
Current Canada Research Chair in magmatic metallogeny, 
Professor Sarah-Jane Barnes leads investigations in many remote 
locations. Here, she offers some insight into what she hopes to find

What inspired you to enter the field  
of science?

In the first year of high school I became 
interested in all the sciences as a way to 
understand how the world works. I clearly 
remember the moment in chemistry when 
our teacher was explaining how the Sun burns 
hydrogen to produce energy. I connected this 
to the biology class we recently had on how 
plants use sunlight in photosynthesis to make 
carbohydrates and the thought that we all run 
on sunlight crossed my mind. I suspect that 
these moments of insight are what drives all 
researchers. The broad vision that science can 
give you of the world strongly attracts me. 

When did you become interested in 
magmatic metallogeny?

When I arrived at university I realised that 
geology covers an even larger and more 
exciting field of ideas: mountains move; the 
Moon used to be closer to the Earth and at 
that time tides were much higher, the days 
much longer; for most of Earth’s history there 
was no life on the continents, etc. I ended 
up combining my interest in chemistry and 
geology to become a geochemist. When I 
began my first job at the Geological Survey of 
Namibia I was assigned the project of looking 
for nickel in ultramafic rocks which, in due 
course, expanded into investigating magmatic 
metallogeny. I cannot say that any one teacher 
or lecturer inspired me, but many impressed, 
encouraged and guided me because they 
were interested both in their subject and in 
teaching. I wanted a job like theirs and to be as 
motivated to do the job as they were.

Do you or your lab benefit from the use of 
any novel tools or techniques? 

Our laboratory is central to my work. In the 
past 15 years a new technique – laser ablation 
inductive couple plasma mass spectrometry – 
has developed. This allows us to determine the 
concentrations of a wide variety of elements 
in minerals. The work is in its initial stages but 
it seems that the minerals which form in ore 
deposits have subtly different compositions to 
those that do not and we are trying to develop 
this as an exploration tool. 

How do you support your studies through 
collaboration?

The main form of collaboration I have is with 
my graduate and post-doctorate students. 
Each is given a research project surrounding 
a problem on some part of the cycle of ore 
deposit formation. At the beginning I know 
more about it than they do, but during the 
project they develop techniques, visit other 
field sites and other laboratories and end up 
knowing more than I did. Industry contacts are 
important both to keep the research relevant 
to the real world and to establish job contacts 
for the students after they complete their 
studies. Collaboration with other researchers 
varies. In some cases they provide information 
and samples from ore deposits that we 
cannot access due to political or commercial 
restrictions; in other cases they come to use 
our laboratories or we might travel to theirs 
depending on the type of analyses we need. 
Currently we are collaborating closely with 
researchers from Australia, China, Canada, 
Finland, Spain and the UK.

Is there anything in particular excites you 
about the future evolution and broader 
merit of geochemistry and Earth Sciences 
in general?

For me, what I find most stimulating about 
Earth Sciences remains the same as when 
I first started. The concepts considered are 
vast: ranging from how elements form to how 
originally there was no moon (a smaller planet 
collided with the proto Earth to form what is 
now our Earth and Moon) to more practical 
problems such as whether climate change 
will cause sea rise or storms to increase in 
intensity. Meanwhile, my personal research 
involves studying fairly rare ore deposits and 
thus I get to travel to remote places, which is 
a real pleasure. 

Digging for clues
PR

O
FE

SS
O

R 
SA

RA
H

-J
AN

E 
BA

RN
ES

 50 INTERNATIONAL INNOVATION



Probing magmatic ore deposits
Research underway at the University of Québec is exploring key 
processes taking place in magma in the hope of improving the 
efficiencies of metal extraction and locating untapped resources

DEEP BELOW THE Earth’s surface, processes 
are underway that form metal-rich magma. This 
magma either rises to the surface and erupts 
as lava, or it becomes trapped in the crust. In 
some cases when trapped, sulphide and oxide 
minerals crystallise and accumulate. These 
minerals contain valuable metals, such as nickel, 
platinum, chrome, titanium and vanadium, and 
thus form ore deposits. A group of scientists 
at the University of Québec is looking into 
how these metals behave at each stage of the 
accumulation process to enable an improved 
understanding of ore deposit formation. Led 
by Professor Sarah-Jane Barnes, who currently 
holds the Canada Research Chair in magmatic 
metallogeny, their work is aiming to provide 
state-of-the-art methods and techniques for 
the exploration and analysis of ores.

IDENTIFYING THE PRESENCE OF ORES

It is hoped that the team can establish a range of 
techniques which can help to locate and extract 
metal deposits in the future. As Barnes explains, 
because most of the surface of the globe has 
been explored for metals, there are probably 
very few undiscovered deposits at the surface. As 
such, methods are needed to help discover ore 
that is either hidden by fresh but barren rock, or 
by soils and vegetation. “Our approach, which is 
based on understanding the processes involved 
in forming a deposit, allows us to recognise 
whether all the essential components necessary 
to form a deposit are present,” she elaborates. 
Once this has been confirmed, it is then possible 
to delve into the concentrations of the metals in 
the fresh rock and understand more about what 
might lie beneath. If it is estimated that the 
rocks or minerals have a normal metal content, 

then the metals have not been extracted at this 
location and an ore deposit is unlikely to have 
formed. If they are depleted in metals, however, 
then there is a high probability that there is a 
deeper deposit in the same location. 

By looking at when and why metal bearing 
sulphide or oxide minerals separate from 
the magma and where they collect within 
the magma chamber, the team can decipher 
whether there is a viable deposit. This kind 
of analysis means that Barnes and her group 
have to perform intensive fieldwork in some 
cases in isolated regions of the world. They 
collect samples of particular types of rock 
and then prepare maps to identify where 
the metal ore deposits are found. In areas 
covered by soil and vegetation, samples can 
be collected from stream beds and glacial 
deposits. A range of different rocks have been 
studied, including nickel sulphide deposits 
from Raglan in Northern Québec, platinum-
group minerals from the Impala Mine in South 
Africa, chromite layers in the Great Dyke of 
Zimbabwe and Iron-Titanium oxides from the 
Sept Iles intrusion in Québec.

EXAMINING METAL CONFIGURATION

The study of the rock samples is performed at 
LabMaTer, University of Québec, Chicoutimi, 
which specialises in analysis of ore deposits 
materials – in particular sulphide and oxide 
rich rocks. Thin slices of each rock are cut and 
examined under the microscope to establish 
which minerals are present and what textures 
they show. The thin sections only gives a 2D 
image – therefore, for samples of particular 
importance, computer tomography (CT) scans 

Maps of the distribution 
of elements in 
experimental charges. 
These experiments are 
carried out to mimic the 
formation of naturals ore 
deposits and determine 
which elements are 
associated together.
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The project develops a cycle of 

cradle-to-grave management 

for mining and the products 

made from metals

MAGMATIC METALLOGENY / 
MAGAMATIC ORE DEPOSITS

OBJECTIVES

To increase scientific knowledge about the 
processes that lead to the formation of ore 
deposits of certain metals in molten rock.

KEY COLLABORATORS

Current collaborators:

Professor D Baker, McGill University, 
Canada

Dr Steve Barnes, Commonwealth 
Scientific and Industrial Research 
Organisation, Australia

Professor WD Maier, University of Oulu, 
Finland

Dr Rubén Piña, Complutense University, 
Spain

Dr Xie-Yan Song, Chinese Academy of 
Science, Guiyang

Dr H Prichard, University of Cardiff, UK

FUNDING

Natural Science and Engineering Research 
Council of Canada 

Canada Research Chairs Program

CONTACT
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Principal Investigator

Sciences de la Terre 
Université du Québec à Chicoutimi  
555 boulevard de l’universitée 
Chicoutimi 
Québec  
Canada  
G7H 2B1

T +1 418 545 5011 x 5274 
E sjbarnes@uqac.ca

SARAH-JANE BARNES is a world-
renowned geochemist who deals 
with precious metals and allied base 
metals. Her work focuses primarily on 
understanding how nickel, platinum and 
chrome deposits form. 

are carried out on small cubes of rock in order 
to gain an idea of the 3D relationships of the 
minerals. The textural studies are important 
for two reasons: firstly in interpreting how the 
minerals formed and secondly for separation of 
one mineral from another during exploitation of 
the deposits. 

After the textural studies are complete the 
composition of the minerals and the whole 
rock are determined. The compositions of 
the minerals are determined by using a laser 
or an X-ray beams focused on each mineral 
and feeding the signal from the beam into 
a detector, which has been calibrated for 
sulphide or oxide minerals. To determine the 
composition of the rocks as a whole, the rock 
must be crushed to a very fine powder to 
homogenise it. Depending on which elements 
are to be determined, the powder is treated in 
different ways. For platinum-group elements 
and isotope analysis the powder is dissolved in 
strong acid at high pressure and the solution 
is analysed using inductively-coupled plasma 
mass spectrometry. For nickel and copper 
determinations, the powder is dissolved in a 
mild acid at room pressure, and then analysed 
using atomic absorption spectrometry, sulphur 
and carbon are determined by flash heating 
the powder in an infrared furnace. Most other 
elements are determined by neutron activation 
analysis, whereby samples are irradiated in a 
reactor and the activity of their gamma rays 
are measured.

By combining textural, mineralogical and whole 
rock geochemical studies a complete picture of 
rocks can be built. This information is used in two 
ways: firstly to help better methods of exploration 
for the ores, and secondly to simulate how the 
ore deposits formed through experimental work 
with Professor Don Baker at McGill University.

SUPPORTING FUTURE SUSTAINABILITY

With an ever-increasing demand for natural 
resources, such as metals and minerals, a 
balance must be struck between fulfilling 
demand and ensuring sustainability. Barnes 
observes that metals and their use are integral 
to the environmental debate, which revolves 
around how the current generation can 
extract and use metals, while leaving a healthy 
environment for the next: “As is the case for both 
extraction and use, we must develop a cycle of 
cradle-to-grave management for mining and 
the products made from metals”. From her 
perspective, this requires that the rehabilitation 
of the mines and associated extraction plants 
is factored into the planning of any new 
extraction activities. Recycling is also critical 
to ensure that metal products are extracted at 
the end of their life cycle and reused for new 
devices. These recommendations are highly 
feasible and increasingly becoming the norm, 
but the reality of attaining a closed loop system 
is very much dependent on the economic and 
political will of a nation. 

Barnes and her co-researchers are focusing 
on ways to identify new sources for semi-
metals such as selenium, tellurium, indium 
and antimony for which demand has recently 
developed. This is because many new gadgets 
and solar cells need these elements. The Chair 
team has successfully found and extensively 
studied these elements in their ore deposit 
samples: “We are now trying to understand the 
behaviour of these elements so that they can 
be exploited at the same time as the nickel and 
platinum, which traditionally has a much higher 
value,” conclude Barnes. It is these kinds of 
efforts that will assist in ensuring that untapped 
metal resources can be discovered and that 
the efficiencies of extracting the minerals can 
be increased, providing a new dynamic to an 
industry that is of paramount importance to 
people the world over.

Spectra from laser ablation of chromite (left). Field trip 
to the Skaergaard Intrusion in Greenland (above).

Sulphide bearing sediments from northern Québec.
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