











EXCITING PARTNERSHIP
DEVELOPMENTS

Dr. Pete Hollings and his research team have a strong record of
partnering with industry and academia. The recently completed AMIRA
P1153 project was a collaboration between Lakehead, Barrick Gold
Corp’s. Hemlo Mine and the University of Tasmania.

Graduate students Joseph Vrzovski and Emily Gorner, along with HBSc
students Liam Fay and Andrew Jedemann, worked with researchers at
the University of Tasmania and geologists at the mine to investigate the
mineral chemistry of the alteration halo around the Hemlo Mine. These
results proved very promising and are already being integrated into
Barrick’s exploration strategies at Hemlo.

With P1153 complete, Lakehead is now working on P1202, this
time collaborating with Freeport McMoRan in British Columbia.
MSc students Patrick Hamilton and Andrew Jedemann are studying
the alteration footprint of the porphyry and lithocap system in the

DR. MELVILLE BARTLEY
MEMORIAL CESME
AWARD RECIPIENT

Chanelle Boucher
was the 2017/18
recipient of the Dr.
Melville Bartley
Memorial CESME
Award. This award
is supporting

- Chanelle as she
works on her MSc in the Geology
Department at Lakehead University
investigating the genesis of komatiites
in Lake of the Woods, Ontario. Her
research will help us understand the
processes that formed the Superior
Craton 2.7 billion years ago.

Pemberton Hills area of Vancouver Island. Even though they only
completed their field work in October 2018, the results are already
looking very exciting!

CESME HIGHLIGHTS

One of the primary goals of CESME is to recruit and foster faculty,
postdoctoral fellows, postgraduate, graduate, and undergraduate
student participation.

Highlights from CESME in include: Thank you to our donors for
generously supporting the following

Awards currently available to graduate

- - . students, who are learning an
Dr' Jlm Franklm Dr- Dawn MIIIS interdisciplinary approach to research.
CESME ADVISORY BOARD MEMBER One of CESME’s two dedicated This approach is providing a learning
AND SUPPORTER OF THE DR. research fellows has been working experience that better prepares them
MELVILLE BARTLEY MEMORIAL hard to develop the Indigenous for the unique regional needs of
CESME AWARD Certificate in Geological Studies Northern Ontario.

Was inducted into the Canadian

Mining Hall of Fame in January * SNC Lavalin CESME Graduate

2019 — congratulations. Scholarship
e John R. Craig Memorial CESME
Award
We continue to engage with local partners through our ‘Discovery Days’ e Dr. Melville Bartley Memorial
providing insight into the exciting research activities at Lakehead. CESME Award

Lakehead cesme.lakeheadu.ca
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For more information, please contact

955 Oliver Road | Thunder Bay, Ontario | P7B 5E1 | (807) 343-8110 Kathryn Davidson
Toll Free 1(800) 465-3959 Philanthropy Director, External Relations
facebook.com/lakeheadu.ca | twitter.com/my lakehead 807-343-8476 or
mylakehead.ca kathryn.davidson@Ilakeheadu.ca
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; ‘ CENTRE OF EXCELLENCE FOR
NN SUSTAINABLE MINING
/ & EXPLORATION

Lakehead University SEG Student Chapter is pleased to offer a short
course in:

IOCG Deposit Geology and Exploration

March 1%, 2019 8:30am — 4:30 pm
Oliver Road Community Centre, 563 Oliver Rd, Thunder Bay

Dr. Hamid Mumin received his Bachelor and Master's degrees in Applied Science and Engineering
from the University of Toronto, specializing in Mineral Exploration and the Geology of Ore Deposits.
He completed his Ph.D. (1994) and Post-Doctoral Fellowship at Western University in Economic
Geology. He has worked on successful exploration and development projects in Canada and overseas
since 1981. Hamid has been a Professor of Economic Geology at Brandon University since 1995.
His research has investigated the geology of IOCG

- (iron oxide copper-gold), gold, VMS, carbonatite

and epithermal deposit types, with a particular
interest in the application to mineral exploration. He

is a past CIM Distinguished Lecturer and a past-
president of Geoscientists Canada. Hamid is
currently Chair of the Department of Geology, and
serves on the Brandon University Senate,
Foundation and Board of Governors. He continues to
work with industry, government and his students on
various exploration and development projects across
Canada.

IOCG Deposit Geology and Exploration provides an overview of IOCG deposits geology, geo-
tectonic setting, alteration and mineralization. It provides spatial, temporal and genetic context, and
gives an explanation for the seemingly disparate range of associated deposit types. The course
reviews the secular evolution of IOCG systems and their relationship to magmatic hydrothermal ores
such as porphyry and epithermal deposits. The course will give a global overview with a focus on
some of the spectacular exposures of IOCG systems in Canada. Some of the key criteria for
exploration in the Canadian context such as hydrothermal alteration mapping and geophysics will be
discussed. The course finishes with a hands-on challenge for participants to recognize and interpret
a wide range of IOCG alteration and mineralization styles that are present in rock specimen and drill
core samples.
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Presents Guest Speakers

DR. DAVID GOOD

Associate Professor at University of Western Ontario
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Characteristics of magma generated in the SCLM during
the Early Stage of the Midcontinent Rift: Evidence
from mafic rocks in the Coldwell Complex

JOHN McBRIDE

/! Senior Project Geologist, Stillwater Canada Inc.
Pilot study: Using ambient noise passive seismic surveys

for Ni-Cu-PGE mineral exploration at the Marathon
PGM-Cu deposit, Marathon, Ontario

FRlDAY, MARCH 29, 2019 1 2:30 pm «CB 2019
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Lithium plant on the horizon

M Feasibility study is
underway

BY NORM TOLLINSKY

An Australian company with a patented
process for producing lithium carbonate
for the rechargeable battery market has
selected Sudbury for a 5,000-tonne per
year processing facility.

There were several reasons for zeroing
in on Sudbury, said Joe Walsh, managing
director of Lepidico. Among them were the
close proximity to a source of sulfuric acid
and markets in the Great Lakes region for
byproducts from the process.

“Our L-Max process is quite acid
intensive,” explained Walsh. “We consume
approximately one tonne of sulfuric acid
for every tonne of lepidolite concentrate
that we process, so proximity to an
abundant source of affordable sulfuric acid
is important.”

According to Walsh, Lepidico will require
between 40,000 and 50,000 tonnes of acid,
or approximately five per cent of the one
million tonnes of sulfuric acid produced as
a byproduct of Sudbury’s smelters.

Lepidico’s hydrometallurgical process
“doesn’t just produce lithium carbonate,”
said Walsh. “It also produces a range of
byproducts, and to be economically viable,
we need to be able to maximize the value
of those byproducts.”

Among them are sulphide of potash
fertilizer and amorphous silica, which has
many applications. Assuming the company
can find markets for all of the byproducts,
the process for converting lepidolite
concentrate into lithium carbonate will be
competitive with other sources of lithium,
as well as being waste-free.

“That'’s a fantastic eco-friendly outcome,”
said Walsh.

A feasibility study is underway, the
results should be known by February or
March and the final report is expected to
be available by April.

Bench-scale laboratory tests in Australia
have demonstrated the viability of the
L-Max process, and a scaled up pilot plant
the company hopes to come onstream
in April is planned to provide further
confirmation.

=
Mini plant run for the L-Max process in Australia produced a high-specification lithium carbonate product with a purity of 99.5 per cent.

“We're looking to have this pilot plant
and the data from our feasibility study
available for prospective financiers and
offtakers to evaluate,” said Walsh. “They
will be able to see the process in operation.
That's going to be essential to get the best
offtake and financing outcome for our
shareholders.”

The objective, if all goes well, is to make
a final investment decision on the Sudbury
plant by the middle of 2019.

A capital cost of $45 million was cited
in the company’s pre-feasibility study
completed in early 2017, but recent test
work for the feasibility study persuaded
Lepidico to double the throughput rate
from 3.6 tonnes per hour to 7 tonnes per
hour, equating to annual production of
5,000 tonnes per year of lithium carbonate.

The capital required for the proposed
36,000-square-foot Sudbury plant will
increase, but won't double, said Walsh.

Down the road, annual production
could be increased to 10,000 tonnes per
year by expanding the plant or building a
new one.

Lithium carbonate is currently produced
from the lithium mineral spodumene
and from brines in Chile and Argentina,
but with increasing demand for lithium,
Lepidico sees an opportunity to add
lepidolite as a source of supply.

“If we go back five or six years, the
demand growth for lithium chemical was
in the low single digits per annum and the
price was $5,000 to $6,000 per tonne,”
said Walsh. “At that rate, existing producers

could easily satisfy the incremental increase
in annual demand. But with the advent of
lithium-ion batteries and the emergence
of electric vehicles, demand for lithium
chemical has increased quite substantially.
In 2017, it hit approximately 200,000
tonnes and projections are that it could
be anywhere from 800,000 to one million
tonnes per annum by 2025. That's a four

See Page 10
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Lakehead part of global research to improve targeting

BY GRAHAM STRONG

New research involving Lakehead
University’s Department of Geology is
comparing the effectiveness of short-wave
infrared core scanning with laser ablation
in identifying the size and location of
some ore deposits that display alteration
halos. This technique can help direct more
targeted drilling, and ultimately reduce
drilling costs.

“We know that certain minerals show
geochemical trends around ore deposits,
and that big ore deposits have a different
signature compared to smaller ore
deposits,” said Dr. Peter Hollings, director
of the Centre of Excellence for Sustainable
Mining & Exploration (CESME) and chair
of the Department of Geology at Lakehead
University in Thunder Bay.

“Although with the visible footprint (of
a deposit) we could see was maybe a
kilometre, looking at the mineral chemistry
we can actually see changes in the rock
maybe three kilometres and in the case of
some of the really big porphyry deposits in
Chile, maybe as much as 10 kilometres. So
we've made a bigger target for companies
to aim for,” Hollings said.

AMIRA international research project
P1153, completed this summer, studied
techniques for using laser ablation to
detect those changes in the rock. However,
the laser ablation process itself can be
cost-prohibitive. “We're seeing companies
incorporating laser ablation analyses into
their exploration programs. But there is
always pushback to do it cheaper,” Hollings
said. “We are now both trying to get laser
ablation cheaper, but also finding other
tools that companies can use to get the
same results or close to the same results.”

A new AMIRA project named P1202 “Far
field and near mine footprints - finding
and defining the next generation of Tier 1
ore deposits” launched immediately after
P1153 as the next in a series of related
projects. If successful, the research could
pave the way to a more effective way of
finding drilling targets at a lower cost.

Automation of data analysis is helping to
reduce the cost of laser ablation, eliminating
the need to analyze data by hand. “It takes
out a lot of the human error potential and
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Peter Hollings, head of geology at Lakehead University. Lakehead's involvement with the latest AMIRA international research project will build upon
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past research focused on detecting geochemical signatures of alteration halos.
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speeds up the process, reducing the cost of
doing that work,” Hollings said.

New tools include hyperspectral infrared
(IR) imaging, which measures the reflective
responses within a core sample to determine
the minerals present. A full core scan allows
you to see how the downhole variation
of the alteration changes. The handheld
IR units tend to be of lower resolution
than full core scanners, with magnification
similar to a hand lens, Hollings said.

Both IR and laser ablation work on the
same principles to examine the mineral
chemistry of alteration halos. Laser ablation
is more precise than IR but IR is less
expensive, and the information gleaned
might be all that is needed for exploration.

“We've been playing with ways to
correlate the IR information with the laser
ablation information,” Hollings said.
“Does it tell you the same things, or do you
still have to go back to the laser ablation?”

The technology also helps make any

-
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core analysis more quantifiable, converting
visual images into a series of pixels and
number values.

“You're getting a much more empirical
description of your alteration,” Hollings
said. “If [ put the same box of core in front
of five different geologists, I'd probably
have five - maybe more - descriptions
of the alteration. They'd all be close, but
they'd all be slightly different due to human
nature and subjectivity.”

The research, which receives funding
from 11 industry partners, will also
investigate how the technique works in
other geological systems. “Rather than just
the porphyry systems that we've looked at
a lot, we looked at Hemlo and Red Lake
to see whether the same things worked
around orogenic gold systems, and it looks
like they do.”

Fieldwork is or will be taking place
in several locations in Canada as well
as Arizona, Australia, Sweden, Indonesia,

» 1B Stull Street, Capreol ON POM 1HO « Tel:705 694 4703

Chile, and Argentina. That presents an
incredible opportunity for students
at Lakehead University. Hollings said
that smaller schools such as Lakehead
offer more research opportunities for
undergrads. Conversely, graduate students
can sometimes lose out on certain
opportunities such as working on advanced
equipment only available at larger
programs. This series of research projects
has allowed grad students at Lakehead
the best of both worlds because, through
the AMIRA partnership, they travel to the
CODES (Centre for Ore Deposit and Earth
Sciences) at the University of Tasmania
for a month of analysis work on the big
equipment.

“They work with the research team there
and actually collect their own data. It's
important to see how the method works
and to understand the process,” Hollings
said. “It's a really positive experience for
them.” ®

Services we provide:

0il hardening

Air hardening

Case hardening
Normalizing

Stress relieving
Annealing

Shot peen

Induction hardening
Straightening

Steel cutting






