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Executive Summary

The Stavely Project is a collaboration between Geoscience Australia and the Geological Survey of
Victoria. During 2014, fourteen pre-competitive stratigraphic drill holes were completed in the
prospective Stavely region in western Victoria in order to better understand subsurface geology and its
potential for a variety of mineral systems. The Stavely region hosts several belts of poorly exposed
Cambrian volcanic and intrusive rocks which are visible largely only in aeromagnetic data and have
similarities to those found in modern subduction-related tectonic settings. Mineralisation associated
with porphyry Cu-Au and volcanic-hosted massive sulphide mineral systems is known where these
rocks are exposed around Mount Stavely and the Black Range. However, despite a history of mineral
exploration dating back to the late 1960s, significant economic deposits are yet to be discovered, and
the Stavely region remains a greenfields terrane. Given the geological setting and known mineral
potential, opportunity exists for the discovery of large mineral systems beneath extensive, but
relatively thin, younger cover.
The Stavely Project aims to provide the framework for discovery in the Stavely region primarily through
the acquisition and delivery of pre-competitive geoscientific data. This includes the completion of precompetitive stratigraphic drill holes in order to test regional geological interpretations and recover
material for detailed lithological, petrophysical, geochemical and geochronological analysis. The
results will assist in understanding the mineral systems potential of the Stavely region under cover.
Geochemical interpretation of these results is presented as part of the Regional Geology and Mineral
Systems of the Stavely Arc report (Schofield et al., in prep).
This release describes the geochemical methods and procedures used to acquire geochemical data
as part of the Stavely Project. Data presented in this release include whole rock geochemistry, four
TM
acid digestion analysis, partial extraction techniques (soil gas hydrocarbon, Mobile Metal Ion , Ionic
TM
Leach ), sulphur isotope analysis, neodymium isotope analysis, lead isotope analysis, chromite
analysis and pyrite analysis. Also included are reports on spatiotemporal geochemical hydrocarbon
interpretation, chromite petrology and pyrite characterisation.
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1 Introduction

1.1 Project Background
Sporadic historical mineral exploration from the 1960s to the 1990s within and around exposed
portions of Cambrian volcanic rocks in the Stavely region of western Victoria resulted in the
identification of Cu, Au and base metal mineralisation (e.g. Seymon et al., 2009). More recent
research undertaken by universities and government has suggested that some of the Cambrian
volcanic rocks are fault-slices of a large, mostly-buried continental margin magmatic arc system – the
1
Stavely Arc . The Stavely Arc is named after the Mount Stavely Belt, which hosts Cambrian igneous
rocks of arc affinities and includes the Mount Stavely Volcanic Complex (Crawford and Keays, 1978;
Buckland, 1987). The Cambrian volcanic and intrusive rocks of the Stavely Arc have potential to host
world-class magmatic-hydrothermal ore deposits. The aim of the Stavely Project is to further
encourage and support efficient mineral exploration of the Stavely Arc, by better delineating its
distribution and internal geological variation, and characterising mineralisation styles and context.
Crawford and Keays (1978) were the first to describe the Cambrian igneous rocks exposed in western
Victoria as having a calc-alkaline character, with the mineralogy and geochemistry of the rocks at
Mount Stavely, in particular, suggestive of formation in a magmatic arc-style tectonic setting. Since
then several workers have drawn comparisons between the exposed Cambrian volcanic rocks of
western Victoria and the Mount Read Volcanics of western Tasmania, the latter of which hosts world
class volcanic-hosted massive sulphide (VHMS) deposits (Crawford et al., 1996; Crawford et al.,
2003). A range of tectonic settings for the origin of the igneous rocks in western Victoria have been
proposed, each with implications for regional metallogeny.
In 2009, the Geological Survey of Victoria (GSV), in collaboration with Geoscience Australia (GA) and
AuScope, designed and acquired regional-scale deep crustal seismic reflection transects across
western Victoria. The project results supported the interpretation of the Cambrian igneous rocks
exposed around Mount Stavely, in the Black Range, and in several belts buried beneath younger
sedimentary rocks, as fault slices of the Stavely Arc, which developed above a west-dipping
convergent continental margin during the Cambrian. Seismic reflection data imaged an apparent arc
edifice remaining largely intact beneath the Stavely region, the upper parts of which have been thrust
to the surface.
The setting was interpreted to have the potential to host significant base metal and precious metal
deposits, including porphyry and related mineral systems. In addition, it was recognised that the
apparent strike extent of individual volcanic belts continues to the north of known occurrences and that
historic mineral exploration had not adequately tested the volcanic rocks under cover. In 2011, the
Willaura Project was established by the GSV to evaluate the Cu potential of the southern extent of the
Grampians-Stavely Zone in the vicinity of exposed Mount Stavely Volcanic Complex rocks (Cayley et
al., in prep. a). In 2013, GA and the GSV initiated the Stavely Project in order to evaluate the mineral
potential of the new search space identified below younger cover throughout the Stavely region and
build and expand on the key findings of the Willaura Project.

1
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The Stavely Arc now replaces the informal and preliminary term ‘Miga Arc’. This term is now abandoned.
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The Stavely Project area comprises approximately 20 000 km (Figure 1.1). It includes at least eight
volcanic belts and the Dimboola Igneous Complex, which extends north from Horsham beyond the
project area into far north-west Victoria (Figure 1.2). The volcanic belts are separated by wider regions
of deformed Cambrian and Ordovician to Silurian sedimentary rocks, intruded by Cambrian and
Devonian intrusive rocks, and are also buried by cover rocks of variable thicknesses. The cover rocks
include Mesozoic-Cenozoic fill of the Murray and Otway basins and Cenozoic lavas of the Newer
Volcanic Group. While a combination of existing exposure, regional geophysics, historical open file
drilling, and deep seismic reflection transects has allowed the broad delineation of these volcanic belts
under younger cover, the buried parts of the Stavely Arc remain largely untested for their mineral
systems potential.

1.2 Geography
The Stavely Project area is located in western Victoria, south-eastern Australia, approximately 230300 km west and northwest of Melbourne (Figure 1.1). The regional centres of Hamilton and Horsham
are located in the south and within the centre of the project area, respectively (Figure 1.3). The project
area has generally very low relief, with the only exceptions being the Grampians Ranges and Mount
Arapiles, which rise above the plains and effectively mark the western end of the Great Dividing
Range. North of the divide, the Wimmera River flows past the Grampians National Park and through
Horsham towards Lake Hindmarsh. South of the divide, the Glenelg River flows from its origins within
the Grampians Ranges, toward the Southern Ocean. In the south of the project area, the Hopkins
River flows through Wickliffe and Chatsworth towards the ocean. Many streams in the region are
ephemeral and are often dry for long periods. Dryland farming (crops and livestock) comprise large
portions of the project area. The Little Desert and Wyperfeld national parks border the project area to
the north.

1.3 Mineral exploration in the Stavely region
Mineral exploration around the exposed belts of Cambrian volcanic rocks began in 1969 when
Western Mining Corporation Limited commenced stream sediment and soil geochemical sampling
(e.g. Clappison, 1972). Continued exploration by Duval Mining Limited (formerly Pennzoil) followed up
on some of the weak geochemical anomalies in 1975, and had quick success with the discovery of
gossanous float containing elevated Cu. Follow-up diamond drilling of anomalies within the Mount
Stavely Belt discovered stringer chalcopyrite mineralisation in tuffs, now known as the Wickliffe
Prospect (Figure 1.4). Diamond drill hole WICKLIFFE NO. 6 terminated in hydrothermally-altered
quartz porphyry, tentatively correlated with the intrusive Lalkaldarno Porphyry (Ramsay, 1983). Soil
geochemistry, geophysics, shallow rotary and deeper diamond drilling was successful in identifying
additional mineralised quartz-feldspar porphyries at Junction and Thursdays Gossan (Roberts, 1982;
Buckland, 1987; Figure 1.4). Further mineral exploration by subsequent companies in the 1990s
discovered several additional occurrences of VHMS and porphyry-style mineralisation, including a
Cambrian diorite (now referred to as the Lexington Prospect) outside of the Mount Stavely Belt
(Figure 1.4).
Northeast of Balmoral, minor placer and hard-rock Au was first discovered in the late nineteenth
century, associated with poorly-exposed igneous rocks exposed in valleys which have been eroded
through overlying sedimentary rocks of the Grampians Group. These igneous rocks are now included
within the Black Range Belt (Figure 1.2). Exploration in the region began in earnest in the late 1960s
and several Au and base metal prospects were discovered aligned along the length of the volcanic
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belt. The most promising prospect identified was the McRaes Prospect (now referred to as the Eclipse
Prospect; Figure 1.4) where anomalous Au, Zn, Pb, Cu and Ag is associated with hydrothermallyaltered mafic to intermediate volcanic rocks.
A case history study in the late 1990s (Rajagopalan, 1999) detailed Cu-Mo-Au porphyry mineralisation
at Mount Stavely and argued that deep weathering had compromised some of the early geochemical
exploration and that only the shallow levels of the system had been tested. Although supergene
chalcocite mineralisation had been defined at prospects such as Thursdays Gossan, shallow drilling
campaigns targeting geochemical anomalies had often failed to penetrate leached in situ regolith and
consequently yielded ambiguous results. Limited investigation of the underlying hypogene
mineralisation occurred with most drill holes terminating in variable Cu mineralisation associated with
hydrothermal alteration. Due to remaining uncertainty over the geological context, exploration of the
mineralised systems at depth was not undertaken.
Recent reinterpretation of historic diamond drill core from the early exploration campaigns in the
Mount Stavely Belt suggests that porphyry intersections represent dykes that have intruded into the
host volcanic rocks, and that large porphyry bodies of potential economic interest may exist at depth
and remain untested (Taylor et al., 2014). A similar problem also exists in the Black Range Belt. Here,
insufficient drill testing of known mineralisation, as well as geological uncertainty and the presence of
barren Silurian-age Grampians Group cover, has impeded mineral exploration across much of the
region.

1.4 The Stavely Project
Despite a relatively long history of mineral exploration in the exposed portions of the Cambrian
volcanic rocks, the Stavely region remains a greenfields terrane with the opportunity for significant
mineral discoveries, especially below younger cover. The Stavely Project was established in order to
provide the fundamental framework for the evaluation and discovery of mineral systems in the Stavely
region using a mineral systems-based approach. The Stavely Project is a collaborative program
between GA and the GSV and forms part of the broader UNCOVER Initiative (Australian Academy of
Science, 2012) and the National Mineral Exploration Strategy (COAG, 2012), which seeks to address
the challenges of greenfield mineral exploration in areas of Australia under younger cover.
The Stavely Project aims to provide the framework for exploration risk reduction and discovery in the
Stavely region through four key objectives:
1. Characterise subsurface geology and recognise favourable geological environments where major
mineral systems may have been active;
2. Identify key elements that demonstrate mineral systems potential;
3. Understand the depth and nature of cover; and
4. Deliver new pre-competitive data and concepts for industry, presenting the evidence for mineral
systems potential in greenfields areas under cover.
In addition to the compilation and review of historical geoscientific data for the region, the objectives
outlined above were addressed through the acquisition of pre-competitive data, including the
completion of a stratigraphic drilling program to test regional geological interpretations and recover
samples for lithological, petrophysical, geochemical and geochronological analyses. Site-specific
geophysical data acquisition tested the thickness and geophysical properties of cover at selected drill

4
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sites (Meixner et al., in prep.). The results of the stratigraphic drilling program will help to better define
the margins of the Grampians-Stavely Zone and give further insight into the context, origin and timing
of regional mineral systems and aid in future exploration targeting.

Figure 1.1 Location of the Stavely region and structural geological zones of Victoria. Figure adapted from
VandenBerg et al. (2000).
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Figure 1.2 Known and interpreted volcanic belts of the Stavely Arc. The image is a partially-transparent
histogram-equalised pseudocolour layer of the tilt-angle total magnetic intensity (TMI) reduced to the pole (RTP),
overlain on a 3-30 km band pass filtered, histogram-equalised pseudocolour layer of TMI (RTP). Blue colours
indicate lower magnetic intensity and phase angle values; red colours indicate higher magnetic intensity and
phase angle values.
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Figure 1.3 Location of the Stavely Project area and significant geographical features.
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Figure 1.4 Location of currently known mineral prospects within the Stavely Project area.
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2 Geological Overview

The Grampians-Stavely Zone (Figure 1.1) lies at the eastern edge of the Cambrian Delamerian
Orogen in western Victoria (VandenBerg et al., 2000; Crawford et al., 2003), with the adjacent Stawell
Zone forming a complex hybrid transition to the Lachlan Orogen further east (Miller et al., 2005;
Cayley et al., 2011; Cayley et al., in prep. b). The interpreted Stavely Arc within the Grampians-Stavely
Zone outcrops as a number of narrow north-trending belts of mafic to felsic igneous rocks at Mount
Stavely, Mount Dryden, Mount Elliot, and in the Black Range region (Figure 1.2). These were first
described during reconnaissance geological mapping of western Victoria in the nineteenth century
(Krause, 1873). The belts of igneous rocks are separated by terrigenous deep marine low-grade
sedimentary rocks of the Glenthompson Sandstone (Nargoon Group; VandenBerg et al., 2000). A key
characteristic of the Cambrian rocks within the Grampians-Stavely Zone is their low (prehnitepumpellyite facies) metamorphic grade. This contrasts markedly with amphibolite facies metamorphic
rocks in the adjacent Glenelg (Gray et al., 2002; Morand et al., 2003) and Stawell (Cayley and Taylor,
2001; Phillips et al., 2002) zones, which lie either side of the region (Figure 1.1).
Early assignment of a Cambrian age for the igneous rocks exposed at Mount Stavely and in the Black
Range region was based on comparison with similar rocks in central Victoria from which Cambrian
fossils had been recovered (Thomas, 1939). Subsequently, geochronology (Bucher, 1998; StuartSmith and Black, 1999; Whelan et al., 2007; Lewis et al., 2015) has confirmed Cambrian ages ranging
from 510 Ma to 500 Ma for parts of the Mount Stavely Volcanic Complex. The other volcanic belts in
the region currently remain undated.
In the south of the Stavely Project area, the Stavely Arc comprises five individual, relatively narrow (38 km) north-northwest-trending volcanic belts (Figure 1.2), which from east to west have been termed
the Mount Dryden (190 km strike length), Mount Elliot (25 km strike length), Mount Stavely (80 km
strike length), Bunnugal (65 km strike length), and Boonawah (105 km strike length) belts. The Mount
Dryden and Mount Stavely belts are directly linked by an oblique series of sub-parallel west- to
northwest-trending, faulted volcanic belts, including the Mount Elliot Belt. The Mount Stavely and
Bunnugal belts also converge north of Glenthompson. These volcanic belt linkages suggest formation
in a contiguous volcanic arc.
Recent mapping by the GSV has identified a swarm of mafic sills intruding into the Glenthompson
Sandstone west of the Mount Stavely Belt. These sills may also represent part of the Stavely Arc
package. In addition, scattered occurrences of tholeiitic to boninitic lavas also occur throughout the
Grampians-Stavely Zone. These may represent igneous rocks related to the ~600 Ma breakup of
Rodinia or the later (~520-500 Ma) convergence and deformation associated with the Delamerian
Orogeny (Münker and Crawford, 2000; Miller et al., 2005). Rare ultramafic rocks consisting of
serpentinised peridotite (e.g. Williamsons Road Serpentinite) also occur in narrow fault slices amongst
the other rock packages.
The Stavely Arc, underlying rocks, and overlying Nargoon Group sediments were folded, faulted, and
locally tilted to sub-vertical attitudes at around 500 Ma during the Delamerian Orogeny (Crawford et
al., 2003). The timing of deformation is constrained by large, post-tectonic, sub-circular intrusions of
the Cambrian Bushy Creek Igneous Complex (489 ± 7 Ma; Stuart-Smith and Black, 1999), which
intrude deformed Glenthompson Sandstone and truncate the mafic sills west of Mount Stavely
(Crawford et al., 2003). A number of dacitic porphyries (both barren and mineralised) are known near
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Mount Stavely and occur both within and external to the volcanic belts (Skladzien et al., 2015). Recent
studies suggest that the mineralised porphyry intrusions may share some geochemical affinities with
parts of the Bushy Creek Igneous Complex and hence may be associated with the latest pulses of
magmatism in the Stavely Arc (Taylor et al., 2014). Recent dating of the mineralised, informally named
Victor Porphyry, within the Mount Stavely Belt, yielded an igneous crystallisation age of approximately
500 Ma (Lewis et al., 2015).
The volcanic belts of the Black Range area lie to the north of the Grampians, including, from east to
west, the Glenisla, Black Range and Tyar belts (Figure 1.2). These are typically 2-3 km in width and
18-30 km in strike length. These belts converge in the south beneath a region covered by Early
Devonian volcanic rocks (Rocklands Volcanic Group), and are intruded by post-tectonic granite (likely
Devonian in age). Further north of the Grampians a highly magnetic package of igneous rocks of
unresolved affinity lies entirely under younger cover, including rocks assigned to the Dimboola
Igneous Complex (VandenBerg et al., 2000; Crawford et al., 2003; Figure 1.2).
Regional-scale deep seismic reflection data suggest that the Stavely Arc rocks exposed in the Mount
Stavely Belt and in the Black Range region overlie a crest of a crustal-scale, triangular-shaped region
of variably reflective crust (Cayley et al., in prep. b). This is interpreted to be the buried, but largely
intact, remnants of the Stavely Arc, developed on older rocks related to the rifted east Gondwana
margin. The volcanics exposed at Mount Stavely, in the Black Range, and at Mount Dryden are all
interpreted to be thrust slices of the underlying Stavely Arc system (Cayley et al., in prep. b).
The outcropping Mount Stavely Volcanic Complex in the Mount Stavely Belt (Figure 1.2) comprises
interbedded subaqueous tuffaceous and volcaniclastic rocks, and as a whole is interpreted to be
overlain by deep marine turbiditic rocks of the Glenthompson Sandstone (Buckland, 1987). The
association of the Mount Stavely Volcanic Complex with deep marine sedimentary rocks led to the
interpretation of a post-collisional rift sequence erupted subsequent to an arc-continent collision event,
akin to the Mount Read Volcanics of western Tasmania (e.g. Crawford, 1988; VandenBerg et al.,
2000; Crawford et al., 2003). Other early interpretations of the overall tectonic setting of the Mount
Stavely Volcanic Complex envisaged a Gondwanaland continental margin setting (Crawford, 1982).
This hypothesis has recently found support in subsequent geochemical (e.g. Kemp, 2003),
geochronological (Foden et al., 2006), and crustal geometry (paired metamorphic belts; Miller et al.,
2005) studies.
These results led Foden et al. (2006) to question earlier arc-continent collisional models advocated for
the Stavely Arc. Foden et al. (2006) instead suggested a west-dipping continent-directed subduction
zone. Geophysical (seismic and magnetotelluric) data presented by Cayley et al. (2011; in prep. b)
and Robertson et al. (2015) also argue for a convergent continental arc setting above a west-dipping
subducting slab. A variant on this interpretation was proposed by Gibson et al. (2011) who argued for
initial east-dipping subduction, intra-oceanic arc accretion, and a subsequent flip in subduction polarity
resulting in emplacement of the Stavely Arc above a west-dipping continental margin.
The Cambrian rocks are overlain by the Late Ordovician- to Silurian-aged, fluvial to shallow marine
siliciclastic rocks of the Grampians Group (Cayley and Taylor, 1997; Miller et al., 2001; Cayley et al.,
2011). In some places the contact is unconformable, but in most places the contact is faulted and or
sheared, and the Grampians Group sequence contains significant structural complexity in its own right
(Cayley and Taylor, 1997; Miller et al., 2001). Although this group is thickest and most structurally
complex close to the eastern edge of the Grampians-Stavely Zone, overall the Grampians Group is
much thinner than previously assumed, especially in the regions surrounding the main mountain
ranges (Cayley and Taylor, 1997). Silurian deformation associated with the overlying Grampians
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Group has affected the underlying Cambrian rocks in places (Cayley and Taylor, 1997, 2001; Morand
et al., 2003), and has resulted in the truncation, offset and reorientation of fault slices of the Stavely
Arc. Using Grampians Group deformation history as a template, the underlying Cambrian rocks can be
undeformed to show a simpler pre-Silurian configuration, including restoration of the now fragmented
porphyry and alteration systems contained within the volcanic belts.
The Grampians Group and its Cambrian basement are intruded by numerous Late Silurian to Early
Devonian felsic intrusives, including the Dwyer Granite, Mirranatwa Granite, Bullawin Porphyry,
Mafeking Suite and Duchembegarra Granite (e.g. see VandenBerg et al., 2000). These are
comagmatic with the Rocklands Volcanic Group (Simpson, 1997) which lies to the west of the
Grampians Ranges.
Since the Devonian, the Grampians-Stavely Zone has remained one of the most tectonically stable
parts of Australia (Foster and Gleadow, 1992). The Stavely Arc was buried beneath Nargoon Group
sediments in the Cambrian and subsequently by Grampians Group, and has since experienced
relatively minimal uplift and erosion. This accounts for the relatively high, upper-crustal level of
preservation of much of the Cambrian geological system. It is likewise expected that related mineral
systems will also remain preserved.
Today, the Cambrian bedrock of the Grampians-Stavely Zone is poorly exposed. Key areas of outcrop
are at Mount Stavely, as a string of isolated hills near Mount Dryden, in the vicinity of Mount Elliot and
Yarram Park, and as poor outcrops in the Black Range region west of the Grampians. The main
Grampians Ranges and National Park overlies the centre of these outcrops. Further south,
aeromagnetic and gravity data allow the Cambrian bedrock and its intermittent veneer of Grampians
Group to be traced beneath thin basalt lava flows of the Newer Volcanic Group, and beneath the
Otway Basin.
To the north, geophysical and historical drill hole data allow the Cambrian bedrock to be traced north
beneath the Murray Basin. The Murray Basin is a Cretaceous to Recent intracratonic sag basin that
hosts world-class heavy mineral sand deposits (Olshina and van Kann, 2012), and gradually attains
thicknesses of several hundred metres (McLean, 2010). The extremely gentle dip of the Murray Basin
means that over 200 km strike-length of the Cambrian bedrock of the Grampians-Stavely Zone lies
within 200-300 m of the present-day surface and could be explored using modern mineral exploration
techniques.
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3 Overview of pre-competitive stratigraphic drilling
in the Stavely Project area

Pre-competitive stratigraphic drill holes are a key component to building an understanding of the
geology and mineral systems potential of the Stavely region. Fourteen pre-competitive stratigraphic
drill holes, for a total of 2708.5 m, were completed in order to test regional geological interpretations,
determine the depth and nature of cover, and to recover material for subsequent detailed analysis.

3.1 Drilling objectives
The scientific objectives for the holes drilled as part of the Stavely Project are summarised under five
key categories (along with the names of specific drill holes):
1. Test the under cover extent of the Mount Stavely Belt, its stratigraphic facing, and its relationship
with overlying sedimentary units (STAVELY02 and STAVELY17);
2. Test the presence of interpreted arc-related rocks under cover to define the eastern margin of the
Stavely Arc (STAVELY01 and STAVELY16);
3. Test regional structural interpretations to define the western margin of the Stavely Arc
(STAVELY05 and STAVELY08);
4. Test for the presence of rocks belonging to the Stavely Arc which have been imaged by magnetic
data and determine their character and stratigraphic affinity (STAVELY01, STAVELY02,
STAVELY04, STAVELY07, STAVELY11, STAVELY14), as well as target different levels of
stratigraphic exposure in the package of north-northwest-trending magnetic rocks previously
interpreted as the Dimboola Igneous Complex (STAVELY09, STAVELY10, STAVELY12,
STAVELY16); and
5. Characterise the nature of geophysical responses in interpreted arc rocks to test for alterationrelated demagnetisation (STAVELY06).
A summary for each drill hole is provided in Table 3.1 and additional information on drill hole rationale
and aims is given below. The locations of the pre-competitive stratigraphic drill holes are provided in
Figure 3.1 and Figure 3.2.
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Table 3.1 Drill hole collar locations, drilling aims, and basement lithology intersected for drill holes completed as part of the Stavely Project.
Hole ID

Drilling type

Latitude
(GDA94)

Longitude
(GDA94)

Target

Total depth (m) Basement lithology
(generalised)

STAVELY01

Diamond

-38.018

142.878

Possible Mount Stavely Volcanic Complex or Mount Dryden Volcanics
equivalent.

249.5

Amphibolite

STAVELY02

Diamond

-37.902

142.712

Extension of the Mount Stavely Belt beneath Grampians Group cover.

159.5

Mafic volcanics
(overlain by
Grampians Group)

STAVELY03

Hole
cancelled

-37.462

142.186

Demagnetised zone within an otherwise magnetic belt of interpreted
Cambrian volcanic rocks.

Hole cancelled

Hole cancelled

STAVELY04

Sonic,
diamond

-37.164

142.251

Magnetic package of rocks interpreted as Cambrian volcanic rocks.

102.8

Mafic volcanics

STAVELY05

Sonic,
diamond

-37.097

142.016

Test for the presence of high-grade metamorphic rocks of the Glenelg
Zone to validate structural interpretations.

71.5

Sandstone and
siltstone

STAVELY06

Sonic,
diamond

-37.050

142.274

Demagnetised zone within an interpreted intrusive rock.

117.7

Quartz diorite

STAVELY07

Sonic,
diamond

-36.994

142.323

Magnetic package of rocks interpreted as Cambrian volcanic rocks.
Extended to depth to serve as a paleoclimate monitoring bore for the
University of Melbourne.

501.6

Intermediate to felsic
volcanics

STAVELY08

Sonic

-36.910

141.670

Test for the presence of high-grade metamorphic rocks of the Glenelg
Zone to validate structural interpretations.

122.0

Foliated biotite
granite

STAVELY09

Sonic,
diamond

-36.800

142.159

Magnetic package of rocks interpreted as Cambrian volcanic rocks and to
test the lower stratigraphic levels of a north-northwest-trending package
of rocks previously interpreted as Dimboola Igneous Complex.

165.6

Mafic volcanics and
quartz gabbro

STAVELY10

Sonic,
diamond

-36.804

142.130

Magnetic package of rocks interpreted as Cambrian volcanic rocks and to
test the lowest stratigraphic level of a north-northwest-trending package
of rocks previously interpreted as Dimboola Igneous Complex.

107.4

Serpentinite

STAVELY11

Sonic,
diamond

-36.767

141.967

Test a weak linear magnetic feature for the presence of a northern
extension to the Black Range Belt.

164.6

Sandstone and
siltstone

STAVELY12

Sonic,
diamond

-36.709

142.153

Magnetic package of rocks interpreted as Cambrian volcanic rocks and to
test the upper stratigraphic levels of a north-northwest-trending package
of rocks previously interpreted as Dimboola Igneous Complex.

180.5

Intermediate
volcanics and
volcaniclastics
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Hole ID

Drilling type

Latitude
(GDA94)

Longitude
(GDA94)

Target

Total depth (m) Basement lithology
(generalised)

STAVELY13

Hole
cancelled

-36.424

141.845

Test an elongate magnetic feature to determine its character and
stratigraphic affinity.

STAVELY14

Sonic,
diamond

-36.437

141.655

Test a gravity feature for the presence of Cambrian volcanic rocks.

STAVELY15

Hole
cancelled

-36.771

141.970

STAVELY16

Sonic,
diamond

-36.265

STAVELY17

Diamond

STAVELY18

STAVELY19

14

Hole cancelled

Hole cancelled

339.0

Sandstone and
siltstone

Magnetic package of rocks interpreted as Cambrian volcanic rocks and to
test the upper stratigraphic levels of a north-northwest-trending package
of rocks previously interpreted as Dimboola Igneous Complex.

Hole cancelled

Hole cancelled

141.921

Magnetic package of rocks interpreted as Cambrian volcanic rocks and to
test the upper stratigraphic levels of a north-northwest-trending package
of rocks previously interpreted as Dimboola Igneous Complex.

357.7

Polymictic volcanic
breccia

-37.683

142.641

Intersect the contact between the Glenthompson Sandstone and the
Mount Stavely Volcanic Complex in the Mount Stavely Belt to determine
nature of contact and stratigraphic facing.

156.0

Sandstone and
siltstone

Hole
cancelled

-37.684

142.652

Intersect the contact between the Glenthompson Sandstone and the
Mount Stavely Volcanic Complex in the Mount Stavely Belt to determine
nature of contact and stratigraphic facing.

Hole cancelled

Hole cancelled

Hole
cancelled

-37.642

142.656

Locate fresh volcaniclastic Glenthompson Sandstone equivalent at-depth
for geochronological and geochemical analysis.

Hole cancelled

Hole cancelled
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Figure 3.1 Location of drill holes drilled as part of the Stavely Project shown on a background of reduced to pole
total magnetic intensity, where red is high and blue is low.
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Figure 3.2 Location of drill holes drilled as part of the Stavely Project shown on a background of Bouguer anomaly
gravity image where red is high and blue is low.
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3.2 Drill hole rationale and aims
3.2.1 STAVELY01
STAVELY01, which was drilled approximately 10 km northwest of Mortlake, was the southernmost
hole drilled during the program (Figure 3.1 and Figure 3.2). The drill hole targeted a poorly-defined
magnetic and gravity anomaly beneath Newer Volcanic Group basalts with the aim of testing for the
presence of Cambrian rocks of the Mount Stavely Volcanic Complex or Mount Dryden Volcanics,
interpreted to have been offset by Silurian strike-slip faulting. STAVELY01 was collared close to the
interpreted location of the Moyston Fault (the eastern boundary of the Grampians-Stavely Zone), to
test the eastern limit of the zone and, hence, the Stavely Arc. The drill hole had the secondary
objective of testing the depth and nature of cover, particularly with respect to the thickness of the
Newer Volcanic Group.

3.2.2 STAVELY02
STAVELY02 was drilled to test the character of a north-trending linear magnetic and gravity feature
interpreted to be an extension of the exposed Mount Stavely Belt buried beneath younger sedimentary
cover (Figure 3.1 and Figure 3.2). Exposures of sandstone and conglomerate of the Grampians Group
occur in a small creek in close proximity to the STAVELY02 collar. Therefore, the drill hole also had
the objective of determining the depth of Grampians Group cover above potentially prospective
Cambrian basement.

3.2.3 STAVELY03
STAVELY03 (not shown on Figure 3.1 and Figure 3.2) was planned to be drilled approximately 15 km
northeast of Cavendish near the southwestern limit of the Victoria Range. The drill hole was intended
to target a non-magnetic zone within an otherwise magnetic belt of interpreted Cambrian igneous
rocks to test for possible porphyry-related hydrothermal alteration. STAVELY03 was cancelled
following detailed gravity data acquisition which failed to show evidence for a gravity low required for
the presence of an intermediate to felsic intrusive.

3.2.4 STAVELY04
STAVELY04 targeted a package of magnetic rocks interpreted to be Cambrian mafic to intermediate
volcanic rocks in order to determine their character and stratigraphic affinity. The package targeted by
STAVELY04 lies just east of the Glenisla Belt (Figure 1.2), which hosts basaltic to andesitic lavas and
volcanic breccias (Cayley and Taylor, 1997).

3.2.5 STAVELY05
STAVELY05, located just west of the Black Range, was drilled to test structural models arising from
interpretation of the 09GA-SD1 seismic line and regional structural interpretations. The collar location
was selected based on its interpreted stratigraphic position. STAVELY05 lies along strike from the
northern limit of the Tyar Belt (Figure 1.2), which has been terminated by the younger (Silurian to
Devonian) Henty Fault. The drill hole was designed to test the hypothesis that the Henty Fault has
offset the western margin of the Grampians-Stavely Zone (Yarramyljup Fault) to the east, which would
result in high-grade metamorphic rocks of the Glenelg River Metamorphic Complex (Glenelg Zone)
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being intersected, rather than low-grade rocks of the Nargoon Group (Grampians-Stavely Zone). The
position of the Yarramyljup Fault defines the western margin of the Grampians-Stavely Zone, and
hence the potential extent of the Stavely Arc.

3.2.6 STAVELY06
A buried package of magnetic rocks, interpreted to represent components of the Stavely Arc, occurs in
the vicinity of the STAVELY06 collar (Figure 3.1). Hosted within this belt are small ovoid magnetic
bodies interpreted as intermediate to felsic intrusive igneous rocks based on geophysical interpretation
and previous exploration drilling. Several of these bodies possess non-magnetic cores, potentially
indicating destruction of magnetite through hydrothermal alteration. STAVELY06 was drilled to target
one such body in order to test the proposed hydrothermal origin of the non-magnetic zone. This has
implications for potential targeting of mineralised alteration systems within the Stavely Arc.

3.2.7 STAVELY07
STAVELY07 was drilled to test the character and stratigraphic affinity of a northwest-trending package
of sheared and fault-displaced magnetic rocks occurring beneath shallow Murray Basin cover (Figure
3.1). The original target depth for STAVELY07 was ≤100 m. However, a 406 m extension to the hole
(for a total depth of 501.6 m) was drilled by the University of Melbourne for the purpose of establishing
a permanent subsurface paleoclimate monitoring bore.

3.2.8 STAVELY08
STAVELY08 was the westernmost hole drilled during the program. The primary aim of the drill hole
was to test regional structural interpretations. A largely non-magnetic package in the vicinity of
STAVELY08 (Figure 3.1) is interpreted to represent a part of the Glenelg River Metamorphic Complex
(Glenelg Zone) offset to the east by Silurian strike-slip faulting. If correct, this would result in highgrade metamorphic rocks of the Glenelg River Metamorphic Complex (Glenelg Zone) being
intersected by STAVELY08, rather than low-grade rocks of the Nargoon Group (Grampians-Stavely
Zone), with implications for the western extent of the Grampians-Stavely Zone and the Stavely Arc.
The drill hole also targeted a broadly linear magnetic feature, potentially representing a fault slice of
ultramafic to intermediate igneous rocks.

3.2.9 STAVELY09
STAVELY09 was drilled into a prominent package of north-northwest-trending magnetic rocks
previously interpreted as the Dimboola Igneous Complex in order to test the character and
stratigraphic affinity of the rocks at depth (Figure 3.1). This magnetic package has an overall easterly
dip based on regional magnetics and seismic data. STAVELY09 is one of a series of four drill holes
(together with STAVELY10, STAVELY12 and STAVELY16) designed to test different stratigraphic
levels within this package.

3.2.10 STAVELY10
Similar to STAVELY09, STAVELY10 was drilled to test the character and stratigraphic affinity of a
magnetic package of rocks previously interpreted as part of the Dimboola Igneous Complex (Figure
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3.1). The drill hole targeted an intense linear magnetic anomaly located in the westernmost limit of this
package which is interpreted to represent its deepest stratigraphic level.

3.2.11 STAVELY11
STAVELY11 was drilled approximately four kilometres south of the town of Natimuk in order to test a
weak northwest-trending linear magnetic anomaly located beneath Murray Basin cover (Figure 3.1).
This feature occurs along strike from known outcrops of intermediate volcanic rocks in the Black
Range, and it was anticipated that similar rocks may be encountered in STAVELY11 either as a fault
slice or as a dyke-like body intruding deformed non-magnetic sediments of the Nargoon Group.

3.2.12 STAVELY12
STAVELY12 was drilled just west of Horsham to test the character of the easternmost edge of a northnorthwest-trending belt of magnetic rocks also targeted by STAVELY09, STAVELY10 and
STAVELY16 (Figure 3.1). Together with STAVELY16, this hole was designed to test the shallowest
stratigraphic level within this package.

3.2.13 STAVELY13
STAVELY13 (not shown on Figure 3.1 and Figure 3.2), approximately 6.5 km south of Gerang
Gerung, was designed to target an elongate magnetic feature imaged beneath relatively thick Murray
Basin cover to test its character and stratigraphic affinity. STAVELY13 was cancelled after depth to
magnetic source modelling estimates suggested that the feature was very deep (>1 km).

3.2.14 STAVELY14
STAVELY14 was drilled approximately 12 km south of Nhill. The drill hole was designed to test the
nature of a gravity high occurring within a package of dominantly non-magnetic rocks interpreted as
Nargoon Group sedimentary rocks (Figure 3.2). A series of thin, weak, north-northwest-trending
magnetic anomalies coincide with the targeted gravity feature (Figure 3.1). These rocks were
interpreted as non-magnetic to weakly-magnetic volcanic rocks and volcanogenic sedimentary rocks
of the Stavely Arc. A secondary objective of STAVELY14 was to constrain depth to basement models,
which have a high degree of uncertainty in the northern study area owing to the paucity of basement
magnetic rocks and historic drill holes.

3.2.15 STAVELY15
Planned drill hole STAVELY15 (not shown on Figure 3.1 and Figure 3.2) was proximal to STAVELY16
and was not drilled since it has similar geological objectives.

3.2.16 STAVELY16
STAVELY16 was the northernmost drill hole completed during the program, and is located
approximately 15 km southwest of the town of Jeparit. Together with STAVELY09, STAVELY10 and
STAVELY12, STAVELY16 was designed to intersect magnetic rocks previously interpreted as part of
the Dimboola Igneous Complex in order to determine their character and stratigraphic affinity (Figure
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3.1). Cambrian mafic to intermediate rocks of the Stavely Arc, similar to those exposed at Mount
Dryden or Mount Stavely, or serpentinised ultramafic rocks were predicted. The area of the Murray
Basin tested by STAVELY16 also contains few deep historic drill holes and, as such, depth to
basement models are poorly constrained. Thus, STAVELY16 was also designed to test the depth to
potentially prospective Stavely Arc basement.

3.2.17 STAVELY17
STAVELY17 was drilled in order to intersect the contact between the Glenthompson Sandstone and
the Mount Stavely Volcanic Complex. Although these units outcrop near the STAVELY17 collar, the
actual contact is concealed beneath shallow Recent cover. The drill hole had two primary objectives,
firstly to determine the nature of the contact between the Glenthompson Sandstone and the Mount
Stavely Volcanic Complex (i.e. faulted, conformable or unconformable), and secondly to determine the
overall stratigraphic facing and dip of volcanic rocks in the Mount Stavely Belt. The results have
implications for the polarity of the Stavely Arc package and the relative position of different mineral
system types (e.g. back-arc-related, arc-related) to existing outcrop.

3.2.18 STAVELY18
Planned drill hole STAVELY18 (not shown on Figure 3.1 and Figure 3.2) was proximal to STAVELY17
and was not drilled since it has similar geological objectives.

3.2.19 STAVELY19
STAVELY19 (not shown on Figure 3.1 and Figure 3.2) was planned to be drilled approximately 4.8 km
northeast of the STAVELY17 collar, on the eastern margin of the Stavely Belt. STAVELY19 was
designed to recover fresh material equivalent to a unit of volcaniclastic Glenthompson Sandstone in
order to determine the provenance of volcanic clasts. STAVELY19 was cancelled primarily due to
extremely difficult wet-weather access.

3.3 Drilling techniques
Pre-competitive stratigraphic drilling as part of the Stavely Project had the aim of maximising core
recovery, including through unconsolidated cover. In order to ensure maximum core recovery, sonic
and diamond drilling techniques were used. In general, drilling of sonic pre-collars was used where
unconsolidated Murray Basin sediments overlay basement rocks, while diamond drilling was used in
order to complete basement tails (typically ~30-50 m length). Diamond drilling was used solely where
bedrock (including Newer Volcanic Group basalt) outcropped near the surface. Information on the
drilling type used at each drill hole is given in Table 3.1.
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4 Geochemical data acquisition and methodology

4.1 Introduction
Samples for geochemical analysis were collected from stratigraphic drill holes, a number of outcrop
locations, and surface locations across the Stavely Project area. Drill hole sampling was completed as
part of the Stavely Project and also obtained from contemporary and historical mineral exploration drill
holes of Navarre Minerals Ltd and Stavely Minerals Ltd near in and around the Black Range and
Mount Stavely respectively (Figure 1.4). Drill hole samples were also obtained from Victorian
Government stratigraphic drill holes completed as part of the Victorian Initiative for Minerals Program
(VIMP) (see Maher et al., 1997). Surface geochemical sampling was undertaken at Stavely Project
drill sites, the Mount Stavely and Lexington prospects currently held by Stavely Minerals Ltd.
This section presents the methodology of multiple techniques employed to acquire geochemical data
as part of the Stavely Project. Analysis of samples was undertaken at a number of specialist
laboratories and research institutions. Samples targeted vary for each technique, such as potentially
prospective Cambrian rocks for whole-rock analysis, and unconsolidated sediments for partial
extraction techniques. See each sections 4.2.1 – 4.2.8 for information such as sample preparation and
data quality control for each technique. See Figure 4.1 for the location of all new geochemical
analyses undertaken as part of the Stavely Project.
It should be noted that geochemical sample locations are relatively sparse in relation to the size of the
Stavely Project area. All spatial information in this report, and the accompanying appendices, is in the
Geodetic Datum of Australia (GDA94). All data analysed is available from Geoscience Australia and is
presented in the digital appendices outlined in Section 5.1. For samples analysed from thin section
(e.g. electron microprobe analysis of the mineral chromite) the accompanying petrography and further
interpretive detail is presented in appendices 1-13. Definitions for terminology and initialisms herein
are presented in Section 5.2.
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Figure 4.1 Location of new samples collected for geochemical analyses undertaken as part of the Stavely Project.
Background image shows 1:250 000 Victorian seamless surface geology.
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4.2 Analytical methods
4.2.1 Whole rock geochemistry
A total of 166 new whole rock geochemical analyses were obtained as part of the Stavely Project to
investigate and characterise rocks of the Stavely Arc. Samples were obtained from both drill core
(sampled as half core) and outcrop samples. The locations of samples analysed for whole rock
geochemistry are presented in Figure 4.2.
Samples were prepared and analysed at Geoscience Australia. Preparation for whole rock
geochemical analysis was done by jaw crushing (2-5 kg) solid rock samples and then grinding a subsample (50-70 g) in a tungsten carbide ring mill. Abundances of major and trace elements were
determined using X-ray fluorescence (XRF) and Laser Ablation Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). Major and minor oxides (SiO2, TiO2, Al2O3, FeO, MnO, MgO, CaO, Na2O,
K2O, P2O5 and SO2) were determined by wavelength-dispersive XRF on fused discs using methods
similar to those of Norrish and Hutton (1969). Precision for these elements is better than ±1% of the
reported values. In addition, Cr, Cu, Ni, Sc, V, Zn were determined by wavelength-dispersive XRF on
a pressed pellet using methods similar to those described by Norrish and Chappell (1977). Selected
trace elements (As, Ba, Cs, Ga, Nb, Pb, Rb, Sb, Sn, Sr, Ta, Th, U, Y, Zr) and the rare earth elements
(REEs) were analysed by ICP-MS (Agilent 7500 with reaction cell) using methods similar to those of
Eggins et al. (1997), but on solutions obtained by dissolution of fused glass discs (Pyke, 2000).
Precisions are ±5% and ±10% at low levels (<20 ppm) and differ due to two seperate laboratory runs.
Agreement between XRF and ICP-MS results are within 10%. The quality of analyses was determined
by repeated analysis of international rock and solution standards and compared to reference values.
Loss on Ignition (LOI) was determined by gravimetry after combustion at 1100 °C. FeO abundances
were determined by digestion and electrochemical titration using a modified methodology based on
Shapiro and Brannock (1962).
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Figure 4.2 Location of whole rock samples analysed as part of the Stavely Project. Background image shows
1:250 000 Victorian seamless surface geology.
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4.2.2 Four acid digestion analysis
Following the identification of elevated base metal sulphide mineralisation, drill core from STAVELY17
(Figure 4.3) was sampled at the Geological Survey of Victoria Core Library in Werribee, Victoria, using
nominal one metre sample intervals between 25 m and 85 m downhole. Some sample intervals were
extended or shortened to honour lithological boundaries. All samples were collected as half core
except for field duplicates which were collected as quarter core to ensure half core was retained for
reference. Samples were submitted to ALS Global (Perth) where they were prepared and analysed for
elements Ag, Al, As, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, Hg, In, K, La, Ki, Mg, Mn,
Mo, Na, Nb, Ni, P, Pb, Rb, Re, S, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Ti, Tl, U, V, W, Y, Zn and Zr using
ICP Atomic Emission Spectroscopy (ICP-AES method ME-MS61) following a four acid (perchloric,
nitric, hydrofluoric and hydrochloric) digestion. Au was analysed by 50 g fire assay fusion using Atomic
Absorption Spectroscopy (AAS method Au-AA23). Details of the analytical methods can be found at:
http://www.alsglobal.com/Our-Services/Minerals/Geochemistry/Downloads.aspx.
Blind quality assurance and quality control (QA/QC) measures (certified reference materials, blanks
and field duplicates) comprised 16% of the samples analysed. Analytical precision using repeat
analyses of certified reference materials, submitted for analysis in the same batch, is given as percent
relative standard deviation (RSD) and is 0.54 % for Au and 6.1 % Ag (OREAS502b) and 0.93 % for Au
and 1.23 % Ag (OREAS621). The average analyses for Au (0.492 ppm) and Ag (1.96 ppm) for
OREAS502b correspond well with the recommended values for this standard (0.495 ppm Au and 2.09
ppm Ag). Similarly, the average analyses for Au (1.24 ppm) and Ag (67.7 ppm) for OREAS621
correspond well with the recommended values for this standard (1.25 ppm Au and 69.2 ppm Ag).
Analyses of blanks (certified MERC quartz sand) yielded near or below detection analyses for all
elements except Li, Cs and Be. For field duplicate samples the RSD for Ag was 4.1%. The RSD for Au
of field duplicate samples was not estimated as all duplicates had Au values near or below the lower
detection limit.

Regional geology and mineral systems of the Stavely region, western Victoria. Data release 5

25

Figure 4.3 Location of four acid digestion samples analysed as part of the Stavely Project. Background image
shows 1:250 000 Victorian seamless surface geology.
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4.2.3 Partial extraction techniques for surface geochemistry
4.2.3.1 Purpose of the survey
TM

TM

Partial extraction geochemical methods, such as Ionic Leach (IL), Mobile Metal Ion (MMI), and Soil
Gas Hydrocarbon (SGH), have been demonstrated as potential techniques to detect ‘blind’
mineralisation at depths of up to 50 m or more below the Earth’s surface. These methods measure
metal ions (IL, MMI) and hydrocarbons (SGH) that have travelled upward to the surface through
overburden, especially unconsolidated sediments, via natural mechanisms from buried mineralisation
at depth (e.g. Mann, 2010; Bissig et al., 2013; Sutherland, 2015).
To evaluate the applicability of partial extraction techniques for the local landscape in the Stavely
region, three soil sample orientation surveys were completed in the southeast of the project area at
the Fairview South Prospect (epithermal mineralisation, STAVELY17), the Lexington Prospect
(porphyry Cu mineralisation, Berrambool Road), and at Mount Stavely (inferred porphyry at depth
beneath Mount Stavely, in proximity to the marginal gold mineralisation at the Fairview gold prospect;
Stavely Minerals, 2016). Locations of the samples are shown in Figures 4.4, 4.6, 4.7 and 4.8.
Additionally, soils from all Stavely Project drilling sites were sampled for MMI analysis (Figure 4.6) for
further comparison with the available regional datasets (e.g., Mann et al., 2012). These were taken
from a depth of 0 cm to 10 cm.

4.2.3.2 Orientation survey design
Orientation survey profiles were designed to collect samples for IL, MMI and SGH analysis, largely
following SGS recommendations (SGS, 2013). They consisted of single profiles (transects) over
known exploration targets including mineralised zones (STAVELY17 and the Lexington Prospect) and
a geophysical (gravity low) anomaly (Mount Stavely) (Figure 4.6). The profiles were planned as per the
following criteria:
•
•
•
•
•

Sample spacing of 25 m
Samples taken over the target’s centre and beyond to include the hangingwall, footwall or
edges of the mineralised zone
Sampling extended at least 150 m beyond the targets edges to capture the background levels
of analytes
More than 25 sampling sites per profile
Each sampling site exposing at least 40 cm of soil profile

The samples were collected from a consistent depth of 10 cm to 25 cm below the surface from one to
two hand auger holes. The top 10 cm surface soil layer was scraped away with a shovel eliminating
loose organic matter, debris, and any possible contamination. Up to one kg of sample was placed in a
snap-seal plastic bag. Sampling equipment was brushed clean and conditioned with soil from the new
sample site before digging and augering to eliminate contamination from the previous sample site. Site
descriptions and GPS coordinates were recorded in the field.
In total, 176 samples (including ~10 % field duplicates for quality control) were collected:
•
•
•

Fairview South: 63 samples (IL and MMI)
Lexington: 77 samples (IL, MMI and SGH)
Mount Stavely: 36 (IL and MMI)
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TM

TM

Figure 4.4 Location of the orientation surveys obtained for Ionic Leach , Mobile Metal Ion and Soil Gas
Hydrocarbon techniques undertaken as part of the Stavely Project (the orientation survey profiles at Fairview
South, Lexington and Mount Stavely). Background image shows 1:250 000 Victorian seamless surface geology.
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4.2.3.3 Sample preparation
All samples were prepared in the laboratory at Geoscience Australia. The sample preparation
workflow is depicted in Figure 4.5. The adopted workflow was designed to satisfy the requirements of
the intended analytical laboratories and followed direct consultations with the laboratory experts.
After drying in an oven at 40 °C for 48 hours, each sample was homogenised using a Jones-type riffle
splitter to split and remix it several times. If needed, clay clumps in the sample were disaggregated by
breaking them with a pestle. While disaggregating, care was taken not to break up rock fragments or
mineral grains. The samples were further sieved and split into analysis-specific sub-samples as shown
in Figure 4.5, using stainless steel sieves and riffle splitters. Between samples, these were washed
under a tap, blown with compressed air blown and dried in an oven.
All the samples were analysed unmilled.
For quality control, field duplicates (~10%), analytical duplicates, internal standards and certified
reference materials were introduced at regular intervals in the analytical streams.

Figure 4.5 Flowchart of sample preparation undertaken at Geoscience Australia for partial extraction geochemical
analysis.

Regional geology and mineral systems of the Stavely region, western Victoria. Data release 5

29

TM

Figure 4.6 Location of samples obtained for Mobile Metal Ion analyses undertaken as part of the Stavely Project
(the orientation surveys plus drilling sites). Background image shows 1:250 000 Victorian seamless surface
geology.
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4.2.3.4 Sample analysis
Samples from all three profiles were analysed by IL and MMI methods. Only samples from the
Lexington Prospect profile were analysed by the SGH method, as the only profile with blind
mineralisation covered by younger sediments.

4.2.3.4.1 Mobile Metal IonTM analysis
In MMI analysis, target elements are extracted from soils using proprietary weak solutions of organic
and inorganic compounds rather than conventional aggressive acid or cyanide-based digests. MMI
solutions contain strong ligands, which detach and hold metal ions that were loosely bound to soil
particles by weak atomic forces in aqueous solution. This extraction does not dissolve the bound
forms of the metal ions. Thus, the metal ions in the MMI solutions are the chemically active or ‘mobile’
component of the sample. Because these mobile, loosely bound complexes are in very low
concentrations, measurement is by conventional ICP-MS and the latest evolution of this technology,
ICP-MS Dynamic Reaction Cell™ (DRC II). This allows very low detection limits (down to part-perbillion).
The sole provider of the MMI technology is SGS. The samples were analysed at the SGS laboratory in
Perth. A 50 g riffle-split aliquot of each sample was treated with 50 ml of MMI-M (multi-element) extract
in solution, shaken for one hour and allowed to stand for 24 hours. The characteristics and
advantages of this procedure have been described previously (Mann, 2010). An aliquot of this solution
was then analysed by ICP-MS using a DRC II. The solution was analysed for the following 53
elements: Ag, Al, As, Au, Ba, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Hg, K, La, Li,
Mg, Mn, Mo, Nb, Nd, Ni, P, Pb, Pd, Pr, Pt, Rb, Sb, Sc, Se, Sm, Sn, Sr, Ta, Tb, Te, Th, Ti, Tl, U, V, W,
Y, Yb, Zn, and Zr.

4.2.3.4.2 Ionic LeachTM analysis
TM

The rationale of the IL method is very similar to MMI. Ionic Leach is a sodium cyanide leach using
chelating agents ammonium chloride, citric acid and EDTA with the leachant buffered at pH 8.5 (ALS
Minerals, 2013).
The sole provider of the Ionic Leach technology is ALS. The samples were analysed at the ALS
laboratory in Perth. A 50 g aliquot of each sample was treated with 50 g of ME-MS23 (multi-element)
reagent followed by highly sensitive ICP-MS analysis to achieve sub-ppb LLDs. The solution was
analysed for the following 60 elements: Ag, As, Au, Ba, Be, Bi, Br, Ca, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er,
Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, I, In, La, Li, Lu, Mg, Mn, Mo, Nb, Nd, Ni, Pb, Pd, Pr, Pt, Rb, Re, Sb,
Sc, Se, Sm, Sn, Sr, Ta, Tb, Te, Th, Ti, Tl, Tm, U, W, Y, Yb, Zn, and Zr. In addition, three isotopes of
206
207
208
lead (Pb , Pb , Pb ) were also analysed as part of the standard ME-MS23 suite.
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TM

Figure 4.7 Location of samples obtained for Ionic Leach analyses undertaken as part of the Stavely Project.
Background image shows 1:250 000 Victorian seamless surface geology.
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4.2.3.4.3 Soil Gas Hydrocarbon analysis
SGH is a selective analysis of the surficially bound and interstitial hydrocarbon compounds from
surface soil samples over potential mineral or petroleum targets (Appendix 1; Sutherland, 2015).
These hydrocarbons are considered to have mobilised from the target depth and are residues from the
decomposition of bacteria and microbes that feed on the target commodity.
The SGH analysis incorporates a very weak, essentially aqueous leach. The analysis involves the
testing for 162 hydrocarbon compounds in the C5-C17 carbon series range. The samples were
analysed at the Organic Geochemical Department at the Activation Laboratories Ltd. Headquarters in
Ancaster, Ontario, Canada. After the sample extraction, the 162 hydrocarbon compounds are
separated by Gas Chromatography and detected by Mass Spectrometry (GS-MS) at a reporting LLD
of one part-per-trillion (ppt).
The Activation Laboratories in Canada empirically derive 19 classes (groups) of hydrocarbon
compounds characteristic of a specific type of mineralization (e.g., Cu, Au, etc). These classes include
specific alkanes, alkenes, thiophenes, aromatic, and polyaromatic compounds, with concentrations of
the individual hydrocarbons within a class being summed. Specific classes of hydrocarbons have been
successful in delineating mineral (e.g. gold, copper, nickel) targets over 950 m below surface
(Sutherland, 2015). The figures provided in Appendix 1 depict the SGH pathfinder classes indicative
for gold, copper and a redox cell that normally develops over an oxidised copper porphyry body.
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Figure 4.8 Location of samples obtained for Soil Gas Hydrocarbon analyses undertaken as part of the Stavely
Project. Background image shows 1:250 000 Victorian seamless surface geology.
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4.2.4 Sulphur isotope analysis
Stavely Project drill holes with visible sulphides were sampled for sulphur isotope analysis (see Figure
4.9 for all sample locations). Following extraction from drill core by dental drill at Geoscience Australia,
sulphide mineral separates were submitted to the University of Tasmania’s Central Science Laboratory
for sulphur isotope analyses. The samples were combusted with Cu2O using the methods of Robinson
and Kusabe (1975). The quality of analyses was determined by repeated analysis of internal and
34
international standards. Internal galena standards were used for calibration (Broken Hill – δ S =
34
3.2‰; and Tullah – δ S = 15.3‰; all results reported against Vienna-Canyon Diablo Troilite, VCDT).
34
Long-term 1σ reproducibility of δ S in this laboratory is better than 0.2‰.
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Figure 4.9 Location of samples obtained for S isotope analyses undertaken as part of the Stavely Project.
Background image shows 1:250 000 Victorian seamless surface geology.
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4.2.5 Neodymium isotope analysis
To characterise the sources of magmatic rocks, a suite of least altered samples that span the range
geochemical compostions were chosen from drill core for Sm-Nd isotope analyses, which were carried
out at the University of Melbourne, following procedures described in Maas et al. (2005). See Figure
4.10 for sample locations. Whole rock powders (50-70 mg) obtained from prepared drill core were
149
150
spiked with a Sm- Nd tracer and dissolved at high pressure (Krogh-type PTFE bombs in steel
capsules, 2.2 ml 3:1 HF-HNO3 at 160 °C for three days; 6M HCl at 160 °C for one day) until all
samples yielded clear solutions without residue. Sm and Nd were extracted using the two-column
procedure of Pin and Santos-Zaldeugui (1997). Procedural blanks (<0.1 ng/kg Nd) were negligible in
all cases.
Isotopic analyses were done on a Nu Plasma multi-collector ICP-MS with sample introduction via a
low-uptake nebuliser and CETAC Aridus desolvator. Typical signal sizes for unknowns and standards
146
145
were 12-20 V. Instrumental mass bias was corrected by normalising to Nd/ Nd = 2.0719425
146
144
(equivalent to the more familiar Nd/ Nd = 0.7219; Vance and Thirlwall, 2002), using the
exponential law as part of an online iterative spike-stripping/internal normalisation procedure. Data are
143
144
reported relative to the standard La Jolla, Nd = 0.511860. Typical in-run precision (2sd) for Nd/ Nd
is ≤ 0.000012; external precision (reproducibility, 2sd) is ± 0.000020. External precision for
147
144
Sm/ Nd obtained by isotope dilution is ± 0.2%. The quality of analyses was determined by
repeated analysis of international rock and solution standards, which agree with Thermal Ionisation
Mass Spectrometry (TIMS) reference values. For example, the USGS basalt BCR-2 averages
147
144
143
144
Sm/ Nd = 0.1382 ± 2 and Nd/ Nd = 0.512641 ± 24 (n = 74, ± 2sd). εNd values are calculated
147
144
143
144
relative to a model bulk earth (CHUR) composition with Sm/ Nd = 0.1960 and Nd/ Nd =
0.512632 (Bouvier et al., 2008). Nd model ages (TDM1) are calculated with a modern depleted mantle
147
144
143
144
with Sm/ Nd = 0.2129, Nd/ Nd = 0.513145. Two-stage Nd model ages (TDM2) use a default
147
144
upper-crustal Sm/ Nd = 0.1100 for the first stage. Age-corrected initial εNd values have an
-12
uncertainty (2sd) of ± 0.5 units. The Sm decay constant is 6.54 x 10 /yr.
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Figure 4.10 Location of samples obtained for Nd isotope analyses undertaken as part of the Stavely Project.
Background image shows 1:250 000 Victorian seamless surface geology.
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4.2.6 Lead isotope analysis
To establish spatial variations in derived lead isotope parameters, a suite of galena (n = 2) or Pb-rich
(n = 2), pyrite (n = 7) and chalcopyrite (n = 1) samples were obtained from Cambrian-aged rocks
collected from company and project drill core in and just outside of the project area and analysed for
Pb isotope ratios at the University of Melbourne, These new data complement historical analyses (n =
23; all from the Stawell deposit) undertaken at the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) and the University of Melbourne (n = 1; Moyston lode). The CSIRO analyses
applied conventional TIMS to galena and other Pb-rich samples as well as other sulphides, whole rock
206
204
and K-feldspar samples. Typical 2σ errors for these analyses are 0.1% for Pb/ Pb, 0.05% for
207
204
208
204
Pb/ Pb and 0.1% for Pb/ Pb (Carr et al., 1995). The more recent University of Melbourne
238
232
analyses were undertaken using ICP-MS. For pyrite and chalcopyrite analyses, U and Th
concentrations were also determined using isotope dilution and ICP-MS analysis. Long-term 2σ errors
for the University of Melbourne laboratory based on repeated analyses of an internal Broken Hill
206
204
207
204
208
204
galena standard are 0.015% for Pb/ Pb, 0.019% for Pb/ Pb and 0.027% for Pb/ Pb. See
Figure 4.11 for sample locations. Analytical quality at the University of Melbourne was maintained by
repeat analyses of internal standards and lab duplicates.
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Figure 4.11 Location of samples obtained for Pb isotope analyses undertaken as part of the Stavely Project.
Background image shows 1:250 000 Victorian seamless surface geology.
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4.2.7 Chromite analysis
Chromite grains from six petrographic thin sections, from four locations within the Stavely Project area,
were analysed in order to gain insight into the lithologies of the region and their geodynamic affinities.
Three of these locations were stratigraphic drill holes: VIMP6, PRC-04, and STAVELY10, and one
was from the outcropping Williamson’s Road Serpentinite (Figure 4.12).
Chromite chemistry was undertaken by Electron Microprobe Analysis (EMPA) on a Cameca SX100
Electron Microprobe at the Australian National University. Prior to EMPA, sample thin sections were
carbon coated and investigated under a Scanning Electron Microscope (SEM) using EnergyDispersive X-ray (EDX) spectroscopy at Geoscience Australia. Thin sections for EMPA were analysed
in pairs, and calibrated against a standard chromite sample. The standard used was a chromite from
Tiebaghi Mine in New Caledonia (sample number USNM 117075). A total of 111 spots were analysed
across six samples, of which 92 returned valid results. Each spot was analysed for Mg, Si, Al, Ti, Cr,
Fe, and Ni. All results were checked against the calculated LLDs, with those results below LLDs
removed from the dataset. Also removed were spots where totals did not reasonably approximate
100%.
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Figure 4.12 Location of samples obtained for chromite analyses undertaken as part of the Stavely Project.
Background image shows 1:250 000 Victorian seamless surface geology.
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4.2.8 Pyrite analysis
To fingerprint the characteristics of different mineral deposits and occurrences in the Stavely Arc, a
suite of samples were collected from mineralised intervals in STAVELY07 and STAVELY17, and the
Wickliffe prospect (Figure 4.13). In situ pyrite analyses on polished blocks were undertaken at the
University of Tasmania using LA ICP-MS (on a Resonetics, 193 nm wavelength, laser ablation system,
coupled with an Agilent 7700s ICP-MS). The analytical routine involved both quantitative spot
analyses and semi-quantitative raster analyses of pyrite grains for Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo,
Ag, Cd, Sn, Sb, Te, W, Au, Tl, Pb, Bi, Th and U. For the spot analyses, the laser beam size was 33
µm. Further details of the analytical methods can be found in Large et al. (2009) and Appendix 4.
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Figure 4.13 Location of samples obtained for pyrite trace element geochemistry analyses undertaken as part of
the Stavely Project. Background image shows 1:250 000 Victorian seamless surface geology.
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5 Data included in this release

5.1 Appendices
This release includes data for each of the methods described in this report. Data, laboratory files and
associated consultants and scientific reports are included as digital appendices to this report and are
available from Geoscience Australia. The following appendices are included in this release:
Appendix 1: SGH Report. “A spatiotemporal geochemical hydrocarbon interpretation” Geoscience
Australia Stavely SGH Soil Survey by Sutherland (2015) of the Organic Geochemical Department at
Activation Laboratories Ltd., in portable document format (.pdf).
Appendix 2: Chromite Report. “Chromite petrology in the Stavely region, western Victoria” by Bailey
et al. (2016) in portable document format (.pdf).
Appendix 3a: Pyrite Report. “Geochemical fingerprinting of pyrite in the Stavely district, western
Victoria” by Steadman and Large (2015) in portable document format (.pdf).
Appendix 3b: Pyrite Characterisation Report. “Geochemical study of pyrite from the Stavely district,
Western Victoria (including Wickliffe, Thursday’s Gossan, and Eclipse)” by Steadman and Large
(2015) in portable document format (.pdf).
Appendix 4: Whole Rock Geochemistry. Whole rock data in comma separated values (.csv) format.
Appendix 5a: Four Acid Digestion Analysis. Four acid digestion data in comma separated values
(.csv) format. This file also contains Au measured by fire assay (as labelled in file).
Appendix 5b: Four Acid Digestion Analysis Laboratory File. Laboratory file in excel file (.xlsx)
format containing original data, laboratory replicate samples, standards and relevant metadata.
Appendix 6: Ionic Leach

TM

Analysis. IL data in comma separated values (.csv) format.

Appendix 7a: Mobile Metal Ion
TM

TM

Analysis. MMI data in comma separated values (.csv) format.
TM

Appendix 7b: Ionic Leach and Mobile Metal Ion Laboratory File. Laboratory file in excel file
(.xlsx) format containing original data, laboratory replicate samples and relevant metadata.
Appendix 8a: Soil Gas Hydrocarbon Analysis. SGH data in comma separated values (.csv) format.
Appendix 8b: Soil Gas Hydrocarbon Laboratory File. Laboratory file in excel file (.xlsx) format
containing original data, laboratory replicate samples and relevant metadata.
Appendix 9: Sulphur Isotope Analysis. S isotope data in comma separated values (.csv) format.
Appendix 10: Neodymium Isotope Analysis. Nd isotope data in comma separated values (.csv)
format.
Appendix 11: Lead Isotope Analysis. Pb isotope data in comma separated values (.csv) format.
Appendix 12: Chromite Analysis. Chromite EMPA data in comma separated values (.csv) format.
Appendix 13: Pyrite Analysis. Pyrite ICP-MS data in comma separated values (.csv) format.
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5.2 Definitions
The following list is a brief description of terminology and initialisms used in Appendices 4 to 13.
bdl

below detection limit

carb

carbonate

ccp

chalcopyrite

copper class

An SGH group of hydrocarbon compounds specific for copper mineralisation (see a
definition of the “SGH class” below).

δ S

A measurement of 34S/32S in a sample referenced to the equivalent ratio in a
known standard.

εNd i

Epsilon Nd initial. Nd/ Nd in the sample, normalised in parts per ten thousand
to the chrondritic value (bulk earth), at time T (usually magmatic age).

εNd now

Epsilon Nd now. Nd/ Nd in the sample, normalised in parts per ten thousand to
the chrondritic value (bulk earth) at time T=0.

Entity No.

Unique identifier within the Geoscience Australia database. Usually pertains to a
field site, drill hole, or location.

ep

epidote

gal

galena

gold class

An SGH group of hydrocarbon compounds specific for copper mineralisation (see a
definition of the “SGH class” below).

kaol

kaolinite

MLOI

Measured Loss on Ignition

N/A

Not Available

NR

Not Recorded

py

pyrite

qtz

quartz

redox class

An SGH group of hydrocarbon compounds specific for identification of redox cells
developing above hypergene alteration of ore bodies (see a definition of the “SGH
class” below).

Sample ID.

Non unique identifier assigned by user. Only utilised in cases where either Sample
No. or Entity No. is missing.

Sample No.

Unique identifier within the Geoscience Australia database. A sub- classification
always associated with an Entity No. (see above). There can be multiple Sample
No. associated with a single Entity.

SGH class

An empirically derived template (group) of hydrocarbon compounds characteristic
of a specific type of mineralisation. In general 162 hydrocarbon compounds are

34
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143

144
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split into 19 SGH subclasses, including specific alkanes, alkenes, thiophenes,
aromatic, and polyaromatic compounds. The concentrations of the individual
hydrocarbons within a class are summed.
ser

sericite

sil

silicate

sph

sphalerite

sulph

sulphide

TDM1

Single stage depleted mantle model age, calculated using Sm/ Nd and
144
Nd/ Nd ratios (present day values) and extrapolating back through time until
144
143
time TDM (model age) when the Nd/ Nd ratio of the sample is equivalent to that
of the model depleted mantle growth curve.

147

143

143

TDM2

Two stage depleted mantle model age. Same calculation as for TDM1 except that
147
143
Sm/ Nd is set to an assumed value at time T, then extrapolated back (using
144
143
new ratio) until time TDM2 (model age) when the Nd/ Nd ratio of the sample is
equivalent to that of the model depleted mantle growth curve.
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