
SMP eruption. Diorite clasts in the SMP and the PCG look very similar and may have
originated from the same source. The PCG probably utilised ring fracture faults of the caldera
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system to intrude upwards into the SMP which had become ponded as an intra-caldera
pyroclastic pile.

3.8 Summary
Six main lithofacies were identified and their characteristics and relationships
described. Their distribution was mapped out through a combination of field observation, thin
section analysis and observations based on prior work (Turner et al., 1986). Facies A is a thin
breccia (0-2m) zone located at the base of the SMP (534m in FAL-1). The breccia separates
the SMP from the underlying Scamander Formation. Facies B is a 75m zone in FAL-1 (533458m) and extends as a lateral band along the northern contact. Facies B is separated into two
portions; the lowest portion is Facies B1, which is less crystal-rich, and more matrix-supported
than Facies B2. Facies B1is less quartz-rich and more K-feldspar rich than B2. All of Facies B
contains eutaxitic textures in the matrix, which become increasingly recrystallised with further
distance above the contact. Facies C makes up the entire upper portion of the SMP with a
matrix that is devitrified and has become completely recrystallised; it is the most extensive
Facies. Facies D makes up the western portion of the SMP and although mineralogically
comparable to Facies C, lacks clastic textures and is interpreted to have formed as a coherentintrusive unit. Facies E (PCG ) is not part of the true SMP however field relationships indicate
that it formed in a late-comagmatic/intra-caldera environment and is contemporaneous with the
SMP.
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Chapter 4. Characterisation and distribution of
lithic clasts
This chapter addresses aim three: Are lithics distributed homogenously or variably throughout
the SMP, and can they be used to model the internal architecture of the SMP?

4.1 Introduction
The SMP is thought to be a welded ignimbrite which was emplaced as single cooling
sheet in a caldera environment (Turner et al., 1986). One way to determine if the SMP is the
product of a single or many pyroclastic density currents generated by a caldera collapse is to
ascertain if lithic clasts are distributed homogenously or variably throughout the SMP (Sparks
et al., 1973). Quantitative component analysis of lithic fragments may be used to determine
the mechanics and structure of caldera formation (Browne and Gardner, 2004). Lithics are
well-defined domains that are clearly distinguishable from the SMP. To gain insight into the
internal unit architecture of the SMP, I identified and characterised the observable lithics
while undertaking a coastal mapping traverse spanning near continuous outcrops of SMP
Facies C, at the northern outcrops of Facies A, B1 and B2 and within the FAL-1 drill-core.
The textural characteristics and spatial distribution of each lithic type is addressed from 4.3
onwards. The main lithic types identified in drill-core FAL-1 were:
▪

mafic igneous lithics, (and metamorphic lithics)

▪

fluidal volcanic lithics,

▪

sedimentary lithics,

▪

aplite lithics and

Additional lithics observed during coastal mapping include:
•

granite lithics

•

lenticular lithics

This chapter describes the main lithic types based on drill-core, reflected light
microscopy and coastal mapping. A comparative analysis of the lithic clast distribution is made
using lithic type, their maximum size and abundance to help model the internal architecture of
the SMP.
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4.2 Quadrat-based lithic analysis
To gain insights into the internal architecture of the SMP, information on the lithic type,
abundance, and maximum clast size (volume cm2) were obtained in each of the 67 quadrats
measured along the coast. The traverse along all 17 km of coastal outcrop (Fig. 4. 1) was
conducted between Falmouth (-41.503101° and 148.274002°) to the north, and Chain of
Lagoons ( -41.6423° and 148.304993°) to the south.
4.2.1 Methods
Every 250 m, sampling quadrats (Fig. 4.1) with dimensions of 2 m × 2 m were drawn
out with chalk and measuring tape. The size (length and width), types and frequency of the
lithics within the sample quadrat were recorded, representative lithics were photographed. See
Appendix 3 for table of lithic type recorded in each quadrat. A quantitative analysis of lithic
data was completed using linear modelling in open-source R software (See Appendix 4 for
methods and results of this analysis). A spatial analysis of the relationships between each lithic
type was undertaken using ArcMap10.8. The same software was used to evaluate the
relationships between overall lithic abundance and maximum clast size.

Figure 4.1 Map of 67 quadrat locations that were surveyed along the coastline. Inset (top left) is coastal survey Q16.
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4.3 Lithic type characterisation and distribution
Observations of FAL-1 and in the field identified seven lithic types. Representative
examples of each lithic type were sampled from core/field for microscopic study. See Appendix
2.2 for list of thin sections used to characterise the lithic clasts.
4.3.1 Mafic Igneous Lithics
Both in FAL-1 and along the coastal outcrop, mafic igneous lithics were the most
frequently recorded lithic type in Facies C. In outcrop Mafic igneous lithics have a width of
0.5 cm – 50 cm (Fig. 4.2 B). In FAL-1 their size is constrained by the maximum width of the
core (Fig. 4.2 A). Internally they appear aphanitic with some crystals up to 2mm. In thin
section, mafic igneous lithics range from

aphanitic to equigranular (Fig. 4.2 C) and

holocrystalline with interlocking pyroxene, plagioclase, minor biotite and opaques. Some
mafic igneous clasts are sparsely porphyritic and contain larger plagioclase phenocrysts
scattered throughout a finer groundmass. There is also a spectrum of clast shapes with some
displaying asymmetric geometries and sharp boundaries, while others have diffuse boundaries
and are more rounded (Fig 4.1 A-B, D-E).
Mafic igneous lithics observed in the Facies C (Fig. 4.1 E) look identical to those
observed in Facies E – PCG (Fig 3.6) at the southern end of the coastal outcrop (Fig. 4.1 D).
A subclass of mafic metamorphic lithic clasts in the SMP, have were observed both in
the drill hole and along the coast. In thin section, these clasts are composed of mafic minerals
and are highly foliated (Fig. 4.1 F).
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Figure 4.2 A Mafic igneous lithic in drill hole. 4.2 B Mafic igneous lithic on coastal outcrop. 4.2 C Mafic igneous lithic
from drill core und PPL. Mineralogy is mafic with an equigranular grain texture. 4.2 D Mafic igneous lithic observed in the
bottom unit (Piccaninny Creek Granite) which also shares a diffuse boundary with the SMP (top unit) near Quadrat 64. 4.2 E
Mafic igneous lithic observed in WILD texture at Quadrat 16. 4.2 F foliated metamorphic clast with mafic minerology.

Mafic igneous lithics appeared in almost all sampled quadrats (Fig. 4.3 A) and were the
most frequently observed lithic type. This lithic type is not associated with zones of high spatial
lithic density; therefore, it was not possible to use them to detect variability along the coast.
4.3.2 Sedimentary Lithics
Sedimentary lithics occurred in FAL-1 drill-core (Facies A-B-C), along the SMPs
northern contact and on the coastal traverse. Sedimentary lithics are not the most abundant
lithic type but are the most widespread. In outcrop sedimentary lithics have a width of 0.5 cm
– 2 m (Fig. 4.4 C-D-F). In FAL-1 they are less than 5 cm across, and their maximum size is
constrained by the maximum width of the core (Fig. 4.4 A).
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Figure 4.3 Maps of lithic type presence (blue) and absence (green) in the 67 sampling quadrats, created using ArcMap 10.8
software. A - Mafic Igneous lithics, which have the highest occurrence across sampling quadrats; they are present in almost
every quadrat sampled. B – Sedimentary lithics occurred variably along the coastal outcrop

Sedimentary lithics are comprised of sandstone and siltstone that often contain
laminations and alternating coarser and finer beds/laminations. Sedimentary lithics observed
in thin section from the drill-core and field samples include a wide variety of sedimentary rocks
of different maturities. Most of the observed sandstone lithics are immature: they are mica and
feldspar rich and contain angular poorly sorted quartz grains (Fig. 4.4 B). Siltstone samples
observed in thin section are mica rich and well sorted (Fig. 4.4 E). Sedimentary lithics on the
coastal traverse displayed a wide spectrum of shapes, colours and internal bedding textures.
Sandstone lithics range from blocky (Fig. 4.24C) to broken clasts (Fig. 4.4. D-F).

50

51

Figure 4.4 A Sample FLI004 is sandstone lithic in drill hole. 4.4 B Sample FLI004 (PPL), angular poorly sorted quartz
grains in mica rich matrix. 4.4 C Rounded interbedded mudstone and sandstone lithic observed along the coastal outcrop.
4.4 D Large laminated mudstone lithic observed along the coastal outcrop. 4.4 E Sample FLI014 is siltstone lithic sample
from drillhole. (right) FLI014 under PPL –well sorted (left) in contact with SMP material – field of view 2mm. 4.4 F
Angular sedimentary lithic clasts observed at the northern contact at the base of Facies B1.

Siltstone and mudstone with internal bedding structures were up to two m long. Some
of these lithics have often fluidal margins and are irregular in shape (Fig. 4.4 D). Angular
broken sedimentary lithics were also observed at the northern contact at the base of Facies B1
(Fig. 4.4 F). Siltstone lithics were observed along with volcanic lithics in Facies B, at the base
of the drill hole, as well as at the northern contact (Fig. 4.5 A).
Sedimentary lithics appeared in variably in sampled quadrats (Fig. 4.3 B). In the
northern sector of the coastal outcrop, there are two quadrats containing sedimentary lithics,
these are Q8 and Q35 (Fig. 4.9 B). In the southern sector, lithic rich quadrats with sedimentary
lithics occur in Q51 and Q57 to Q62 (Fig. 4.9 B). The quadrats with the greatest abundance of
sedimentary lithics was recorded at Q61 and Q62 (Fig 4.9 B). Areas that were generally lithic
rich were also found to have the highest density of sedimentary lithics (Fig. 4.9 B). This lithic
type is associated with zones of high lithic abundance; therefore, it was possible to use them to
detect variability along the coast.

4.3.3 Fluidal volcanic lithics
Volcanic lithics are common within the fine grained fiamme bearing portion of the
SMP. In FAL-1 they occur near the base in Facies B1 and at the northern contact they are also
close to the base. Volcanic lithics exhibit dark lenticular shapes (Fig. 4.5 A). In thin section
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they form dark lenticular, porphyritic clasts with sparse weathered feldspar supported in an
aphanitic groundmass (Fig. 4.5 B). The groundmass is foliated with a wavey-banded texture
that appears to mix with aphanitic welded matrix of the SMP (Facies B1) (Fig. 4.5 B). The
distribution of fluidal volcanic lithics was not recorded along the coastal outcrop because in
hand sample/outcrop volcanic lithics are easily mistaken for lenticular mudstone clasts.
Therefore, any dark lenticular lithics were recorded within one broad category (see section
4.3.6).

Figure 4.5 A sample G405351B was sampled from the northern contact, the dark lenticular portion of material is a volcanic
lithic. At the bottom right is rounded siltstone lithic. 4.5 B sample G405351B – Here banded SMP matrix appears to be
mixing with the darker groundmass of the volcanic lithic, both appear fluidal, lenticular, banded, with irregular curved
boundaries.

4.3.4 Granite lithics
Granite lithics are only observed in two areas along the southern portion of the coastal
traverse: in quadrats Q61 and between quadrats Q63 - Q64 (Fig 4.7 A). At quadrat Q61, granite
lithics appear angular, blocky, irregular and are equigranular. The individual grains in these
clasts are between 2-4 mm wide (Fig. 4.6 A). The proportion of granite lithics at Q61 (the lithic
rich zone with the highest abundance of lithics recorded) is sparse (less than 1%). At locality
between Q63 and Q64, the granite clasts were more flattened than granite clasts at Q61. In this
southern group of granite clasts, the individual grains have a drawn-out texture, which makes
them appear foliated (Fig. 4.6 B).
4.3.5 Aplite lithics
Aplite lithics, were present in FAL-1 and is some of the quadrats sampled on the coastal
traverse. The sugary appearance of the aplite clasts makes them difficult to distinguish from
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coarse sandstone in outcrop. Clast geometries range from blocky and angular (Fig. 4.6 C and
D) to rounded, in outcrop they are felsic and sometimes contain small dark grains of tourmaline.
In thin section they are primarily composed of interlocking grains quartz, plagioclase,
tourmaline, and minor biotite (Fig. 4.6 F). The aplite sample observed in drill hole was at first
described as a coarse-grained sandstone but in thin section it was later identified to be aplite
(Fig. 4.6 E). The distribution of aplite lithics was not recorded along the coastal outcrop as
felsic igneous clasts but were removed from the analysis during data reduction in order to
simplify the observations.
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Figure 4.6 A Granite lithic observed at Q61 in a lithic rich zone. 4.6 B Granite lithic observed between Q63-Q64, mafic
minerals in the clast are drawn out forming a foliation (arrowed). 4.6 C Aplite clast observed at quadrat Q61. 4.6 D Large
aplite clast approx. 80cm across observed at quadrat Q17. 4.6 E Sample FLI003 from FAL-1 is an aplite lithic. 4.6 F FLI003
under PPL shows interlocking Quartz, feldspar, muscovite altered to chlorite and minor biotite.

Figure 4.7 Maps of lithic type presence (blue) and absence (green) in the 67 sampling quadrats, created using ArcMap 10.8
software. A - Granite lithics, which occur only in the lithic rich zone to the south. B - Lenticular lithics, which are observed
in areas where there is little or no sedimentary lithics present.
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4.3.6 Lenticular lithics
Lenticular lithics occur in many of the sampled quadrats along the coastal outcrop and
in most portions of the drill-core. This group is classified by its lenticular shape and finegrained nature (Fig. 4.8 A-C). Lenticular lithics are generally in quadrats that do not contain
angular sedimentary lithics (Fig. 4.7 B) but there are exceptions, as in the sedimentary rich
zone at Quadrat 8 (Fig. 4.8 A). Thin section examination of samples indicate that they have a
variety of origins. These include quartz-phyric volcanic clasts (Fig. 4.8 D-E), greywacke (Fig.
4.8 F-G) and mafic igneous clasts (Fig. 4.8 H-I).
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4.8 A Lenticular lithics observed at quadrat 8. These clasts are possibly the same material but seen on different planes in
outcrop. 4.8 B Lenticular lithics observed at quadrat 10. 4.8 C Lenticular lithics observed at quadrat 6. 4.8 D sample FLI003
contains volcanic lithic (darker material) 4.8 E Volcanic lithic in Facies B1 appears to be coherent and is rich in volcanic
quartz fragments, while it looks like a rhyolite clast entrained in Facies B1 it could also be a clast of reworked volcanics. 4.8
F Sample FLI009 contains a dark lenticular lithic – in hand sample this clast looks like the clast in the sample in Figure 4.5
E. 4.8 G Sample FLI009 - In thin section the dark lenticular clast is identified as a poorly sorted greywacke. 4.8 H Sample
FLI0012 contains a dark lenticular lithic – in hand sample it looks the clasts in 4.5 C. 4.8 I Sample FLI0012 – In thin section
this clast is a mafic igneous.

Lenticular lithics were mainly present in the northern portion of the traverse; they
occurred in clusters from Q1-Q4, Q9-Q10, Q21-Q24, Q26 and Q34 (Fig. 4.7 B). Lenticular
lithics also occurred in the southern portion of the traverse.

4.4 Interpretation of lithics from coastal outcrop, northern contact, and FAL-1
McPhie et al., 1993 suggest that “Lithics fragments are defined as clasts derived from
pre-existing rocks, including both volcanic and non-volcanic types”. In the case of the SMP
there are two main categories of lithics. The first are accessory lithics which are fragments of
country rock dislodged from the conduit walls and vent during explosive eruptions (McPhie
et al., 1993). The second group are juvenile lithics which are a product of pre-eruption
dynamics in the magma chamber.
4.4.1 Country rock lithics
Sedimentary, granite and aplite lithics are all part of the pre-eruption substrate that
existed at the time that the SMP was being emplaced. Sedimentary lithics are associated with
the most lithic dense portions recorded in the SMP. They are also recorded as one of the primary
lithics near the base of the unit. Zones with high abundance of sedimentary lithics were used
to determine lithic rich zones and were further interpolated as the base zone of internal flow
boundaries within the SMP (Sparks et al., 1973). The presence of sedimentary lithics in high
abundance lithic zones indicates that the SMP was mainly evacuating through the Mathinna
Supergroup (either the Sideling Sandstone - upper Panama Group or the Scamander
Formation). Granite lithics occurred only in the most lithic rich zone (Fig. 4.7 A) to the south
(Q61, Q63-64). Other lithics associated with the granite lithics are angular sedimentary and
aplite lithics. The inclusion of these lithics is an indication of the basement geology that
underlies the caldera complex which comprises Mathinna Supergroup rock, granitic and aplitic
rocks.
4.4.2 Juvenile lithics
Mafic igneous units are not common in the pre-Devonian stratigraphy in the NE
Tasmania, although units such as the Hogans Road Diorite could be potential sources of the
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mafic, juvenile igneous lithics. Their ubiquitous presence throughout the SMP and in the
Piccaninny Creek Granite indicates that they may relate to magmatic processes and dynamics
within the magma chamber prior to emplacement. Mafic igneous lithics indicate the intrusion
or mixing of a mafic magma with a felsic magma.
Lenticular lithics are a variety of clast types mostly fitting the country rock lithics, but
some are mafic igneous clasts and attest to the compaction/heating processes. Metamorphic
mafic clasts not seen in the country rocks, they may be from deep in the conduits or recycled.

4.4 Comparative lithic clast distribution and characteristics
I recorded the abundance and maximum lithic size of lithics within a total of 67 quadrats
along the 17 km coastline (Table 4. 1). I then completed a descriptive spatial analysis of the
relationship between lithic size and lithic abundance to one another. The descriptive spatial
analysis of lithic size and abundance data was completed using ArcMap 10.8 software. The
abundance and maximum lithic size of lithic clasts is variably distributed in sampled quadrats
along the coastal outcrop of the SMP (Table 4.3). Quadrates with over 144 observed lithics
were considered lithic rich zones.
Table 4.1 The total abundance and the largest maximum lithic size was recorded for each quadrat.

quadrat
ID

Lithic
abundance

Maximum
lithic size
cm2

Latitude

Longitude

1

-41.5031

148.274

22

105

2

-41.5053

148.275

4

24.7
37.4

3

-41.5076

148.275

5

4

-41.5099

148.276

8

15.68

5

-41.5121

148.277

12

19.5

6

-41.5144

148.277

12

96.8
27.52

7

-41.5164

148.279

6

8

-41.5187

148.279

144

119

9

-41.5199

148.282

4

21

10

-41.5229

148.28

18

55
143

11

-41.5277

148.28

11

12

-41.5296

148.281

14

493

13

-41.532

148.282

6

30

14

-41.5342

148.282

2

24
31.5

15

-41.5364

148.283

3

16

-41.5382

148.285

17

322

17

-41.54

148.285

7

4408

18

-41.5421

148.286

32

106.6

148.284

18

101.5

19

-41.5438

59

20

-41.5505

148.285

8

275

21

-41.5543

148.287

23

136

22

-41.5575

148.291

4

45.6
135

23

-41.5587

148.293

8

24

-41.5584

148.297

1

35

25

-41.559

148.3

1

14

26

-41.5609

148.302

13

120
189

27

-41.563

148.303

5

28

-41.5659

148.304

7

57.6

29

-41.5714

148.313

6

57

30

-41.5731

148.315

2

20.4
7.5

31

-41.5753

148.316

1

32

-41.5776

148.315

7

54

33

-41.5797

148.316

1

2.7

34

-41.582

148.316

6

197.2
50.7

35

-41.5832

148.317

151

36

-41.5843

148.316

4

240

37

-41.587

148.317

4

960

38

-41.589

148.317

11

1875
150

39

-41.5913

148.317

3

40

-41.5933

148.318

5

31.5

41

-41.5948

148.318

8

9

42

-41.5967

148.319

2

157.5
18

43

-41.5989

148.318

8

44

-41.6011

148.319

6

30

45

-41.6037

148.319

13

30

46

-41.606

148.319

7

NA
1539

47

-41.6082

148.319

4

48

-41.6104

148.32

3

11.4

49

-41.6131

148.319

2

2112

50

-41.6155

148.319

1

21.6
665

51

-41.6172

148.319

301

52

-41.6199

148.32

1

28.8

53

-41.6222

148.32

0

0

54

-41.6241

148.318

4

22.5
140

55

-41.6257

148.315

2

56

-41.6281

148.315

1

60

57

-41.6299

148.315

121

975

58

-41.6301

148.315

200

11.25
14

59

-41.6326

148.315

61

60

-41.6349

148.315

1

68.75

61

-41.6351

148.314

407

209

62

-41.6352

148.314

810

107.5
42

63

-41.6374

148.312

4

64

-41.6397

148.311

27

1740

65

-41.6405

148.308

1

31.5

60

66

-41.6412

148.307

52

4320

67

-41.6423

148.305

3

5.06

Overall abundance of lithics is variable along the coast (Table 4.1, Fig 4.9 B).
Quadrates contain between 1 and 810 lithic clasts (Table 4.1). Any quadrats with over 144
observed lithics clasts were considered lithic rich. There are 7 quadrats that would rate as lithic
rich, one in the northern sector and six in the southern sector (Fig. 4.9 B). For example, quadrat
8 in the north and quadrat 35 in the south.
The largest maximum lithic clasts are over 4000 cm2. There appears to be no correlation
between lithic abundance and maximum fragment size (Fig?). In fact, lithic rich zones are
comprised of clasts less than 665 cm2. Generally, quadrats that contain higher spatial lithic
abundance contain lithics with a maximum lithic size that is less than 665 cm2 (Table 4.3).

Figure 4.9 A maximum lithic size plotted against lithic density recorded per quadrat. 4.9 B Lithic abundance plotted against
the presence of sedimentary lithics. High lithic abundance was also observed between Q16-Q17. The highest occurrence of
asymmetrical laminated mudstone clasts (over 3000 cm2) was observed between Q40-Q41.
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This is well demonstrated at Q8, Q35, Q52 and Q61 where lithic abundance is the
highest but maximum lithic size is less than 665 cm2 (Fig 4.9 A). High lithic density is strongly
associated with the presence of angular sedimentary lithics (Fig. 4.9 B). Lithic rich zones
contain lithic abundances greater than 144 lithics, all lithic rich zones identified along the
coastal outcrop contain angular sedimentary lithics, generally with a maximum lithic size that
is far less than 665 cm2 (4.10 A-B). Quadrats that contain lithics with a maximum lithic size
greater than 665 cm2 are variably distributed throughout the coastal outcrop and are not
associated with lithic rich zones, this is demonstrated in figure 4.9 A.

Figure 4.10 A Lithic rich quadrat example (Q62): approximately 800 sedimentary lithics were counted in this quadrat. 4.10
B Lithic rich quadrat example (Q51).

The variability of lithics along the coastal outcrop is confirmed by linear modelling
using R software, which demonstrated no significant correlation between spatial lithic
abundance and maximum lithic size with latitude. For methods and results of quantitative
spatial analysis see appendix 4.

4.5 Lithic distribution in FAL-1
Lithic clasts are observed throughout most of FAL-1 drill-core, their distribution with
in FAL-1 is variable. The distribution and size of lithics is presented in an exaggerated graphic
core-log along with the largest average grainsize of porphyritic crystals, recorded lithofacies
and weathering/deformation zones (Fig. 4.11). The larger size of lithics at the top of the hole
is an artifact and is due to the variable size of core. From 0m to 209m lithic size was limited to
a maximum of 70mm due to the width of the core (HQ - NQ), from 209 to 533.4m lithic size
reduces due to the reduction in core size (BQ). Based on the presence of zones of higher lithic
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abundance, this data indicates that there are up to 9 discrete units within the FAL-1 portion of
the SMP (Fig. 4.11).
Many lithics have a flattened geometry that is oriented at 80° to 90° to the core axis, if
the SMP has undergone post eruptive compaction, then this is an indication that the drill-hole
is approximately perpendicular to the orientation of the SMP.

Figure 4.11 Simplified core log highlighting distribution of lithic rich zones and of Facies within FAL-1. Lithic distribution
throughout FAL-1 drillhole is not homogenous and occurs in concentrated zones.

4.6 Discussion and Summary
Analysing the type and distribution of lithic clasts within the SMP has shown that
lithic clasts are variably distributed throughout the unit. Results from coastal mapping and
graphic logging of FAL-1 drill-hole indicate that the distribution of lithic fragments within
the SMP occurs as clusters of lithic rich zones and lithic sparse zones.
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Along the coastal outcrop sedimentary lithics are associated with lithic rich zones and
granite lithics are only associated with the most lithic rich zone. Analysing the type, size, and
distribution of these lithics within the SMP has enabled modelling of the internal architecture.
Up to 9 distinct units are present within FAL-1 and multiple lithic rich zones recorded along
the coastal outcrop. The presence of sedimentary lithics in the most lithic rich zones shows
they are associated with the structural controls of the caldera. The SMP was mainly evacuating
through the Mathinna supergroup sequences. The presence of granite and aplite lithics in the
most lithic rich zones indicates that the SMP was also evacuating through granitic rocks in the
substratum.
Mafic igneous lithics on the other hand are the most numerous lithic types recorded in
the SMP, along the coastal outcrop their distribution is near homogenous. Their ubiquitous
presence throughout the SMP and in the Piccaninny Creek Granite indicates that they may
relate to magmatic processes and dynamics within the magma chamber prior to emplacement.
Mafic igneous rocks are not in the country rock surrounding the SMP. It is therefore likely that
these clasts represent products of magma mixing that occurred in the magma chamber prior to
eruption, although units like the Hogans Road Diorite to the north could be potential sources.
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Chapter 5. WILDs: enigmatic features of the SMP
5.1 Introduction
White Igneous Lenticular Domains (WILDs) characterise the SMP on weathered
surfaces along the coastline and some inland outcrops (Fig. 5.1 A-B). These enigmatic
lenticular patches were described as ‘schlieren’ by Turner (1986). The problem with this term
is that ‘schlieren’ has genetic connotations “schlieren occur in diatexite (and other felsic
magmas) forming bands rich in platy minerals and also amphibole, garnet, pyroxene and
plagioclase (Mehnert, 1968, Milord and Sawyer, 2003). This chapter attempts to resolve what
exactly they are and how they are formed in the SMP. The WILDs are described in hand
specimen and thin section in the first part of the chapter. This is followed by characterisation
using MLA and XRD. The distribution of WILD size and aspect ratio and spatial orientation
is also examined.
The descriptive name White Igneous Lenticular Domains (WILDs) was adopted for
these features following non-genetic naming of volcanic features (McPhie et al., 1993) and
these textures are henceforth referred to as such.
This chapter aims to understand if WILDs do represent coherent syn-volcanic/intrusive
or pyroclastic and/or volcaniclastic processes?

Figure 5.1 A WILDs with internal fabric plane positioned parallel with the outcrop surface have a low aspect ratio and are
round and discoidal in shape. 5.1 B WILDs intersected by the outcrop surface at a perpendicular angle to their internal fabric
plane have a higher aspect ratio and are lenticular in shape.

5.2 Methods to Characterise WILDs
WILDs were identified in FAL-1 and along coastal outcrops between Falmouth and
Chain of Lagoons. Observations were made on polished blocks and thin sections from drill65

core. To understand the subtle differences between WILDs and hosting SMP one thin section
which contains both was examined in detail using MLA and XRD. The distribution, size and
orientation of the WILDS was measured in the lithic quadrats along the coast as described in
chapter 4.

5.3 Description of WILD textures in outcrop and polished surface
WILDs are inclusions which appear in the SMP as white to pale mostly aligned lenses.
They are readily identified on weathered surfaces in most coastal and some inland outcrops but
difficult to identify on unweathered surfaces. WILDs were also observed in FAL-1 but only on
polished slabs. WILDs appear to be restricted to Facies C: no WILDs were observed in Facies
A or B either in FAL-1 or at the northern contact of the SMP. 82% of quadrats along the coast
in Facies C contain WILD textures.
In hand specimen, they have the same mineralogy as the host rock but contain more
large quartz and plagioclase phenocrysts and are usually paler. These phenocrysts are usually
euhedral and less fragmented than crystals in the host SMP. Along the coastal exposures, most
crystals in Facies C are broken whereas in the WILDs only about 30% of crystals are broken.
The WILDs have more groundmass (45%) than the surrounding host rocks (25%) (Fig. 5.1 AB, Fig. 5.2 A-B). Often, WILDs contain trails of mafic minerals that form a subtle foliation
parallel to the margins of the WILD (Fig. 5.2 B). On a polished surface WILDs form a
consistent fabric made up of fine-grained lighter minerals and large phenocrysts up to 1.2 mm
across (Fig. 5.3).

5.2 A WILD with porphyritic internal texture and lenticular lithic clasts recorded south of quadrat 67 at Chain of Lagoons.
5.2 B WILD with internal porphyritic texture and subtle fabric recorded near Quadrat 29.
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Figure 5.3 WILD domains annotated on a freshly cut and polished surface contain lighter mineral trails which form a fabric
within the rock that dips from left to right.

5.4 WILDs petrography
A large thin section G405354A sampled from Falmouth coastal outcrop (0606036 –
5404633) captures the diffuse transition between the WILD texture and the host SMP texture.
Subtle variations and distinguishing characteristics of these two domains in the same sample
can address the broader question of the difference between the WILDS and the SMP. This thin
section was used to conduct a petrographic analysis of a WILD in comparison with the SMP
matrix.
The mineralogy within WILDs is similar to that of their host (Facies C, see Chapter 3).
The WILDs are porphyritic with phenocrysts of quartz and plagioclase comprising up to 50%
of the domain. Plagioclase represents 50% of large phenocrysts in WILDs and can be up to
8mm wide (Fig. 5.4 B). These are less fragmented than the plagioclase crystals that occur in
the host rock (Fig. 5.4 C-D). Quartz phenocrysts represent 40% of large phenocrysts in WILDs,
they are up to 10 mm wide and have resorption textures (Fig. 5.4 A-B). These are less abundant
than the plagioclase crystals but are often up to 5mm larger. In the WILDs the phenocrysts are
more commonly euhedral, and groundmass supported.
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Figure 5.4 Cross polarised images from Sample G405354A 5.4 A. Domain inside WILD with a higher proportion of
groundmass between crystals. 5.4 B. Domain inside WILD with a higher proportion of phenocrysts made up of large
resorption type quartz. 5.4 C. and D. Domain in SMP outside WILD is crystal rich and clast supported.

In contrast, plagioclase and quartz phenocrysts in the SMP host are generally
fragmented and crystals are often in contact. In the WILDs biotite makes up 4% of the crystals,
with some being altered to chlorite. Orthopyroxene, clinopyroxene and amphibole are also
present in minor amounts (5%) but appear quite altered. Zircon and opaque minerals make up
less than 1%.
The transition from WILD to adjacent SMP is diffuse. The microcrystalline component
of both is granophyric with a fine sugary mosaic of intergrown K-feldspar, quartz, and minor
plagioclase (Fig. 5.4). The main difference between the two domains is that phenocrysts within
the WILD domains are less abundant, less fragmented and surrounded by more groundmass
than the host SMP.

5.5 Comparative MLA analysis of WILDs and SMP host
To better understand subtle difference in the WILD and the SMP matrix, thin section
G405354A was analysed using the Mineral Liberation Analyser (MLA) in conjunction the
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UTAS FEI quanta SEM. (See appendix 5 for details). A 1 x 1 cm area was analysed in both a
WILD and adjacent SMP host.
5.5.1 MLA Results
Mineral assemblages were analysed and classified within the parts of the SMP host and
a WILD (Table 5.1). For detailed analysis of each domain see Appendix 6. Overall, the mineral
type and proportions in both the WILD groundmass and the SMP are similar, however, the
SMP has slightly more quartz (30.26%) than the WILD groundmass (27.61%). The host SMP
also has more ferromagnesian minerals (orthopyroxene 5.6%, biotite 5.49%) than the WILD
groundmass (orthopyroxene 3.96%, biotite 2.81%). The WILD groundmass has more Kfeldspar (17.66%) than the SMP matrix (13.04). The remaining minerals have less than 1% of
difference between the WILD and surrounding SMP.
Table 5.1 Mineral component in WILDs and SMP matrix as classified in the MLA analysis.
WILD
(Wt%)

SMP Matrix
(Wt%)

Quartz

27.61

30.26

Albite

4.61

3.67

Minerals

Alkali-Feldspar

1.78

1.29

34.17

33.92

Anorthite

2.25

1.33

K-feldspar

17.66

13.04

Augite

1.64

1.67

Orthopyroxene

0.04

0.12

Orthopyroxene_1

3.96

5.6

Hornblende

0.39

0.4

Actinolite

0.31

0.34

0

0

Muscovite-illite

0.24

0.32

Biotite

0.02

0.03

Biotite_Fe

2.79

5.46

Chlorite

0.85

0.83

Kaolinite-dickite

0

0

Rutile

0

0

0.02

0.03

0

0

0.4

0.45

0.01

0.02

Monazite

0

0

Xenotime

0

0

Zircon

0.03

0.03

Apatite

0.16

0.23

Unknown

0.98

0.87

Plagioclase

Tourmaline

Titanite
Magnetite
Ilmenite
Pyrite
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5.5.2 MLA Summary
The MLA technique confirmed the differences evident in petrography and quantified
subtle differences between WILD and the SMP host textures.
Mineral assemblages in the WILD and surrounding SMP are slightly different (Table
5.2). K-feldspar is more abundant in the WILD (17.66%) than in the SMP (13.04%). The
greater K-feldspar abundance in the WILD is due to fine K-feldspar in the groundmass of the
domain (Fig. 5.5 A-B). Overall, the SMP host has slightly more quartz (30.26%) than the
WILD (27.61%). The SMP also has more ferromagnesian minerals (orthopyroxene 5.6%,
biotite 5,49%) than the WILD

Figure 5.5 A Classified mineral map for the WILD domain. The crystals are annotated to highlight that they are mostly all
euhedral and unbroken. There is also more fine-grained material. Figure 5.5 B Classified mineral map for the SMP host
rock. The crystals are annotated to highlight that they are mostly all broken and in contact with one another. The fine-grained
interstitial material is primarily K-feldspar (light purple). Figure 5.5 C Representative classified mineral map of
groundmass in WILD texture. groundmass primarily consists of intergrown K-feldspar and quartz with minor plagioclase
and albite. Figure 5.5 D Representative sample of granophyric texture in the SMP matrix, locality context is annotated in
figure 5.5 A. fine grained matrix is a granophyric texture that primarily consists of intergrown K-feldspar (light purple) and
quartz (grey) with minor plagioclase and albite.

groundmass (orthopyroxene 3.96%, biotite 2.81 %). Both domains contain plagioclase and
other minerals with less than 1% of discrepancy. MLA highlights the textural difference
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between the WILD and the SMP host (Fig 5.5). The WILD contains large, euhedral crystals
comprising 55% of the domain and including plagioclase (70%, <4 mm), some irregularly
shaped quartz (10%, <3.5 mm) as well as pyroxene (4%, <1.5 mm) and biotite (2%, <1 mm),
only a few crystals are broken. On the other hand, the SMP host contains abundant variably
sized crystals (75%, 0.05-2.5 mm), many of which are fragmented and in contact with one
another. Large crystals include plagioclase (69%, <1.5 mm), quartz (20%, <3 mm), pyroxene
(6%, <1.7 mm) and biotite (5%, <0.7 mm).
MLA shows that the microcrystalline portions (light purple in Fig. 5.5 A-B) of the
WILDS comprise 45% of the domain whereas the fine-grained portion of the SMP comprises
25% (Fig 5.5 A-B). MLA has also resolved the mineralogy of these portions of the domains.
The fine-grained component in both is composed of intergrown K-feldspar, quartz and minor
plagioclase and albite; the WILD texture contains up to 5% more K-feldspar than the SMP host
(Table 5.2). Furthermore, quartz exsolution textures are more common in the microcrystalline
SMP host than in the WILD.

5.6 XRD analysis of WILD and non-WILD texture
To better understand mineralogical differences between the SMP matrix and the WILD
texture, one sample selected from each domain (WILD and SMP host) was analysed by XRD
(Power X-ray Diffraction).
The WILD (G405354A-1) and SMP host (G405354A-2) samples have a similar total
mineralogy. However, there is more K-feldspar and slightly more quartz, orthopyroxene and
biotite in the WILD compared to the SMP host. The WILD analysed has less plagioclase than
the host SMP (Table 5.2). This is seen mostly on the coarse phases; the fine groundmass seems
to vary little. Plagioclase, augite and amphibole also vary little. For plagioclase and quartz
content in the WILD and the SMP host the XRD results are somewhat at odds with that of the
MLA results.
Table 5.2 XRD analysis results between a WILD and an SMP matrix domain.

Mineral

G405354A-2

G405354A-1
St Marys
Unit
St Marys Porphyry
Porphyry
Facies
SMP matrix (Facies C WILD
Quartz
30(8)
33(8)
Plagioclase 34(8)
28(5)
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K-feldspar
Mica
Chlorite
Amphibole
Pyroxene
Kaolinite

15(4)
14(4)
<1
4(2)
2(2)

19(5)
14(4)
1(1)
<1
5(3)

5.7 Quadrat analysis of WILDs
5.7.1 WILDs size and aspect ratio
To gain insight into the internal architecture of the SMP, I recorded height and length
measurements of WILDs along the coastal outcrop between Falmouth and Chain of Lagoons.
Collection of WILD size related data was undertaken simultaneously with the sampling of 67
quadrats for lithic related data (Fig. 4.1). At each quadrat, I identified the five largest WILDs
whose internal planes were observed in profile on the outcrop (Fig. 5.6). This was done to avoid
measuring apparent height and length. When I was sure I was looking at them in profile I then
measured the length and width of each WILD. For each of the five WILDs measured at each
quadrat I calculated the area (length × width) and aspect ratio (length ÷ height) (Table 5.3).
A descriptive spatial analysis of the relationship between maximum WILD size,
average aspect ratio and maximum lithic size and lithic abundance to one was completed using
ArcMap 10.8 software.

Figure 5.6 WILD schematic describing low and high aspect ratios in WILDs. WILDs with internal fabric plane positioned
parallel with the outcrop surface have an apparent low aspect ratio (H vs L). I avoided these WILDs. WILDs whose profile
intersects an outcrop surface at a perpendicular angle have a higher aspect ratio and are lenticular, these are the aspect ratios
I recorded.
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WILDs were observed in 55 of the 67 quadrats sampled along the coastal traverse. The
smallest WILDs are 30 cm2 and the largest WILDs are 2550 cm2 with aspect ratios ranging
from 3.62 to 21.49 (Table 5.3). There was no relationship identified between the size of the 5
largest wilds with latitude. The average aspect ratio of WILDs along the coastal outcrop has a
near-linear relationship with latitude. Overall, WILD show higher average aspect ratios
towards the southern portion of the coastal traverse (Fig 5.7 A)
Table 5.3 The length and width of the five largest WILDs were measured in and around each quadrat. These dimensions
were then used to calculate the Maximum WILD size (Area), Average aspect ratio and the range of aspect ratios for each
quadrat.

quadrat
ID
1

-41.5031

148.274

Maximum WILD size
(cm2 )
92.4

2

-41.5053

148.275

Latitude

Longitude

Average Aspect
Ratio of WILD

Range of Aspect
Ratio of WILD

11.05

17.26

351

7.73

14.83

5.55

3.60

5.84

4.29

3

-41.5076

148.275

130

4

-41.5099

148.276

81

5

-41.5121

148.277

6

-41.5144

148.277

84

5.28

2.26

7.40

2.02

NA

NA

NA

7

-41.5164

148.279

68.2

8

-41.5187

148.279

123.5

4.89

3.48

9

-41.5199

148.282

132

6.33

11.00

10

-41.5229

148.28

38
NA

7.42
NA

4.17
NA

11

-41.5277

148.28

12

-41.5296

148.281

162

6.82

6.00

13

-41.532

148.282

75

5.28

6.50

14

-41.5342

148.282

48.4

10.00

0.00

6.80

7.00

15

-41.5364

148.283

2550

16

-41.5382

148.285

99

4.88

6.08

17

-41.54

148.285

51

4.57

2.33

18

-41.5421

148.286

351

3.61

2.27

4.34

3.41

19

-41.5438

148.284

101.2

20

-41.5505

148.285

47.6

5.91

0.83

21

-41.5543

148.287

224

5.75

2.63

22

-41.5575

148.291

1248

5.95

2.45

216

7.00

10.63

23

-41.5587

148.293

24

-41.5584

148.297

25

-41.559

148.3

344

5.77

6.55

26

-41.5609

148.302

277.2

8.20

4.51

7.26

5.08

NA

NA

NA

27

-41.563

148.303

222

28

-41.5659

148.304

40

6.40

0.00

29

-41.5714

148.313

36

7.56

6.11

30

-41.5731

148.315

134.4

9.99

6.93

148.316

134.4

5.20

1.17

31

-41.5753

73

32

-41.5776

148.315

33

-41.5797

148.316

34

-41.582

148.316

NA

NA
120

6.35

800
NA

NA
4.67

9.72
NA

5.83
NA

35

-41.5832

148.317

36

-41.5843

148.316

325

10.84

8.38

37

-41.587

148.317

96

7.25

5.33

38

-41.589

148.317

84

21.49

17.87

9.45

8.75

11.93

18.00

39

-41.5913

148.317

400

40

-41.5933

148.318

120

41

-41.5948

148.318

42

-41.5967

148.319

62.1

9.62

6.60

12.36

8.50

10.33

8.18

NA

NA

NA

43

-41.5989

148.318

140

44

-41.6011

148.319

117.6

45

-41.6037

148.319

NA

NA

NA

46

-41.606

148.319

NA

NA

NA

NA

NA

NA

47

-41.6082

148.319

48

-41.6104

148.32

102.4

8.17

5.00

49

-41.6131

148.319

76

6.80

3.75

50

-41.6155

148.319

360

14.93

13.17

15.71

0.00

51

-41.6172

148.319

770

52

-41.6199

148.32
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13.45

7.70

53

-41.6222

148.32

48

9.88

6.60

54

-41.6241

148.318

145

8.22

8.00

18.22

15.84

5.22

5.71

55

-41.6257

148.315

150

56

-41.6281

148.315

112.5

57

-41.6299

148.315

NA

58

-41.6301

148.315

NA

59

-41.6326

148.315

60

-41.6349

148.315

61

-41.6351

148.314

62

-41.6352

NA

NA

NA
582

NA

NA
14.10

NA

22.00
NA

1080

6.53

2.61

148.314

516

11.76

6.15

10.67

3.75

63

-41.6374

148.312

92.4

64

-41.6397

148.311

1170

9.32

9.44

65

-41.6405

148.308

105

9.05

4.52

66

-41.6412

148.307

30

10.47

9.42

148.305

95

7.84

7.20

67

-41.6423

5.7.2 Comparison of the size of WILDs to lithic fragments in the coastal SMP
A descriptive spatial analysis of the average WILD aspect ratio (Fig. 5.7 A) and the
maximum WILD size (Fig. 5.7 B) were cross analysed with the maximum size and abundance
of lithic components. The maximum size of WILDs generally has an inverse relationship with
maximum lithic size. Quadrats with a larger maximum WILD size are generally associated
with lithics of a lower maximum size (Fig. 5.8 A).
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Figure 5.7 A Average aspect ratios (length/height) of 5 measured WILDS per quadrat. 5.7 B Maximum WILD size per
quadrat plotted against sedimentary lithic occurrence per quadrat.

Larger maximum WILD size was not associated with higher lithic abundance (Fig. 5.8 B).
Quadrats that contained lower lithic abundance (31 lithics or less) were associated with a wide
range of maximum WILD sizes, from 20cm² to 2550 cm².
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Figure 5.8 A Maximum lithic size per quadrat plotted against maximum WILD size per quadrat. In general, there is an
inverse relationship where larger maximum lithic size is associated with smaller maximum WILD size and smaller
maximum lithic size is associated with larger maximum WILD size. 5.8 B Lithic density plotted against maximum WILD
size per quadrat. In general, there is an inverse relationship with lower lithic density associated with a greater maximum
WILD size.

5.8 Coastal survey of multi-planar WILDs
To gain insight into the internal architecture of the SMP quadrat and opportunistic
orientation measurements were made of WILDs along the coast. Only WILDs showing more
than one plane in outcrop were measured for true dip and dip direction.
5.8.1 Results for multi-planar WILD analysis
Overall, there was consistency in the dip and dip direction of the multi-planar WILDs.
The orientations range from 123° to 310° and dips from 18° to 70° to the SW. On average, the
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WILDs dip towards 235 ° at about 35 ° (Fig 5.9). The main outliers are located at the southern
portion of the coastal outcrop, between Q50- Q52 and south of Q64; in these areas, the dip and
dip direction became erratic (Fig. 5.10 A) (e.g., WILD66 dipping 19° towards 178°, WILD 68
dipping 70° towards 187°). See Appendix 7 for coordinates and dip and dip directions of
multiplanar WILDs.

Figure 5.9 Rose Diagram shows the average dip direction of multipolar WILDs along the SMP coastline. WILDs most
frequently dipped towards 230 – 240 degrees. Dip and dip direction of multiplanar WILDs measured on coastal traverse.
Red arrows in the southern sector denote domains of variable dip and dip directions.

The average strike of the multi-planar WILDs was found to be 155 °. Interestingly if
the orientation of the WILDS is combined with high lithic abundance zones, there may be
broadly continuous lithic rich zones that can be traced between lithic rich in the north and some
in the south (Fig. 5.10 B).
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Figure 5.10 A Dip and dip direction of multiplanar WILDs measured on coastal traverse. Red arrows in the southern sector
denote domains of variable dip and dip directions. 5.10 B Combing lithic density paired with multi-planar strike results in a
155-degree striking form-line which connects Q8 and Q35 and dips at about 35 degrees (average dip) towards 235 degrees.

5.9 Discussion and conclusion
This chapter amasses evidence that the WILDs are pumice. Petrography, MLA work
and XRD analyses all indicate that the WILDs and surrounding SMP are mineralogically and
compositionally similar but the WILDs have distinctive internal textures. A WILD contains
about 45% microcrystalline material between large crystals whereas SMP in the same sample
has 25% fine grained crystals. Large crystals in the WILD are mostly euhedral in contrast to
the surrounding SMP in which most crystals are broken. The euhedral, unbroken shape of most
crystals in the WILD suggest that they formed from a magma without a pyroclastic phase. The
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comparable mineralogy indicates that they formed from the same magma and were probably
erupted at the same time as the rest of the SMP.
One possible explanation for the pale colour of the WILDs on weathered surfaces is
the more abundant K-feldspar in the microcrystalline component of the domains. The finegrained K-feldspar will weather preferentially to form more light coloured clays in comparison
to the surrounding SMP.
The aspect ratios of the WILDs varies from 3.6:1 to 21.5:1, the average aspect ratios
of WILDs is 8.4:1. Pumice in welded ignimbrites can have aspect ratios of 2:1 to 6:1, but can
be as great as 60:1. In non-welded ignimbrites similar flattening ratios occur (Gifkins et al.,
2005, Ross and Smith, 1961)
Pumice will compact and align during the welding processes. “Pyroclastic deposits that
are thoroughly welded often comprise plastically deformed, compacted, aligned (commonly
bedding parallel) pumice lenses in a matrix of flattened shards” (McPhie and Hunns, 1995).
“Pumice fragments in strongly welded pyroclastic deposits are compacted to discs of dense
glass that may be subsequently devitrified” (McPhie et al., 1993). Compaction of the SMP
produces a consistent fabric that can be used as a proxy for bedding. The consistent orientation
of the WILDs over the large areas of outcrop (Fig 5.9 and 5.10 A) at 35° towards 235° suggests
that the alignment of WILDs is formed in the same manner. Joining lithic rich zones along the
155° strike orientation of the WILDs is additional evidence that these features (Fig. 5.10B)
indicate stratification.
Areas with large WILDs usually contained smaller lithic clasts as anticipated in
pyroclastic density deposits where lithics are near the base and pumice is generally more
abundant near the top (Sparks et al., 1973).
WILDs show the same textures referred to by Turner as ‘schlieren’ (1986). Turner
described them as “inclusions which are porphyritic and consist of the same minerals as their
host. The groundmass grain size in the schlieren is like that in the porphyrite but the
phenocrysts are larger and apparently less disrupted than the coarser grains in the porphyrite.
A conspicuous feature of the schlieren is that they are more felsic than their host” (Turner,
1987). Turner found that an intersection lineation in the schlieren could be measured when a
single schlieren occurred across multiple differently oriented surfaces. The term ‘schlieren’
was used to describe similar textures observed in Victorian volcaniclastic sequences around
time Turner conducted his work (Birch, 1978). The term “schlieren” was used by Turner (1987)
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and Birch (1978) as it captures their discoidal geometry and the similarity of their internal
mineralogy to that of the surrounding host rock. Turner postulated that the schlieren may
represent pumice clasts which had become flattened due to compaction after cooling.
The data presented support Turner’s 1986 interpretation that suggested that these
aligned lenticles, which he called ‘Schlieren’ were best explained as relict pumice. Turner
found that the average length of the Schlieren was between 200-300 m, the orientations that he
measured along the coastal outcrop were between 206° and 276° and dipped between 32° and
67°. Turner found that the average aspect ratio of the Schlieren was 6 : 1. Turner’s findings are
partially consistent with mine. I found that WILDs had an average length of 250mm with
average dip direction of 234° and dipping at 35°. The average aspect ratio of WILDs was 8.4 :
1 which is slightly higher than the average aspect ratio reported by Turner.
WILDs were observed within the SMP along approx. 80% of coastal outcrop. The
average aspect ratio of WILDs observed on the coastal outcrop was found to be greater in the
southern portion of the SMP. Areas with large WILDs usually contained smaller lithic clasts.
Lithic dense areas were not correlated with any trends in the maximum size of WILDs
measured in those zones. The dip and dip direction of WILDs showed good consistency: on
average, WILDs dip towards 235 ° at about 35 °, except in southernmost portions of the sector
where orientations of WILDs were erratic. Form-lines of the orientation of the WILDS join
zones of abundant sedimentary lithics.
In outcrop WILDs appear distinct from the surround SMP host rock because they are
paler, appear slightly more porphyritic. WILDs also contain a foliation that is parallel to margin
with the SMP host rock. Petrographically WILDs contain fewer but larger crystals and fewer
broken fragments than the surrounding SMP. MLA suggests that WILDs have different grain
proportions, were found to be less fragmented, more porphyritic and groundmass supported.
Turner (1986) suggested that WILD textures could represent compacted pumice clasts.
The findings that larger WILDs are associated with smaller lithic clasts supports this theory
(Sparks et al., 1973). The overall consistent orientation of the WILDs, the lack of broken crystal
fragments and porphyritic texture; furthermore, supports that they represent a post-compaction
fabric that could possibly be relict pumice clasts.
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Chapter 6. Geochronology
6.1 Introduction
A geochronologic framework is vital for understanding the emplacement processes of
the St Marys Porphyry. U-Pb method using laser ablation inductively coupled plasma mass
spectrometry (LA-ICPMS) on zircon was undertaken on 11 samples to understand the
provenance and magmatic crystallisation age of the SMP and related units. This chapter
addresses aim 5: What is the temporal relationship between the SMP, underlying Scamander
Formation and surrounding granite phases? (Aim five from introduction).
To do this the chapter outlines previous dating work and briefly introduces the method
for LA-ICPMS zircon geochronology. The results for each of the chosen eleven samples is
documented by stratigraphic group. Hf content was a bonus from the data produced during the
LA-ICPMS dating methods and can be useful in determining the level of fractionation which
each unit had undergone.
The discussion section aims to establish the best approximate magmatic age for the
major igneous units and an approximate maximum age of deposition for the sedimentary unit
underlying the SMP. Determine age of the SMP and if there are internal age variations which
could indicate sequential emplacement. Compare these findings with ages determined by
Turner (et. al. 1986).

6.2 Previous work
Previous dating work using the Rb-Sr and K-Ar isotopic systems has been undertaken
to attain the ages of St Marys Porphyry (SMP), Catos Creek Dyke (CCD) and the Piccaninny
Creek Granite (PCG ) (Turner et al., 1986). Comprehensive K-Ar and/or Rb-Sr ages of
Tasmanian granites have been established in the past few decades but the minerals analysed
are affected by loss of Sr and Ar, and by thermal resetting generated by later geological
deformation or hydrothermal alteration (Hong et al., 2017). In the decades since this work was
completed, these systems of dating are now considered to be less accurate due to possible
resetting. Black (et al 2005) has shown that U/Pb dating of zircons in Devonian granites
produced isotopic ages that are significantly older than those found previously (Black et al.,
2005). No previous U/Pb dating of zircon has been undertaken on the SMP or surrounding
units.
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Zircon was present in all the rock types investigated in the study site and was used
because it is relatively resistant to low temperature resetting. When compared to previous
geochronology on these rocks, Pb/U ratios in zircon can be used to infer a more robust
magmatic age for the SMP, Catos Creek Dyke and the PCG as well as the maximum age of
deposition of the Mathinna Supergroup that underly the SMP. See Appendix 8 for broad
synopsis of granite ages in NE Tasmania.

6.3 Methods
Eleven representative samples from the SMP study area (Fig. 6.1, Table 6.1) were
chosen for U-Pb zircon geochronology. U-Pb geochronology was undertaken at the University
of Tasmania using the LA-ICPMS technique. Both magmatic (euhedral) and detrital (rounded)
zircons were separated from 11 samples (see Appendix 9 for hand specimens of each sample).
Samples were analysed first by the SEM to help select zircons which had experienced the least
amount of lead loss. Subsequently, 30-35 spot analysis were conducted on 10 magmatic
samples and a 112-spot analysis was conducted for the sedimentary sample.

Figure 6.1 Locality of samples used for dating of the SMP, Picaninny Creek Granite and Catos Creek Dyke.
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Data reduction was completed using the LADR software. Final ages, probability plots
and concordance were created in Microsoft Excel using the add-in software Isochron.
Ages based on the U-Pb radiogenic decay regime were calculated for 11 samples in the SMP
study area (Table 6.1). For more detail on methods see Appendix 10.

6.4 Results
Table 6.1 Age calculations for 11 samples, based on the U-Pb radiogenic decay regime. See Figure 6.1 for sample locality
context.
Sample
no.

Easting mE
(Z55GDA94
)

Northing mE
(Z55GDA94
)

Unit

Age (Ma)

erro
r

Internal
uncertainty
(2 sigma)

G40535
8
G40536
1
G40536
7
G40537
2
G40537
3
G40537
5
G40537
6
G40537
7
G40539
0
G40539
1
G40539
2

605396

5386418

Piccaninny Creek Granite

394.5

±

1.7

External
uncertaint
y (2
sigma)
5.3

599757

5396662

390

±

1.5

5.19

601351

5399244

SMP (intrusive-western
contact)
SMP

394

±

1.4

5.21

594886

5408748

400.7

±

1.3

5.26

594912

5408418

398.5

±

1.8

5.38

603220

5401362

Catos Creek Dyke (phase
one)
Catos Creek Dyke (phase
two)
Scamander Formation

400.5

±

2.3

5.41

603220

5401362

SMP

391

±

1.3

5.15

603220

5401362

SMP

395.6

±

1.5

5.26

609096

5389345

PCG (southern contact)

395.8

±

1.9

-

609090

5389355

SMP (southern contact)

390.2

±

1.9

-

609086

5389335

Diorite Xenolith

390.5

±

2.6

-

6.4.1 St Marys Porphyry
Four U-Pb dates were calculated for the SMP (Fig. 6.1, Table 8.1). Calculated ages
overlapped between 390 and 395 Ma.
▪

Sample G405361 – Crystal rich Plagioclase and quartz porphyry (Facies D)- Western
Contact. Sample G405361 is the only intrusive Facies of the SMP. 7 grains exhibited some
Pb loss, the youngest grain is 375 ± 2 Ma it is concordant. There are two intercepts present
in this sample because there were two clusters of possible ages (Fig 6.2 A). The younger
cluster contains 5 grains, 3 of which are concordant. See Appendix 11 to see how older and
younger intercepts were selected for. The older cluster contains 13 grains, 10 of which are
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concordant. The final calculated age is 390± 1.5 Ma, it is based on the older cluster as this
contains more concordant grains.
▪

Sample G405376 – Matrix supported crystal rich fiamme breccia (Facies B1) - Basal
unit of the SMP. Sample G405376 was taken from the base of the SMP (531.4 m). There
is only one main intercept for this sample (Fig 6.2 B). Four grains exhibited some Pb loss,
the youngest grain is 384± 3 Ma, it is concordant. The intercept age is based on 21 grains,
14 of which are concordant. The final calculated age is 391± 1.3 Ma.

▪

Sample G405377 Granophyric crystal-rich polymictic breccia - (Facies C) - Middle or
upper part of the SMP. The sample was taken from the upper portions of the SMP in
FAL-1 (96.77 m). There is only one main intercept for this sample (Fig. 6.2 E). The
youngest grain had an age of 383± 3 Ma, the 6 youngest grains were not concordant and
were therefore not included in the final age calculation. The intercept age is based on 12
concordant grains and 2 discordant grains. The final calculated age is 395± 1 Ma.

▪

G405367– Granophyric crystal-rich polymictic breccia - (Facies C) - Internal or
upper part of the SMP. The sample was taken from the upper portions of the SMP at a
quarry along St Marys Pass Road. Two intercepts are present for this sample (Fig. 6.2 C),
the younger intercept is composed of three grains, all of which exhibit some Pb loss and
are not concordant. The youngest of these grains has an age of 378 ± 3 Ma, it is not
concordant. The second intercept age is based on 18 grains, 12 of which are concordant.
The youngest grain in the older intercept is 387± 3 Ma, it is concordant. The Final
calculated age is 394± 1.4 Ma.

▪

Sample G405391 Granophyric crystal-rich polymictic breccia - (Facies C) Southern
Contact. Sample G405391 was taken from the southern coastal contact. The final age was
calculated using 14 grains, 8 grains plotted within error of the concordia line, 6 did not (Fig
6.3 B). The youngest grain is 383.2± 1.9 Ma and is not within error of the concordia line.
The final age is 390.2± 1.9 Ma.

6.4.2 Catos Creek Dyke
Phase one and two of the Catos Creek dyke are the oldest igneous units analysed in the
study area. Two separate phases of the Catos Creek Dyke (Fig. 6.1, Table 6.1) were dated.
Both these dates were similar and overlapped very significantly between 398.5 and 400.7
Ma.
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▪

Sample G405373 – Phase one of the Catos Creek Dyke. Two intercepts were determined
for this sample (Fig 6.2 F), the younger intercept is composed of 9 grains, 6 of which are
discordant and exhibit common Pb loss. The youngest grain in this intercept is 379± 5 Ma
is not concordant. The second older group is composed of 17 grains, 12 of which are
concordant. The final calculated age is 398.5± 1.8 Ma.

▪

Sample G405372 – Phase two of the Catos Creek. Two intercepts were determined for
this sample (Fig. 6.2 G), the younger intercept is composed of 4 grains, 3 of which are not
concordant. The youngest grain in the first intercept is 383 ± 3 Ma. The second older
intercept is composed of 22 grains, of which 17 grains are concordant. The youngest grain
in the older intercept is 396 ± 3 Ma. The final age calculated for this sample is 400.7± 1.3
Ma

6.4.3 Piccaninny Creek Granite
Two U-Pb dates were calculated for the PCG (Fig. 6.1, Table 8.1). Calculated ages
overlapped between 393.2 and 396.9 Ma.
▪

Sample G405358 – PCG (with aplite intrusions). Sampled from the inland portion of
the PCG . This sample contained two intercepts (Fig. 6.2 D), the younger intercept is
composed of 7 grains, only the youngest grain (375 ± 3 Ma) is partially concordant. The
second older intercept is composed of 14 grains of which 12 are concordant. The youngest
grain is 388 ± 4 Ma it is concordant. The final calculated age is 394 ± 1.7 Ma.

▪

Sample G405390 – Xenolith rich phase of the Piccaninny Creek Granite. Sampled from
the coastal outcrop near the SMP contact. The final age of this sample was calculated from
15 grains of which 14 grains were concordant (Fig 6.3 A), the youngest grain from this
intercept age is 384 ± 1.8 Ma, it is concordant. The final calculated age is 395± 1.9 Ma.

▪

Diorite xenolith (inclusion in the coastal PCG ). One diorite xenolith from the PCG was
taken for dating very close to the contact zone between PCG (G405390) and the SMP
(G405391). The diorite xenolith had two potential ages, 403.7± 1.6 Ma and 390.5± 2.6 Ma
(Fig 6.3 C). Both have acceptable MSWD scores (close to 1.0). The lower intercept age is
based on 6 grains of which 3 are concordant, the youngest grain in this group is 385.8± 1.4
Ma, it is not concordant. Two other grains in this group exhibited some common Pb loss.
The second final calculated age is 403.7± 1.6 Ma it is composed of 18 grains of which 14
are concordant. The older intercept age contains more concordant grains and is therefore
probably the correct magmatic age of the diorite xenolith.
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Figure 6.2 (A-B-C-D-E-F-G) Tera-Wasserburg plots of U–Pb zircon analyses samples. Some results contain two intercepts
because there are two populations of zircons. The final ages are all older intercepts because these contain zircons that are
more concordant and have experienced less Pb loss. See Appendix 12 for Weighted average plots.
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Figure 6.3 (A-B-C) Tera-Wasserburg plots of U–Pb zircon analyses samples analysed by the University of Tasmania Labs.
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6.4.4 Scamander Formation
Sample G405375 – Quartz-wacke and mudstone at the base of FAL-1
One U-Pb date was calculated for the Scamander Formation (Fig. 6.1, Table 8.1). One
hundred and eight spot analyses were conducted on Sample G405375; 56 of these were found
to be early to mid-Palaeozoic in age (395-533 Ma), whilst 52 were found to be Proterozoic in
age (541-2404 Ma). Two possible intercepts were calculated which contained satisfactory
MSWD scores (closer to 1.00). The oldest intercept is based on 25 grains of which 23 were
concordant (Fig. 6.4) has a final calculated age of 410.1 ± 1.4 Ma. It is most likely does not
represent the maximum age of deposition as there are younger grains present. The youngest
grain in the older intercept is 404 ± 4 Ma, it is concordant. The second intercept is composed
of nine grains, four of which are not concordant. The youngest grain is 397.5 ± 3.2 Ma, it is
concordant. It is likely that the maximum age of deposition for this sample is 397.5 ± 3.2 Ma
(Fig. 6.4).

Figure 6.4. Tera-Wasserburg plot (207Pb/206Pb and 238U/206Pb) for the Scamander Formation (G405375) underlying the
SMP. Three possible maximum ages of deposition are flagged.

6.4 Magmatic age selection
Some samples yielded more than one final age intercept. In this case the Tera-Wasserburg
plots produced multiple intercept ages. Five out of the eight samples analised produced a minor
younger “shoulder” peak which reduced confidence in the certanty of a final discreat magmatic
age (Table 6.2). Younger intercepts are thought to be the result of lead loss in the zircon grains
and were disregarded in final age calculation. Other reasons that the magmatic age was not
based on shoulder peaks are:
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1. Smaller populations of grains contributed to the weighted average of “shoulder”
peaks.
2. Shoulder peaks lightly less concordant than the older peaks.
3. Are inconsistent and only present in some samples.
4. A tendency to contain more cracks in shoulder zircons.
Table 6.2 Four samples contained two intercept ages, the concordance and MSWD score of each intercept is presented.
Sample

Unit name

Age (Ma)

G405358

Piccaninny Creek
Granite
St Marys
Porphyry
Catos Creek
Dyke phase II
Catos Creek
Dyke phase I
Diorite Xenolith

381.4
393.8
378.8
390.1
386.4
400.7
383.4
398.5
390.5
403.7

G405361
G405372
G405373
G405392

±
±
±
±
±
±
±
±
±
±

MSWD
2.3
2.3
2.2
1.5
3.2
1.3
2.3
1.8
2.6
1.6

1.3
1.7
1.13
1.14
1.3
1.3
0.97
0.86
1.3
1.05

Grain count
in final age
6
15
5
13
4
22
9
17
6
18

Concordance
less concordant
more concordant
concordant
more concordant
less concordant
more concordant
concordant
more concordant
less concordant
more concordant

6.5 Hf content in igneous units
Hafnium (Hf) content in zircons from the different igneous units was compared to help
understand the level of fractionation which each unit had undergone. The abundances of rare
earth elements (REE) and trace elements in zircons from granites and their extrusive
equivalents vary systematically with crystal growth and magma temperature. The content of
Hf in zircons generally increases with decreasing temperature (Barth and Wooden, 2010,
Colgan et al., 2018). The content for the trace element Hf in zircons from the Piccaninny Creek
Granite, SMP and Catos Creek Dyke was established with the LA-ICPMS. Hafnium content
for each sample was combined to decrease uncertainty of concentration (Fig 6.5).

Figure 6.5 Hf content differences in zircons from the St Marys Porphyry, the Catos Creek Dyke and the Piccaninny Creek
Granite.
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As a result, Hf content for the SMP is based on the combined averaged analysis of four
samples, Hf content for the Catos Creek Dyke is based on the combined averaged analysis of
two samples, and the Hf content for the PCG is based on one sample.
6.4.1 Hf Result
Zircons in the St Marys Porphyry have an average Hf content of 11,491±139 ppm.
Zircons in the PCG have an average Hf content of 11,355± 286 ppm. Zircons in the Catos
Creek Dyke have an average Hf content of 11,110±179ppm.

6.6 Discussion
U-Pb ages have been calculated for the St Marys Porphyry, the Piccaninny Creek
Granite (PCG ), the Catos Creek Dyke (CCD) and the Scamander Formation (Fig. 6.6). New
U-Pb ages have established that all igneous units (including the the St Marys Porphyry) are
older than first proposed by Turner (1986) (see Appendix 13 for age comparisons). The
youngest dates obtained for the SMP are 391± 1.3 and indicate that that the SMP is some 3 Ma
older than the dates obtained by Rb-Sr by Turner (388± 1 Ma). Although the new age is
indistinguishable from earlier calculated K-Ar biotite dates of 391 Ma (Richards and Singleton,
1981).

Figure 6.6 U-Pb zircon age dates plotted against their easting. Bicheno Granite (Black et al., 2005) is included to give
spatial and temporal context.
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Indistinguishable ages and similarities in Hf content of the SMP and the Piccaninny
Creek Granite suggest that these units may be co-magmatic (Fig. 6.6). Phase I and II of Catos
Creek Dyke are now considered to be somewhat older than both the SMP and the Piccaninny
Creek Granite, based both on U-Pb ages and minor Hf differences (Fig. 6.5 and 6.6). It is
unlikely that either phase I or II of Catos Creek Dyke can be considered a feeder dyke for the
SMP.
Hf content in the SMP is the most elevated out of all the igneous units (Fig. 6.5). Hf
content in the SMP is not within error of the Catos Creek Dyke but within error of the
Piccaninny Creek Granite. The SMP is more closely related to the PCG rather than phase I or
II of Catos Creek Dyke. Hf content in the Piccaninny Creek Dyke, is within error of both the
SMP and the Catos Creek Dyke, this is makes sense as Hf content is systematically tied to
temperature. It is expected that the two intrusive units would contain lower Hf levels while the
SMP as an extrusive unit has the highest content.
Dating results for the two phases of the Catos Creek Dyke suggest an early timing for
Tabberabberan deformation. Both phases of Catos Creek Dyke are within error of each other
(Phase I - 398.5± 1.8 Ma, Phase II, 400.7± 1.3 Ma). Field relationships suggest that Phase I is
older as it contains a clear strain fabric that was not observed in Phase II. However, strain could
also be attributable to shearing within the conduit rather than a regional strain. More work is
needed to see if strain within Phase I is consistent with the regional fabric. Strain fabric in
Phase I suggests that it experienced deformation. Phase II does not contain a strain fabric and
is therefore interpreted to have intruded later. Further dating of the phase III of the CCD is
necessary to establish if it is related to the SMP.
The Diorite xenolith inclusion in the PCG has two possible ages. If the older 403.7±
1.6 Ma age is to correct, than it would make sense as an inclusion within the PCG . The younger
390.5± 2.6 Ma age is more discordant but within error of the PCG ages (394± 1.7 Ma, 395±
1.9 Ma). One explanation for this could be that the formation of diorite xenolith and the
Piccaninny Creek Granite may have been synchronous in separate magmas and then combined
later on. Another possibility is that the older age is from xenocrysts picked up during the
formation of the dioritic magma.
U-Pb ages of some samples contained populations of younger zircons which were
thought to contain higher amounts of lead loss. These populations were distinct in samples
from the Catos Creek Dyke and the Piccaninny Creek Granite. In the Catos Creek dyke, these
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younger ages are 386.4±3.2 Ma and 383.4±2.3 Ma, they are noteworthy because they fall
within error of the Rb-Sr age of 388 – 387 Ma. One explanation for these similar dates is that
the processes responsible for resetting the Rb-Sr ages are also responsible for the lead loss seen
in the U-Pb ages.
There is a trend of zircons ages becoming older upwards from the base of the SMP. At
the base the weighted average of zircons in sample G405376 is 391± 1.3 Ma. Higher up sample
G405377 has a weighted average age of 395.6± 1.5 Ma and sample G405367 has a weighted
average age of 394± 1.4 Ma. Ages for G405377 and G405367 are within error (Table 8.1). The
presence of younger zircon populations located at the base of the SMP and older populations
higher up in the unit (Fig. 6.7) may indicate the SMP represents an inverted magma chamber.
Higher resolution dating would be required to confirm this.

Figure 6.7 Theorised schematic showing how younger zircons might end up at the base of the SMP while older zircons
occur higher in the sequence.

The sedimentary unit at the base of FAL-1 drill hole (G405375) has a maximum age of
deposition of 400.5 ± 2.4 Ma. Recent dating from Knight et al. (2022) demonstrated very
similar detrital zircon ages for the Scamander Formation; therefore, it is highly likely that the
sedimentary unit at the base of FAL-1 drill hole is part of the Scamander Formation. The
maximum age of deposition for the Scamander Formation implies an overlap between
sedimentation in the middle Devonian and the intrusion of some of the granite plutons in the
area. Older phases within the Blue Tier Batholith have magmatic ages of 400 to 390 Ma (Black
et al., 2005, Hong et al., 2017). Phase I and II of Catos Creek Dyke are probably part of the
older phase of plutonism. The SMP and the PCG are younger and co-magmatic, they likely
mark an episode of intra-caldera magmatism and volcanism. Phase one of Catos Creek Dyke
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and the Scamander Tier Dyke are likely candidates for feeder zones. Earlier magmatism of
phase I and II of Catos Creek Dyke used lateral structures that may have been reactivated by
phase three of Catos Creek Dyke. Many other granites (e.g., Bicheno Granite, Coles Bay
Granites and the Lotta Granite) (Hong et al., 2017) are younger than the magmatic age recorded
at the base of the SMP (391± 1.3 Ma), they mark the second episode of plutonism in the late
Devonian-early Carboniferous.

6.7 Conclusion
New U-Pb ages are proposed for the SMP, phase I and II of Catos Creek Dyke and the
Piccaninny Creek Granite. All new ages are older than the earlier proposed Rb-Sr ages. The
Catos Creek dyke is up to 11 Mya older than previously thought. Based on new dates phases
one and two aren’t likely to represent the proposed feeder dyke to the SMP that Turner (1986)
envisaged. To validate claims that the Catos Creek Dyke is a feeder for the SMP future research
should establish the U-Pb age of phase three of the Catos Creek Dyke. The Scamander Tier
Dyke should also be redated with the U-Pb system. The PCG is up to 7 Mya older than
previously thought, it has dates that are slightly older than the youngest portions of the SMP
but compared to older portions its order of emplacement is synchronous with that of the SMP.
This suggests that the two units are co-magmatic and formed almost contemporaneously. The
diorite xenolith from the xenolith rich phase of the PCG has a younger age but is within error
of the unit that hosts it.
The base of the SMP returned the youngest magmatic ages of all the samples. The trend
towards older age clusters higher up in the unit may indicate magma chamber inversion. The
maximum age of deposition for the Scamander Formation returned dates that were within error
of phase one and two of the Catos Creek Dyke. This suggests that middle Devonian plutonism
was occurring while the Scamander Formation was being deposited.
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Chapter 7: Discussion
The data gathered in the preceding chapters all support the theory that the St Marys
Porphyry is a welded, crystal-rich ignimbrite, intruded along its western margin by
synchronous volcanic dykes and shallow plutons. This chapter draws together evidence to
demonstrate this conclusion and considers the development of the magmatism and volcanism,
eruption volumes and post-depositional overprinting processes. It highlights the significance
of the SMP in terms of regional deformation and magmatic events in Eastern Tasmania, and it
identifies remaining gaps in knowledge and directions for future research.

7.1 Reiteration of research aims
This study aimed to re-examine the igneous processes that formed the SMP. My
research approach was informed by more modern volcanology methodologies than were
available in the 1980s’ investigation. My thesis addressed five key questions:
6. Is the SMP homogenous throughout, or does it have distinct facies (i.e., distinct
textural or mineralogical variations)?
7. What are the ‘WILD’ textures, and do they represent coherent syn-volcanic/intrusive
processes, or pyroclastic/volcaniclastic processes?
8. Was the main emplacement process of the SMP volcanic or intrusive?
9. Are lithics distributed homogenously or variably throughout the SMP, and can they be
used to model the internal architecture of the SMP?
10. What is the temporal relationship between the SMP, the underlying Scamander
Formation and the surrounding granites?
This chapter summarises the most important data and interpretations, explains their
implications, compares them to those of previous studies and identifies remaining gaps in our
knowledge and suggests directions for future research.

7.2 Summary of key results
7.2.1 Facies of the SMP
I identified the following facies (Fig. 7.1) based on graphic core logging conducted on
the only diamond drill core extracted from the SMP, analyses on over 50 thin sections using
both reflected light microscopy and MLA, representative XRD analysis, representative U/Pb
zircon dating, systematic field mapping of the coastal and inland outcrops and previous work
(Turner et al., 1986):
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▪

Facies A - Crystal rich polymictic lithic volcanic breccia

▪

Facies B1 – Matrix supported crystal rich fiamme breccia

▪

Facies B2 - Crystal rich polymictic fiamme breccia

▪

Facies C - Granophyric crystal-rich polymictic breccia

▪

Facies D - Crystal rich plagioclase and quartz porphyry

▪

Facies E - Xenolith rich Piccaninny Creek Granite.

Figure 7.1 Interpretive map of the SMP Facies distribution in the study area and in the FAL-1 drill-core. [NB: An
interpretive cross-section A-B showing dip orientation of lithic rich zones is presented in Figure 7.4.]

7.2.2 Patterns of lithic distribution
Informed by my initial observations of lithic sizes and distributions in the FAL-1, I
conducted systematic sampling of lithic types, sizes, and abundances along the coastal outcrop.
I found that mafic igneous lithics were present throughout at an almost homogenous frequency;
lithic rich zones contained primarily smaller, sedimentary lithics; granite lithics were only
present in and near the most lithic-rich zones.
7.2.3 Distribution and orientation of WILDs
WILDs were observed and recorded throughout the coastal outcrop of the SMP. Along
the coastal outcrop, they are consistently aligned, and mainly dip towards the SW at 25 to 35
degrees.
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7.2.4 Timing of the SMP and surrounding units
Radiometric dating found that the timing of the SMP and surrounding units was all very
close. Phase I and II of the Catos Creek Dyke (between 398.5 and 400.7 Ma) are the oldest
units and predate the SMP by perhaps several million years. The Scamander Formation has a
maximum age of deposition of 397.5 ± 3.2 Ma so is effectively contemporaneous with older
phases of the Catos Creek Dyke. The SMP and PCG are also effectively contemporaneous with
ages within statistical error, of 396 and 393 Ma.

7.3 Internal structure of the SMP
The enigmatic textures that Turner (1986) termed “schlieren” were described in this
thesis as white igneous lenticular domains (WILDs). These WILDs are differentiated from the
SMP in that they contain more euhedral and less broken crystals, are more porphyritic,
groundmass supported, contain slightly less quartz and have more K-feldspar than the
surrounding SMP. In weathered outcrops, they appear lighter in colour, which may be a result
of the high K-feldspar content in their groundmass.
An aggregation of lithic clasts at the base of a flow unit would be expected in the context
of an ignimbrite, as well as more buoyant pumice clasts occurring higher up in the profile (Fig.
7.2) (Sparks et al., 1973). As the ignimbrite begins to compact under the weight of gravity,
pumice clasts form a compaction fabric that is bedding parallel. The distribution and orientation
of WILDs in the SMP can therefore be used to infer its internal structure (McPhie and Hunns,
1995).
The high aspect ratio of the WILDs is likely to be the result of subsequent compaction
and welding, forming a compaction fabric that is analogous to a bedding form. WILDs that can
be measured on more than one plane can, therefore, be used as a proxy for the bedding plane
allowing a consistent record of the dip and dip directions of such multiplanar WILDs along the
coastal outcrop. This data allowed me to infer the internal dip and dip direction of the SMP.
When plotted, WILDs strike towards the N-NW and dip towards the SW between 25 and 35
degrees (Fig. 7.3 A).
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Figure 7.2 Example of particle concentration profile in ignimbrites. Due to density grading, high lithic abundance occurs at
the base of a flow unit and higher pumice size and abundance occurs higher up in the profile. NB: this figure is directly
adapted from Giordano et al. (2008).

If the collective orientation of WILDs is a proxy for bedding, then the stratigraphy that
they imply is as follows: the SMP outcropping along the coastline is dipping towards the SW
between 20 and 40 degrees. The northern sector of the coastal outcrop is lower in the sequence,
and the southern sector is higher in the sequence1 (Fig. 7.4). Turner (1986) used a lithic rich
zone to infer an overall southward plunging syn-form in the SMP. This fold was not observed
in WILD orientations along the coastal outcrop, as WILDs all dip in similar orientations.
However, it could be the case that all observed WILDs lie on the eastern limb of this fold.
Additionally, WILDs in the southern sector of the coastal outcrop were erratic, which could be
related to their higher position in the pyroclastic pile. Pumice clasts in the southern sector
occurs stratigraphically higher up, and therefore may not form a compaction fabric that is
bedding parallel (unlike the WILDs in the northern sector).
Now that a direction of younging has been identified within the SMP, its internal
structure can be further speculated. Mapping of the coastal outcrop shows that there are
alternations of lithic rich zones and lithic poor zones. By combining the lithic rich zones with
the average strike orientations of the WILDs, it is possible to visualise discreet emplacement
units within the SMP (Fig. 7.3 A).

1

This theory assumes that the SMP is uniform and has not undergone folding since its emplacement.
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Figure 7.3 A Average strike orientations of WILD textures combined with lithic rich zones show the orientation of lithic
rich zones within the SMP. The strike of lithic rich units is drawn as dashed blue lines. Red arrows indicate lithic rich zones
in the northern sector of the coastal outcrop. Blue arrows indicate lithic rich zones in the southern sector of the coastal
outcrop. Figure 7.3 B Maximum size of WILD textures combined with lithic rich zones shows more lithics near the base
with fewer lithics across strike; inversely, WILDs are larger along strike of the inferred unit and smaller at the lithic rich
zones.

For example, in the northern section of the coastal outcrops, the base of an ignimbrite
can be interpreted between two lithic rich zones (about 150 lithics per quadrat, see arrows in
Fig. 7.3 A). There is an inverse relationship whereby more lithics are associated with smaller
maximum WILD size, and vice-versa. So, fewer lithics indicate greater maximum WILD size
(Fig. 7.3 B). This pattern is most pronounced in the northern portion of the coastal outcrop
where the outcrop is almost along strike of bedding. There are more lithics near the base of the
inferred northern flow unit and fewer lithics across strike (Fig. 7.3 A). This pattern is less
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pronounced in the southern portion of the coastal outcrop, where individual units are transected
by the outcrop at a more perpendicular angle.
The observation that denser lithics underlie less dense pumices is consistent with the
internal structure of an ignimbrite (Sparks et al., 1973). This implies that every lithic rich zone
represents the base of an individual ignimbrite flow and that there are at least 3such units in
the coastal section. An alternative theory is that the eruption process of the SMP was not
pulsatory but instead was a low energy and sustained eruption. In this case, lithic rich zones
represent the structural evolution of the feeder vent. Sedimentary lithics are abundant in the
lithic rich zones of the lower part of the internal Facies C stratigraphy (see arrows in Fig 7.3
A). It is thus likely that the feeder vent was initially only excavating sedimentary lithic clasts,
but later, the SMP eruption was also incorporating granite lithics (Fig. 7.4).
Turner postulated that WILDs could represent compacted pumice. If WILDs are indeed
relict pumice materials, then I suggest that classic density grading may be occurring within
units of the SMP.

Figure 7.4 Theorised cross-section of the SMP based on coastal data and multiplanar WILD orientations. [NB: Crosssection A-B is labelled in Figure 9.1.]

On the other hand, some of my field data are at odds with Turner’s theory. For example,
one problem with the theory of WILDs as relict pumice is that the average aspect ratios (Fig
5.8 A) of WILDs are larger in the southern portion of the coastal outcrop. This is problematic
because the northern portion is stratigraphically located lower in the pyroclastic pile (Fig 7.4)
- thus, if the WILDs represented compacted pumice, then those in the northern portion would
be expected to have higher average aspect ratios (the opposite of what was observed). A
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possible explanation for the lower aspect ratios at the base of the sequence is that pumice clasts
at the base of the ignimbrite were denser (with lower vesicularities) and therefore had less
capacity for flattening during collapse (Van Zalinge et al., 2018). Beyond this, there are
probably additional factors that have affected the aspect ratios of the WILDs and the results
from this data set alone should not discount the interpretation of WILD textures as relict
pumice.

7.4 The emplacement of the SMP
7.4.1 Interpretation of Facies of the SMP
Six facies were identified in Chapter 3 (Fig 7.1). Facies A, B1, B2 and C are extrusive,
volcanic portions of the SMP. All these facies contain a high proportion (>40%) of broken
crystals, and also include accidental and vent-derived lithic clasts. Crystals were probably
broken both during transport and post-emplacement during compaction of the unit (Van
Zalinge et al., 2018). Facies B1 and B2 contain clear fiamme in thin section as well as foliations
that have axiolitic textures indicating a once-glassy groundmass (Lofgren, 1971, Mc Phie et al,
1993). Facies C contains variations up-sequence in crystal abundance, zircon ages and WILDs
which are interpreted in Chapter 5 as relating to pumice. These features all indicate that most
of the SMP is a sequence of pyroclastic density current deposits. Facies A and B1 were the first
portion of the SMP to be emplaced (i.e., they are contemporaneous - different parts of the same
event).
Variations in magma effusion rates and vent excavation are reflected in the crystals,
lithic clasts and pumice (WILDs) observed in Facies C. Magma withdrawal was likely
synchronous with eruption, and development of pyroclastic density currents likely led to
caldera collapse. Caldera collapse likely resulted in a thick, pyroclastic pile that was ponded
within the caldera; such caldera collapses generally only accompany large-volume eruptions
(Lipman et al., 2000).
It is likely that the SMP was emplaced at high temperature through progressive
aggradation, which caused the agglutination and compaction of glass (Quane and Russell,
2005). The thickness (at least 720m thick) of the SMP volcanic pile insulated the unit and
allowed it to become welded, a process that involves degassing (either syn or postemplacement), compaction and annealing of glassy material. Facies B1 and B2 have a lower
grade and rank of welding (Cas and Wright, 2012, Quane and Russell, 2005) than Facies C. In
Facies B1 and B2, glass shards have become sintered, and fiamme have a eutaxitic foliation
are deformed around crystals. Axiolitic texture, present in the groundmass of Facies B1 and
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B2, is a high temperature crystallisation texture often seen in densely welded ignimbrites,
indicating that the original glass was completely devitrified (Lofgren, 1971). In Facies C,
flow unit boundaries are difficult to identify now because they are masked by welding.
Nonetheless, the individual flow units within the SMP can still be identified, as inferred from
the lithic rich zones and the distribution and orientation of WILDs on the coastal outcrop.
Facies C represents the most insulated portions of the SMP. Here, welding textures
became devitrified, and the matrix recrystallised to a granophyric texture. McPhie et al.,
(1993) state that glass that is subject to prolonged heat, pressure and solutions can become
granophyric, consisting of fine, equigranular quartz and feldspar, lacking in textural evidence
of the former presence of glass. The central parts of very thick, densely welded ignimbrites
commonly display granophyric texture due to cooling and crystallisation of former glass
components. Quane and Russell (2005) define ranks of welding using petrographic
characteristics; based on this system, the welding of Facies C is analogous to Rank V, almost
the highest welding rank. In Rank V, petrographic characteristics are: “Shards strongly
foliated, strongly adhered to one another and moderately deformed,” and petrographic
characteristics for welded pumice are defined as “Foliated into strong eutaxitic texture,
collapsed to fiamme” (Quane and Russell, 2005). Using physical properties estimated for this
rank of welding, it is possible to estimate the original thickness (𝐿0 ) of the SMP at the time of
emplacement 2. The values required to make this calculation are the average strain (ɛ as a
function of ρ), which represents the average total strain over the entire section, and the current
thickness of the unit (𝐿1 ) which is known (see section 3.3.4).
ɛ(ρ) =

𝐿𝑜 − 𝐿1
𝐿0

Given that the strain (ɛ as a function of ρ) for Rank V welding is 0.57 and given that
the current thickness of the SMP is either about 720m (Gallagher, 2022) or 1500m (Turner,
1986) the original thickness can be calculated. Based on a contemporary thickness of 720m,
the original thickness of the SMP was about 1,674m. Based on Turner’s estimatio n of the
contemporary thickness of 1500m, the original thickness of the SMP was about 3,488m. In
other words, the original thickness was about 2.32 times larger than what is observed today.

2

This calculation assumes that welding compaction is due to the removal of pore space (Quane and Russell,
2005).
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High rank of welding has been recorded in many large-volume ignimbrites, including
the classic Bandelier Tuff (Ross and Smith, 1961) and ignimbrites of the San Juan Mountain
in the Western USA (Lipman et al., 2000) and in the Dundee Rhyodacite in NSW, Australia
(McPhie, 1986). The Permian Dundee Rhyodacite is an excellent analogue for the SMP as
both are crystal-rich, porphyritic in appearance and contain dioritic inclusions and have had
disputed origins. McPhie (1986) interpreted the Dundee Rhyodacite as an intra-caldera
ignimbrite.
I interpret that the SMP was emplaced as a series of ignimbrite eruptions and flows
(Ross and Smith, 1961) within a caldera, with surrounding caldera ring fractures on the margins
of the caldera acting as a conduit to transport crystal rich material from the underlying magma
chamber. Facies D is envisioned to represent a feeder zone located on the ring fracture of the
caldera.
Conservative volume estimates for the SMP are about 60 km3 (area × thickness or
83km2 × 0.72 m). This volume estimate is calculated for densely welded material (essentially
dense rock equivalent), and we expect the emplacement bulk volume (including pore space in
juvenile clasts and between clasts) to be much larger. This does not account for compaction
and deflation on the unit post emplacement. In welded ignimbrites much of the original volume
is lost because a reduction of pore space in the deposit occurs during welding, leading to
densification of the matrix and subsequently pumice clast flattening (Carey et al., 2007, Cas
and Wright, 2012). Using the 1,674m original thickness (as calculated above) based on the
equation provided by Quane and Russell (2005), I estimate that the original volume of the SMP
was 138 km3 or greater. Using the estimated original thickness of 3,488m (calculated from
Turner’s current thickness of 1,500m) the original volume was at least 289 km3. The SMP may
therefore be a borderline candidate for a super eruption volcanic event, which is defined as an
event where at least 300 km3 of magma are evacuated from a subsurface magma chamber
(Lowenstern et al., 2006). If the original volume is estimated to be between 138 km3 and 289
km3, then the SMP does not represent product of a super eruption. However, these volume
estimates do not account for eroded material or for SMP that may be offshore.
Large eruptions (>50-100 km3 of ash-flow magma) cause caldera collapse concurrently
with volcanism (Lipman et al., 2000). The signature of caldera collapse within an eruptive
sequence is indicated with polymictic mega breccias within the caldera facies, and voluminous
polymictic lithic-rich basal units of ignimbrite deposits. While the SMP is a unit that could be
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described as a thick intra-caldera fill, there were no volcanic facies observed that could be
described as collapse mega breccias. The contact between the intrusive portion of the SMP
(Facies D) and the main extrusive portion of the SMP (Facies C) interpreted to reflect a caldera
ring fault area is a good location to find these breccias, but the contact between the two facies
is diffuse - inconsistent with mega breccias reflecting caldera collapse.
Calderas often have a circular geometry (Lipman, 1997) due to the various processes
including the regional stress field, magma chamber size and geometry. The shape of the
contemporary SMP outcropping is asymmetrical oblong rather than circular. The original shape
of the SMP is difficult to determine because portions may be either underwater off the east
coast of Tasmania and/or have been removed by erosion.

7.5 Does the Catos Creek Dyke represent a feeder on ring faults?
Turner and others (1986) postulated that the Catos Creek dyke may have been a feeder
dyke for the SMP. Due to its shape and position, it is possible that the Catos Creek Dyke
represents ring faults that accommodated the subsidence of the caldera floor as the SMP was
emplaced. This theory is supported by two observations made by Turner (1986) on the eastern
contact of the Catos Creek Dyke: the absence of a contact aureole in the Sidling Sandstone on
the eastern contact of the Catos Creek Dyke, and the presence of a breccia pipe within the Catos
Creek Dyke on the eastern edge of the unit. The Rb-Sr dates (387-388 Ma) for Phase III of the
Catos Creek Dyke (Turner, 1986) place this unit as being synchronous with the SMP (388 ±
1). U-Pb dating of the Phases I and II of the Cato’s Creek Dyke indicates that these phases are
up to 10 million years older that the SMP, but Phase III, closer to the SMP was not dated. Thus,
Phase III of the Catos Creek Dyke is a good candidate for a feeder dyke; it is also a good
candidate for a caldera ring fault. Phase III may be the product of subsidence of the SMP
caldera floor and magma flow from the chamber below to the caldera above.

7.6 Relationship between the Piccaninny Creek Granite and the SMP
In previous work, Turner observed that the Piccaninny Creek Granite (PCG) crosscutting compositional banding in the SMP, and therefore Turner concluded that it was a
younger unit (Turner, 1987). Geochronological dating found the two units’ ages to be within
error (Turner et al., 1986). Observations in the field suggest that the PCG may have comagmatically evolved with the SMP, and while it was previously interpreted to have intruded
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the SMP the geochronological dates did not support this suggestion. Age dating and contact
relationship of the two units indicate that voluminous felsic volcanics erupted at the same time
and in the same environment as felsic magma bodies intruded. XRD results show that the PCG
and the SMP are compositionally comparable and both units have very similar Hf content in
their zircons. Spatial, compositional and temporal similarities plus similar mineral proportions
between the SMP and the PCG indicate very similar source magma. Additionally, the SMP
and the PCG both contain mafic igneous clasts of diorite. These igneous clasts may indicate
the intrusion of a mafic magma into the felsic source magma which fed both units. Contact
relationships are complex, with both intrusive and co-magmatic textures occurring along the
contact. At some contacts, the PCG clearly crosscuts the SMP, indicating an intrusive
relationship. Yet at other contacts, the boundary is diffuse and appears almost plastic,
indicating close timing between the PCG and the SMP. Furthermore, WILDs consistently dip
towards the south-west along most of the coastal outcrop, but in the southern sector WILD
orientations and dip angles become erratic. This may be due to the intrusion of the Piccaninny
Creek Granite, which could have disturbed WILD orientations within a semi-solidified SMP.
These observations are best explained in an intra-caldera setting where the SMP was
first emplaced as a ponded ignimbrite and was then intruded by the PCG. The PCG may have
intruded the SMP via structurally weaker ring-fractures at the southern edge of the SMP.

7.7 The evolution of the SMP
This section presents a visual summary explaining the evolution of the SMP and
surrounding units.
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1-4: Phase I (pink) and II (red) of the Catos Creek Dyke intruded the turbidite rocks
(probably Upper Panama group) underlying the St Marys area. This resulted in contact
metamorphism on both sides of the dyke (current day outcrops only preserve contact
metamorphism on the western side). It is unclear if turbidite rocks were deformed prior the
intrusion of the early phases of the Catos Creek Dyke, but obvious foliation in phase one of
Catos Creek Dyke suggests that deformation occurred after its emplacement.

5.

6.

6.1

5-6: Phase III (yellow) of the Catos Creek Dyke is the youngest phase. This younger phase
was injected along the eastern edge of structures of the older phase. The underlying pluton
continued to stope upwards into the caldera roof until it collapsed. A thin (approx. 25m)
pyroclastic sheet with a lithic-rich basal portion was emplaced on the caldera floor.
6.1: Facies A was emplaced first, as a volcanic basal breccia. Facies B1 was
contemporaneously emplaced above.
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8.

7.

9.
Uncompacted
WiLDs
Granite lithics
Sedimentary lithics

7-9: Ongoing subsidence of the caldera floor results in the eruption of the SMP as discreet
ignimbrite flows. Magma continued to be evacuated from the underlying chamber, resulting
in a thick, pyroclastic pile that was ponded within the caldera. Lithic-rich zones identified
along the coastal outcrop indicate that at least three pyroclastic flow units are incorporated
into the SMP Facies C. The southern sheet even contains granite clasts, which indicate that at
least minor portions of older granites were being entrained within the SMP eruption.

10.
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11.
?

Facies D - 390± 1.5

?

390.2±
1.9

Facies C

394± 1.4
395± 1

Facies B2
Facies B1

391± 1.3
397.5 ±
3.2

Facies A

10-11: Maximum WILD size is associated with a smaller maximum lithic size, demonstrating
that there is potentially density grading occurring within units of the SMP. In this model,
WILDs represent lighter, more buoyant pumice and denser lithics are preferentially located at
the basal zones within individual units. The thick pile of pyroclastic material cooled slowly,
causing the hot groundmass of ash and pumice to weld and then to re-crystallise with a
granophyric texture.

12.

13.

394± 1.7
395± 1.9

Diorite
Xenolith
403.7± 1.6 or
390.5± 2.6

12-13 Emplacement of the Piccaninny Creek Granite into the SMP and Scamander
Formation.
12: The Piccaninny Creek Granite is part of the intra-caldera complex. This granite intruded
the southern portion of the SMP shortly after its eruption, via a caldera fault.
13: This intrusion has modified the orientation of the WILDs in the southern sector. The
intrusion resulted in complex co-magmatic textures and intrusive textures, both of which can
be observed at the contact.
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7.8 Revised geological setting and timing for the Tabberabberan Orogeny
The Scamander Formation and Phase I and II of Catos Creek Dyke are the oldest units
in the study area, and they are all within dating error range. This indicates that sedimentation
was still occurring during middle Devonian magmatism events. The older ages of Phase I and
II of Catos Creek Dyke (which emanates from the Blue Tier Batholith) are synchronous with
other phases within the Blue Tier Batholith. Magmatic ages of plutons in the Blue Tier
Batholith range from 403 to 390 Ma (Black et al., 2005, Hong et al., 2017). This early stage
plutonism event in the middle Devonian may have ended with episodes of volcanism which
produced the SMP. Younger plutonism is evident in the north in the Blue Tier Batholith (the
Poimena Granite is 387 ± 3 Ma (Hong et al., 2017)) and from other granites in the south (e.g.,
the Bicheno Granite is 381 ± 3 Ma (Black et al., 2005)).
The angular unconformity between the volcanic SMP and the deformed underlying
Scamander Formation – ( the uppermost sequence of the Mathinna Supergroup (Turner et al.,
1986; Worthing and Woolward, 2010a) indicates that the Tabberabberan Orogeny in eastern
Tasmania was a progressive – or at a minimum a two-stage event. The K-Ar 388±1 Ma age for
the SMP of Turner (1986) limited the age for this event (Reed, 2001). The revised U/Pb zircon
age for the SMP constrains the age of the initial Tabberabberan Orogeny to older than 391 ±
1.3 in eastern Tasmania and this indicates an older age of the Tabberabberan Orogeny in the
Eastern Tasmania terrane. Deformation in the Eastern Tasmania terrane may have occurred up
to 10 Ma earlier than previously thought. This older revised timing has implications for
understanding the evolution of the of the Eastern Tasmania terrane within the Lachlan Fold
Belt.

7.9 The SMP in the context of the Lachlan Fold Belt and other Devonian
Volcanism.
The SMP is the only recorded voluminous, crystal-rich, silicic volcanism to occur in
the southern Lachlan Fold Belt in the Middle Devonian. Early Devonian volcanism is mainly
associated with the Benambra Terrane in eastern Victoria, while and Late Devonian volcanism
is associated with the Whitelaw Terrane in western Victoria. The SMP was emplaced during
the Middle Devonian (between 395 and 390 Ma) in the East Tasmanian Terrane and is the only
confirmed Devonian volcanic unit in this terrane. In terms of correlating the Eastern Tasmania
terrane to the rest of the Lachlan Fold Belt, the early timing of the orogeny temporally distances
the Eastern Tasmania terrane from other terranes in the Lachlan Fold Belt (Fig 2.2).

108

Chapter 8: Conclusion
8.1 Acknowledgement of limitations and directions for future studies
Although the 17-km coastal outcrop provided an opportunity for systematic sampling
and data collection along one plane of the SMP, the inland (i.e., northern contact) outcrops
were sparse, and furthermore difficult to access due to private landholding and few roads. The
research team did find several unit contacts in creek beds, but additional expert knowledge is
required to interpret these sites. I recommend that future researchers study these inland
outcrops in finer detail, and that they pursue evaluating and interpreting trace-element analyte
for hafnium content in zircons, which has been collected at Macquarie University during this
study.
The study was limited by the fact that only a single age had previously been established
for the Catos Creek Dyke, despite evidence that it is composed of three phases. To more fully
resolve this uncertainty, Phase III of Catos Creek Dyke requires further U/Pb zircon dating to
establish its place more definitively in the geochronological sequence of the region. This
additional dating will help to explain the role of Catos Creek Dyke as a feeder dyke for the
SMP.
To further understand the original structure of the SMP future studies could use
anisotropy of magnetic susceptibility (AMS). AMS measures the petro-fabric of rocks
containing magnetic minerals and provides a quantification of the fabric, even when none is
evident at macroscale. It is particularly sensitive to the orientation of particles in basaltic rocks
because of their commonly high magnetic mineral content, and can identify-paleo flows in
basaltic flows, dykes, and pyroclastic deposits. AMS could be an appropriate tool to further
evaluate possible eruptive sources for the SMP.

8.2 Conclusion
In summary, this research has refined and added to our evidence base for the prevailing
theory of a mainly explosive volcanic and limited intrusive emplacement mechanism of the
SMP. The study was comprehensive in that it collected and collated data from many sources,
including drill-core logging and sampling, detailed observations, novel field measurements,
plus petrographic, hyperspectral, MLA and XRD analysis and geochronology analyses. These
were integrated into a suggested model of emplacement that is consistent with all the available
evidence. This study has contributed a more detailed description of the facies for the entire
unit, a detailed characterisation of WILDs and a quantification of the WILD and lithic
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distribution throughout the entire north-south extent of the coastal outcrop (at a 250m
resolution). However, uncertainties remain about some aspects, e.g., the larger WILD aspect
ratios found in the southern portion of the coastal outcrop.
My findings largely support the previously articulated theory from the studies
undertaken by Turner in the 1980s. The unusual “schlieren” described by these previous reports
is likely to be a form of relict pumice, although I propose that the generalised term “WILD” is
more specific. Modelling the bedding in the SMP based on the orientation of these WILDs was
found to be a novel method that provided useful insights into the internal architecture of the
SMP. Furthermore, this research has underscored the superior precision of U/Pb zircon dating
over earlier isotopic methods and has improved our understanding of the geochronology of the
SMP and surrounding units. This study concludes that the St Marys Porphyry was most likely
emplaced as an ignimbrite, and ‘St Marys Ignimbrite’ may be a more appropriate descriptor. It
also determined an older revised timing for the Tabberabberan Orogeny in Eastern Tasmania.

110

References
ATTON, H. 2013. Tectono-metallogenic evolution of Silurian to Devonian felsic volcanics of
the Lachlan Orogen, Orange Region.
BAKER, J., PEATE, D., WAIGHT, T. & MEYZEN, C. 2004. Pb isotopic analysis of
standards and samples using a 207Pb–204Pb double spike and thallium to correct for
mass bias with a double-focusing MC-ICP-MS. Chemical Geology, 211, 275-303.
BARTH, A. P. & WOODEN, J. L. 2010. Coupled elemental and isotopic analyses of
polygenetic zircons from granitic rocks by ion microprobe, with implications for melt
evolution and the sources of granitic magmas. Chemical Geology, 277, 149-159.
BERRY, R., GOEMANN, K., THOMPSON, J., MEFFRE, S. & BOTTRILL, R. 2019.
Geochemistry and provenance of the Turquoise Bluff Slate, northeastern Tasmania:
tectonic significance. Australian Journal of Earth Sciences, 66, 227-246.
BIRCH, W. 1978. Petrogenesis of some Palaeozoic rhyolites in Victoria. Journal of the
Geological Society of Australia, 25, 75-87.
BLACK, L., MCCLENAGHAN, M., KORSCH, R. J., EVERARD, J. L. & FOUDOULIS, C.
2005. Significance of Devonian–Carboniferous igneous activity in Tasmania as
derived from U–Pb SHRIMP dating of zircon. Australian Journal of Earth Sciences,
52, 807-829.
BOTTRILL, R. & UNWIN, L. 2022. MINERALOGY St Marys Porphyry. An unpublished
Mineral Resources Report. LJN2022-027
BROWNE, B. & GARDNER, J. 2004. The nature and timing of caldera collapse as indicated
by accidental lithic fragments from the AD∼ 1000 eruption of Volcán Ceboruco,
Mexico. Journal of Volcanology and Geothermal Research, 130, 93-105.
CALVER, C. R., BAILLIE, P. W., BANKS, M. R. & SEYMOUR, D. B. 2014. OrdovicianLower Devonian successions, In: Geological evolution of Tasmanian. Calver et al.,
eds. Geological Society of Australia, Special Publication 24.
CAREY, R. J., HOUGHTON, B. F. & THORDARSON, T. 2007. Contrasting styles of
welding observed in the proximal Askja 1875 eruption deposits I: Regional welding.
Journal of volcanology and geothermal research, 171, 1-19.
CAS, R. & WRIGHT, J. 2012. Volcanic successions modern and ancient: A geological
approach to processes, products and successions, Springer Science & Business
Media.
CAS, R. A. F., O'HALLORAN, G. J., LONG, J. A. & VANDENBERG, A. H. 2003. Middle
Devonian to Carboniferous: late to post-tectonic sedimentation and magmatism in an
arid continental setting. Geology of Victoria. Geological Society of Australia.
CAYLEY, R. 2011. Exotic crustal block accretion to the eastern Gondwanaland margin in the
Late Cambrian–Tasmania, the Selwyn Block, and implications for the Cambrian–

111

Silurian evolution of the Ross, Delamerian, and Lachlan orogens. Gondwana
Research, 19, 628-649.
COLGAN, J. P., JOHN, D. A., HENRY, C. D. & WATTS, K. E. 2018. Insights into the
emplacement of upper-crustal plutons and their relationship to large silicic calderas,
from field relationships, geochronology, and zircon trace element geochemistry in the
Stillwater–Clan Alpine caldera complex, western Nevada, USA. Journal of
Volcanology and Geothermal Research, 349, 163-176.
CUMMING G & MEFFRE, S. 2022. RE: Personal communication, Geochronological
sample and data processing methods to GALLAGHER, T.
FANDRICH, R., GU, Y., BURROWS, D. & MOELLER, K. 2007. Modern SEM-based
mineral liberation analysis. International Journal of Mineral Processing, 84, 310-320.
FERGUSSON, C. L., GRAY, D. R. & CAS, R. A. 1986. Overthrust terranes in the Lachlan
fold belt, southeastern Australia. Geology, 14, 519-522.
GIFKINS, C. C., ALLEN, R. L. & MCPHIE, J. 2005. Apparent welding textures in altered
pumice-rich rocks. Journal of Volcanology and Geothermal Research, 142, 29-47.
GIORDANO, G., PORRECA, M., MUSACCHIO, P. & MATTEI, M. 2008. The Holocene
Secche di Lazzaro phreatomagmatic succession (Stromboli, Italy): evidence of
pyroclastic density current origin deduced by facies analysis and AMS flow
directions. Bulletin of Volcanology, 70, 1221-1236.
GLEN, R. 2005. The Tasmanides of eastern Australia. Special Publication-Geological
Society of London, 246, 23.
GREEN, D. 2022. RE: Personal communication, FAL-1 Hylogger data processing. Type to
GALLAGHER, T.
HIGGINS, N., TURNER, N. & BLACK, L. 1986. The petrogenesis of an I-type volcanicplutonic suite: The St. Marys Porphyrite, Tasmania. Contributions to Mineralogy and
Petrology, 92, 248-259.
HONG, W., COOKE, D. R., HUSTON, D. L., MAAS, R., MEFFRE, S., THOMPSON, J.,
ZHANG, L. & FOX, N. 2017. Geochronological, geochemical and Pb isotopic
compositions of Tasmanian granites (southeast Australia): Controls on petrogenesis,
geodynamic evolution and tin mineralisation. Gondwana Research, 46, 124-140.
HORSTWOOD, M. S., KOŠLER, J., GEHRELS, G., JACKSON, S. E., MCLEAN, N. M.,
PATON, C., PEARSON, N. J., SIRCOMBE, K., SYLVESTER, P. & VERMEESCH,
P. 2016. Community‐derived standards for LA‐ICP‐MS U‐(Th‐) Pb geochronology–
Uncertainty propagation, age interpretation and data reporting. Geostandards and
Geoanalytical Research, 40, 311-332.
KNIGHT, E., ORTH, K. & MEFFRE, S. 2022. Radiometric age dating of the Scamander
Formation and underlying units of the Mathinna Supergroup, Scamander area, eastern
Tasmania. Geological Survey Technical Report 28:. Mineral Resources Tasmania:
University of Tasmania.
112

LIPMAN, P. W. 1997. Subsidence of ash-flow calderas: relation to caldera size and magmachamber geometry. Bulletin of volcanology, 59, 198-218.
LIPMAN, P. W., BETHKE, P. & HAY, R. 2000. Central San Juan caldera cluster: Regional
volcanic framework. Special Papers-Geological Society Of America, 9-70.
LOFGREN, G. 1971. Spherulitic textures in glassy and crystalline rocks. Journal of
Geophysical Research, 76, 5635-5648.
MCPHIE, J. 1986. Evolution of a non-resurgent cauldron: the Late Permian Coombadjha
Volcanic Complex, northeastern New South Wales, Australia. Geological Magazine,
123, 257-277.
MCPHIE, J., DOYLE, M. & ALLEN, R. 1993. Volcanic textures: a guide to the
interpretation of textures in volcanic rocks.
MCPHIE, J. & HUNNS, S. R. 1995. Secondary welding of submarine, pumice-lithic breccia
at Mount Chalmers, Queensland, Australia. Bulletin of Volcanology, 57, 170-178.
MEHNERT, K. R. 1968. Migmatites and the origin of granitic rocks. Megascopic structures
of migmatite, 7-42.
MILORD, I. & SAWYER, E. 2003. Schlieren formation in diatexite migmatite: examples
from the St Malo migmatite terrane, France. Journal of Metamorphic Geology, 21,
347-362.
POWELL, C. M., BAILLIE, P., CONAGHAN, P. & TURNER, N. 1993. The mid‐Palaeozoic
turbiditic Mathinna Group, northeast Tasmania. Australian Journal of Earth Sciences,
40, 169-196.
QUANE, S. L. & RUSSELL, J. K. 2005. Ranking welding intensity in pyroclastic deposits.
Bulletin of Volcanology, 67, 129-143.
REED, A. 2001. Pre‐Tabberabberan deformation in eastern Tasmania: A southern extension
of the Benambran Orogeny. Australian Journal of Earth Sciences, 48, 785-796.
RICKARDS, R. & BANKS, M. 1979. An Early Devonian monograptid from the Mathinna
Beds, Tasmania. Alcheringa, 3, 307-311.
ROSS, C. S. & SMITH, R. L. 1961. Ash-flow tuffs: their origin, geologic relations, and
identification. United States Government Printing Office.
SEYMOUR, D., GREEN, G. & CALVER, C. 2006. The geology and mineral deposits of
Tasmania: a summary, Department of Infrastructure, Energy and Resources.
SEYMOUR, D., WOOLWARD, I., MCCLENAGHAN, M. & BOTTRILL, R. 2011.
Stratigraphic revision and re-mapping of the Mathinna Supergroup between the River
Tamar and the Scottsdale Batholith, northeast Tasmania: Explanatory report for parts
of the 1: 25 000 scale Low Head. Tam O’Shanter, Weymouth, Retreat, Lilydale,
Bridport, Bowood, Nabowla, Lisle and Patersonia map sheets, 1, 000.

113

SEYMOUR, D. B., MCCLENAGHEN, M. P., . , GREEN, G. R., . , EVERARD, J. L., . ,
BERRY, R. F., . , CALLAGHAN, T., DAVIDSON, G. J. & HILLS, P. B. 2014. MidPalaeozoic orogenesis, magmatism and mineralisation. In: CORBETT K.D., Q. P. G.,
CALVER. C. R., (ed.) Geological evolution of Tasmania. Sydney, NSW: Geological
Society of Australia: Special Publication 24.
SPARKS, R. S. J., SELF, S. & WALKER, G. P. 1973. Products of ignimbrite eruptions.
Geology, 1, 115-118.
TURNER, C. 1987. St Marys map sheet explanatory notes. Geological survey explanatory
report. Rosney Park: Tasmania Department of Mines.
TURNER, N., BLACK, L. & HIGGINS, N. 1986. The St Marys Porphyrite—a Devonian
ash‐flow tuff and its feeder. Australian Journal of Earth Sciences, 33, 201-218.
TURNER, N. J., CALVER, C. R., CASTLEDEN, R. H. & BAILLIE, P. W. 1984. sheet 49
(8514N) St Marys. Mineral Resources Tasmania.
VAN ZALINGE, M., CASHMAN, K. & SPARKS, R. 2018. Causes of fragmented crystals
in ignimbrites: a case study of the Cardones ignimbrite, Northern Chile. Bulletin of
Volcanology, 80, 1-15.
VANDENBERG, A. 2000. The Tasman Fold Belt system in Victoria: geology and
mineralisation of Proterozoic to Carboniferous rocks, Geological Survey of Victoria.
WIEDENBECK, M., HANCHAR, J. M., PECK, W. H., SYLVESTER, P., VALLEY, J.,
WHITEHOUSE, M., KRONZ, A., MORISHITA, Y., NASDALA, L. & FIEBIG, J.
2004. Further characterisation of the 91500 zircon crystal. Geostandards and
Geoanalytical Research, 28, 9-39.
WILLMAN, C., VANDENBERG, A. & MORAND, V. 2002. Evolution of the southeastern
Lachlan fold belt in Victoria. Australian Journal of Earth Sciences, 49, 271-289.
WORTHING, M. & WOOLWARD, I. 2010a. Explanatory Report for the Dublin Town
(5840), Brilliant (5841), Falmouth (6040) and Beaumaris (6041) geological map
sheets. Explanatory Report 1: 25 000 Scale Digital Geological Map Series Mineral
Resources Tasmania 3, 75. Mineral Resources Tasmania, Hobart.
WORTHING, M. A. & WOOLWARD, I. R. 2010b. Dublin Town, 1:25000 Series. Mineral
Resources Tasmania.

114

Appendices
Appendix 1: Hyperspectral characteristics of FAL-1
The Hylogger at the Mineral Resources Tasmania facility was employed to quantitatively
characterise the mineralogical components of the FAL-1 drill-hole. from Short Wave Infrared
(SWIR) and Thermal Infrared (TIR) electromagnetic radiation wavelengths. These data were
used to confirm and delineate the extent of weathering zones/fault zones, and to approximate
proportions of plagioclase and quartz. Proportions and distributions of white mica,
plagioclase, K-feldspar and prehnite were extracted from hyperspectral data and visualised
with the Spectral Geologists software (TSG). The Hylogger was unable to detect the presence
of mafic minerals as their detection rate was below 15%.
Lithofacies and Hylogger results were able to confirm variations in the SMP (as per my aim
1) and were combined to inform a mode of emplacement model, which I propose in detail in
chapter 7.
A1.1 Hylogging of FAL-1
FAL-1 drill hole was Hylogged and results were processed and analysed with the assistance
of David Green (Green, 2022). TSG was used to determine mineral populations and their
distributions within the drill hole. Primary and secondary white mica was used to characterise
weathering/ alteration zones. Plagioclase compositions was calculated with the equation:
An/AbAn% = Ca/(Ca+Na) in plagioclase = [(wt% ab * 0) + (wt% olig * 20) + (wt% andes *
40) + (wt% labrad * 60) + (wt% bytown * 80) + (wt% anorth *100)]/100
K-feldspar was detected in initial scans, but it was only included upon being confirmed by
MLA analysis on selected samples from the FAL-1 drill core.
A1.2 Results - Weathering zones
The top 20m was the weathering surface and here the SWIR sensor detected mainly kaolinite
(both well and poorly crystalline) and siderite (Fig. A1.1). The TIR detected smectite in this
zone and minor plagioclase and quartz.
From 20m down to 534m there are multiple zones of weathering which were included in the
graphic log. The minerology of these zones was recorded by Hylogger. Major weathering
zones are associated with higher muscovitic illite and montmorillonite in the SWIR, and
higher smectite and carbonate in the TIR (Fig. A1.1). Weathering zones were associated with
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a decrease in anorthite composition and an almost complete lack of K-feldspar. Muscovite
populations occurred both in weathered and unweathered zones, with muscoviticillite
associated with weathered zones (Fig. A1.2). Prehnite was recorded throughout the SMP unit;
prehnite is higher at the top of the hole and becomes lower towards the base.

Figure A1.1 SWIR summary results (top) and TIR summary results for FAL-1. Blue dotted lines indicate fault/weathering
zone.

Figure A1.2 SWIR results indicate bimodal populations for white mica in the SMP. Primary white mica is found throughout
and is muscovite. Secondary white mica is associated with weathering zones and is muscoviticillite.

A1.2.2 Plagioclase compositional variation in FAL-1
Initial results indicate plagioclase compositions become increasingly more calcic (An)
towards the base of the SMP. Reductions in calcium towards albitic compositions are
coincident with weathering zones (Fig. A1.3). Without any further processing, it could be
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inferred that there is a gradual increase in An% towards the base of the SMP, with the most
evolved An compositions occurring in the bottom 20m of the hole.

Figure A1.3 Feldspar compositions mapped with TIR indicate a subtle increase in An% towards the base. Weathering zones
indicated by increase in smectite are coincident with drops in Anorthite compositions towards albite.

Smectite zones were used as a proxy to indicate weathering zones. To validate our
conclusions that a less calcic plagioclase composition was in fact a result of weathering and
not a primary function of varied An distribution in the SMP, we filtered the plagioclase
spectra until only the least altered values remained. Any plagioclase values that contained
less than 33% plagioclase spectral signal and less than 15% smectite (SWIR smectite wt >
15% or TIR smectite wt > 15%) were filtered out. This filtration left 8000 (8%) of the best
remaining spectra. The resulting trends were less noisy and define broad peaks and lows
instead of a steadily increasing trend towards the base (Fig. A1.4).
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Figure A1.4 Filtered plagioclase trends indicate broad peaks and lows in An composition throughout the hole. This is
supported by the lower plot, which indicates that primary plagioclase zones (pink) contain compositional An variation where
smectite alteration (blue) has not occurred.
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Plagioclase spectra were further filtered so that they were not plotted in the manually defined
smectite zones (Fig. A1.4). The resulting plagioclase 4% of spectra (smectite free) were then
divided into 18 individually coloured groups (4000 spectra in total). The whisker plot
function was then used to indicate the pre-weathering distribution for each plagioclase zone.
The resulting trends are less linear than the original trends (Fig. A1.5). Some of the zones that
contain elevated An are narrow while others are wide, so the trends are not linear, and zones
have varying numbers of spectra. The pattern of 3 or 4 broad maxima was thereby confirmed;
this is pattern is as close to the primary as possible given the constraints of the analyses.
Plagioclase compositions in smectite altered zones are almost pure albite.
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Figure 5.5 Whisker plot indicates that An compositions are varied throughout the SMP in FAL-1. Zones are not scaled to
the true depth but indicate An compositional trends based on zones of unaltered plagioclase.
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Figure 5.6 Simplified graphic log shows that a decrease in grain size at the base of the SMP in FAL-1 (blue dotted line)
coincides with a with a decrease in silica. Monocline is the main K-feldspar spectra recorded throughout most of the drill
hole. At the base, Orthoclase was recorded as the dominant K-feldspar type.

A1.2.3 K-feldspar, silica and prehnite in FAL-1
K-feldspar was recorded by the TIR sensor and was detected at around 15% wt. This
detection was concluded acceptable after MLA results confirmed that, proportionally, Kfeldspar accounts for 13-17 wt% of the rock and is mainly confined to the matrix. In
weathering zones (high smectite zones), K-feldspar was almost completely absent.
Microcline was the dominant K-feldspar throughout most of the SMP. At the bottom 25m of
the SMP orthoclase was recorded as the dominant type of K-feldspar (Fig. A1.6). Silica
content was recorded by the TIR sensor and was found to be consistent throughout the hole.
Weathering zones with high smectite are associated with lower silica values. The bottom 20m
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of the SMP do not contain any smectite; however, the lowest silica values outside a
weathering zone are recorded here (Fig. A.1.6). These results are confirmed by further MLA
analysis from the base of FAL-1 which found that quartz content was almost down to 10%.
High plagioclase and K-feldspar content with low quartz content indicates that the basal
portion of the SMP is different to the units above. This was confirmed by graphic logging as,
in the basal 25m the size of the largest crystals decreases by almost half. The unit is also far
more matrix supported and the matrix is much darker than the overlying SMP.
Prehnite was also present in the FAL-1, its content is highest at the top of the drill core (Fig.
A1.7)

Figure A1.7 Prehnite content is elevated higher up in the hole and becomes lower towards the base

A1.3 Conclusions
Hylogger results show that the SMP contains smectite-rich zones, confirmed by logging to be
weathering/alteration zones associated with surficial weathering at the top and
deformation/fluid alteration throughout the hole. Plagioclase compositions are variable and,
without further processing, were thought to increase to a more anorthite-rich composition
towards the base of the hole. Further processing showed that there are probably internal
variations of An%. K-feldspar recorded throughout the SMP although weathering zones have
destroyed k-feldspar. The bottom 20 m of the SMP in drill-core are different: this is where
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the highest An% was recorded and there is a change from monocline to orthoclase as the
dominant K-feldspar. Quartz proportions are unchanged throughout the SMP, except at the
base where quartz is the lowest. A change in K-feldspar, quartz and An% at the base of the
SMP support that this portion is different from the overlying portion of the unit.

123

Appendix 2
Appendix 2.1: Thin sections from old and new MRT collections
List of thin-sections used for facies characterisation
Facies A

Reg. #
Field #
R009993 NM189

Drill-core
FAL-1, 5347

Raw X
Raw Y
Meters
603200 5401500
533.46

Field #
FLI012
NM185
NM186
NM187
FLI013
NM188

Drill-core
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5348

Raw X *
603200
603200
603200
603200
603200
603200
603200

Raw Y * Meters
5401500
458
5401500
465
5401500
474
5401500
499.5
5401500
522.8
5401500
425.08
5401500
531.4

Field #

Drill-core

FLI001
FPS001
FDC001
NM167
FLI002

FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347

Raw X *
601351
603200
603200
603200
603200
603200
603220
603200
603200
603200
603200
603200
603200
603200
603200
603200
603200
603200

Raw Y * Meters
5399244
5401500
33.4
5401500
37.3
5401500
39.7
5401500
74.17
5401500
83.8
5401362
96.7
5401500
100.28
5401500
125.24
5401500
147
5401500
149.1
5401500
161.6
5401500
164.9
5401500
173.31
5401500
178.9
5401500
201
5401500
224.73
5401500
230.35

Facies B

Reg. #
A500827
R009989
R009990
R009991
A500832
R009992
G405376

Facies C

Reg. #
G405367
A500811
A500810
A500839
R009971
A500814
G405377
R009972
R009973
A500815
R009974
R009975
A500818
R009976
A500817
R009978
R009979
A500821

NM168
NM169
FLI003
NM170
NM171
FLI005
NM172
FLI004
NM174
NM175
FLI007
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A500820
R009980
R009981
A500837
R009982
R009983
R009984
R009985
R009986
R009987
A500826
R009988

FLI006
NM176
NM177
FLI014
NM178
NM179
NM180
NM181
NM182
NM183
FLI011
NM184

FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347
FAL-1, 5347

Raw X *

Raw Y *

Reg. #

Field #

Raw X *

R009965

NM161

603200
603200
603200
603200
603200
603200
603200
603200
603200
603200
603200
603200

5401500
5401500
5401500
5401500
5401500
5401500
5401500
5401500
5401500
5401500
5401500
5401500

246.2
249
274
387.5
301
323.79
350.88
374.98
399.02
425.93
426.9
451

Facies D
Reg. #
G405361

Raw Datum
GDA94 - MGA Zone
599757 5396662 55

Facies E

G405358

Raw Y *

Raw Datum
AGD66 - AMG Zone
609000 5389100 55
GDA94 - MGA Zone
605396 5386418 55

Appendix 2.2
Thin sections sampled in the field and in FAL-1 used to characterise lithic clasts
Project ID

MRT ID

lithic type

Drill-core
mE
mN
depth/field
(MGA94/Z55) (MGA94/Z55)
location

FDC001

A500839

Mafic
igneous

603312.8

5401684

39.75 m

FPS001

A500810

Mafic
igneous

603312.8

5401684

37.1 m

FLI001

A500811

Mafic
igneous

603312.8

5401684

33.4 m

FLI002

A500814

Quartz

603312.8

5401684

83.74 m
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FLI003

A500815

Aplite

603312.8

5401684

147 m

FLI003B

A500815

Aplite

603312.8

5401684

147 m

FLI004

A500817

Sedimentary

603312.8

5401684

178.8 m

FLI005

A500818

Metamorphic

603312.8

5401684

164.78 m

FLI006

A500820

Sedimentary

603312.8

5401684

246.13 m

FLI007

A500821

Quartz

603312.8

5401684

230.3 m

FLI007B

A500821

Quartz

603312.8

5401684

230.3 m

FLI008

A500822

Sedimentary

603312.8

5401684

269.04

FLI009

A500823

Sedimentary

603312.8

5401684

271.5 m

FLI011

A500826

Quartz

603312.8

5401684

426.85 m

FLI012

A500827

Mafic
igneous

603312.8

5401684

458.45 m

FLI013

A500832

Volcaniclastic 603312.8

5401684

522.8 m

FLI014

A500837

Sedimentary

5401684

387.5 m

G405359

G405359

Sedimentary

G405351

G405351

Juvenile +
Sedimentary

598974

5402908

Northern
contact

Juvenile +
Sedimentary

598974

5402908

Quadrat
61

G405351B G405351B

603312.8

Northern
contact
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Appendix 3
The occurrence of each lithic type was recorded for each quadrat, 0 infers that a particular
lithic type was not present in a given quadrat, 1 infers that a particular lithic type was present
in a given quadrat. These Lithic categories are very broad, many other categories were
excluded from the final draft in order to simplify the data set. In the original data set every
quadrat contained at least one lithic.
quadrat
ID
Latitude

Longitude

Mafic
Sedimentary igneous Lenticular Granite
lithic
lithic
lithic
lithic

1

-41.5031

148.274

0

1

1

0

2

-41.5053

148.275

0

1

1

0

3

-41.5076

148.275

0

1

1

0

4

-41.5099

148.276

0

1

1

0

5

-41.5121

148.277

1

1

0

0

6

-41.5144

148.277

1

1

1

0

7

-41.5164

148.279

0

1

0

0

8

-41.5187

148.279

1

1

0

0

9

-41.5199

148.282

0

1

1

0

10

-41.5229

148.28

0

1

1

0

11

-41.5277

148.28

1

1

0

0

12

-41.5296

148.281

1

1

0

0

13

-41.532

148.282

0

1

0

0

14

-41.5342

148.282

0

1

0

0

15

-41.5364

148.283

0

1

1

0

16

-41.5382

148.285

0

1

0

0

17

-41.54

148.285

0

1

0

0

18

-41.5421

148.286

1

1

0

0

19

-41.5438

148.284

0

1

0

0

20

-41.5505

148.285

0

1

0

0

21

-41.5543

148.287

0

1

1

0

22

-41.5575

148.291

0

1

1

0
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23

-41.5587

148.293

0

0

1

0

24

-41.5584

148.297

0

1

1

0

25

-41.559

148.3

0

0

0

0

26

-41.5609

148.302

0

1

1

0

27

-41.563

148.303

0

1

0

0

28

-41.5659

148.304

0

1

0

0

29

-41.5714

148.313

1

1

0

0

30

-41.5731

148.315

1

0

0

0

31

-41.5753

148.316

0

0

0

0

32

-41.5776

148.315

0

1

0

0

33

-41.5797

148.316

0

0

0

0

34

-41.582

148.316

0

1

1

0

35

-41.5832

148.317

1

1

0

0

36

-41.5843

148.316

0

1

0

0

37

-41.587

148.317

0

1

0

0

38

-41.589

148.317

1

1

0

0

39

-41.5913

148.317

0

1

1

0

40

-41.5933

148.318

0

1

0

0

41

-41.5948

148.318

0

1

0

0

42

-41.5967

148.319

1

1

0

0

43

-41.5989

148.318

0

1

1

0

44

-41.6011

148.319

0

1

0

0

45

-41.6037

148.319

0

1

0

0

46

-41.606

148.319

0

0

0

0

47

-41.6082

148.319

1

1

0

0

48

-41.6104

148.32

0

1

0

0

49

-41.6131

148.319

1

1

0

0

50

-41.6155

148.319

0

1

0

0

51

-41.6172

148.319

1

0

0

0
128

52

-41.6199

148.32

0

0

0

0

53

-41.6222

148.32

0

0

0

0

54

-41.6241

148.318

1

1

0

0

55

-41.6257

148.315

1

0

0

0

56

-41.6281

148.315

1

0

0

0

57

-41.6299

148.315

1

0

0

0

58

-41.6301

148.315

1

0

0

0

59

-41.6326

148.315

1

1

1

0

60

-41.6349

148.315

0

0

0

0

61

-41.6351

148.314

1

1

0

1

62

-41.6352

148.314

1

1

0

0

63

-41.6374

148.312

0

1

1

1

64

-41.6397

148.311

0

1

0

0

65

-41.6405

148.308

0

1

0

0

66

-41.6412

148.307

1

1

0

0

67

-41.6423

148.305

0

1

0

0

129

Appendix 4 - Distribution of lithic density and maximum lithic size using R
software
A quantitative analysis of lithic data collected from quadrats along the coastal outcrop (Fig.
4.1) was completed using linear modelling in open-source R software (version 4.1.1) to
evaluate two potential predictor variables of latitude: lithic density per quadrat sampled, and
maximum lithic size within a given quadrat. Using the base R function lm, I modelled
latitude as the response variable to determine if predictor variables (lithic density or
maximum lithic size) were statistically significant predictors of north-south location along the
SMP coastal outcrop (table A4.1). See Appendix 4 for the raw code used to generate p-values
of each predictor variable. Predictor variable is a factor being tested for relevance to the
outcome variable, in this case the outcome variable is latitude. Linear modelling of predictor
variables of spatial lithic abundance and maximum lithic size against latitude found no
significant correlation
Table A4.1 Results of linear modelling of lithic density and maximum lithic size to predict latitude.

Coefficient
(Predictor)
Lithic abundance
Maximum lithic
size

Estimate
0.000061659
0.000005805

Standard error t-value

p-value

Significance

0.000044201

-1.395 0.16932

Negligible

0.000005741

-1.011 0.31691

Negligible

Spatial analysis and modelling of observed variables
Spatial and modelling analysis
I used ArcMap 10.8 software and QGIS to map the field observations. I then used linear
modelling in R version 4.1.1 to evaluate five potential predictor variables of latitude: lithic
density per quadrat sampled, maximum lithic size within a given quadrat, the average of five
sampled WiLD textures’ aspect ratios, and the range of the same five WiLD samples’ aspect
ratios (the difference between the largest and smallest aspect ratios). Using the base R
function lm, I modelled latitude as the response variable in order to determine which of the
five aforementioned potential predictor variables were statistically significant predictors of
north-south location along the SMP coastal outcrop. The following code was used to generate
p-values of each predictor variable:
####################################################################
rm(list=ls()); options(scipen=999) #Clears environment and removes scientific notation
####################################################################
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# Set working directory
getwd()
setwd("C:/Users/TillG/Desktop/Till")
####################################################################
# Load in data as csv file
# See thesis Appendix 4 for this data set
Tills_lithics <- read.csv("Till_input_data.csv")
str(Tills_lithics) # Check that inputs are being read in in the correct format
####################################################################
Fitted_model_with_all_predictors <lm(Tills_lithics$Latitude~Tills_lithics$lithic_density+Tills_lithics$max_lithic_size+Tills_lit
hics$Max_WiLD_size+Tills_lithics$WiLD_Aspect_Ratio_Average+Tills_lithics$WiLDs_as
pect_ratio_Range)
summary(Fitted_model_with_all_predictors)

##################################################################
##
Modelling results the results of the linear modelling in R (see Table 6.1) indicated that of the
five potential predictor variables for which data was fitted to the model, only the average of
the quadrat-proximal WiLD aspect ratios was statistically correlated to latitude. Lithic
density, maximum lithic size, maximum WiLD size, and the range of the quadrat-proximal
WiLD aspect ratios were therefore not correlated with the latitude of the outcrop from which
they were sampled.
Table 6.1 When all predictors were included in a linear model, the only significant predictor
(i.e., the only predictor variable with a p-value less than 0.05) was the average value of ~5
aspect ratio samples. Note: for this model, which included all possible predictors, the multiple
R-squared value was 0.3102 and the adjusted R-squared value was 0.2398; the F-statistic was
4.406 on 5 and 49 degrees of freedom, and the overall model p-value was 0.00216.
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Appendix 5. MLA methods
Two selected parts of some thin sections were analysed in situ by MLA in the CSL, UTas.
One area 1 x 1 cm representative of the SMP matrix or Facies C (See Chapter 4) was
analysed. One area 1.1 x 1 cm representative of the WILD texture was analysed. The
analysis was using a FEI Quanta 600 SEM controlled by an automated software package
(Mineral Liberation Analyser or MLA) developed by JKTech©. The MLA analysis of the
WILD texture was conducted in contrast to main SMP matrix. The oversized polished thin
section (G405354A) captures the diffuse transition between the WILD texture and the host
SMP texture. This sample was used because it contained both SMP matrix and WILD matrix.
Analysis was conducted to better understand the granophyric texture in the matrix of the SMP
and in the groundmass of WILDs. It was also hoped that the MLA would help to solve the
overall textural differences between the SMP and the WILDs.
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Appendix 6. MLA descriptions
G405354A – MLA Petrography and texture of the Granophyric crystal-rich polymictic
breccia (Facies C)
The SMP matrix analysed in G405354A is partially clasts supported. The SMP matrix is
crystal rich (75%) with crystals in contact with one another (Fig. A6.1 A). Crystals are
broken plagioclase and quartz and minor orthopyroxene and clinopyroxene appear euhedral.
Quartz varies from 50 μm to 3 mm and plagioclase from 50 μm to 1.5 mm.
Mineralogically and texturally SMP matrix in G405354A appears very similar to the results
of MLA analysis for FLI002 - Facies C from FAL-1 (see results MLA results for FLI002 in
Chapter 3). Anhedral broken plagioclase crystals that are up to 1.5 mm wide make up the
highest proportion (55%) of phenocrysts, less than 10% plagioclase crystals contain zoning
with plagioclase cores and alkali-feldspar rims. Quartz phenocrysts up to 3 mm wide are also
present but less numerous (29%) than plagioclase. Pyroxene makes up 8% of the crystals and
is mainly composed of orthopyroxene grains some of which have clinopyroxene and
actinolite alteration rims. One clinopyroxene with plagioclase inclusions has clear
orthopyroxene rims. Actinolite is present in very minor proportions but is intergrown with
clinopyroxene. Biotite up 6% of crystals, grains are tabular and occur throughout the domain,
with some grains altered to chlorite which makes up 0.8% of grains. Hornblende occurs as
alteration on clinopyroxene grains, it makes up 0.8%. Tabular muscovite grains are very
minor (0.4%).
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Figure A6.1 A Classified mineral map for area 1 of the SMP matrix. Crystals are annotated to highlight that they are mostly
all broken and that the domain is partly clast supported. The fine-grained interstitial matrix is primarily K-feldspar (light
purple) Figure A6.1 B Representative sample of granophyric texture in the SMP matrix, locality context is annotated in
figure 5.5 A. fine grained matrix is a granophyric texture that primarily consists of intergrown K-feldspar (light purple) and
quartz (grey) with minor plagioclase and albite.

The interstitial fine-grained minerals make up about 25% of the domain (fig. A6.1 A). This is
primarily made up of intergrown quartz and K-feldspar with minor plagioclase and albite
(Fig. A6.1 B). The MLA software has assigned mixed quartz values to show that some
portions of the matrix are mixtures of quartz and other minerals (see legend in fig. A6.1 B).
Matrix material is variably distributed with some domains exhibiting as matrix supported
while other domains are full of fragmented crystals and are clast supported (fig. A6.1 B). The
SMP matrix in this sample is the same as the SMP matrix observed throughout the
Granophyric crystal-rich polymictic breccia (Facies C) in the top portion of the FAL-1 drill
hole (see chapter 3).

G405354A MLA petrography and texture of the WILDs
The WILD texture analysed in G405354A is porphyritic. It contains large plagioclase (and to
a lesser degree quartz) phenocrysts that are groundmass supported, euhedral and mostly
unbroken. Crystals that are broken have a jigsaw fit. Euhedral crystals are porphyritic and
make up approx. 55% of the domain (Fig. A6.2 A). The largest plagioclase phenocryst is 6
mm long and is only partially fractured (Fig A6.2 A). Many of the larger plagioclase
phenocrysts have outer rims of alkali-feldspar. In this field of view, plagioclase is by far the
most abundant and makes up about 80% of crystals. Quartz phenocrysts (with resorption
textures) are also present, the largest crystal is 3 mm wide. The MLA found that there is
about 3% less quartz present in the WILD compared with the matrix of the SMP (Table 5.2).
Pyroxene makes up 4% of grains within the WILD texture (about 30% less than observed in
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matrix of the SMP). Orthopyroxene rims occurred on clinopyroxene grains and visa vera.
Biotite occurs throughout and makes up 2% of crystals; less chlorite alteration is evident in
comparison to the matrix of the SMP.
The groundmass in the WILD texture looks indistinguishable from the fine-grained
interstitial matrix of the SMP (Fig. A6.1 B, Fig. A6.2 B). The groundmass in the WILD
texture is granophyric primarily made up of intergrown quartz (grey) and K-feldspar (light
purple) with minor plagioclase and albite (Fig. A6.2 B). The groundmass in the WILD
texture contains up to 5% more K-feldspar then the SMP matrix. There are no fibrous
textures present in the groundmass. The groundmass of the WILD texture makes up approx.
45% of the domain.
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Figure A6.2 A Classified mineral map for the WILD texture. Figure A6.2 B Representative classified mineral map of
groundmass in WILD texture. groundmass primarily consists of intergrown K-feldspar and quartz with minor plagioclase
and albite.
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Appendix 7. Location of Multi planar WILDs and their dip and dip direction

Name
WILD01
WILD02
WILD03
WILD04
WILD05
WILD06
WILD07
WILD08
WILD09
WILD10
WILD11
WILD12
WILD13
WILD14
WILD15
WILD16
WILD17
WILD18
WILD19
WILD20
WILD21
WILD22

Lat
41.5029
41.5045
41.5045
41.5057
41.5071
41.5076
41.5092
41.5099
41.5121
41.5141
41.5144
41.5155
-41.518
41.5189
41.5192
-41.52
41.5247
41.5304
41.5324
41.5341
41.5359
41.5361

Long

Dip
Angle

Dip
Direction

148.27

30

165

148.275

44

225

148.275

40

223

148.275

40

235

148.275

23

230

148.275

28

251

148.276

28

240

148.276

34

238

148.277

38

250

148.277

32

225

148.277

30

254

148.279
148.279

29
38

235
225

148.28

29

238

148.281
148.281

34
35

235
225

148.28

39

238

148.281

30

246

148.282

30

208

148.282

38

240

148.282

31

200

148.283

20

224
137

WILD23
WILD24
WILD25
WILD26
WILD27
WILD28
WILD29
WILD30
WILD31
WILD32
WILD33
WILD34
WILD35
WILD36
WILD37
WILD39
WILD40
WILD41
WILD42
WILD43
WILD44
WILD45
WILD46
WILD47
WILD48
WILD49

41.5379
41.5418
41.5422
41.5447
41.5506
41.5543
41.5574
41.5574
41.5587
-41.558
-41.56
41.5609
41.5621
-41.563
41.5714
41.5731
41.5743
41.5753
-41.578
41.5802
-41.582
41.5878
41.5905
41.5913
41.5938
41.5961

148.284

22

215

148.286

31

228

148.286

41

235

148.283

27

235

148.285

20

232

148.287

20

231

148.291

25

215

148.291

18

235

148.293
148.298
148.301

30
29
21

270
225
224

148.302

22

232

148.303
148.303

40
28

228
240

148.314

27

235

148.315

30

256

148.314

42

240

148.316
148.315

43
40

238
250

148.316
148.316

20
41

272
252

148.316

22

252

148.317

42

258

148.317

39

262

148.318

35

238

148.319

45

255
138

WILD50 41.5976
WILD51 41.6005
WILD52 41.6025
WILD53 41.6067
WILD54 41.6108
WILD55X 41.6139
WILD56
-41.618
WILD57 41.6212
WILD58 41.6232
WILD59 41.6236
WILD60 41.6243
WILD61 41.6291
WILD62 41.6321
WILD63 41.6325
WILD64 41.6353
WILD65
-41.639
WILD66 41.6405
WILD67 41.6419
WILD68
-41.642
WILD69 41.6423

148.319

40

250

148.318

44

263

148.319

39

242

148.318

41

271

148.321

48

239

148.319
148.32

41
62

265
242

148.32

20

252

148.318 NA

NA

148.318

70

200

148.317

50

194

148.315

40

269

148.314

39

204

148.315

35

240

148.314
148.312

36
68

230
222

148.308

19

123

148.306
148.305

45
70

178
187

148.305

35

310
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Appendix 8. Broad synopsis of Granites in NE Tasmania

Figure A8.1 Age range for Tasmania Devonian-Carboniferous granites taken from (Seymour
et al., 2014)

140

Appendix 9. Geochronology samples
SMP samples
G405361 – western contact

G405376 – Drill Core base from FAL-1

G405377 – upper end of FAL-1 drill core

G405367 – Quarry site on St Marys Pass Road

Catos Creek Dyke Samples
G405372 – Porphyritic phase of the of the Catos Creek Dyke (Phase II)
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G405373 – Granitic phase of the Catos Creek Dyke (Phase I)

PCG sample
G405358 –

Underlying sedimentary rocks taken from the base of the FAL-1 drill core (Scamander Formation)
G405375 – Greywacke
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Appendix 10. Detailed methods for preparing and analysing geochronological
samples
Methods used to process samples, the analytical process and data reduction are presented
below and were supplied from Grace Cumming at MRT and Sebastian Meffre at UTAS (pers.
comm).
The igneous/sedimentary rock sample detrital zircons were separated using a gold pan and a
hand magnet from 200 g of rock powder crushed to a coarse sand using a ring mill. The
zircons were hand-picked from the non-magnetic concentrate, mounted in epoxy resin,
polished using a clean lab, washed in distilled water in an ultrasonic bath and dried. In the
igneous sample and sedimentary sample albitite zircons were identified in polished 25 mm
diameter mounts using a FEI Quanta 600 SEM controlled by an automated software package
(Mineral Liberation Analyser or MLA) developed by JKTech© (Fandrich et al., 2007).

Zircon grains were analysed using an Excimer (193nm) laser coupled to a Resonetics M50
ablation cell and an Agilent 7500 quadrupole ICPMS. Samples were analysed using a 32-35
μm spot at 5 Hz and 1.5-2 J/cm2. Each analysis on the zircons began with a 30 second blank
gas measurement followed by a further 30seconds of analysis time when the laser was
switched on. A flow of He carrier gas at a rate of 0.5 litres/minute carried particles ablated by
the laser out of the chamber to be mixed with Ar gas and carried to the plasma torch. Isotopes
measured include 49Ti, 96Zr, 146Nd, 178Hf, 202Hg, 204Pb, 206Pb, 207Pb, 208Pb, 232Th and 238U with
each isotope being measured sequentially every 0.14 s with longer counting time on the Pb
isotopes compared to the other elements.
For the detrital zircon samples, the 91500 zircon (Wiedenbeck et al., 2004) was used as a
primary standard and the Temora 1, GJ-1 and Plesovice zircons were used as secondary
standards. For igneous samples C109185, Temora 1 was used as a primary standard, with
91500 as a secondary standard. The correction factor for the 207Pb/206Pb ratio was calculated
using large spots (100 micron, 10 Hz) on NIST610 analysed at the beginning and end of the
session using the values recommended by Baker (Baker et al., 2004).
Two sets of error were calculated based on internal and external uncertainties. Internally
derived uncertainties are related to the zircons, and external uncertainties are related to the
analytical methods used (sample preparation, analytical method, etc.). The uncertainties
govern the error margin of each age. External uncertainties are systematic uncertainties that
are calculated in accordance to the workflow outlined by the geochronology community
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(Horstwood et al., 2016). The internal uncertainties had a much smaller effect on the final age
error margins then the external uncertainties. The ages calculated from this this data can be
compared to each other with high confidence using the internal uncertainties. However,
comparing the ages of these samples with ages outside the dataset the results from the
external uncertainties must be used.
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Appendix 11. Magmatic age selection
Attaining the final magmatic age of an igneous sample is based upon selecting the weighted
mean peaks which are most prominent. These peaks are produced using a statistical tool
called the mean square weighted deviation (MSWD) and represents weighted mean ages that
are derived from many idividual ages derived from the LA-ICP-MS spot analyses conducted
on the rims and cores of idividual zircon grains. The weighted mean incorporates each spot
analysis in accordance to its precision on the concordia curve (207Pb/206Pb and 238U/206Pb
ratio). Using this method the spot analysis points identified to have a low uncertanty are
incorporated more in the final age calculation then the spot analysis that contains higher
uncertanties. Magmatic ages were selected from peaks which produced the highests
confidence MSWD score.
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Figure A11.1 Multiple peaks present in weighted

probibility density plots.
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Appendix 12. Weighted average plots for Geochronology dates
St Marys Porphyry
Weighted average probibilty plots for all four samples anylised from the SMP. Sample
G405361 from the western contact (intrusive portion) and sample G405376 from the base of
FAL-1 contained the youngest ages. Samples from higher up in the sequence contained older
zircons.

Catos Creek Dyke
Weighted average probability density plots for both samples

Piccaninny Creek Granite
Weighted average probability plot (left) for the magmatic age of the Piccaninny Creek
Granite (G405358). This plot contains two peaks which are highlighted red and green in the
concordance plot (right). The interpreted magmatic age peak is red, and the less concordant
shoulder peak is green.
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Mathinna Supergroup – Detrital zircon
Greywacke and mudstone were taken from the base of the FAL-1 drill hole just below the
basal contact of the St Marys Porphyry. Constructing a robust age for a sedimentary unit
requires a different approach than that used for magmatic units. When attributing the U-Pb
age of zircons to the age of the sedimentary unit this technique merely acts to constrain the
maximum age of deposition. This technique does not consider the time it took the zircon
grains to enter the rock cycle; this additional time must be considered. The youngest cluster
of detrital zircons is used to establish a maximum age of deposition for the sedimentary unit
in which they were deposited.

Weighted average probability plot for the maximum age of deposition taken from detrital
zircon in the sediments that underly the SMP.
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Appendix 13. Comparison of Rb-Sr Biotite ages to U-Pb zircon ages in igneous
units
Previous dating work has been completed for the St Marys Porphyry and other spatially
related granitic units in the area. In 1965 two K-Ar ages of 377 Ma and 374 Ma were
established for the SMP using biotite (McDougall and Leggo, 1965). According to Turner
(1986) these ages where recalculated by (Richards and Singleton, 1981) to a K-Ar ages of
391 Ma. Additionally (McDougall and Leggo, 1965) gave the PCG (then referred to as “
Adamellite, 10 miles southeast from St Marys”) a K-Ar biotite age of 371 Ma.
In 1986 Turner was able to establish tighter constraints on the age of the SMP and other
spatially related units. Isotopic ratios for Rb-Sr in Biotite were used to establish six dates for
the SMP (Table A6.1). Turner then used these dates to establish a final age of 388 ± 1 Ma for
the SMP.
St Marys Porphyry: New U-Pb ages for the SMP establish that it is somewhat older than
previously thought. The two youngest U-Pb ages established for the SMP give 390.1 ± 1.5
Ma which is within error of the Rb-Sr 388 ± 1 Ma (Turner et al., 1986). Three other samples
yielded ages that were older.
Piccaninny Creek Granite (PCG): New U-Pb ages for the PCG establish that it is older
than previously thought. A weighted mean age of 393.8 ± 2.3 Ma is older than the Rb-Sr ages
386 ± 4 Ma established by Turner and is within error of the SMP, so both units are therefore
considered to be the same age.
Catos Creek Dyke: U-Pb ages for phase I and II of Catos Creek Dyke establish that the dyke
is up to 10 Ma older than previously thought. Turner did not indicate what phase he dates but
to conclusively compare ages some future research needs to confirm the age of phase III in
the Catos Creek Dyke.

Turner et al. (1986) established K-Ar ages for both the SMP and the PCG (Table A6.1). It is
worth mentioning that these ages are within error of some of the U-Pb zircon ages, shown in
the same table. However, the K-Ar dates do not include an error calculation, nor do they
specify the MSWD value.
Table A6.1 Comparison between older dates (Turner et el. 1986) and new dates.
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Rock Unit Sample Rb-Sr and KAr Biotite age
Ma
(Turner 1986)
St Marys
83/33
386 ±
Rb-Sr
Porphyry
5
83/33
388 ±
Rb-Sr
5
83/27
389 ±
Rb-Sr
15
83/27
387 ±
Rb-Sr
15
83/30
83/30
83/29
83/31
83/31
Catos
Creek
Dyke

83/22

Piccaninn
y Creek
Granite

83/35

1.5

Zircon U/Pb
age Ma (this
study)

MSW
D

G405376

391.0 ± 1.3

1.3

G405377

395.6 ± 1.5

1.13

G405361

390.1 ± 1.5

1.14

G405390

390. 2± 1.9

1.9
2.3
1.9

388 ±
5
388 ±
5
395
391
395

Rb-Sr

2.5

G405367

394.0 ± 1.5

1.5

Rb-Sr

2.5

Cumulative
age

392.17 ± 0.8

1.1

K-Ar
K-Ar
K-Ar

-

388 387

Rb-Sr

G405373

400.7 ± 1.3
398.5 ± 1.8

1.3
0.86

386 ±
4
386 ±
4
391

Rb-Sr

1.5

G405358

393.8 ± 2.3

1.7

Rb-Sr

1.5

G405390

395 ± 1.9

K-Ar

G405375

410.1 ± 1.4

G405372

83/35
83/35
Mathinna
Supergro
up

MSWD Sample

-

-

-

1.15

U-Pb ages established for the St Marys Porphyry, the Catos Creek Dyke and the PCG are all
older then the Rb-Sr ages established by Turner (1986). Isotopic ages are now considered less
accurate due to resetting (Black et al., 2005). Ages acquired from U-Pb ratios in zircon are
therefore considered more favourable as these are far less likely to have experienced
resetting.
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Appendix 14: regional geology of the south-eastern LFB and the significance of
crystal rich ignimbrites
1. Introduction
The St Marys Porphyrite is a Devonian crystal rich ignimbrite unit of enigmatic nature that is
located in eastern Tasmania; a geological terrane that is part of the Lachlan Fold Belt
(Fergusson et al., 1986), henceforth referred to as the LFB. The widest part of the LFB is in
Victoria where thick sequences of Cambrian to Early Devonian deep marine turbidites are
exposed. In the south eastern portion of the LFB these sequences make up the basement rocks
for large igneous complexes (IC) which include early to Middle Devonian crystal rich
ignimbrites. Eastern Tasmania makes up the southernmost extent of the exposed LFB, but is
poorly understood in terms of its correlation with Victoria. This review presents a synthesis
of the geology of the south eastern LFB and examines information, rock units and theories
that have been used in the literature to correlate Victoria and eastern Tasmania. Of special
interest is any data that can help constrain the deposition and orogenic environment of the St
Mary’s Porphyrite (SMP) in eastern Tasmania.

2. The Lachlan Fold Belt
The LFB is a 1200 km long, north-south
trending belt of sedimentary rocks and
granitoids that extends across New south
Wales, Victoria and eastern Tasmania
(Willman et al., 2002). There are also units in
New Zealand and Antarctica that have been
linked to the LFB. The LFB is made up of
several accretionary terranes (Berry et al.,
2019) and is one of the main components of the
Tasman Fold belt System (Willman et al.,
2002). The LFB (Figure 1) is located east of
the Cambrian Delamerian Fold belt and west of
the New England Fold Belt (Atton, 2013). It
consists of rocks of Late Cambrian to early
Carboniferous age (Berry et al., 2019) and

Figure 1. The LFB and its structural zones. Blue colours cover
the Whitelaw Terrane and its correlates, pink colours cover the
Benambra Terrane, green colours indicate Delamerian/Tyennan
areas (VandenBerg, 2000 pp 2)

based on the ages, depositional deformation is
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subdivided into western, central and eastern sub provinces (Atton, 2013). The LFB represents
Late Cambrian to early Devonian sedimentary marine sequences that formed on the
continental margin of eastern Gondwana (Zhang et al., 2019) plus Late Devonian to Early
Carboniferous granitoids.
The major association of the LFB is widespread quartz turbidite sequences with
abundant clastic detritus derived from unknown sources within Gondwana (Offler and
Fergusson, 2016) (Berry et al., 2019). In the Silurian, the LFB was subdivided into several
tectonically differentiated zones (Figure 1) (VandenBerg, 2000). The extent of these zones is
based on lithological and structural boundaries.

2.1 Terranes and Structure Zones of the LFB in Victoria

Table 1. Structural subdivisions of the South eastern LFB (Willman et al., 2002)

south Structural Zone
west

Terrane

Stawell Zone
Bendigo Zone
Melbourne Zone

Whitelaw Terrane
Governor Fault

North

east

Tabberabbera Zone
Omeo Zone
Diddick Zone

Benambra Terrane
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Kuark
Zone
Mallacoota
Zone

Bega Zone

Bass Strait

south
east Tasmanian Terrane
east
The LFB is composed of accreted allochthonous and autochthonous fragments that form
much of the crust for south eastern Australia (Fergusson et al., 1986) (Atton, 2013). In
Victoria (Figure 1) it is subdivided into two terranes, the Benambra Terrane and the
Whitelaw Terrane (Willman et al., 2002). The terranes are bounded along the Governor Fault
and have contrasting magmatic, structural, tectonic and stratigraphic histories (Willman et al.,
2002). The placement of terrane and structural zones is not agreed on by all authors resulting
in publications that have drawn boundary lines with slight differences: this review uses
boundaries defined by VandenBerg (2000), Willman et al. (2002) and Berry et al. (2019).
The Whitelaw Terrane (Figure 1 and Table 1) makes up the south western portion of the LFB
in Victoria and covers about 122000 square km. Its structural zones are the Stawell, Bendigo
and Melbourne zones (VandenBerg, 2000). It is autochthonous in origin with a east-west
convergence history from the Late Cambrian to the Silurian.
This resulted in the deformation and uplift of the eastern portion of the terrane which
provided a sedimentation to the east of the terrane in the Melbourne Zone. In the middle
Devonian, the eastern portion of the Whitelaw Terrane joined with the Benambra Terrane
(VandenBerg, 2000). Only the Stawell Zone extends into NSW, the Bendigo and Melbourne
Zone are both restricted to Victoria. The southern extent of the Whitelaw Terrane is thought
to be linked to the East Tasmania Terrane (ETT) (Figure 1) (VandenBerg 2000). In ETT, the
LFB is represented by the Ordovician to Devonian-aged turbidites known as the Mathinna
Supergroup (Powell et al., 1993). However (Bierlein et al 2005) showed that the tectonic
history between Eastern Tasmania and Victoria is different with
The Benambra Terrane (Figure 1) in eastern Victoria covers about 49000 square km
encompassing the structural zones: Tabberabbera, Omeo, Deddick, Kuark and Mallacoota
zones (VandenBerg, 2000). All of these zones are continuous north into New south Wales
(Figure 1). Zones within the Benambra Terrane are considered as allochthonous fragments
that have a distinctive Early Silurian to Early Devonian deformation history. The zones
display evidence for north-south directed transport (VandenBerg, 2000). Parts of the
Benambra Terrane comprise Lower Silurian deep-marine turbidite sequences and their
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metamorphic equivalents (Willman et al., 2002). These rocks were deformed by the
Benambran Orogeny which created the Omeo Metamorphic Complex. The central part of the
Benambra Terrane is made up of relatively high temperature / low pressure metamorphic
rocks, S-type granites and their extrusive equivalents (Atton, 2013). Underlying the terrane
are Cambrian mafic volcanic rocks which are only exposed on the western margin near the
Governor Fault (Willman et al., 2002).
Several Major deformation events from the Silurian to the Devonian have been
identified in the LFB. The first, the Benambran Orogeny (ca. 450-430 Ma) resulted in the
amalgamation of the Benambra Terrane (Willman et al., 2002) (Atton, 2013). The second
event, the Bindian Orogeny, occurred during the Silurian - Devonian (mainly seen in the
Benambra Terrane) and caused inversion of the Silurian Basins (Willman et al., 2002). The
Tabberabberan Orogeny marked the end of deformation in the south eastern LFB and resulted
in the joining of the two terranes along the Governor fault (Willman et al., 2002).
In summary the south eastern LFB is structurally complex and is divided into the
Whitelaw, Benambra (Victoria) and East Tasmania Terranes (Figure 1, Table 1). In Victoria
the Terranes are subdivided again into nine structural zones (Figure 1, Table 1) which are
characterised on the basis of geological history, stratigraphic and deformational features and
vary in age from Cambrian to Devonian. These zones are important in helping to understand
the tectonic evolution of the LFB post the Benambran orogeny in Victoria and in eastern
Tasmania (Willman et al., 2002) (VandenBerg, 2003c) (Berry et al., 2019).
2.2 The Lachlan Orocline
The Lachlan Orocline is a recent theory used to explain the tectonic evolution of Ordovician
– Devonian south eastern Australia (Cayley, 2015). In this theory, most of the LFB in
Victoria was folded around the Melbourne Zone underlain by the deformation resistant
Selwyn Block. Cayley (2015) places the ETT as a southern extension of the Benambra
Terrane
2.3.0 Tasmania; the southern extent of the Ordovician to Late Devonian LFB
The pre-Permian geology of Tasmania is divided into two Terranes: The Western Tasmanian
Terrane (WTT) and the Eastern Tasmania Terrane (ETT) (Calver, 2014). The two terranes
(Figure 1) both contain Ordovician to early Devonian sedimentary rocks. However, in the
WTT, these are characterised as shallow marine sequences and in the ETT they are deep
marine turbidite sequences (Powell et al., 1993) (Calver, 2014).
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Differing depositional environments and deformational histories have resulted in
contrasting terranes (Calver, 2014). The Benambran Orogeny resulted in some deformation
of the ETT (Reed, 2001) and both terranes experienced deformation during the
Tabberabberan Orogeny (389 Ma) (Black et al., 2010). The terranes are divided by the Tamar
Fracture System, that is made up of a series of east-dipping Middle Devonian thrusts (Hong
et al., 2017) (Calver, 2014) which extend between Port Sorell in the north to the Tasman
Peninsula in the south (Black et al., 2010). The ETT maybe underlain by continental crust,
not oceanic as in Victoria (Bierlein et al. 2005).
2.3.1 Western Tasmania Terrane
The basement of the WTT is considered part of the Selwyn Block and consist of
Neoproterozoic Cambrian metasedimentary rocks that have been interpreted to have formed
during Cambrian arc-continent collision (Tyennan Orogeny) (VandenBerg, 2000). Most
notably the WTT hosts the Mount Read Volcanics are a volcanic belt that formed in the
Cambrian. Following the collision, a shallow marine succession of siliclastics and carbonates
were deposited (Figure 2) forming the Late Cambrian- Early Ordovician the Denison and
Owen group. From the Ordovician-Early Silurian Gordon Group, the lower portion of the
Wurawinna Supergroup. Continued erosion from the eastern margin of Gondwana followed
during the Middle Silurian to the Early Devonian resulting in the deposition of the Eldon
Group, a shallow-marine succession (Calver, 2014) (Berry et al., 2019), In the Late Devonian
Granitoids intruded parts of the WTT (Hong et al., 2017).
2.3.2 Eastern Tasmania Terrane
The ETT is made up mostly of a deep marine turbiditic sandstone and mudstone sequences
known as Mathinna Supergroup (MSG). The MSG has strong similarities to the turbidite
sequences of the LFB of Victoria (Calver, 2014) (Powell et al., 1993) and is considered by
many workers to be the southern extension of similar successions in the LFB of south eastern
mainland Australia (Black et al., 2010). The relationship between marine sequences in the
WTT and the ETT is controversial. High Cr content in the turbidites of the ETT is potentially
derived from ultramafic rocks in the WTT (Berry et al., 2019) however detrital zircon dating
of the MSG has shown that the WTT was not the zircon source (Seymour 2007). On-lapping
Cambrian to Silurian sedimentary sequences of WTT affinity, overlain by Devonian
turbidites of ETT affinity are exposed in a narrow window immediately west of the Tamar
River (Seymour, 2014).
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The basement of the MSG is unknown as no older rocks are exposed (Berry et al.,
2019). In the ETT turbidite sequences experienced voluminous high crustal level I and S type
granitic intrusions with two distinct magmatic events occurring at around 400-390 Ma and
385-375 Ma which is thought to represent plutonism pre, syn and post the Tabberabbera

Figure 2. Simplified time-space diagram comparing Ordovician to lower Devonian stratigraphy across the
Lachlan Fold-Belt in south eastern Australia (Reed, 2001) (Berry et al., 2019).

Orogeny (Black et al., 2010) (Calver, 2014).
In the ETT the St Marys Porphyrite has been identified as a crystal rich ignimbrite by Turner
(1986). Based on enigmatic contact relationships and textural features the emplacement
processes of this unit are not conclusively agreed upon.

3.0 Correlating Tasmania and Victoria in the south eastern LFB
The Victorian and ETT portions of the LFB share some similarities including Ordovician to
Silurian turbidite sequences intruded by voluminous granites, associated in places with
extrusive ignimbritic units. Both areas have deep water sedimentary facies which were
tectonised during the major orogenic events that culminated with the Late Devonian
Tabberabberan Orogeny and were intruded by granites.
3.1.1 Turbidites of the south eastern LFB
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In Victoria and the eastern Tasmanian portion of the LFB there are extensive thick
successions of Ordovician to Early Devonian deep-marine sandy turbidites sequences (Figure
2). Similarities are recognised between the turbidites in Victoria and Tasmania (Cayley,
2011) (Offler & Fergusson, 2016)(Powell, Baillie, & VandenBerg, 2003). But sources may
differ (Berry et al., 2019) and tectonic history is also different (Bierlein et al. 2005).
3.1.2 Turbidite Units in Victoria
In Victoria, turbidites constitute much of the basement rock in both the Whitelaw and
Benambra Terranes (Figure 2). In the Whitelaw Terrane the St Arnaud and Castlemaine
Groups are widespread in both the Stawell and Bendigo Zone (Table 2), whereas the
Melbourne Zone is dominated by the Murrindindi Supergroup (Table 2) and to a small extent
the Bendoc Group (VandenBerg, 2000). In the Benambra Terrane the basement is the Pinnak
Sandstone (Lower to Middle Ordovician) which is part of the thick Adaminaby group (Table
2) (Offler and Fergusson, 2016). The Upper Ordovician Bondoc Group is present as long
narrow fault slices while the Lower Silurian Yalmy and Cobbannah groups occur in broad
outcrop belts (VandenBerg, 2000). Older (Ordovician) Turbidite sequences are restricted to
the western portion of the Whitelaw Terrane and to cover practically the whole of the
Benambra Terrane. While the eastern portion of the Whitelaw Terrane has more or less
continuous deposition from the Early Ordovician to the Early Devonian.
The Victorian portion of the LBF contains extensive quartz rich turbidite successions
comprising black shale, siliceous shale and bedded chert, all Ordovician in age. This
succession spans the Ordovician, in several places continues uninterrupted into the Silurian
(VandenBerg, 2003). The Adaminaby Group outcrops extensively and continues up into
NSW (Offler and Fergusson, 2016). These turbidites formed a vast deep-marine turbidite
succession in part of the ocean basin neighbouring the ancient eastern continental margin of
Gondwana. (VandenBerg, 2003). The Victorian sequences have been easier to subdivide than
in in the ETT as the former contain much more graptolites.

Zone

Terrane

Tabberabberan, Benambra
Omeo and
Bega

Formation

Description

Yalmy
Group

Ordovician-Silurian Marine turbiditic sandstone and
mudstone, sedimentation (ASUD, 2020) reflects
uplift and deformation of the Benambran orogeny
(pp15) (VandenBerg, 2000)
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Tabberabberan,
Bendoc
Deep
marine,
massive
to laminated
black shale and
Table 2. MajorBenambra
Turbidite successions
that occur in the
Victorian
portion
of the Lachlan
Fold Belt.
Omeo and
Group
siliceous mudstone, siltstone and fine grained quartz
Bega
sandstone (ASUD, 2020) overlie the Ordovician
quartz turbidite succession (Adaminaby Group)
(Fergusson and Fanning, 2002).
Melbourne
Whitelaw
Murrindindi Bulk of Melbourne Zone sedimentary fill is
Zone
Supergroup
constituted by the Murrindindi Supergroup which
consists of marine to fluvial Siltstone, shale and
sandstone from early Ordovician into the Devonian
(Powell et al., 2003). Sandstone in the lower portion
of the sequence is typically quartz rich and lithic
rich in the upper part (ASUD, 2020). Melbourne
Zone sedimentation is in contrast with the
Benambra Terrane (east of Governor fault) where
deformation, uplift plutonism occurred (Powell et
al., 2003).
Bendigo
Whitelaw
Castlemaine Ordovician marine sandstone, siltstone and
Group
mudstone turbidite sequence (ASUD, 2020) about
3km in thickness which constitutes part of the
basement (Willman, 2007)
Tabberabberan,
Adaminaby
Constitutes four coeval continental margin units that
Omeo and
Benambra
Group
dominate the LFB (Zhang et al., 2019) Ordovician
Bega
turbiditic sequences of sandstone, mudstone and
shale in central eastern Victoria (Fergusson and
Fanning, 2002, ASUD, 2020) the Adaminaby group
is present in the Bega, Tabberabberan and Omeo
Zones (Fergusson and Fanning, 2002) (Berry et al.,
2019)
East
Tasmania

Mathinna
Supergroup

Clastic turbiditic successions of shale, mudstone,
siltstone and sandstone that are widespread in the
east Tasmanian Terrane (Early Ordovician – Early
Devonian) (ASUD, 2020)

3.1.3 The Mathinna Supergroup (east Tasmanian Terrane)
Eastern Tasmania is the southern extension of the LFB, where the rocks are termed
the Mathinna Supergroup (MSG), an extensive Early Ordovician to Early Devonian quartzrich, poorly fossiliferous turbidite sequence (Powell et al., 1993). The MSG extends from
Beaconsfield east and into the Furneaux Group (in the Bass Strait) in the north and to EagleHawkneck in the south east (Calver, 2014). The MSG ranges in age from Early Ordovician to
Early Devonian and a regional younging of the sequence from west to east is evident
(Seymour, 2014).
The MSG (Figure 2) is subdivided into two structurally and compositionally distinct
sedimentary packages which are separated by an inferred unconformity (Seymour et al.,
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2011). The subgroups of the MSG are the older Tippogoree Group (Early Ordovician to
middle Silurian) and the younger package is the Panama Group (late Silurian to early
Devonian) (Reed, 2001). Ages of the groups are poorly generally defined and based on sparse
fossil records (Seymour et al., 2011).
The older Tippogoree group contains recumbent folding which has been linked to the
Benambran Orogeny (ca 440 Ma) (Reed, 2001). A break between the two packages has not
been located and is therefore referred to as an inferred unconformity (Reed, 2001. Both groups
of the MSG strata are extensively deformed by generally NNW-trending folds with horizontal
or gently plunging hinge lines which are linked to the Tabberabberan Orogeny (ca 390)
(Seymour, 2014) (Berry et al., 2019).
3.1.4 Tippogoree Group (Ordovician-Silurian)
The Tippogoree Group (Figure 2) is the older western package of the Mathinna
Supergroup and comprises two subgroups; the lower Stony Head Sandstone and the upper
Turquoise Bluff Slate (Seymour et al., 2011). It has thick, graded beds of fine- to mediumgrained sandstone overlain by massive black slate (Seymour et al., 2011).
In the Tippogoree Group the Stony Head Sandstone is the oldest exposed unit, it is most
likely early Ordovician in age (Seymour et al., 2011). There is no exposed base to this unit, at
its top it transitions into the massive mudstone of the Turquoise Bluff Slate (Seymour et al.,
2011).
3.1.5 Panama Group (Silurian-lower Devonian)
The Silurian to early Devonian Panama Group (Figure 2) makes up the younger
subgroup of the MSG and overlies the Tippogoree Group (Seymour et al., 2011). It is divided
by Seymour et al into four formations and extends from Bellingham in the west to the south
eastern and north eastern onshore extent of Tasmania. In the south it extends as far as Eaglehawk Neck (Seymour, 2014). The only rocks that have been differentiated in detail are west
of the Scottsdale Batholith. The oldest formation of the Panama Group is ‘the Yarrow Creek
Mudstone’ which has an inferred faulted contact with the underlying Turquoise Bluff Slate
(Lower MSG) (Seymour et al., 2011). The nature and character of the contact with the
Yarrow Creek Mudstone is uncertain as it remains concealed (Seymour et al., 2011). The
Yarrow Creek Mudstone and the Turquoise Bluff Slate are differentiated on a structural basis
(Reed, 2001)
The Yarrow Creek Mudstone is conformably overlain by the Retreat Formation which
is in turn conformably overlain by the Lone Star Siltstone. Age controls between the Yarrow
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Creek Mudstone, the Retreat Formation and the Lone Star Siltstone are poor but they
probably have similar ages of Late Silurian (Seymour et al., 2011). The Sideling Sandstone
conformably overlies the Lone Star Siltstone unit to the west. While to the east the Sideling
Sandstone is intruded by the Middle Devonian Scottsdale Batholith (Seymour et al., 2011).
Based on fossil graptolite fragments it has an age of Early Devonian (Seymour et al., 2011).
MSG rocks located east of the Scottsdale Batholith have been mapped but not been
differentiated to the degree of detail that the western portion has due to the scarcity of
graptolite fossils and large scale granite intrusions. Undifferentiated Sidling Sandstone
extends across the ETT. In the St Helens area, the Scamander Formation is recorded east of
Catos Creek Dyke where it has a faulted contact with the Sidling Sandstone. The Scamander
Formation is described as turbiditic quartz rich sandstone with minor siltstone and mudstone.
This formation has an age of Silurian to early Devonian (Calver, 2014).
South of Scamander, the uppermost portion of the MSG (Scamander Formation) is
overlain by a thin shallowly dipping sedimentary breccia that in turn is conformably overlain
by the St Marys Porphyrite which has age of 388±1 (N. J. Turner, 1987).
The Panama Group constitutes the younger and less differentiated portion of the
MSG, it has an overall west to east younging trend and is not deformed by the Benambran
orogeny (Reed, 2001). Its youngest rocks are in the east where it is unconformably overlain
by Devonian aged extrusive rocks.
3.2 Granites of the LFB
Granites and their associated volcanic rocks were emplaced throughout the LFB in
both Victoria and Tasmania (Hong et al., 2017). Granites make-up between 20-36% of the
entire Lachlan Orogen, with associated volcanic rocks covering a further 5% (Atton, 2013).
They were emplaced in four main magmatic episodes during the Late Silurian – Early
Devonian (430–400 Ma), Mid-Devonian (400–385 Ma), Late Devonian–Early Carboniferous
(380–350 Ma), and Carboniferous (350–320 Ma. The granites are both I and S type and have
been assigned into ten granite provinces (Figure 3) (Hong et al., 2017)
Granites in ETT were mostly emplaced from the Early Devonian to Early
Carboniferous (Figure 4-5). Along with the MSG they constitute a major component of the
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ETT basement geology.
Granites in the ETT are
grouped into the Bassian
granite province (Figure 3).
A geographical area that
includes granites east of the
Tamar Fracture System
(Scottsdale Batholith), granites
on Flinders Island, in northeast
Tasmania (Blue Tier
Batholith) and south to the
Tasman Peninsular (Hippolyte
Rock). The northern extent of
the Bassian granite province is
thought to extend across the
Bass Strait to Wilsons
Promontory on mainland
Australia (Hong et al., 2017).
Granites in the Bassian

Figure 3. Granite provinces of south eastern Australia (Hong et al.,
2017)

Granite province of north
eastern Tasmania are split into three primary batholiths and many singular plutons (Figure 4).
The Batholiths in Tasmania comprise the Blue Tier, Scottsdale and Ben Lomond Batholiths
which together occupy an area of 3120 km2 (Seymour et al., 2006). The Wilsons Promontory
batholith (395 Ma) is a fourth major batholith (1200km2) and is located on the Victorian
coast across the Bass Strait (Wallis and Clemens, 2018).
Tasmanian Granite intrusions of Devonian to Carboniferous age are part of a
widespread granite belt that formed along the eastern margin of Gondwana around 400-370
Ma. Granites intruded at a high crustal level into the Ordovician-Devonian MSG
(McClenaghan, 2006). A more mafic I-type dominant phase proceeds a more fractionated
felsic S-type dominated phase. The understanding of Tasmanian granites and their
emplacement levels is essential in correlating magmatic events from the Silurian to Early
Carboniferous between Tasmania and Victoria (Hong et al., 2017)
The composition of the granitoids ranges from granodiorite to alkali-feldspar granite; in the
ETT, granodiorites are predominant. Extensive granitoid intrusion in north eastern Tasmania
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started around 400 Ma after an early phase (or phases) of east-vergent folding and thrusting,
which predates the SMP a granitoid-related pyroclastic unit with an age of 388 ± 1 Ma
(K/Ar). Plutonism continued after a later, west vergent phase of Devonian folding and
thrusting. The Tasmanian Bassian
From 1960s comprehensive K-Ar and/or Rb-Sr ages of Tasmanian granites have been
established in the past
few decades but the
minerals analysed are
largely effected by loss
of Sr and Ar, and by
thermal resetting
generated by later
geological deformation
or hydrothermal
alteration (Hong et al.,
2017).
More recent U-Pb ages
(Figure 5) derived from
laser ablation of zircon
has revealed that granites
in eastern Tasmania are
significantly older than
previously thought
(Black et al., 2005).
Granites in the LFB are
thought to have resulted
from magmas that were
produced by partial

Figure 4. Map of north east Tasmanian Granites and their locations and U/PB ziron
ages (Black et al., 2005)

melting of middle to lower crustal rocks (Seymour, 2014).Two main models that are used to
explain the genesis of these granites are: the restite model (White and Chappell, 1977,
Chappell et al., 1987) and the three component mixing model (Collins, 1998) this second
model is preferred by Black et al., (2005) who further devloped it.
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3.3 Early to Middle Devonian Ignimbrites of the south eastern LFB
Figure 5. Space diagram with emplacement ages of east Tasmanian granites and their composition
along with the approximate timing of the Tabbarabberan Orogeny (Black et al., 2005).

The
LFB

hosts extensive areas of granite plutons and volcanic rocks that are interpreted to have comagmatically evolved (Atton, 2013). Major Igneous complexes that contained crystal rich
ignimbrites in the south eastern portion of the LFB are found throughout the Devonian (see
Table 3). Their occurrence can broadly be subdivided into four groups (Figure 6).
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Crystal rich pyroclastic flow units are a significant characteristic of some of the
Devonian volcanic units in the Victorian portion of the LFB and are dominantly found to
have formed in the Early and Late Devonian (Figure 6).

Figure 6. Time-Space diagram of major igneous complexes (IC) of the South eastern LFB and their
respective basement geology. 1-Mount Macedon IC, 2-Dandenong Ranges IC, 3- Marysville IC,
4- Strathbogie IC, 5 – Tolmie IC, 6 - Dartella Volcanics, 7 - Mount Elizabeth Cauldron, 8 – Snowy
River Volcanics, 9 – St Marys Porphyrite

From the Silurian to the Early Devonian the LFB consisted of localised marine basins
that were separated by uplifted and eroded land areas (Cas et al., 2003). Here volcanics that
host crystal rich ignimbrites formed in the Early Devonian (Group One – Figure 6). These
crystal rich ignimbrites formed in the Benambra Terrane before it amalgamated with the
Whitelaw Terrane. This group predates the Tabberabberan orogeny (Figure 6), it includes the
Dartella Volcanics, Mt Elizabeth Cauldron and the Snowy River volcanics (Table 3,
Appendix 1). These igneous complexes were all emplaced onto an Ordovician sedimentary
basement. Felsic, S-type magmatism around 430 Ma is thought to have been in response to
the burial of Ordovician turbidites which was caused by crustal thickening after the
Benambran deformation at approx. 440-450 Ma (Black et al., 2010).
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Table 3. Major Igneous complexes of the South eastern Lachlan Fold Belt. See literature review appendix 1 for detailed
tabulated account.
Zone
Terrane
Formation
Description
1 Bendigo
Whitelaw
Mount
Dominated by very thick successions of fine to medium
Zone
Macedon
grained welded dacitic ignimbrites and their intrusive
Igneous
equivalent phases. The complex has developed on a basement
Complex
of Ordovician metasedimentary rocks (Cas et al., 2003).
2 Melbourne
Whitelaw
Dandenong
Contains thick Rhyodacite successions that are subdivided
Zone
Ranges
into pre-caldera collapse phase and post caldera collapse
Igneous
phase. The complex has developed on a basement of Late
Complex
Silurian – Early Devonian sedimentary rocks.
3 Melbourne
Whitelaw
Marysville
Contains the Cerberean and Acheron cauldron, both felsic
Zone
Igneous
volcanic complexes that represent classical cauldron
Complex
subsidence that has formed in a basement of SilurianDevonian sediments (Cas et al., 2003).
4 Melbourne
Whitelaw
Strathbogie
Four S type crystal rich intra-caldera ignimbrites are
Zone
Igneous
recognised flakes (Cas et al., 2003). The Basement is
Complex
comprised of Late Silurian sediments.
5 Melbourne / Whitelaw /
Tolmie
Predominantly consists of welded ignimbrites with
Tabberabbera Benambra
Igneous
intercalated sediments (Cas et al., 2003). The complex formed
Zone
Complex
on a Cambrian- Ordovician basement.
6 Omeo Zone
Benambra
Dartella
Represents the remnants of a cauldron collapse with thick
Volcanics
quartz – quartz/feldspar rich ignimbrites hosted in Ordovician
sediments (VandenBerg, 2003a).
7 Tabberabbera Benambra
Mount
Consists of thick densely welded feldspar- course quartz rich
Zone
Elizabeth
ignimbrites that are hosted in Ordovician quartz turbidites
Cauldron
(VandenBerg, 2003a).
8 Diddick /
Benambra
Snowy River
Consists of a complex sequence of felsic volcanic rocks (Orth
Omeo Zone
Volcanics
et al., 1989) that are hosted in Ordovician quartz turbidites.
Volcanics are subdivided into two petrographically distinctive
types of ignimbrite (pp 142) (VandenBerg, 2003a):
1. Quartz rich ignimbrite
2. Feldspar-rich ignimbrite
9
East Tasmania St Marys
Consists of thick extrusive welded quartz-feldspar crystal rich
Terrane
Porphyrite
ignimbrite that grades up into intrusive granodiorite like
(SMP)
porphyry (Turner et al., 1986). Is unconformably overlying
Late Silurian turbidite sequence.

By the Late Devonian the local marine basins of the LFB had become an almost wholly
subaerial highland continental terrain. The transition took place during the compressional mid
Devonian Tabberabberan orogeny. The onset of volcanism is thought to have occurred late or
post orogeny (380-377 Ma) (Cas et al., 2003).

Late Devonian volcanics in the south eastern LFB hosted crystal rich ignimbrites (Group two
– Figure 6) and all formed in the Whitelaw Terrane. These Igneous complexes formed after
the Tabberabberan Orogeny which caused cratonisation of the LFB by joining of the
Whitelaw and Benambra Terrane. These igneous complexes contain large scale crystal rich
ignimbrites which unconformably sit on Silurian-Devonian sediments (Figure 6). They
include the Mount Macedon IC, Dandenong Ranges IC, Marysville IC and the Strathbogie IC
(Table 3, Appendix
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1).
Group three: Temporally the Tolmie IC (Table 3, Appendix 1) formed along with group
two, however it is the only large-scale crystal rich ignimbrite bearing igneous complex to
form in the Benambra Terrane (Figure 6). It formed on the cusp between the Whitelaw and
the Benambra Terrane with an unconformable contact of Ordovician sediments (Adaminaby
group) to the east and Silurian-Devonian Sediments to the west (Murrindindi Supergroup)
(VandenBerg, 2000 pp172).
Group four: In the ETT, the St Marys Porphyrite (SMP) (Table 3, Appendix 1) is the only
crystal rich ignimbrite recorded (Figure 6). It has an age of 388 ± 1 Ma (K/Ar) and is
unconformably deposited onto early Devonian Mathinna Supergroup (Turner et al., 1986).
The SMP is thought to have co-magmatically evolved with the Catos Creek Dyke; a
granodiorite intrusion that is part the Blue Tier Batholith (Turner et al., 1986). The SMP is
differentiated from the Middle Devonian Ignimbrites of Victoria in that it was probably
emplaced syn-tectonically during the Tabberabberan orogeny.
3.4.0 Silurian-Devonian aged Deformation events in Central-eastern Victoria and
eastern Tasmania
The LFB is an orogenic belt that formed on the eastern margin of Gondwana and constitutes
one of five orogenic belts that form the Tasmanides (Atton, 2013). The Tasmanides comprise
three super-cycles, each one encompassing long periods of sedimentation and magmatism
and terminating in a deformation event (Glen, 2005). One of these super-cycles records the
growth of the Ordovician to Carboniferous LFB, which itself consists of three separate
cycles; all ending in major deformation (Glen, 2005) (Willman et al., 2002). The dominant
events of deformation and metamorphism occurred at about 440–430 Ma and 400–380 Ma;
The Benambran, the Bindian/Bowing and the Tabbarabberan orogenies (Foster and Gray,
2000). Basins formed in the Silurian were inverted by the Bindian Orogeny and basins of the
Early Devonian were inverted by the Tabberabberan Orogeny. (Willman et al., 2002)
Tasmania lies along the eastern margin of the Delamerian Fold Belt (Figure1), with its
western portion (WTT) constituting the northern margin of the Selwyn Block. The WTT is
accreted to the ETT which constitutes the southern extent of the LBF. (Cayley, 2011)
In Tasmania, two deformation events are thought to be part of a consolidation phase
following the docking of the WTT and ETT, which occurred after the Ordovician but before
the middle Devonian (Seymour, 2014 pp274)
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3.4.1 Benambran orogeny
The Benambra orogeny was the earliest deformation event in the LFB and it represents the
amalgamation and accretion of the Benambra Terrane in the Late Ordovician –Early Silurian
(Glen, 2005).
In eastern Tasmania, the effects of the Benambran orogeny were more subtle. Here
recumbent folding in the lower eastern parts of the MSG is attributed to the Benambran
orogeny (ca 440 Ma) (Berry et al., 2019). A Dominant cleavage in the Turquoise Bluff Slate
was found to have an age of 426.7 ±2.4 and it is thought that the deformation occurred in the
Benambran Orogeny, predating the deposition of the Panama group (Berry et al., 2019). This
cleavage is not seen in Panama or younger units (Seymour et al., 2011). An Early Ordovician
to Silurian unconformity separating the Tippogoree and Panama group has been inferred
(Reed, 2001).
3.4.2 Tabberabberan Orogeny
The Tabberabberan Orogeny occurred in the middle Devonian, it was the last major
deformation event to occur in the LFB and it reflects the closure of a large back-arc basin
system and marked the accretion and east-west compression of Ordovician to Early Devonian
Terranes (Glen, 2005). In the Victorian portion of the LFB the orogeny resulted in the
Governor Fault, a large transform fault that is inferred to have caused strike-slip displacement
between the Whitelaw and Benambra Terranes (Willman et al., 2002). Melbourne zone
sedimentation during this time has a complete absence of material derived from the
Benambra Terrane. The two Terranes did not become juxtaposed until just before the
Tabberabberan Orogeny. The orogeny amalgamated the Whitelaw and Benambra Terrane
with the Melbourne Zone experiencing intense deformation (Willman et al., 2002).
In the ETT regional deformation has mostly been equated with the Tabberabberan Orogeny
where the absence or presence of a north-west trending foliation in Devonian granites has
revealed dates of about 390Ma (Black et al., 2005). In the MSG the orogeny produced north
north-west trending folds throughout the ETT (Black et al., 2005). The Tabberraberan is
thought to have been quite long lived with two main phases. An Early Devonian phase
produced locally overturned north-east vergent folds and predates the emplacement of the
SMP (388 ± 1 Ma). A second phase early in the middle Devonian caused south westward
thrusting of the MSG (pp (Seymour, 2014 pp 274).
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4.0 Discussion: The east Tasmanian Terrane and the St Marys Porphyrite are unique
components of the LFB
Regional geology of the south eastern portion of the LFB is temporally restricted from the
Ordovician to the Early Carboniferous. Its three major structural components are constituted
by the Whitelaw Terrane, the Benambra Terrane and the east Tasmanian Terrane (Figure 7).
Superficially these terranes seem contiguous in that they contain Ordovician to Early
Devonian deep marine turbidite sequences (Figure 7). However detailed radiometric dating
and geochemistry suggests that all three terranes have different geological histories before
culminating in final cratonisation during the Devonian Tabberabberan Orogeny. All three
Terranes were intruded by granites from the Late Silurian to the Late Devonian (Figure 7)
and contain crystal rich ignimbrites which were emplaced between the Early to Late
Devonian (Figure 7).

FIGURE 97.
MAJOR
IGNEOUSterrains,
COMPLEXES
OF turbidite
THE SOUTH sequences,
EASTERN LACHLAN
OLD BELT plutons of the south-eastern LFB. Major
Figure
structural
and
andFgranite
igneous complexes are 1-Mount Macedon IC, 2-Dandenong Ranges IC, 3- Marysville IC, 4- Strathbogie
IC, 5 – Tolmie IC, 6 - Dartella Volcanics, 7 - Mount Elizabeth Cauldron, 8 – Snowy River Volcanics, 9 –
St Marys Porphyrite

The ETT is unique as it contains only one crystal rich ignimbrite; the St Marys Porphyrite
(SMP) (Figure 7). The SMP is similar to Devonian volcanics in the Melbourne Zone as it to
is hosted in Silurian - Early Devonian turbidite units. Its also contains welded crystal rich
dacite to rhyolite facies and in parts displays eutaxitic textures along with ‘foliations’ or
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patches that are thought to represent flattened pumice. The SMP differs from the Victorian
ignimbrites as it is thought to have been emplaced syn-tectonically during the Tabberabbera
Orogeny.
All three Terranes (Whitelaw, Benambra and ETT)
contain major turbidite sequences. The oldest of these are in
the western portion of the Whitelaw Terrane (Stawell and
Bendigo zone) and in the eastern portion of the Benambera
Terrane (Taberrabera, Omeo and Bega zones) (Figure 7).
These zones don’t contain turbidite sequences younger then
430 Ma. In the ETT, the deposition of the MSG is recorded
from early Ordovician to early Devonian (Seymour et al.,
2011) (Berry et al., 2019) which is comparative to the eastern
portion of the Whitelaw Terrane (Figure 8) where the
Murrindindi Supergroup (Melbourne Zone) was deposited
from the late Ordovician to the end of the early Devonian
(Figure 7). The lower subgroups of the MSG; the Turquoise
Bluff Slate and Stony Head Sandstone are considered
lithologically similar to the Melbourne zone (Powell et al.,
1993). Although the MSG contains high Cr content in all

Figure 8. Correlation between the
east Tasmanian Terrane and the
Melbourne Zone (Calver, 2014).

sandstones across all the age ranges, elevated Cr is not seen in
turbidites of comparable ages in either the Bendigo or the Melbourne Zone (Berry et al.,
2019). While there are timing similarities between the ETT and the Melbourne zone the
geochemistry does not support close correlation between the two (Berry et al., 2019).
The LFB experienced granite plutonism from the Late Silurian (430 Ma) through to the
Early Carboniferous (320 Ma). The only granite province that is in both the ETT and
Victorian portion of the LFB is the Bassian Province (400-385 Ma) with the Wilsons
Promontory Batholith being its northern most extent. ETT Terrane is also unique as most
other granite provinces contain dominant plutonism that is either older (430-400 Ma) or
younger (380-320 Ma).
Crystal rich Ignimbrites occurred in the south eastern extent of the LFB during the Early,
Middle and Late Devonian. Early Devonian ignimbrites are restricted to Benambra Terrane
and are hosted in Ordovician sedimentary rocks and where emplaced pre Tabberabbera
deformation (Figure 6). Late Devonian ignimbrites are restricted to the Whitelaw Terrane and
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are hosted in Late Silurian to Early Devonian sedimentary units. The Tolmie Igneous
Complex (Late Devonian) is an exception as it is formed between the Whitelaw and the
Benambra Terrane. These volcanics were emplaced after the Tabberabberan deformation
(Figure 6). In the ETT the SMP (middle Devonian) is not temporally correlated with either
of the Victorian episodes of volcanism and it was the only major ignimbrite to be emplaced
during the Tabberabberan Orogeny (388±1).
Major deformation events occurred that
differentially affected each of the terranes of the
south eastern LFB. The Benambra Orogeny caused
widespread deformation in the Benambra Terrane
and relatively little in the Whitelaw Terrane. In
Tasmania, the only area potentially effected by this
orogeny was in the western portion of the ETT. The
Tabberabbera Orogeny was the main event, it
cratonised the Whitelaw and the Benambra Terrane
in Victoria (380 Ma). In Tasmania the orogeny
caused deformation in both the WTT and ETT (389

Figure 9. Lachlan Orocline (Cayley, 2014)

Ma).
The Lachlan Orocline is a recent model by Cayley (2015) which rethinks the relationship
of the structural Terranes of the LFB. Here the ETT is not correlated to the Melbourne Zone
but instead it is suggested as a southern extension of the Tabberabbera Zone in the Benambra
Terrane (Figure 9). This theory supports a model in which the turbidites of the ETT formed
distally to their current location.
Another model is that the ETT is a separate terrane altogether, which would explain the
differences in basement, tectonic history, sediment sources, ignimbrite ages and granite
compositions and intrusion ages.
Further efforts to correlate the ETT with other portions of the LFB should consider
researching models which better help explain the tectonic evolution of the LFB. New south
Wales and even New Zealand are both areas that contain components of the LFB that may
help connecting the ETT to the LFB.
5.1 Conclusion
The ETT Terrane is a unique terrane in the south eastern LFB. It contains turbidite sequences
that are time equivalent to those of the Melbourne Zone in Victoria, depositing between the
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Early Ordovician and the Early Devonian. However, more detailed work (Berry et al 2019) is
revealing that the older portion of the turbidites in the Melbourne Zone (Whitelaw Terrane)
and the ETT appear to have a different provenance. And Bierlein et al. (2005) showed that
the two had differing tectonic histories.
The only Devonian aged crystal rich ignimbrite in the ETT is the SMP. Igneous complexes in
the Whitelaw Terrane and the SMP in the ETT are hosted in similar age turbidite sequences.
However, on a timing basis the SMP is not correlated with igneous complexes in either the
Whitelaw or the Benambra Terrane of Victoria. The SMP was emplaced during the
Tabberabbera Orogeny and is thought to have co-magmatically evolved with granites in the
Blue Tier Batholith which intruded between 400 and 375 Ma and forms part of the Bassian
granite province within the ETT.
Further efforts to correlate SMP to other volcanism within the LFB require investigation of
the north eastern portion of the LFB in New South Wales.
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Literature review Appendix 1
A tabulation of Igneous complexes containing crystal rich ignimbrites in the south eastern LFB.
Volcanic
Complex
1. Mount
Macedon
Igneous
Complex

Dimensions
&
Basment

Formations

Thickn
ess

Age date
type

40km2,
Maximum
area of
Caldera is
30km2

Heskett
ignimbrite

400m

-

Willimigongon
g ignimbrite

400 –
2000m

Late
Dev.

Ordovician
Basement

Baringo
Granodiorite
2. Dandenong
Ranges
Igneous
Complex

330 km2

Character

dark grey, fine-grained
and porphyritic, with a
glassy groundmass
dark grey, mediumgrained, enstatite–
feldspar ignimbrite with a
very high phenocryst
content.

Comments

•
•

•
•
•

consist of interbedded ignimbrites, lavas and volcaniclastics
upper and lower Volcanic series which have no observable
contact
Thick, massive, uniform nature consistent with highly explosive,
felsic calderas
Most of the groundmass is totally recrystallised a few samples
show shard remnants
Abundant angular, fragmented crystals
flattened pumice fragments
Low constant abundance of lithic fragments

•

Intrusive phase of the Mount Macedon Igneous complex

•
•

-

Mount Evelyn
Rhyodacite

300m

-

quartz rich at its base
with orthoclase
increasing upwards and a
plagioclase rich top

•
•
•

pre-collapse
welded, lithic rich ignimbrite
crystal rich

Kalorama
Rhydacite

300m

-

•
•
•

pre-collapse
base of this unit is fiamme rich
top of the unit contains a tuff band

Ferny Creek
Rhyodacite

1500m

quartz and feldspar
phenocrysts in a
microgranular
groundmass
fine grained at base and
contains a eutaxitic
foliation. Becomes
increasingly phenocryst
rich upwards.

•
•

post-collapse
groundmass grainsize increases upwards as does proportion of
crystals
very similar to Donna Buang Rhyodacite from Acheron
Cauldron

373±4

•

referenc
e
(pp 160)
(R. A. F.
Cas et
al., 2003)
(pp170)
(Vanden
Berg,
2000)
(Vanden
Berg,
2009)
(pp 161162) (R.
A. F. Cas
et al.,
2003).
(166167)
(Vanden
Berg,
2000)
(ASUD,
2020)
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Lysterfield
Granodiorite
3. Marysville
Igneous
Complex
Cerberean
&
Acheron
cauldron

Cerberean
Cauldron
35 km N-S
and 27 km
E-W

Hosted in
Murrindindi
Supergroup
(SilurianDevonian)

Acheron
Cauldron
26 km E-W
and 20 km
N-S
Hosted in
Murrindindi
Supergroup
(SilurianDevonian)

Pre collapse
volcanism and
sediments

-

367±7

-

368.6±2
K/Ar &
Rb/Sr
Late Dev

•

intrusive phase that consist of plutons and dykes

The Snobs Creek
Volcanics

•
•

a welded rhyolite grading into dacite Ignimbrite.
package of fine sandstone-shale marks a break in volcanism

The Torbreck Range
Andesite and the
Robleys Spur Volcanics.

•

Lower portions of this unit are described as a dark rhyolite with
sparse crystals of quartz and felspar and a eutaxitic texture in thin
section. The upper portion is ignimbrite with abundant andesite
lithic fragments Ignimbrite.
Also occur in the Acheron Cauldron.

•
Rubicon
Rhyolite

390m

361±13
359±15

Lake
Mountain
Rhyodacite

900m

Rubicon
Rhyolite

390m

361±13
359±15

Lake
Mountain
Rhyodacite
Ythan Creek
Ignimbrite

900m

373±4
367±1

“

-

-

Donna Buang
Rhyodacite

1000m

371±13
K/Ar

373±4
367±1

Crystal fragments: quartz,
orthoclase, oligoclase,
biotite, almandine.
Biotite, almandine and
plagioclase increase
upwards.
Massive unit, abundant
variably fragmented
crystals of quartz, plag,
biotite and lesser
orthopyroxene
“

•
•
•

base unit of overlying post-collapse phase
multiple ignimbrite depositional units
welded ignimbrites that have recrystalised to form what appears
as one unit

•

groundmass is generally microgranular mosaic texture with
quartz decreasing and plagioclase and biotite increasing upwards.
marked by a high crystal content of 50%.

•
•

The Rubicon Rhyolite and the Lake Mountain Rhyodacite occur
with a cumulative thickness of exceeding 1km.

-

•

Considered Ignimbrite due to high proportion of broken crystal
fragments

Uniform in mineralogy.
Fractured crystals of
plagioclase, biotite,
orthopyroxene and rare
quartz

•
•

massive
remarkable similarities to the Ferny Creek Rhyodacite of the
Dandedong Ranges igneous Complex

(pp 164165) (R.
A. F. Cas
et al.,
2003).
(pp161)
(Vanden
Berg,
2000)
(ASUD,
2020)
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4. Strathbogie
Igneous
Complex

250km2

1500km2

5. Tolmie
Igneous
Complex
Wellington
Volcanic group

Violet town
Volcanics

+430m

Strathbogie
batholith

900km2
With NWSE trend

373±7
Rb-Sr

Phenocrysts, crystal
fragments represent up to
65% of ignimbrite by
volume.
Rhyolites: quartz,
orthoclase, microperthite,
plagioclase, biotite,
garnet.
Rhyodacite: more
biotite, plagioclase and
orthoclase, less quartz
and orthoclase

•
•
•
•
•
•
•

364±6
K-Ar
373±4
Rb-Sr

•
•

Constitutes four lithological components.
Strathbogie granite batholith and the Violet Town Volcanics both of
which have been found to be largely similar in composition.

-

•

Complex is formed in Cambrian- Ordovician basement with the Lewis
Farm Conglomerate constituting the base
Disconformably overlies the conglomerate.
Fiamme textures in outcrops and has a groundmass with vitrified
shard textures and crystalised microgranular mosaic textures.
Unconformably overlays the Hollands Creek ignimbrite, represents a
collapse phase.
Areas the unit contains welded textures.
Proportion of matrix and crystals increases upwards.
Thickens to the southeast, preserved volume is estimated at about
500km3
Ignimbrite conformably overlies the Ryans Creek ignimbrite.
lower portions considered rhyolite while the upper portion is
considered rhyodacite.
in general it is considered less siliceous then the Ryans creek
ignimbrite
Patches described as “schlieren” are present thought the unit

Hollands creek
ignimbrite

200 300m

Dev.

fragmented crystals of
quartz and feldspar.

•
•

Ryans Creek
Ignimbrite

100 –
400m

368

Leucocratic, containing:
quartz, altered K-rich
feldspar, garnet and
altered cordierite. High in
silica (78% SiO2).

•

Rhyolite crystal
components: quartz,
alkali feldspar and
plagioclase. Lesser biotite
and garnet.
Rhyodacite crystal
components: same the

•
•

Toombullup
Ignimbrite

200 –
700m

Four S type crystal rich intra-caldera ignimbrites.
The base unit is a rhyolite in brecciated contact with underlying
sediments (lower Devonian Melbourne Zone rocks).
Lowest two units preserve eutaxitic textures.
The former ash matrix is now a microgranular mosaic of quartz and
plagioclase with grainsize increasing upward (0.02 – 0.47 mm)
Above: rhyolite and rhyodacite ignimbrites which show a steady
increase in grain size.
Lithic inclusions: metasediments, granophyre, vein quartz rhyolitic
ignimbrite and microadamalite.
Discoid felsic patches or clasts that are up to 20cm long, interpreted as
welded pumice clasts.

377 ± 2
U/Pb

•
•
•

•
•

(pp 161)
(R. A. F.
Cas et
al., 2003)
(pp 167)
(Vanden
Berg,
2000)

(ASUD,
2020)

(pp166 167) (R.
A. F. Cas
et al.,
2003).
(pp 169)
(Vanden
Berg,
2000)
(ASUD,
2020)
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lower portion but the
upper portion contains
orthopyroxene and
fayalite.
6. Dartella
Volcanics

N-S length
of 30km and
a with of
about 10 km

Ordovician
basement

pre-collapse

thin

Murtagh
Creek
Ignimbrite

600m

Early
Dev.

Larsen Creek
ignimbrite

300m

Early
Dev.

Sheevers Spur
Ignimbrite

250m

Early
Dev.

red, very course quartz
ignimbrite with very high
crystal content

rhyolitic feldspar
ignimbrite: variable
phenocryst content with a
quartz to feldspar ratio
dacitic pyroxene-feldspar
ignimbrite, grey-green,
densely welded

•

Thickens to the southeast, preserved volume is estimated at about 400600km3

•

Tabor Volcanics, the Dart River Volcanic Breccia.

•
•
•

collapse the northern portion of the cauldron.
Shale lithic fragments are abundant in the west.
locally abundant Pinnak Sandstone (Adaminaby group) large coherent
lithic fragments
Age not well constrained.
collapse southern segment of the Dartella cauldron.
The groundmass is densely welded, pumiceous fragments with well
developed eutaxitic foliation.
Age not well constrained.
collapse southern segment of the Dartella cauldron.
Mafic content increases upwards throughout the volcanics which
suggests a magma chamber that was vertically zoned.
Age not well constrained.
• Fainting range ignimbrite is made up of densely welded flow
units of black pumiceous feldspar ignimbrite
• The course quartz rich Slater ignimbrite occurs intercalated
within the Fainting range ignimbrite.

•
•
•
•
•
•
•

7. Mt Elizabeth
Cauldron

Diameter of
10km N-S
and 13 E-W

Fainting range
ignimbrite

Lochkovi
an

Course-grained with up to
40% crystal content,
contains biotite.

Lochkovi
an

Vitric, black and
pumiceous with up to
10% feldspar and rare
quartz phenocrysts
High phenocryst content,
very low in quartz
phenocrysts.

1500m
Deposited
onto Pinnak
Sandstone
(Ordovician)
8. Snowy River
Volcanics

110km N-S
and a
maximum of
35km E-W
Deposited
onto
Adaninaby

Slater
ignimbrite

Kanni
Ignimbrite

200m

Pragian

Tomato Creek
Ignimbrite

-

Pragian

Quartz ignimbrite, crytal
rich, medium to course
grained with Ordovician
derived lithic fragments.

(pp 149151)
(Vanden
Berg,
2003a).
(ASUD,
2020)

(pp 149151)
(Vanden
Berg,
2003a)
(ASUD,
2020)

•
•

Variably welded feldspar-rich
Crystal rich

•
•
•

Welded and contains a well developed eutaxitic foliation.
At base of unit it is rheomorphic.
Tara Range subgroup

(pp 140145)
(Vanden
Berg,
2003a)
(ASUD,
2020)
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and Yalmy
groups
(Ordovician)

Statham
Ignimbrite

1700m

Early
Dev

Dominated by quartz and
quartz-feldsapr
ignimbrites that have
large phenocrysts.

•
•

Marroo subgroup
Contains abundant lithic clasts: Sandstone, siltstone and breccia

Black Satin
Ignimbrite

500m

Pragian

Brown to dark green,
granular quartz-feldsar
ignimbrite

•

Dominated by quartz and quartz-feldsapr ignimbrites that have large
phenocrysts.
Strongly welded matrix
Marroo subgroup
Dominated by quartz and quartz-feldsapr ignimbrites that have large
phenocrysts.
Marroo subgroup

Currie Creek
ignimbrite
Glen Shiel
Ignimbrite

600 –
700m
200m

Pragian

Pragian

Granular quartz-feldspar
ignimbrite, crystal rich
and abundant lithic clasts

•
•
•
•

Grey-green with a
bimodal quartz
phenocryst population

•
•

Dominated by quartz and quartz-feldsapr ignimbrites that have large
phenocrysts.
Marroo subgroup

Black
Mountain
Ignimbrite

600m

Pragian

Variably welded, black to
purple , granular quartz
ignimbrite.

•
•

Large phenocrysts
Abundant lithic clasts

Tulloch Ard
Ignimbrite

900m

Pragian

Quartz-feldspar
ignimbrite, mostly
densley welded

•
•

Made up of multiple flow units that are vitric quartz-feldspar.
Contains high concentrations of shale lithics.

Gelantipy
ignimbrite

850 –
1300m

Pragian Lochkovi
an

Grey Green Quartzfeldspar ignimbrite

•
•
•
•

Most extensive ignimbrite in the SRV, 35km N-S.
Pumice rich
Multiple flows of black pumiceous quartz ignimbrite.
Contains minor breccia

Moonkan
Ignimbrite

600m

Pragian

Consists mainly of
densely welded red quartz
ignimbrite

•

Part of the little river subgroup

Bally Hooley
Ignimbrite

500m

Pragian

Granular to ash-like,
contains abundant
feldspar phenocrysts

•
•

Feldspar ignimbrite with only up to 5% quartz.
Variable crystal content
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Mount
Gelantipy
Cauldron

Approx
10km N-S
and E-W
diameter

Detarka
Ignimbrite

120m

Pragian

Fine grained dark green
to red

Vitric-rich and has a well developed eutaxitic foliation.

Carson Creek
ignimbrite

600m

Pragian

•

Has a feldspar to quartz ratio of 5:1

Gillingall
ignimbrite

150m

Pragian

Stonehenge
Ignimbrite

300m

Pragian

Course grained feldspar
ignimbrite, contains
phenocrysts
Feldspar ignimbrite with
containing minot quartz
and vitric texture
Green to pale grey
Feldspar ignimbrite that
is variably welded

Milky creek
Ignimbrite

50m

Pragian

•

Part of the Little River Subgroup

McRaes
Ignimbrite

200m

Pragian

•

Part of the little river subgroup

Jellung
Ignimbrite

250

Early
Dev

Frying pan
Creek
ignimbrite
Carriage
Range
Ignimbrite
Quindalup
ignimbrite

200m

Pragian

80m

Pragian

•

Some flows have very high lithic fragment content.

650m

Pragian
to
Lochovia
n

Densely welded, vitricrich and pink-purple in
colour
Abundant large quartz
and small feldspar
phenocrysts in bright red
matrix
Pink to grey Feldspar
ignimbrite containing
phenocrysts and lithics
Pink feldspar Ignimbrite
with minor quartz
phenocrysts
Quartz ignimbrite with
variable phenocryst
content
Pink, quartz ignimbrite
with coarse grained
quartz and high
phenocryst content

•
•
•

Part of the Avonmore Subgroup
Crystal rich
Contains welding and obvious eutaxitic foliation

Bowen Track
Ignimbrite

300 –
600m

Early
Dev

Quartz-feldspar
ignimbrite with white
feldspar and large quartz
grains and welded black
groundmass

•

One of five volcanic formations but the only extensive crystal rich
unit.

(pp149)
(Vanden
Berg,
2003a)
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9. St Marys
Porphyrite

86km2

388±1
K/Ar
388±1
Rb/Sr

Thick welded tuff with a
dacite to rhyolite
composition. Fragmented
quartz and feldspar
phenocrysts comprise
58% overall volume.

•
•
•

Part of the Blue Tier Batholith and C-magmatic with the Catos creek
and Scamander Tier granodiorite.
Unconformably overlies Panama Group
Crystal rich

(Turner
et al.,
1986)
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