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Abstract

Alluvium and colluvium in the Weldborough area, NE Tasmania, yield sapphire, zircon and
spinel, corroded by magma and abraded by alluvial transport. Drainage patterns and inferred
palaeodrainage indicate the Weldborough basalts are the primary source. The Weldborough
intraplate alkali basalts are fine-grained, olivine- and/or clinopyroxene-phyric with varying
content of mantle and crustal xenoliths and xenocrysts. Despite extensive study, no sapphire
or zircon megacrysts are found in the basalt or related clastic rocks. The Weldborough
sapphires are blue (80%), yellow and green (20%) with rare pink sapphires. They contain
olivine, feldspar, spinel, zircon, molybdenite and Nb-Ta-rich phases as mineral inclusions.
The composition of zircon inclusions indicates the parental melt was highly evolved.
Secondary olivine mineral inclusions are present. Primary fluid inclusions indicate a
minimum trapping pressure of 4.5 kbar at 1000 to 1200°C. LA-ICPMS analysis indicates the
sapphires have iron (2590 ppm), titanium (383 ppm), gallium (258 ppm) and tantalum (186
ppm) as the most abundant trace elements. Niobium, beryllium, magnesium, vanadium,
chromium and tin are low level trace elements in the Weldborough sapphires. Beryllium,
titanium, niobium and tantalum are enriched in the cores of the sapphires. Two element
associations were recognised in the sapphires: an Fe-V-Ga association and an Nb-Ta-Be
association. The Nb-Ta-Be association is typical of input by an incompatible-element rich
melt such as a granite pegmatite or a carbonatite. The sapphires have O-isotope values of
+ 4.4 %o to + 6.3 %o, indicating they are in O-isotope equilibrium with rocks of mantle O-
isotopic compositions and little or no crustal interaction is inferred in the source. The zircon
inclusions in the sapphires have a U-Pb age of 47 + 4 Ma which is identical to the age of the
Weldborough basalts (46.8 £ 0.6 Ma). The zircon inclusions have been reset during
entrainment in basaltic magma. The Weldborough sapphires were entrained and brought to
the surface by the Weldborough basalts 47 million years ago. The Weldborough basalts are
the source of sapphire, spinel and zircon found in the Ringarooma, George and possibly the
Boobyalla River catchments. The broad range of trace element and inclusion data reported

here support an origin for the sapphire in shallow parts of the underlying mantle.
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Introduction

Chapter 1: Introduction

Gem corundum (sapphire and ruby) occur in placer deposits in many areas of Tasmania
(Figure 1), with the most promising area for fossicking and exploration being in the
states north east (Bottrill, 1996). In this part of Tasmania, cassiterite placers and certain
sediments contain the minerals monazite, ilmenite, zircon, corundum, pleonaste (Mg-Al-
Fe spinel) and rare chrysoberyl (Yim et al., 1985). The corundum (“The Weldborough
sapphire”) is present in low quantities and the primary source of this occurrence remains
an enigma, although, on the basis of detrital sapphire distribution, it has long been
believed that the Weldborough Basalts are the source of the sapphires. On this basis,
Totteny Pty Ltd explored for primary sapphire deposits in 1988 which resulted in failure
(Morrison, 1989). Until now, only minor research had been done into the characteristics
of the sapphires or the nature of their primary source.

The first aim of this research thesis is to determine the macroscopic, microscopic and
chemical characteristics of the Weldborough sapphires. Features such as the physical
characteristics (i.e. colour and shape), mineral chemistry, oxygen isotope chemistry, the
mineral/fluid inclusion types and geochronology of the sapphires will be examined.
This will be used to contrast the sapphires with literature examples and evaluate modern
sapphire genesis models. Microanalytical techniques such as Laser Ablation Induced
Coupled Plasma Mass Spectrometry (LA-ICPMS) and Laser Raman Spectroscopy
(LRS) are used to analyse the trace and minor element chemistry and the fluid and
mineral inclusions in the sapphires. Laser fluorination is used to determine the oxygen
isotope compositions of sapphires and U-Pb dating is performed on zircon inclusions
and detrital grains. Information recovered from this study will add to the growing
database on world wide sapphire characteristics.

The second aim of the thesis is to determine the type and location of the primary source
of the Weldborough sapphires. As mentioned above, the sapphires occur in placer
deposits in low concentrations. To establish the location of a concentrated primary
source would allow for further investigation of economic sapphire recovery. Sapphire
characteristics, stream sediment heavy mineral analysis and a palacodrainage study will
be used as tools to predict the primary source location.

This chapter (Chapter 1) contains introductory material on this research project,

corundum, Tasmanian sapphires and previous exploration. Chapter 2 contains

The characteristics and origin of the Weldborough sapphire 10



Introduction

background information on the geology of NE Tasmania and a review of potential
sources for the Weldborough sapphire. Chapter 3 contains information on the study
area, field observations and petrography of the basaltic units. Chapter 4 contains the
characteristics of the Weldborough sapphires, i.e. the physical characteristics (i.e. colour
and shape), mineral chemistry, oxygen isotope chemistry, the mineral/fluid inclusion
types and geochronology. Chapter 5 contains the geochemistry and petrography of
basaltic rocks from the field area and discusses potential host units in the study area.
Chapter 6 will contain the conclusions of the study and recommendations for further

work.

1.1 Sapphire and Ruby

1.1.1 Introduction
Sapphire and ruby are varieties of corundum (Al,O3) and are highly valued as two of the

four “precious” gem stones (plus diamond and emerald). Natural corundum (a-Al,O3)
belongs to the trigonal crystallographic system. [-Al,O3; (hexagonal) and y-Al,O;
(cubic) are synthetic polymorphs that, along with heating, convert to a-Al,O; and
therefore not found in nature (Deer et al., 1992).

The physical properties of corundum include an extreme hardness (9/10 on Moh’s
Scale), high specific gravity (3.98-4.02), a distinctive basal parting {0001}and is
insoluble in all acids.

Corundum has a hardness of nine on Moh’s scale and hence can also be used as an
abrasive (commonly in the form of emery), although the artificial production of

corundum (dehydration of bauxite) is now favoured.

1.1.2 Variation

Substitution in the lattice of aluminium with Fe* or Ti*" is responsible for the variety of
blue hues exhibited in sapphires whilst Cr’* causes the red tint of rubies. Substitution of
Fe’" into the lattice produces a yellow tint and combinations of these impurities are
responsible for the other colours known in gem corundum (eg. green, purple and black).
It is important to note that only red gem corundum is referred to as ruby whilst yellow,
green and blue corundum is known as sapphire. Synthetic gems can be produced by the

Verneuil process, with chromium or ferric ion being added for colour.

The characteristics and origin of the Weldborough sapphire 11



Introduction

Figure 1. Tasmanian corundum localities (after Bottril, 1996). Dark green stars denote
corundum occurrences.

Star sapphires occur when titanium impurities in corundum crystallise as rutile needles
in three directions at 120° and perpendicular to the z-axis. This affect can be created

synthetically.

1.1.3 Occurrence
Corundum occurs in alluvial deposits and wide variety of metamorphic and igneous

rocks, where it indicates a silica undersaturated-alumina rich genesis (Table 1).

The characteristics and origin of the Weldborough sapphire 12
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Table 1 - Major occurrence of corundum in different rock types (Modified from Guo, 1993)

Occurrence Group Subgroup Geological occurrence

classification

Metamorphic 1.1 Si-poor hornfels within the aureole of igneous intrusions
(Evans, 1964; Smith, 1965; Ferguson and Al-Ameen, 1985;
Riesco, Stuwe et al., 2004; Grant and Frost, 1990)

Metamorphic 1.2 Various types of gneisses, schists and granulites in
metamorphic terrains as porphryroblasts (e.g., Clabaugh, 1952;
Wells, 1956; Cooray and Kumarapelli, 1960; Lawrence et al.,
1987; Grant and Frost 1990; (Kerrich et al., 1987); (Mercier et
al., 1999)) or as corundum rich bands within normal
metasediments (Coetzee, 1940; Golani, 1989; Feenstra, 1985,
1996)

Metamorphic 1.3 Al-rich xenoliths enclosed in mafic and granitic intrusive rocks
(Thomas, 1922; Hall and Nel, 1926; Read, 1931; Murdoch and
Webb, 1942)

Metamorphic 2.1 Marbles interbedded with other metasediments (Okrusch et al.,
1976; Guberlin, 1982; Bender, 1983; Keller, 1983; Bowersox,
1985; Pecher et al., 2002; Garnier, Giuliani et al., 2002)

Metamorphic 2.2 Skarns developed between limestones and granitic intrusion
(Silva and Siriwandena, 1988)

Accessory Syenites, nepheline syenites and associated pegmatites (e.g. Du

phase in Toit, 1918; Wells, 1956; Carlson, 1957; Kerr, 1977)

igneous rocks

Accessory Plagioclase pegmatite (Sokolov, 1931; Tomlinson, 1939; Rose,

phase in 1957; Solesbury, 1967; Petrussenko, 1981; Atkinson and

igneous rocks Kothavala, 1983; Simonet, 2003), oligoclase pegmatite
(Lawson, 1904; Oftedal, 1963) and albitite veins (Larsen,
1928)

Accessory Altered igneous rocks in association with mineralisation

phase in (Schwartz, 1982; Steefel and Atkinson, 1984; Wojdak and

igneous rocks Sinclair, 1984)

Accessory Alkremite xenoliths (Exley et al, 1983) and ecologitic

phase in xenoliths in kimberlites (Sobolov et al., 1968; Dawson, 1980;

igneous rocks Kornprobst et al., 1982; Hill and Haggerty, 1989)

Discrete crystals 7.1 Ultramafic dyke as discrete crystals (Claubaugh, 1952;

or simple Brownlow and Komorowski, 1988; Meyer and Mitchell, 1988)

intergrowths in

mafic\ultramafic

dikes and

basaltic rocks

Discrete crystals 7.2 Basaltic rocks as large discrete crystals or simple intergrowths

or simple
intergrowths in
mafic\ultramafic
dikes and
basaltic rocks

with other phases (McNevin; 1972, Stephenson, 1976; Upton
etal., 1983; Guo 1993, 1996; Sutherland, 1996, 1998ab , 2002;
Garnier, 2005; Saminpanya, 2003; Aspen, 1990; Khin Zaw,
2002; Limutrakun, 2001; Yui, 2002; Sutthirat; 2001)
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Exploitable deposits of gem quality corundum tend to form as alluvial deposits sourced
from the erosion of alkali basaltic rocks (Table 1, Subgroup 7.2). Other economic
deposits of gem quality corundum are rare, but include corundum hosted in ultramafic
dykes (Yogo, Kashmir) and corundum formed due to isochemical metamorphism of

carbonates (Thai and Myanmar marble hosted rubies).

1.1.4 Corundum from alkali basalt terrains
Corundum is found in certain alkali basalt fields and their associated alluvial deposits.

This occurrence is significant due to the large number of associated economic gem
corundum deposits (sapphire and lesser ruby). Corundum is considered a xenocryst
phase of the associated basaltic rocks but controversy exists over the origin of the
corundum-bearing xenocrysts and their relationship with alkaline basaltic volcanism.
One critical issue is whether mantle-derived magmas at depth can evolve to
compositions peraluminous enough to crystallize significant amounts of corundum

without contamination of an Al-rich crustal rock (Upton et al., 1999).

1.1.4.1 Occurrence
Corundum in alkaline basaltic terrains is commonly observed in alluvial placer deposits

or much less commonly as in situ megacrysts.

The weathering and erosion of basaltic lavas, pyroclastics, plugs and diatremes has
created economic deposits of gem-quality sapphire in eastern Australia, eastern China,
Thailand, Vietnam, Cambodia, Kenya and Nigeria (Guo 1996b). Lesser deposits exist in
Madagascar and Europe (Sutherland 1998).

Although rare, corundum xenocrysts have been reported in situ in basaltic rocks:
MacNevin (1972), Stephenson (1976) and Vichit (1978) all reported occurrences of
corundum or corundum-composite megacrysts in basalts. Guo et al. (1993) reported the
occurrence of an alkali basalt breaking down to form alluvial material containing gem-
quality corundum. Other evidence associating alluvial corundum with corundum from
basaltic terrains includes corundum colour, trace element patterns, crystal habits and

corrosion textures.

1.1.4.2 Genesis Models

With corundum being unable to crystallise out of basaltic magmas, current
understanding of the topic calls for a two-stage process. The first stage involves the

magmatic/metamorphic generation of corundum at crustal/mantle depths followed by a
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second stage of alkaline intraplate basaltic incorporation and transport of the
xenocrysts. This implies that the generation of corundum has to occur at levels higher
than the magma generation.

It is noted that many of the models suggest origins for either sapphire generation or ruby
generation. More recently papers have been published which attempt to constrain the
origins of the multi-modal gem suites (eg. Sutherland, 2002; Saminpanya, 2003).

The currently postulated models for metamorphic/magmatic generation of corundum can
be divided into three groups (after Khin Zaw et al., 2002):

Plutonic crystallisation at high pressures

a. Plutonic crystallisation from highly evolved alkaline melts derived by the
crystallization of intraplate (nephelinite, basanite etc.) magmas at mantle and lower
crustal pressures (Irving, 1986)

b. Plutonic crystallisation from syenitic melts that are the result of high temperature
crystallization of anhydrous trachytic magmas at deep crustal level or the upper mantle
(Aspen et al., 1990)

c. Plutonic crystallisation from primary alkaline melts which are produced by low to
moderate degrees (6-14 wt%) of partial melting of amphibole-metasomatised mantle, or
alternatively partial melting of a lower crustal amphibole bearing assemblage (e.g.
amphibole pyroxenite; Sutherland et al., 1998).

d. Plutonic crystallisation from syenitic melts originating from partial melting of a
metasomatised mantle, but with aluminous character developed by the loss of alkalis and
carbonatitic fractions (Upton et al., 1999).

e. Plutonic crystallisation from a fractionated partial melt from a metasomatised mantle
interacting with a lower-crustal Al-rich rock (Khin Zaw et al., 2002).

f. Plutonic crystallisation in a deep magma chamber, at the lower continental lithosphere
and upper mantle boundary, in evolved melts issued from the fractionation of alkali
basaltic magmas contaminated with lower crustal fluids (Garnier et al., 2005).

The plutonic crystallization models of corundum genesis are very similar in that they
require a highly aluminous volatile and trace element rich alkaline parental magma.
They only differ in how such a magmatic melt composition was produced.

Corundum generation by magma mixing at mid crustal levels

Guo et al. (1996) suggests that at mid-crustal depth the interaction between a host

pegmatite body and intruding carbonatitic magma causes Al-rich phases to crystallize in
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the hybrid zone, including corundum. Subsequent episodes of basaltic magmatism may
have carried fragments of corundum-bearing wall rocks rapidly to the surface.
Corundum generation by metamorphic recrystallisation

The generation of corundum by metamorphic recrystallisation of aluminous lower
crustal rocks has also been documented.

a. Metamorphic corundum is formed the recrystallisation of Al-rich Si-poor host rocks
by ocean floor subduction (Levinson and Cook, 1994).

b. Suitthirat et al. (2001) proposed that high-pressure metamorphism of Al-rich mafic
rocks also crystallized corundum (ruby only).

c. The model proposed by Oakes et al. (1996) suggested that corundum was derived by

the reworking of clay-altered volcaniclastic host rocks.

1.2 Tasmanian Sapphires
Tasmanian sapphires are typically a dark blue colour, but can range from yellow to

green to purple. Parti-coloured and star sapphires have also been observed in Tasmanian
sapphires. The largest sapphire found in Tasmania weighed 52.8g and came from the
north eastern tin fields (Weld River; Department of Mines, 1970). Other localities for
sapphires in Tasmania include Boat Harbour, Table Cape, Lisle, Adamsfield and Coles
Bay. Sapphires in Tasmania generally originate in sediments derived from basaltic
terrains, with the only notable exceptions (Adamsfield and Stanley River) occurring in
areas of rapid erosion, where a basaltic source may have been totally denuded (Bottrill,
1996).

In the north east tin fields, Branxholm, Derby, Gladstone, Lottah, Main Creek, Moorina,
Mt. Stronach, Mt. Cameron, Thomas Plain and Weldborough exhibit occurrences of
sapphires in placer deposits (Department of Mines, 1970). The sapphires exhibit a
heavy mineral association with topaz, cassiterite, zircon and spinel. The topaz and
cassiterite is considered to be granite derived with the weathering of basalts providing
the coarser spinel and zircon (Yim et al., 1985). It is thought that the sapphires represent
the weathering of corundum-xenocryst bearing Tertiary basalts.

Two ages of Tertiary basalts have been identified, with ‘younger’ basalts present in the
Ringarooma River Valley and the °‘older’ basalts present at Forest Lodge and
Weldborough. The older basalts have been targeted for sapphire exploration (see below)

on the basis of sapphire distribution in rivers in the area.
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1.3 Previous exploration
On the basis of an analogy between gem producing areas in New South Wales, Totteny

Pty Ltd investigated the possibility of a commercial sapphire prospect in the
Weldborough area (Morrison, 1989). The presence of basaltic agglomerate underlying
the older basalts is thought to represent a breccia dome, which suggests the presence of
an eruptive centre. This is a similar sequence to that of New South Wales where tuffs
and agglomerates underlying basaltic sequences have proven to be the source of

sapphire, zircon and diamond (Oakes et al., 1987).

The target of the company was to detect pyroclastic rocks with evidence of zircon and/or
sapphire enrichment. Investigations involved the mapping of the agglomerate basal unit
via means of radiometric discrimination and heavy mineral analysis. Lack of sapphire
and zircon in the mapped basal sequence led the company to conclude the sapphire and
zircon host sequence was no longer preserved in the region. They further concluded that
due to the historically low concentration of the stones that the only commercial

production of sapphires would be as the by-product alluvial tin mining.
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Chapter 2: Background geology

2.1 Location
The island of Tasmania is the southernmost state of Australia (Figure 1). The study area is

shown in Figure 2 and covers an area of approximately 200 km” in the north east of Tasmania.
The study area is centred in the Weldborough Pass, the site of the Weldborough basalts.
Flanking each side of the pass is Mt. Littlechild to the north (780m) and Tower Hill to the
south (760m).

2.2 Climate

The average rainfall is the highest of any Australian state, reaching a maximum of 3600mm in
the west down to 500mm in the rain-shadowed zones in the east. In the area of the study, the
annual rainfall is between 900 and 1800 mm (Noble in Caine, 1983). The high ground of NE
Tasmania has a cool and humid climate (Gentilli, 1977). At 1200m, the approximate
elevation of the tree line (Caine, 1983), there is a high frost frequency. The Blue Tier-Mt.
Victoria area was found by Caine to show variability in precipitation strongly positively

correlated with elevation.

2.3 Relief

With the exception of Mt Horror (pelite), part of Mt Paris (pelite), Mt Littlechild and Tower
Hill (basalt), granite forms the major highland areas. Two physiographic units are recognised

in the study area:

1. Highland areas rising to a maximum elevation of 900m, including the Blue Tier and
2. An intervening dissecting area of older bedrock separated by areas of dissected
Tertiary sediments and basalt, which is well developed along the Ringarooma valley

between Ringarooma and Derby.
2.4 Geology

2.4.1 Mathinna Beds

The term Mathinna beds is applied to all pre-upper Carboniferous folded sedimentary rocks in

north-eastern and eastern Tasmania (McClenaghan et al., 1982). The sequence
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Figure 2. Geology of NE Tasmania. Modified from Moore (1991)
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consists of alternating beds of poorly sorted siltstone and mudstone with textures and

sedimentary structures indicative of deposition from turbidity currents.

The Mathinna beds have been divided into two groups based on palaeostratigraphy: a Lutite
Association (Ordovician) and an Arenite-Lutite Association (Silurian-Devonian). The Lutite
Association occurs in the west (between Lebrina and Nawbowla, Bangor, other minor areas)
and is an argillaceous unit consisting of mainly lutite with an arenite component. The unit
(particularly the pelites) has a distinctive strong tectonic cleavage that predates any Devonian
(granite intrusion) deformation event. This first deformation event, characterised by a flat
lying slaty cleavage and NNW trending folds, is dated at 416 + 6 Ma (K/Ar) and 423 + 22 Ma

(Rb-Sr) and considered to be the probable source of the theorised Silurian unconformity.

It is now thought that the Mathinna beds were deposited in an elongate NNW-SSE basin with
a quartzose cratonic source to the southwest (Burret & Martin, 1989). They occupy a foreland

basin position between the Lachlan Fold Belt and the Australian Craton to the southwest.

2.4.2 Devonian granites

During the Devonian, granitoid masses with narrow contact aureoles were emplaced in folded
rocks throughout Tasmania (the Mathinna beds had already undergone low grade dynamic
deformation that cleaved and folded the rocks). Isotopic dating indicates the eastern
Tasmanian granites are significantly older (370 to 389 Ma) than the Western Tasmanian
granites (332 to 367 Ma). The granites were emplaced after the main Tabberabberan
deformation event (Burret and Martin, 1989).

In the northeast of Tasmania, this is represented by high level crustal emplacement of the
Blue Tier Batholith and the Scottsdale Batholith. Although these granites have some
petrological differences, gravity surveys indicate they are connected at shallow depth

(Leaman & Symonds, 1975).

The use of (Ti/10)-Rb-Sr discrimination was used to classify the granitic rocks of the Blue
Tier Batholith into granodiorite, adamellite and alkali granite suites (McClenaghan et al.,
1982). Minor intrusive bodies occur throughout the granites and include aplite, quartz-

feldspar porphyry and dolerite dykes (McClenaghan et al., 1982).

There is evidence for passive emplacement of the granitic bodies (McClenaghan et al., 1982).

However, at some locations the Mathinna beds have undergone local folding (Diana’s Basin,
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Bridport) due to intrusion, and regional doming of Mathinna beds is indicated by the

subverticle axial surface of folds at the western margin of the Scottsdale Batholith.

The granites have produced narrow (<2km) contact aureoles producing hornfels from the
Mathinna beds. These rocks have granoblastic textures and are generally composed of quartz,
K-feldspar, cordierite, biotite and muscovite with andalusite near the contacts (Burret &

Martin, 1989). Migmatite zones produced by assimilation occur in some areas, eg. Bridport.

2.4.3 Parmeener supergroup

The Permo-Triassic Parmeener supergroup crops out on the east side of Mt Littlechild as a

poorly-sorted conglomerate with subrounded quartz pebbles set in a quartz-rich matrix

(McClenaghan et al., 1982).

2.4.4 Jurassic and Cretaceous igneous activity

Tholeiitic dolerite was intruded into crust during the middle Jurassic as extensive sills and
dikes. This dolerite was thrust into the sedimentary basins of Tasmania and Victoria Land,
Antarctica and is thought to be related to the tensional stresses between continental blocks and

is probably a precursor to the Gondwana break-up (Burret & Martin, 1989).

The dolerite is exposed capping Mt Victoria in the south of the field area and also as caps on

hills east of Mt Littlechild.

A Cretaceous appinitic suite occurs as small flows, dykes and plug-like intrusions near Cape
Portland (Burret & Martin, 1989). These andesites, lamprophyres and porphyrites have been
dated at 98.7 £+ 0.8 Ma (Baillie in McClenaghan et al., 1982).

2.4.5 Tertiary basalts and associated sediments

Two main basalt phases are present in the study area.

The oldest phase (46.8 + 0.6 Ma; Sutherland and Wellman, 1986) is in the Weldborough Pass
area, where the study area is focused. These alkaline basalts (alkali basalt — transitional
hawaiite) are found capping Mt Littlechild, Tower Hill and Forest Lodge above 500m in
altitude. Outliers occur a few km to the north east. The Greys Hill basalt, although distal, is

also likely to be a part of this older association.

Below and skirting the basalt is extremely weathered basaltic agglomerate. Bottrill (1989)
concluded that the rock is a highly weathered alkali basalt or basanite/nephelinite with

textures indicating that it may have been an agglomerate.
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Between 47 Ma and 16 Ma there were high rates of erosion (river lowerings up to 7m/my
(Burret & Martin, 1989) which produced a sapphire-spinel-zircon association found in the

Ringarooma deep leads.

The younger phase (16 = 0.3 Ma; Brown, 1977) is the Winneleah-Ringarooma valley infill
basalts. These flat lying basalt flows overlay Tertiary and Mathinna Beds sediments and in
the Ringarooma area consist of at least two flows. The topographically higher basalt is an
alkali olivine basalt with the lower basalt being an olivine nephelinite (Baillie in

(McClenaghan et al., 1982).

These basalts are economically important in the genesis of the “deep lead” alluvial tin

deposits.

2.4.6 Quaternary

Development of quaternary sediments, including glaciogenic, slope, coastal, Aeolian, fluvial
and cave deposits are widespread in Tasmania. Table 2 is the provisional stratigraphic

framework of the Quaternary in the area:

Table 2. Quaternary stratigraphy. From McClenaghan et al. (1982)

Series Holocene Last Glacial Last Interglacial
Soils Minor leaching, peat Strong podsol, Paleosol
formation groundwater podsol
development
Marine and related Beach sands, gravel Sand, clay, minor peat
deposits and gravel
Aeolian Dune sand Lunette formation

Dune sand: sheets and
longitudinal dunes

Talus and slope Talus, slope deposits
deposits
Fluvialtile/Alluvial Alluvium and related deposits

2.5 The source of the sapphire — a review

In this section potential primary sources for the Weldborough sapphire will be considered.
Firstly, rock types that can host corundum and occur in NE Tasmania will be considered.
Secondly, the present day drainage and paleodrainage will be studied as to their affect on

sapphire distribution in rivers.

Finally, a justification for the chosen primary target will be presented.
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2.5.1 Potential host rocks in north eastern Tasmania

Corundum can occur in a wide variety of geological environments (see Chapter 1) as
xenocrysts, phenocrysts and detrital grains. NE Tasmania has a number of outcropping rocks

that have the potential to host corundum in a primary or secondary manner.

Table 3 is a summary of potential host rocks and includes genetic information on the

corundum occurrence type and associated mineralogy.

2.5.2 Present day drainage and paleodrainage

The current and past drainage systems play an important role in the distribution of detrital
sapphire in NE Tasmania. Corundum (and associated heavy minerals zircon, spinel and
ilmenite) is expected to be concentrated in the river alluvium. The drainage domains in which

the corundum is found can narrow down and even indicate potential primary sources.
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A study by Jordan (1975) delineated the present day catchments in NE Tasmania (Figure 3).
NE Tasmania is dominated by the Ringarooma catchment (937km?) with headwaters in
Rattler Range, Mt Victoria and includes the Weldborough River. The Boobyalla (263km?)
and Great Mussel Roe (383km?) catchments flank the Ringarooma catchment to the east and
west, respectively. The George River catchment (no area data) has headwaters in the Forest

Lodge and Mt Littlechild area.

A palaeodrainge study (Yim et al., 1985) proposed extensions to streams originating from the
Blue Tier area (Figure 4). The conclusion of the study was that the deposition of the 16Ma
Ringarooma-Winneleah basalts truncated these streams and diverted drainage. The drainage

patterns have changed little to present day.
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Table 3. Summary of potential sources for the Weldborough Tasmanian sapphires. Genetic origin and associated mineralogy have been included.

Potential host rock Potential corundum occurrence North East Tasmanian location Literature Expected associated mineralogy
type example
Mathinna Beds 1) Partially melted pelite 1) Bridport: Assimilation of Mathinna 1) {Lindsley, 1) K-feldspar, cordierite, spinel.
(Pelite, Devonian- Beds and migmatisation by Devonian 1991}
Ordovician granite (Burret & Martin, 1989)
2) Smith (1965);
2) Silica depleted hornfels in the 2) Diana ShBaSilnl; Brldportf Areas l}eaVIIy IEIS(S)ZO ctal 2) Sillimanite, spinel, cordierite, biotite.
aureole of an igneous intrusions metamorphosed by Devonian granite ( )-
Lamprophyre Dykes Accessory mineral in an igneous North of Three Mile Hill, Cape Portland Clabaugh (1952); Biotite, pyroxene.
(Cretaceous) rock Meyer et al.,
(1988);

Devonian granite
(Granite pegmatite)

Any sedimentary rock
or material

Alkali basalt

(Tertiary, 47Ma,
16Ma)

Accessory mineral in an accessory
rock

Detrital grains

Corundum from Alkali Basalt
Terrains

Mt Cameron

Mathinna Beds, Triassic and Permian
sediments

Tertiary alluvium and Quaternary
sediments

Ringarooma, Weldborough, Grey’s Hill,
Mutual Hill, The Gardens

Brownlow et al.,
(1988).

Wells (1956)

Guo et al., (1996a,

1996b); Sutherland

et al. (1996,
1998ab , 2002);
Garnier et al.,
(2005);
Saminpanya et al.,
(2003); etc.

Feldspar, spinel, sillimanite and phlogopite.

Zircon, spinel, ilmenite.

Zircon, spinel, ilmenite.
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2.6 Review of potential corundum sources

2.6.1 Silurian-Devonian Mathinna Beds

Pelitic rocks, such as the Mathinna Beds, are common host rocks to the metamorphic
crystallisation of corundum. “This is because pelitic precursors that were not rich in quartz,
melting and melt loss may lead to a complete exhaustion of quartz and ultimately to the

formation of silica-undersaturated paragenesis including corundum” (Grant, 1985).

Although the Mathinna Beds could easily host a corundum occurrence, the level of
metamorphism required (650°C to 800°C with a pressure of 3+0.5 kb, Lindsley, 1990) is only
reached in two locations (Table 3). Given sapphire distribution and drainage patterns this

type of corundum occurrence is unlikely to be the source of the Weldborough Sapphires.

2.6.2 Cretaceous Lamprophyre Dykes

Lamprophyre dykes have been known to host primary corundum, even sapphire. However,
the location, mineralogy and the scale of the Three Mile Hill plagioclase-spessartites rule

them out as the source of the Weldborough sapphires.

2.6.3 Devonian Granite pegmatites

Granite pegmatites, such as the aplite, quartz-feldspar porphyry and dolerite dykes from Mt
Cameron and other areas in North East Tasmania (McClenaghan, 1984) have the potential to
host corundum. However, as with the lamprophyric dykes, the location, mineralogy and scale

of these dykes are not suitable to form the North East Tasmanian Sapphire field.

2.6.4 Sediment hosted corundum

Although not a source of primary corundum for obvious reasons, sedimentary rocks and
material host corundum in many different geological terrains all over the world. The most
common occurrence is that of alluvium from basaltic terrains hosting sapphires and rubies.

Reworking of the sediment tends to concentrate the corundum.

Tertiary sediments eroded from basaltic terrains in Tasmania are a common source of detrital
sapphires (in “deep leads” and sediment at Moorina). However, the alluvial heavy mineral

association indicates the probable source of the sapphires (surficially) to be of basaltic origin.
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2.6.5 Tertiary alkali basalts

Alkali basalts and their associated deposits have long been thought to host corundum,
especially sapphire, xenocrysts which weather readily to form alluvial deposits. Five distinct
occurrences of basalt outcrop in Tasmania’s north east. Basalt from Ringarooma, the
Weldborough area (includes the Mt Littlechild, Tower Hill, Forest Lodge and outlier basalts),
Greys Hill and Mutual Hill are all possible sources of corundum. The Gardens basalt can be

ruled out as a primary source of corundum due to its distal location.

The presence of sapphires in the George River and Ringarooma River catchments is strong
evidence for a primary source being in the Weldborough region. By extending the
paleodrainage to pre-16Ma it is apparent that the sapphires found in the Boobyalla catchment
can also be explained by an older Weldborough region source area. However this does not

imply that the Ringarooma-Winnaleah basalts are sapphire barren.

The Weldborough region hosts the older (47Ma) Mt Littlechild, Tower Hill, Forest Lodge and

outlier alkali basalts and their associated deposits.

2.7 Conclusion

The only suitable target for a primary corundum deposit is one (or more) of the alkalic basalt
fields that occur in NE Tasmania. This suitability is based on distribution, drainage and
literature examples. By reviewing the paleodrainage of the area it is apparent that the basalts
and associated basaltic deposits of the Weldborough area the likely primary source for the
Weldborough sapphire. In the next chapter the Weldborough Region basalts and associated
deposits will examined in order to isolate one or more lithologies as a primary source of

sapphire.
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Chapter 3: Field observations, basalt petrography
and geochemistry

In the NE tin fields, sapphires occur in placer deposits that have been overlain by 16My
basalts. These are the “younger” valley-fill basalts of Ringarooma and Winneleah. The
“older” basalts (47My) may be source of the Weldborough sapphire given the “younger”
basalts overly sapphire bearing cassiterite placer deposits (“deep leads™). It is for this reason
that the “older” basalts suspected of being the source of the Weldborough sapphire will be
investigated in this chapter.

These “older” basalts are the Mt. Littlechild, Tower Hill, Forest Lodge and outlier basalts.
The Greys Hill, Mutual Hill and The Gardens basalts are also considered as sources of the
sapphire because they are suspected to be “older” basalts. The Greys Hill and Mutual Hill
basalts are suspected “older” because they have bases that are much higher than (up to 300m
higher) than that of the nearby Ringarooma basalt. The Gardens basalt (no age) is also
considered as a possible distal source of the sapphire.

The purpose of the fieldwork is to determine if the basalt or associated deposits contain or are
likely to contain sapphire. The purpose of the geochemical and petrological studies is to
provide a through petrographic and geochemical study of the Weldborough basalts and other
possible host rocks.

This chapter will contain background information and a summary of previous work done on
basalts in the field area. It will contain my field observations and hand specimen descriptions.

The petrographical and geochemical nature of the basalts will be discussed.

3.1 Previous Work Summary

3.1.1 The Weldborough basalts
Work by McClenaghan et al., (1982) describes the Weldborough basalts as a lower basaltic

agglomerate and tuff unit overlain by an upper basaltic lava unit. The agglomerate has a
maximum thickness of 150 m on the south of the Weldborough Pass and total volcanic pile
never exceeds an apparent thickness of 230 m. Small swarm-like bodies to the NE of the
basalts have been interpreted as a possible feeder-dyke (Sutherland et al., 2004). The
McClenaghan study indicated that Weldborough basalts and agglomerates represent small

intraplate basaltic shield volcanoes.
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The upper basalt unit is classified as an alkali-olivine basalt based on petrographic and
chemical characteristics (McClenaghan et al., 1982). The basalts were all described as
olivine-phyric porphyritic basalts. The basalts contain lherzolite, coarse-grained felsic and
spinel xenocrysts and xenoliths (Bottrill, 2000). The basalts have been dated at 46.8+0.6 Ma
(K-Ar; Sutherland & Wellman, 1986).

The underlying agglomerate and tuff unit has been described as “a probable basaltic
agglomerate, in the alkali basalt/basanite field, but now totally altered to kaolinite, hematite
and anatase” Bottrill (1989). Textures that resembled shards and pore-filling of a ropy lava
were also reported. No spinel, corundum or zircon was recognised in a heavy mineral
analysis of this rock (Morrison, 1989).

Based on basalt flow coverage and agglomerate dispersion, three eruptive centres have been
interpreted for Weldborough area. These are centred on Mt Littlechild, Tower Hill and the
Forest Lodge basalts (Sutherland et al., 2004).

3.1.2 Greys Hill

The Greys Hill basalt is described as a circular outlier of basalt. Its base is 300m higher than
the nearby Ringarooma basalt (McClenaghan et al., 1982). It was also noted that the
appearance of the basalt suggests it may be a remnant plug. The Greys Hill basalt has not
been dated.

Petrological and geochemical analysis indicates similarities with the Weldborough basalt
suggesting it may be a remnant of more extensive lava flows from the Weldborough area.

(McClenaghan et al., 1982).

3.1.3 Mutual Hill

The Mutual Hill is a single circular outcrop of basalt. McClenaghan et al.(1984), stated that
due to the similar petrological character, the Mutual Hill basalt is probably an outlier of the

nearby “younger” Ringarooma basalts. The Ringarooma basalts are classed as olivine

nephelinites and have been K-Ar dated at 15.6 = 0.3 to 16 £ 0.3 Ma (Brown, 1977).

3.2 Field Observations

The Weldborough basalts are located around Weldborough and extend 10 km to the south.
Access is gained via the Tasman Highway and outcrop accessible on foot. Basalts were

sampled across a wide area including Tower Hill, Forest Lodge, Fieldwicks Quarry, Forest
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Lodge and some outlier basalts. Samples were returned to the University of Tasmania where

they were prepared for petrographical and geochemical analysis.
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Figure 5. Improved geological map of the Weldborough area. Dashed square surrounds the Weldborough
basalts, the focus of the study. Note: This study indicates that: 1. Basaltic agglomerate now outcrops south of
Forest Lodge (BA2) and adjacent to Fieldwicks Quarry (BA3) ; 2. Basalt outcrop can be extended 300m on the
east of Forest Lodge (FL3).

3.2.1 The Weldborough basalt

Keeping with the previous literature, the term “Weldborough basalt” encompasses the upper
basalt unit and the underlying agglomerate and, now, a polymict breccia undocumented in
previous literature.

The Weldborough basalt typically forms round hills will shallow to moderately dipping
slopes. Mt. Littlechild exhibits benching with three obvious benches present. The upper
basalt unit has spectacular columnar jointing at Fieldwicks Quarry (Figure 6A; FQI).
Columns are vertical and continuous within the quarry suggesting one “flow” (or ponded unit)
is represented within the quarry. The columns are uniformly 25 - 30 cm in diameter, perfectly

hexagonal and exhibit triple point junctions between columns. The column basalt is dark-
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