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Fieldwork in Serpentine Bay
on Hannan’s Lake about
10 km south of Kalgoorlie

LEADER’S COMMENT

UNLOCKING
AUSTRALIA’S
MINERAL
POTENTIAL

Mr Jonathan Law, Director
CSIRO Mineral Resources

When it comes to delivering the metals that will underpin the global
transition to renewable energy, Australia is well positioned to be the
global lead. At CSIRO, we aim to catalyse the journey for Australia to
unlock this potential. JONATHAN LAW writes
In this edition of Resourceful, we
focus on the power of partnerships.
This approach was recently on display
at our annual Resources Innovation
Showcase event in Perth highlighting
new exploration tools that will lead
to new Australian discoveries by
our partners.
At the national scale, geophysics provide
a foundational data set for exploration
through cover, with Australia holding
some of the best and most extensive
data coverage in the world. In the
Gawler Craton, an innovative approach
to data selection is enabling better
target definition to deliver additional
value from regional surveys. These same
surveys support water discovery
and management in Australia’s
outback supporting sustainable
regional communities.
At the regional to prospect scale,
exploration success depends on the
right technology being applied in the
right way to minimise wasted effort and/
or lost opportunities. Our partnership
with Gold Road Resources in the Eastern
Yilgarn of Western Australia is delivering
exploration tools to explore under
the vast expanse of dessert sands in
the region.

These studies combine landscape
evolution with an understanding of
anomaly formation to generate high
quality targets for exploration and can
be applied in any new or challenging
exploration domain.
Nickel sulphides present small
but attractive exploration targets.
The Kambalda discovery is legendary
in the industry but finding the next
deposit of this type is likely to be a lot
harder. Indicator minerals provide an
exciting opportunity to bridge the gap
between drilling and the fertility of
intersected horizons.
This approach is now a key part of
testing the fertility of kimberlite
pipes for diamonds and advances in
technology now make it possible to look
for signals in magmatic nickel systems
using chromite, magnetite, pyroxene,
olivines and arsenides. This research is at
an exciting stage where we are testing
the concepts with a growing network
of explorers.
In many critical battery metals,
mineralogy and metal deportment is as
important as grade in assessing value.
CSIRO is partnering with industry in the
newly discovered WA Manganese belt
to explore the complex mineralogy of
manganese to define the most attractive
deposits and identify successful
processing options.

Fast and accurate geochemical data is
essential for exploration. Laser Induced
Breakdown Spectroscopy (LIBS) is
used on NASA missions to analyse
lunar and martian rocks and regolith.
This technology is now being developed
in partnership with an Australian gold
producer, Northern Star Resources, to
analyse core samples from mining sites
using high powered lasers. These data
will inform exploration decisions and
provide unprecented clarity for deposit
and resource models.
Each of these examples relies on our
partners to focus innovation on the
issues that matter to them – this keeps
our research portfolio relevant and
well‑positioned to unlock the next
generation of resource discoveries
in Australia.
These discoveries in turn provide the raw
materials and downstream commercial
opportunities to put Australia at the
forefront of the global transition to
renewable energy.
MR JONATHAN LAW
DIRECTOR, CSIRO MINERAL
RESOURCES
+61 3 9545 8316
jonathan.law@csiro.au
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NEW INDICATOR MINERALS

POINTING THE WAY:
USING NEW
INDICATOR
MINERALS IN THE
NICKEL HUNT
Finding the next
Kambalda, home of
Australia’s sulfide nickel
mining industry, will
be a lot harder than
the original discovery,
but to aid the process
a new indicator
mineral exploration
technique is emerging
from CSIRO research.
TIM TREADGOLD reports
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Back in the 1960s nickel at Kambalda
was discovered the old-fashioned way
with nickel-rich surface rock samples
(gossans) providing the encouragement
for a drilling campaign which returned a
world class 8.3% nickel over a 2.75 metre
intersection in the first hole.
Within 12 months of the discovery, shaft
sinking had started and the Kambalda
nickel industry was born, and continues
to operate – though the era of kicking
a surface rock and finding a nickel-rich
gossan is almost certainly over.
New ways of discovering nickel,
especially in its most keenly sought‑after
form as a sulfide, are needed with an
indicator mineral technique similar
to that used in the hunt for diamonds
showing considerable potential.

Diamond explorers were among the
first to notice that near-surface indicator
minerals, such as garnet, chromite
and ilmenite, could lead them to their
deeper target, while nickel explorers
wanting to ‘see’ beneath the surface
mainly used geophysical tools such
as electromagnetic surveys followed
immediately by drilling.
That could change as three years of
laboratory research starts to move into
the field following a call for mining
industry engagement in a collaborative
project focused on case studies.
Louise Schoneveld, a CSIRO research
scientist specialising in ore deposit
petrology, said the laboratory work had
been refined to a point where it was
ready to be more broadly tested.

While indicator minerals were first used in diamond
exploration advances in technology made it possible
to look for signals in magmatic nickel systems.
Dr Louise Schoneveld, CSIRO
“The aim is to develop practical and
useful tools based on indicator minerals
to help discover magmatic nickel
systems,” Dr Schoneveld said.
Those systems, such as the komatiite
structures around Kambalda, are the
remnants of highly liquid lava flows
and are one of the best sources of
the sulphur rich nickel preferred
by companies making batteries for
electric vehicles (EVs).
Nickel, which is currently used mainly
in the production of stainless steel, can
be obtained from other sources, but
it is sulfide nickel which has emerged
as a key ingredient in the chemistry of
long‑life, rechargeable EV batteries.
Measures of the importance of sulfide
nickel can be found in comments from
Elon Musk, founder of electric vehicle
maker Tesla, and revitalised interest in
nickel at Australia’s biggest resources
company, BHP.
“A shortage of nickel is our biggest
concern,” Musk said earlier this
year when talking about Tesla’s
expansion plans, a comment which sits
perfectly alongside BHP’s vision for
nickel as one of its preferred ‘future
facing’ commodities.
The challenge for explorers is that sulfide
nickel deposits, often found in magmatic
nickel systems (cooled volcanic lava),
are not as common as other sources
of nickel, such as material found in
near-surface, low sulphur, laterite and
saprolite deposits.

Converting the nickel found in low
sulphur orebodies into a product
suitable for use in batteries is technically
challenging and while there are reports
of a new process being developed in
China and Indonesia the preference
of battery makers is likely to remain
with nickel from the high sulphur
magmatic orebodies mined in Australia
and Canada.
Dr Schoneveld said the work of her
team was based on analysing chemical
signatures trapped in the crystal
structure of certain minerals with
those signals potentially pointing to
the formation of mineralisation in
a particular location and whether it
is favourable for intrusion hosted or
komatiitic sulfide deposits.
“We have been measuring and
observing these signals in the lab over
the past few years and now we’re ready
to test our work in the field,” she said.
“What we need are corporate partners
to determine the robustness and
practical use of known indicators to see
whether they lead to an ore deposit.”
Dr Schoneveld said most nickel explorers
applied tried and proven techniques
which started with coarse geophysics
followed by fine geophysics and then
straight to drill.
Missing from the tool kit of magmatic
nickel sulfide explorers is a geochemical
process to complement data
collected by geophysical devices such
as electromagnetics.

In effect, geochemistry is a missing link
which analysis of indicator minerals
using recently development technologies
can now provide.
“What we’re trying to do is fill the gap
between geophysics and drilling by
looking for and analysing minerals which
might indicate a sulfide nickel deposit,”
she said.
“We’re using the indicator mineral
theory by looking for chromite,
magnetite, pyroxene, olivines
and arsenides.
“By looking at the chemical signals
from those minerals we’ve proven
in a laboratory setting that the
theory works in that we can see
the difference between barren and
mineralised systems.
“So far, the cases we’ve look at are
all binary, which means identifying
that one sample is mineralised while
another is not through a comparison of
indicator mineral.
“Doing that in a lab is encouraging,
but now it’s time to undertake more
extensive testing in the field.”
Dr Schoneveld said that while indicator
minerals were first used in diamond
exploration advances in technology
made it possible to look for signals in
magmatic nickel systems.
Technologies being applied in the nickel
sulfide search include laser ablation,
X-ray fluorescence (XRF) and laser
inductive breakdown spectroscopy (LIBS).

Fieldwork in Serpentine
Bay on Hannan’s Lake about
10 km south of Kalgoorlie
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Dr Louise Schoneveld
at the XRF beamline
at the Australian
Synchrotron to
develop tools for
use with desktop
XRF technologies

Those technologies represent
unprecedented analytical advances over
the past decade permitting accurate and
precise determination of trace element
concentrations in mineral phases from
heavy minerals resistant to weathering
which will enable new pre-screening
techniques as well as a reduction in
sample volume.
“Testing potential indicator minerals
with the new tools will provide a faster
and easier flow of information to better
target more detailed exploration,”
Dr Schoneveld said.

Core of dunite,
olivine is one of the
possible indicators
being tested
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Describing herself as a ‘lab rat’ after
three years of working on signals
emitted by potential nickel sulfides in
magmatic structures Dr Schoneveld said
it was time to turn them into something
of practical value.
A number of nickel explorers have
already indicated that they are keen
to work with the CSIRO team to get a
greater understanding of the technology
and how it might be applied to
their projects.

But Dr Schoneveld said there was
room for additional partners so that
a broad‑based data set could be
developed to demonstrate to the
exploration industry that there is a new
technology emerging to help with the
search for magmatic nickel systems.
For more information contact:
DR LOUISE SCHONEVELD
RESEARCH SCIENTIST, CSIRO
MINERAL RESOURCES
louise.schoneveld@csiro.au

RAPID MINERAL ANALYSIS

NEW CSIRO PROJECT
AIMS FOR RAPID
MINERAL ANALYSIS
ON AUSTRALIAN
MINING SITES

Dr Adam Bath,
CSIRO Principal
Research Scientist

It’s the analytical technique that has been
successfully used to study Martian terrain for
almost ten years… and it’s about to be deployed
a little closer to home. RUTH DAWKINS reports
Laser Induced Breakdown Spectroscopy
(LIBS) is a rapid chemical analysis tool
that is used to detect and characterise
materials. By focusing a powerful laser
pulse onto the surface of solid, liquid or
even gaseous matter, and then analysing
the emission spectra from the resulting
microplasma, it becomes possible to
determine the elemental composition of
the sample.

One key difference between the two
approaches is that unlike SEM, LIBS
doesn’t require any pre-treatment of
samples. Instead, the analysis can take
place in situ without any polishing
required. Removing the need for
transportation, labour and laboratory
costs means the technology has the
potential to provide significant economic
savings to mining companies.

CSIRO, in partnership with Australian
gold producer Northern Star Resources,
is embarking on an exciting new
project that will utilise LIBS technology
to analyse core samples from mining
sites, before developing highly detailed,
accurate mineral maps with the
resulting data.

According to CSIRO’s Dr Adam Bath,
a research scientist specialising in
hydrothermal footprints, that ability to
process samples more rapidly means
that LIBS could revolutionise Australia’s
mining industry.

LIBS has a number of significant
advantages over other mineral mapping
tools such as Scanning Electron
Microscopes (SEM). As evidenced by its
use on Mars, it’s a robust and portable
technology, suitable for use in the field.
Crucially though, it’s also a much faster
technique: an analysis that would take
1.5 hours using SEM might take just
five minutes using LIBS.

“Until recently there has been something
of a disconnect between mineral system
research and mineral exploration
because the required technology
simply hasn’t been there. With previous
approaches to mineral mapping, where
we’ve needed to collect samples and
take them back to the laboratory for
processing, it has sometimes taken
as much as 6 or 12 months for the
resulting information to flow back to
the company. But if we can get to the
stage where we have instruments on
site providing real time data, that will
lead to much faster and more efficient
decision making.”

The initial project with Northern Star is
due to last for one year, with the aim of
getting the LIBS instrument operating at
a level where it can be used effectively
on Australian mining sites. According to
Dr Bath, the hardware itself is already fit
for purpose, but there is still some work
to be done refining the software, building
up mineral libraries, and ensuring that the
enormous datasets are being processed
as quickly and efficiently as possible.
If that work is successful, then Dr Bath
believes it will lead to a fundamental shift
in the role of geologists working with
mining companies.
“If we can accelerate the in-situ analysis of
rocks for quantified mineralogy, then that
frees up geologists to focus on geology.
Rather than processing and recording
measurements, they’re able to engage in
more critical thinking about the minerals
and alteration patterns. Real time data
opens up conversations about where to
sample, how much to sample, and allows
you to take a different approach based
on what you’re seeing at that particular
moment.”
A further benefit of the LIBS approach is
that it will lead to much more consistent
analysis, meaning that the resulting
data can be used with confidence by
the industry.
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On-site core logging in the Kundana
area of the eastern goldfields,
Western Australia

“There are a lot of very good industry
geologists,” says Jamie Rogers, Northern
Star’s General Manager for Exploration.
“But the subjective nature of the
work leads to inconsistencies.
Mapping alteration patterns, especially
in gold systems, can be very complex.
You can’t always physically differentiate
subtle changes in mineral species, so
having the ability to do an accurate
analysis of a sample very quickly
and then use that information to
map alteration mineralogy in three
dimensions will be hugely valuable.”
The LIBS project isn’t the first
collaboration between CSIRO and
Northern Star, but Jamie Rogers believes
the work is a natural follow-on from
previous initiatives.

“We’ve been working on mapping
mineral systems with CSIRO for many
years already, using lab-based tools
like SEM and TIMA,” he says. “But for
all this time we have been waiting for
a practical tool that can be used in a
high‑production mine environment.
Dr Bath deserves a lot of credit for his
drive to expand the use of LIBS beyond
the manufacturing sector and into
mining and minerals.”
It’s clear that despite his role as a
fundamental geochemist, Dr Bath
believes strongly in taking research
science out of the laboratory and
putting it into the hands of industry
where it can be put to good use.

“I definitely think this application of
LIBS has the potential to be disruptive
technology,” he says. “Key to that
is the ease of use. Analysing a core
sample with LIBS is like putting a cup
in a microwave. The instrument itself
can be operated by a fieldhand, and
it can be working pretty much round
the clock. The exciting part is when we
see the resulting data in the hands of
the mining industry so they can make
their exploration activities as efficient
as possible.”
DR ADAM BATH
+61 8 6436 8690
adam.bath@csiro.au

Real time data opens up conversations about
where to sample, how much to sample, and
allows you to take a different approach based
on what you’re seeing at that particular moment.
Dr Adam Bath, CSIRO
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FUTURE BATTERY METALS

SECURING THE MINERAL
SUPPLY FOR FUTURE
BATTERIES – NOW
The batteries powering a
decarbonised world will need
millions of tonnes of minerals
to make them, and yet many
suitable resources are scarce.
Manganese has emerged as a
suitable and plentiful battery
metal resource, but where are the
best fit‑for-purpose deposits?
CSIRO researchers are working
to discover the answers.
JANE NICHOLLS writes

Across the history of resources exploration, manganese has
“received very little attention in the research and development
space”, says Dr Sam Spinks, Senior Research Geoscientist and
Team Leader, Minerals and Water at CSIRO Mineral Resources.
“Partly because it’s been a relatively inexpensive commodity,
it’s not been seen as a high-value ore by explorers,” explains
Dr Spinks.
Now manganese is about to come into its own as a critically
important mineral for battery production.
The northwest of Western Australia is already known to
be particularly well-endowed with this hot commodity.
Now sophisticated exploration and analysis efforts are
underway to identify where manganese deposits of the
right composition lie.

IMAGE: The CSIRO team exploring a
massive manganese ore ridge north of
Mount Augustus, WA
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A key element for energy transition
Batteries are an essential part of global energy‑transition
efforts, and demand for battery minerals is
growing exponentially.
“If we’re going to have batteries in every truck, car, home,
office, factory, street – everywhere,” says Dr Spinks.
“Manufacturing them will require an enormous amount of
metal, and I can’t envisage the existing ‘popular’ battery
metals – nickel and cobalt – meeting that demand growth.”
To date battery metals such as nickel, cobalt and lithium have
been the primary focus for explorers and researchers.
“The cost of these minerals has been one of the barriers to
battery uptake,” explains Dr Spinks. “Numerous improvements
in manufacturing technology have reduced the cost of
lithium-ion (Li-ion) batteries, but the unchangeable part
of the equation is that metals cost what they cost (on the
commodities market) and nickel and cobalt cost tens of
thousands of dollars a tonne. We have even seen cobalt rise
above $120,000 a tonne in the past few years! What drives
these prices for cobalt is that it’s very rare, and also that
it often occurs in association with harmful elements such
as arsenic.”

Could this signal the end of cobalt?
This geological scarcity of cobalt, coupled with the fact
that much of the global reserves of the mineral lie in the
Democratic Republic of Congo, where there are serious
environmental and humanitarian concerns, is leading
many companies to “design cobalt out of their batteries”,
says Dr Spinks.
At Tesla Battery Day in September 2020, chief executive
Elon Musk revealed that the company is moving to
high‑purity‑manganese as a primary raw material for its
batteries, and that batteries made in its new manufacturing
plants will contain one-third manganese, two-thirds nickel and
zero cobalt.

A bulk-commodity mineral for
future batteries
The West Australian government’s Future Battery Industry
Strategy aims to have the state positioned as a world-leading
producer and exporter of future battery minerals, precursor
chemicals and technologies by 2025.
“This is a gigantic challenge, also supported by the Future
Battery Industries CRC, in which CSIRO is an associate
participant,” says Dr Spinks. “The ambition is to develop a
massive new battery industry for Australia that captures the full
value chain from mineral exploration, mining, to manufacture
on a massive scale for the global market, and to do that
we need to produce a bulk commodity. Manganese can fill
this role.”
The good news is that “Australia is uniquely placed to access
those manganese resources cheaply and easily,” says Dr Spinks.
The challenge is to identify manganese ore deposits of
high quality and in the right mix. Unlike iron ore, explains
Dr Spinks, there is a complex range of manganese minerals,
and all need to be processed differently, particularly for
battery manufacture.
Because of the historic low interest in manganese when its
value was only $8–$10 a tonne, Dr Spinks says that while
“We know we have gigantic manganese resources in Australia,
we currently don’t understand what that total resource in terms
of overall tonnage is like across the continent, just that there
is lots.”
The growing value of the resource, especially high-purity
manganese sulphate and manganese oxide – critical
precursor components for Li-ion batteries – is an incentive to
change that.

Collaborating to speed discovery
and understanding
CSIRO Mineral Resources is partnering with miners
who are eager to realise this business opportunity, as
well as appreciating the mineral’s importance in the
decarbonisation race.
“It will require manganese explorers to join forces with us as
well as some of the larger players, too, to really understand
what and where the manganese resources are in Australia.”
CSIRO are planning a large collaborative project involving
industry that will seek to understand the range and
distribution of manganese ore minerals across WA, and gain a
better understanding of the ore forming processes in order to
target higher ‘battery quality’ manganese deposits.
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The ambition is to develop a
massive new battery industry
for Australia that captures
the full value chain from
mineral exploration, mining,
to manufacture on a massive
scale for the global market,
and to do that we need to
produce a bulk commodity.
Manganese can fill this role.
Dr Sam Spinks, CSIRO

Dr Spinks assessing a
high-grade manganese
ore outcrop south of
Newman, WA

Investigating the rich belt of
manganese in WA

Critical scientific discoveries advance
future exploration

Dr Spinks and the CSIRO Mineral Resources (Discovery) team
also worked on the Capricorn Distal Footprints Research
Project, which successfully identified a ‘WA Manganese Belt’.
The next step is gaining a better understanding of the makeup
of the deposits.

A few years ago, Dr Spinks was a lead scientist in a CSIRO
collaboration with Stanford University to study the formation
of manganese deposits throughout geological history, and why
there is so much manganese in the Capricorn Oregon zone
of WA.

“CSIRO has also been working on how to process manganese
ore into a battery metal precursor chemical, using the
least number of steps, with the lowest CO2 footprint,”
says Dr Spinks.

This work supported their hypothesis that, contrary to prior
beliefs that the earth was anoxic during the period, there was
“strong enrichment of oxygen in the atmosphere and oceans”
1.1 billion years ago, allowing for manganese to be deposited.

“To do that, we need a fundamental understanding of what
the different manganese minerals are and, in doing so, we
learn about how these ore deposits are formed, the broader
exploration implications and we ultimately model where we
can predict high-quality manganese ore deposits. We need the
best mix of minerals for processing techniques, with as few
contaminants or deleterious trace elements as possible, and
requiring the least energy to process into a battery precursor.”

The discoveries from that work are now helping them, he says,
“unravel what has happened since then – such as how these
deposits become enriched to the point that they’re ore grade”.

This push to assemble new information and interrogate old
data sets is crucial research to uncover the all-important first
step of the value chain for Australia’s domestic supply of future
battery minerals, as well as export resources.

Understanding those processes is critical to understanding the
makeup of manganese minerals in the ground.
“We’ve unravelled the first part of the puzzle, understanding
the big change in oxygen. The next part is more complex:
working out where, and what the manganese minerals are in
the orebodies today.”
DR SAM SPINKS
+61 8 6436 8590
sam.spinks@csiro.au
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GAWLER CRATON AIRBORNE SURVEY

FINDING THE
SWEET-SPOT WITH
AEROMAGNETICS
The Nullarbor Plain is famous for having one of the longest
straight roads in the world, but it is beneath the ground that
new frontiers are beginning to open up. TIM CONNELL writes
Across the border and east of the
plain’s famous 90 Mile Stretch, in
South Australia, yawns the Gawler
Craton. At about 440,000 square
kilometres, it is the oldest and largest
geological province in the state. It is
also the site of one of the largest
airborne geophysical survey ever
carried out.

The significance of this geophysical
visualisation is critical to anyone with
an interest in finding mineral deposits
in Australia, where the adage ‘needle
in a haystack’ is rarely adequate.
Deposits are not just small targets.
They can be locked underground
with little or no surface expression to
provide a clue.

The Gawler Craton Airborne Survey,
concluded in 2019, was led by the
South Australian government and
Geoscience Australia. But the record
undertaking, which surveyed more
than 1.66 million line kilometres, was
supported by expertise from CSIRO
Mineral Resources. The resulting
products and reports will light the way
into the craton for mineral explorers.

The search for minerals, says
Clive Foss, Senior Principal Research
Scientist with CSIRO Mineral
Resources, often relies on remote
sensing. The most widely used
method is aeromagnetics, or mapping
a magnetic field resulting from
magnetisation beneath the surface
using aircraft.

In Australia, miners and other
explorers with little surface exposure
of mineralised subterranean basement
use the resulting images of magnetic
field variations as proxies for
geological maps. State and territory
governments routinely fly surveys,
typically at line spacings of one
hundred to four hundred metres,
and elevations of 50 to 80 metres.
Private companies can then fly more
detailed surveys of their tenements
at tighter line spacings and lower
elevations to improve resolution.
“What we’re doing is physics;
geophysics is physics in its application
to the earth,” Dr Foss says.

Aircraft contracted for
the Geological Survey
of South Australia
(GSSA) to undertake
aerial surveys above
the Nullarbor Plains
are specially fitted with
magnetometers situated
in ‘stingers’ (long arm
off back of aircraft) to
remove the sensor form
the metal and electrical
currents of the aircraft.
© Geological Survey of
South Australia (GSSA)
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In the Gawler Craton Airborne Survey, CSIRO Mineral
Resources generated more than 4,600 hand-crafted
sweet-spot depth estimates, piecing together the
most comprehensive study of its kind ever undertaken.
Dr Clive Foss, CSIRO

“Mapping the magnetic field
variations we measure in the air
reveals the position of magnetisation
in the rocks beneath the ground but
we still have a lot of work to estimate
how deep they are. This ‘inverse’
problem of estimating the source
from the measured field is a major
challenge with no assurance that the
answer we get is correct.
There are many ‘quick and easy’
methods to get an answer but
CSIRO Mineral Resources has
developed a robust method to
give at least the highest chance
of being correct. We term this the
‘sweet‑spot’ method.”
The sweet-spot method is prone to
non-uniqueness just like any other,
however, seeks better solutions by
selecting only the best data, which are
our ‘sweet spots’. Individually, these
are only small packets of data and we
can run intensive computations on
them quite quickly.
“We liken this method to a climbing
wall where you’re only allowed to use
the specific hand and footholds, with
no assistance from the large areas of
smooth wall to which those holds are
attached,” Dr Foss says.

In the Gawler Craton Airborne Survey,
CSIRO Mineral Resources generated
more than 4,600 hand-crafted
sweet-spot depth estimates, piecing
together the most comprehensive
study of its kind ever undertaken.
The fruits of that work, from raw
data to models, have all been
made available for download. It is a
monumental resource that lets users
investigate and test depth estimates
and incorporate them into more
interpretive geological models.
The exercise has greatly enriched
the pool of primary magnetic field
data, Dr Foss says, “for only an
incremental cost”.
In March 2021 the Gawler Craton
Airborne Survey released troves of
such digital riches; anyone interested
in radiometric and elevation grids
can download packages compiled by
the South Australian government and
CSIRO laden with magnetic data and
models of depth to prospective rocks.

These depths are essential for
planning drill programs. Mineral
companies generally look for
shallower depths that can be
economically tested by drilling.
Petroleum companies whose
prospective ground is mostly above
the strongly magnetised basement
rocks prefer greater depths.
Magnetic source depth estimates
can also be used in groundwater and
engineering studies.
The methods honed by CSIRO, while
designed for resource identification,
are already equipping Australia and
the world for clean energy. There is
a global urgency to discover battery
metals such as lithium, nickel,
manganese and cobalt, and accurate
mapping will be critical.
The Gawler Craton also has some of
the world’s largest copper mines and
will aid in equipping Australia’s future
energy needs.
DR CLIVE FOSS
+61 2 9413 7813
clive.foss@csiro.au

Aircraft undertaking magnetic
surveys over the Nullarbor © GSSA
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GEOCHEMICAL VECTOR TOOL

TARGETING GOLD
UNDERCOVER WITH
GEOCHEMISTRY

A lack of exposure and poor
understanding of the land has
historically inhibited focused gold
exploration in the Northern Territory.
CSIRO researchers have developed
the go-to geochemical vector tool to
help exploration companies seeking
gold undercover in the Territory’s vast
Tanami region. LOUISE POBJOY writes

The Tanami region is an extensive stretch of land on the border
between the Northern Territory and Western Australia, with a
history of mining dating back more than a century.
The region is known for gold mineralisation hosted in ancient
volcaniclastic-sedimentary and mafic rocks.
However, locating that gold has proven challenging for local
exploration companies due to the lack of exposure.

Prodigy Gold in the Tanami
In 2017, one of these companies, Prodigy Gold, approached
the CSIRO to help them better understand the complex Tanami
geology and target their gold exploration undercover.
CSIRO Senior Scientist, Dr Susanne Schmid, headed the team
that developed the unique geochemical vector in response to
this request.
“When we started, there were a lot of known gold occurrences
in that region, usually identified by soil anomalies containing
pathfinder metals that can occur with gold,” Dr Schmid says.
“But not much was known about the geology and what
controls the mineralisation because of the lack of exposure.”

The Tanami region makes exploration
challenging due to the sparse rock
outcrops and flat, featureless landscape

12
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Because this type of vector is adaptable, it
could be used in any region around the world
to help locate any commodity undercover –
as long as you have a good knowledge and
understanding of the area and how it works.
Dr Susanne Schmid, CSIRO

Developing geochemical vectors

Creating the Tanami gold vector

The CSIRO team developed the Tanami gold vector in-house,
tailoring existing vectors to fit the geochemical makeup of
the region.

To create the Tanami geochemical vectors, the CSIRO
team used the local drill core data to interpret the type of
environment the volcaniclastic-sedimentary rocks formed in
and identify the variations in facies.

“We have developed geochemical vectors over the past
10 years, mostly targeting copper,” Dr Schmid explains.
“You can apply them for different target types, but they have to
be adapted towards the geology in different regions.”
Essentially, geochemical vectors are composed of the different
elements that make up a particular rock type or ore deposit
signature and how it formed, creating a ‘fingerprint’ for it.
That fingerprint is then compared with samples to
systematically locate rocks likely to host a particular
commodity undercover.
The vector can also be integrated with geophysics and
structural geology to make data more meaningful.

The team then defined relationships between rock units,
revealing that a particular rock type was most likely to host
gold mineralisation.
Dr Schmid explains such geochemical vectors are useful when
no visual observation of the rocks can be made.
“You can use geochemistry, instead of seeing the actual
textures, to define lithology,” she says
“We can then say there’s a particular lithology that hosts more
gold than others, and so you have a vector where it tells you
this is a unit predicted to host gold.”
Geochemical vectors can also be plotted on a map to show
geographic trends of rocks most likely to host gold.
“Explorers use vectors to identify different rock types and
where they are geographically. They can use that map
for understanding geology better and for targeting their
exploration,” Dr Schmid explains.
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The flat landscape of the Tanami
region in northern Australia

Geochemical vectors can
reduce drilling
Even though exploration companies still need to drill, they
need to drill fewer holes.
This reduces risks around drilling and makes it easier, faster
and cheaper for companies to locate areas of interest and
target their commodity despite it being undercover.
“Before, they’ve got to drill and analyse for gold, and they
see some anomalies, but this didn’t narrow the search space,”
Dr Schmid says.
“But if you have geochemical vectors, you see where your few
metres-wide target zone might occur.”
Another benefit of this vector is that it was designed so
companies can use it independently, without relying on a third
party or needing extra knowledge or information.
“Companies are happy that we did the knowledge transfer,
they’re not relying on us to do that for them, they can do it
themselves,” Dr Schmid says.
However, it’s important to remember this vector doesn’t
guarantee gold will be found.
Instead, Dr Schmid explains the vector “is like part of a recipe –
the host rock is one ingredient, but it doesn’t mean that there’s
gold if you haven’t got all the other ingredients.”
So far, industry interest in geochemical vectors is strong, with
other exploration companies trialling it themselves.

Explorers finding value using vectors
In fact, once neighbouring company Northern Star Resources
saw how effective it was for Prodigy Gold, it asked the CSIRO to
apply the vector to several of its own prospects.
“We worked very closely with them and greatly improved our
geological understanding of the region. It is the go-to tool in
the Tanami region now,” Dr Schmid says.

The go-to tool in the Tanami
Because this type of vector is adaptable, Dr Schmid believes it
could be used in any region around the world to help locate
any commodity undercover – as long as you have a good
knowledge and understanding of the area and how it works.
Although the vectoring tool has helped exploration companies
locate areas that might host gold, it doesn’t tell them how the
gold is distributed in rocks in a deposit.
Complicating this is the fact such information varies across the
areas between deposits – and exploration companies want to
know why.
This is what Dr Schmid and her team are now investigating.
“We are currently working on geo-metallurgical aspects
of the gold mineralisation across various deposits in the
Tanami Region,” she says.
“We will see if the host rock lithology and geochemistry play a
role in the distribution of gold within the rocks, and how that
knowledge can be best used for exploration.”
CSIRO is currently investigating how to apply this technique
across other regions in northern Australia in collaboration with
exploration companies.
For more information, contact:
DR SUSANNE SCHMID
susanne.schmid@csiro.au
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EXPLORATION WITH TRANSPORTED COVER

FOOTPRINTS IN
THE REGOLITH:
MINERAL EXPLORATION
THROUGH SAND DUNES

Soil, weathered rocks and shallow sediments
(regolith) have a long history of providing clues
to buried mineralisation, writes IAIN COPP
Diggers on the Australian goldfields
would dryblow their ‘patches’, revealing
‘colour’ from a plume of dry dirt and
dust. Although such easy pickings are
now a rarity, explorationists continue to
sample the regolith for subtle signs of
gold and other metals that may point to
mineralisation at greater depths.
Any techniques that help identify
prospects prior to expensive drilling
campaigns are highly regarded,
particularly as exploration moves to
greenfields areas with poor outcrop,
deep weathering profiles and a thick
succession of cover rocks.
CSIRO’s long history of regolith
research has recently changed focus
to aid exploration in these areas with
thick cover. Partnering with Gold Road
Resources, CSIRO chose to study the
Yamarna Terrane in the eastern Yilgarn
in Western Australia, where the company
had recently discovered the world-class
6.2 Moz Gruyere granitoid-hosted gold
deposit. Although the terrane is poorly
explored because of sand dunes, deep
weathering, increasing thicknesses
of the Permian sedimentary cover to
the east and no mining activities, the
discovery has highlighted the great
potential of this region.

CSIRO’s Senior Research Scientist Walid
Salama explained that “The project was
designed to understand the geochemical
dispersion processes that may form
anomalies within thick sediments and
the aeolian sand cover. And for CSIRO,
it is the first time that we have worked
on an area where the host rock, mostly
basalt, is covered by weathered Permian
glacial sediments and overlying sand
dunes, and we wanted to understand
how to explore in a terrane like this”.
From this partnership has emerged
a fascinating story of an evolving

palaeolandscape, changing climate and
tectonic history, and the movement
of metals from buried mineralisation
into the overlying regolith. Extensive
research by CSIRO over more than four
decades has shown that concealed
mineral deposits can impart subtle
geochemical anomalies in the overlying
weathered bedrock (saprolite) and
soils. Targeted sampling media such
as ferruginous nodules and pisoliths,
termite mounds, pedogenic carbonates
and vegetation have been shown to give
a response through shallow transported
cover in certain environments.

Where there is deep transported
cover over the bedrock, with different
landscape histories, we need to
find new techniques and materials
to sample that will give us the best
vectors towards buried mineralisation.
Dr Walid Salama, CSIRO
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CSIRO research scientists Walid Salama and Ravi Anand with the Gold Road Resources team

But as Dr Salama explains, “Such models
cannot be applied everywhere, and
where there is deep transported cover
over the bedrock, and with different
landscape histories, we need to find new
techniques and materials to sample that
will give us the best vectors towards
buried mineralisation”.
The primary methodology used in the
Yamarna project was to reconstruct the
evolving palaeolandscape using existing
drillhole intersections over the Toppin
Hill, Santana and Smokebush prospects,
as well as over the Gruyere deposit.
The best regolith units that might
provide vectors towards the buried gold
deposits, such as ferruginous nodules
and pisoliths formed in aeolian sand,
were then sampled.
“Through this process we then aimed
to understand the various metal
dispersion mechanisms responsible
for the formation of gold anomalies in
the transported cover” said Dr Salama.
“The main idea was to look for the most
probable locations and sample media for
metal anomalism. We found evidence
of the underlying mineralisation formed
by hydromorphic and mechanical
dispersion of both gold and arsenic
at the unconformities (or interfaces)
between the different transported
and regolith layers, and in authigenic
ferruginous nodules and pisoliths
formed in the Permian sediments and
aeolian sand.”
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Pisoliths that form within the sand
dunes have proven to be one of the
best vectors towards underlying
mineralisation. “The porous Permian
sandstone has allowed groundwater to
easily move through it and transport
gold and arsenic upwards from the
mineralised bedrock into the sand
dunes above” remarked Dr Salama.
“The pisoliths are only about 1–3 metres
below the surface, so there are a lot of
savings in drilling costs to sample these”.
“Once we found anomalism in the
pisoliths, we started to test the <75 µm
soil as well. We used different partial
extraction techniques for gold and
arsenic. The arsenic is associated
with organic matter, whereas gold is
dispersed in particulate and soluble
forms and had moved away from the
arsenic. They behaved quite differently
from each other, which is important
to know”.
“So, we tested the hypothesis that
the vegetation might be picking up
this arsenic, creating yet another
anomaly above the mineralisation.
And this is what we found in the foliage
of Eucalyptus trees at Smokebush.
However, at other prospects where the
gold in bedrock is not associated with
arsenopyrite, there is no arsenic to form
vegetation anomalies, so explorers must
be careful with how they interpret a
negative arsenic response in vegetation”.

The Yamarna project has been very
successful in identifying anomalous
zones in the transported cover over
known mineralisation, but Dr Salama
cautions that care needs to be taken
with this strategy. It is important to
know how they formed – they can be
transported from far or from very close,
or be formed in situ, so understanding
the paleolandscape is critical.”
So as explorers move to areas of
increasing cover in the eastern Yamarna,
these improved strategies – landscape
reconstruction, shallow augering
and vegetation sampling – will be
cost effective exploration methods
needed to find deeper, more elusive
buried deposits.
DR WALID SALAMA
+61 8 6436 87 45
walid.salama@csiro.au

GROUNDWATER DISCOVERY

FINDING HIDDEN
WATER IN ANCIENT
PALAEOVALLEYS

Researchers have
teamed up to
uncover an ancient
buried water source
in South Australia.
AMY EDWARDS reports

Standing on the red dusty earth in the
middle of the arid lands of northwest
South Australia, it becomes glaringly
obvious just how important water is for
these remote communities.
The An
_ angu Pitjantjatjara
Yankunytjatjara (or APY lands) is a large,
sparsely populated area where summer
temperatures soar high into the 40s and
rainfall averages about 230 mm per year.
There is no water in sight.
Held under title by Traditional Owners,
the landscape is as beautiful as it is
harsh but as CSIRO has discovered… it is
also deceiving.
A collaboration between CSIRO, Flinders
University and the South Australian
Government, under the auspices of the
Goyder Institute for Water Research, has
unearthed water-bearing palaeovalleys
systems below the surface, which are
tens of millions of years old.
The project, which included three
stages and took place over a decade,
investigated the role large buried
palaeovalley systems can play as a
potential groundwater resource for
community and enterprises such as
mining and grazing and with the support
of the local community and the APY
Executive Board.

The dry An
_ angu Pitjantjatjara
Yankunytjatjara (or APY lands)
in South Australia. Image by
Brady Flinchum

CSIRO’s Dr Tim Munday Research
Director of CSIRO’s Deep Earth Imaging
Future Science Platform and Dr Mat
Gilfedder a Senior Research Scientist
with CSIRO Land and Water joined forces
to lead the research investigations with
Flinders University for the project known

as the Goyder Institute’s G-FLOWS –
aimed at finding long-term outback
water solutions) projects.
“The G-FLOWS team has now created the
most detailed and refined information
on palaeovalleys across the whole APY
region,” Gilfedder says.
“This work is a big step forward and
was supported by an 11 well drilling
program, which provided critical insight
into the palaeovalleys as a potential
water resource.”
“These valleys started to erode and form
about 60 million years ago. For the last
5 million years they have been filled up
with sediments and wind-blown sand
and hidden from view,” Munday added.
“People have known about these valleys
for a long time but knowing precisely
where they are has been more difficult.”

Refining the discovery of
an ancient water source
The third and final stage of the G-FLOWS
research program included targeted
drilling to secure water supplies.
The final report includes the mapped
palaeovalleys with significantly improved
accuracy across the APY Lands. It also
outlines the multiple lines of evidence
used to investigate palaeovalley
evolution, aquifer character and
palaeovalley architecture, groundwater
chemistry, recharge and flow.
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Making use of an ancient
water source
CSIRO used groundwater modelling
to better understand the rate of
groundwater recharge and the
movement of water through the
landscape. They also used water
chemistry and environmental tracer
analyses to better understand the age
and quality of the water.
“This research gives a sense of what
they (the palaeovalleys) are made of
and how the water quality varies. At
the main investigation site, while holes
were drilled to 115 metres, the main
water‑bearing zones were around
50–65 metres below the surface,”
Gilfedder says.
A potential groundwater resource for
these remote areas in South Australia,
is a much lower cost option than
transporting water into communities.
Director Water Science and Monitoring,
SA Department for Environment and
Water Neil Power said the G-FLOWS
work has provided a better picture
of not only where these channels are
(potentially saving money on extra
drilling) but also the potential capacity
of the identified water sources.
“Until now, there hadn’t been
concentrated work to identify how much
water these valleys might hold. This goes
a long way to supporting possible future
economic development, local community
water supplies and water for agricultural
purposes,” Power says.

A timeline of discovery
The success of the 10-year project
is due to it using multiple science
disciplines and expertise to paint an
accurate and detailed picture of the
palaeovalleys. This included using
existing mapping, conducting extensive
airborne electromagnetic (AEM)
surveys, on-ground information via
drilling, testing of water chemistry and
environmental tracer analyses as well as
groundwater modelling.
The airborne electromagnetic surveys
used aircraft to cover long transects
across the landscape. A large loop
attached to the aircraft is charged
with pulses of electricity to generate
a magnetic field. By measuring how
this magnetic field decays over time,
geophysicists can interpret the electrical
conductivity of the surface, and
sub‑surface beneath. The technique can
provide precise maps of palaeovalley
shape and distribution, which in turn can
be used to locate areas to drill.

Looking to the future
Through the G-FLOWS work, researchers
have developed a probabilistic
modelling approach as a framework for
groundwater prospect mapping.

The South Australia government is
already considering using the method
in the Braemar region east of the
Flinders Ranges, an area of considerable
magnetite iron deposits. It is also an area
where ancient palaeovalleys are also
known to be present.
In the meantime, the research to
discover water beneath the remote
arid areas of South Australia is likely
to continue.
“We still have some questions about the
timing and flow of water through these
ancient palaeovalley systems, which
will help to understand how to manage
these potential water resources,”
Gilfedder says.
“They contain water that is of value for
communities, environment and industry.
To get all the answers, we will need
additional exploration.”
View the report and final palaeovalley
map (which has been translated
into Pitjantjatjara language) so it is
available for local people in their
local language.
TIM MUNDAY
+61 8 6436 8634
tim.munday@csiro.au

While this approach is broadly applicable
to many parts of Australia, some
aspects such as airborne EM surveys will
likely be most useful in the search for
palaeovalley groundwater systems.

As Australia’s national science agency
and innovation catalyst, CSIRO is
solving the greatest challenges through
innovative science and technology.
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