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Lithium Exploration”

in Cornwall Supports the move
to a Zero Carbon Future

The importance of lithium-based battery technology in the worldwide move toward
zero emissions and greener energy cannot be overstated. Cornwall, in SW England, has
a long mining tradition based around copper and tin but also has reserves of lithium.

Cornish Lithium are amongst a group of companies now seeking to extract lithium in the region,
establishing a UK based strategic supply. Exploration and evaluation of these resources is currently
underway both from hard rock and geothermal waters. Robertson Geo Operational Services (RGS) have
strong credentials in the renewable energy sector with over 15 years of experience providing vital
geophysical data for offshore wind farm (OWF) developments. With considerable experience also in deep
mining applications RGS has been engaged by Cornish Lithium since 2022 to collect geophysical
exploration data.

www.robertson-geo.com
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The Demand for Lithium

From worldwide production in 2021 of just
over 0.5 million tonnes lithium carbonate
equivalent (LCE) the demand is projected to
rise to around 3 million tonnes (LCE) by 2030,
as the world produces more electric vehicles
(EV) and batteries.

The EV revolution is for the foreseeable future
dependent upon a continuous supply of lithium for
batteries, which has driven prices to new heights.
Faster charging, improvements in vehicle range and
increased safety continue to drive development.
Aggressive government targets for zero emission
vehicles and renewable energy have been accepted
for the UK, Europe, and many other countries. The
UK intends to end the sale of new petrol and diesel
vehicles by 2030 with all new cars and vans to be
fully zero emission by 2035. The European Union
has decreed that by 2035 all new cars sold in the EU
will be battery electric.

Wind turbines face the challenge of wind that
changes speed continuously and lithium-ion
batteries are commonly used to stabilize these
energy surges. RGS started OWF work when turbine
sizes were typically 2MW and now turbines with
outputs up to 15SMW are being deployed. This
increased scale also brings with it the need for
larger lithium-based batteries. Many renewable
energy sources produce intermittent power profiles
and there is a drive toward larger-scale storage
systems to smooth out quiet periods, including
battery-based systems. The EU needs to build 30
GW of OWF a year under its new energy and
climate security targets and the UK target is to
increase OWF generation from 15GW to 50GW by
2030, with aggressive targets also in many
countries worldwide.

History and Uses of Lithium

Although known about for decades and named in
1817 by Johan August Arfvedson, it was not until
1855 that the German chemist Robert Bunsen and
the British chemist Augustus Matthiessen obtained
it in bulk by the electrolysis of molten lithium
chloride. Lithium was first discovered in Cornwall in
1864 when hot saline water from United Mines was
analysed by Professor Miller of Kings College
London. Prior to the development of commercial
lithium-based batteries, lithium has been used for
glass and ceramic production, alloys, greases and
medicines with this demand continuing to this day.
Lithium makes up about 7% of the weight of a
lithium-ion battery and is the ideal metal for
batteries given its high electrode potential and low
atomic mass, giving batteries a high charge and
power-to-weight ratio. Lithium consumption has
increased by around fourfold since 2010 with most
of the additional requirement being for batteries, up
from 23% of total consumption in 2010 to 74% in
2021. Automotive usage already dominates overall
lithium demand and will soon account for 50% of
total consumption alone as around 10kg is required
for a single EV battery. Lithium demand for
consumer electronics and grid storage systems for
solar and wind applications also continues to grow.
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Lithium Resources and Extraction

Lithium is too reactive to occur as the metal in
nature but is found combined in small amounts in
nearly all igneous rocks and in the waters of many
mineral springs. Spodumene, petalite, lepidolite,
and amblygonite are among the more important
minerals containing lithium. There are a fairly large
number of both lithium mineral and brine deposits
but only comparatively few of them are capable of
being processed to produce battery grade lithium
compounds. As of 2021, it was estimated that the
world had 88 million tonnes of lithium resources of
which one-quarter of that, 22 million tonnes, is
feasibly extractable. Australia, Chile and China
produce around 88% of lithium currently and have
large proven reserves. However, Bolivia, Chile and
Argentina hold around 50% of the world’s identified
lithium resources, with Bolivia’s largely untapped. In
the UK there are several areas known to contain
lithium with extraction projects in Cornwall and NE
England at the most advanced stages. In Cornwall,
lithium can be found in hard rock deposits and due
to its high solubility is also contained in geothermal

Televiewer Composite Log - United Downs.

waters emanating from these source rocks. These
geothermal waters form an important part of
Cornish Lithium’s plans for extraction.

Where conditions allow, brine may be concentrated
by sunlight evaporation, such as in Chile, then the
concentrate is treated with sodium carbonate to
yield lithium carbonate. Lithium may also be
extracted from geothermal waters by new Direct
Lithium Extraction (DLE) technologies which work
at ambient temperatures and have a low
environmental impact as the water produced can be
utilised once the lithium is extracted as opposed to
it being evaporated to the atmosphere. Heat energy
from geothermal waters can also used to
decarbonise industrial and domestic heating, which
further reduces the carbon footprint of lithium
extraction from geothermal waters. For hard rock
lithium extraction there are different techniques
employed, with a common method producing
concentrate from spodumene by heating and
cooling the ore then crushing and reheating with
sulphuric acid before sodium carbonate is added to
produce lithium carbonate. Other more
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environmentally friendly techniques may be used in
Cornwall including low energy consumption hydro-
metallurgical processes, such as the Lepidico
processing technology Cornish Lithium plans to use,
which employs low cost, conventional reagents
along with using industry standard equipment.

Lithium Batteries Toward the Future

Lithium-ion technology, with its unsurpassed ability
to produce a nominal 3.7V from a single cell,
currently dominates the battery market for electric
vehicles and devices such as mobile phones and
portable computers. There is a tremendous
development investment into the battery
components to improve the efficiency, lifespan and
charge times for these batteries as well as reduce
their dependence on metals. The four key
components of a lithium-ion battery are: anode,
cathode, separator and electrolyte. For the anode,
graphite has been the anode material of choice
since its commercialization in 1991 due to its low
cost, high abundance, non-toxicity and structural
stability. Research to produce an industrial anode
material that is superior to commercial graphite
continues using intercalation, conversion, and
alloying-type anode materials. The most
commercially successful cathode is lithium cobalt
oxide (LCO) used in many current Lithium-ion
batteries. EV car manufacturers may use lithium
iron phosphate (LFP), nickel cobalt aluminium
(NCA), nickel cobalt manganese (NCM) for cathodic
materials with other materials under development.
For electrolytes, most commercial lithium-ion
batteries currently use non-agueous solutions
based on lithium hexafluorophosphate salt which is
dissolved in a mixture of organic carbonates. The
separator allows for the transport of ions while
providing electrical insulation between the anode
and cathode and lithium-ion batteries typically use
separators made from polyolefin based materials
with a semi-crystalline structure. The developments
in lithium-ion battery components will continue to
improve the performance of these batteries and
whilst research into non lithium batteries continues,
for the foreseeable future the batteries in electric
vehicles, laptops, mobile phones and other devices
will be based on lithium-ion technology.
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Company Profile: Cornish Lithium

Cornish Lithium is a highly innovative mineral exploration and development company
focused on the environmentally responsible extraction of lithium from geothermal
waters and hard rock in the historic mining district of Cornwall.

The Company has secured agreements with the owners of mineral rights over a large area of the
County and is using modern technology to re-evaluate the region for its potential to produce
lithium and other vital decarbonising metals in a low carbon and low impact manner. A secure
domestic supply of such metals is considered vital to the industrial strategy of the UK as it moves
towards Net Zero 2050, renewable energy and the production of electric vehicles.

Trelavour Hard Rock Project

The flagship Trelavour hard rock project is located near St Dennis in central Cornwall. The project is
situated in an existing kaolin (china clay) pit at Trelavour Downs, near the TreLith processing site, a
former china clay processing facility which benefits from excellent logistics and existing
infrastructure, including power, rail, road and access to port facilities. There is potential to use these
as the project develops, which could have both economic and environmental benefits.

Resource drilling in 2021 led to the publication of a maiden JORC-compliant Inferred Resource of
51.7 million tonnes at a grade of 0.24% lithium oxide equating to over 300,000 tonnes of contained
Lithium Carbonate Equivalent. Based on the resource estimate, extensive metallurgical test work
and engineering studies, Cornish Lithium completed a scoping study in 2022 with the following
highlights:

* 20-year mine life with average production of 7800 tpa of lithium hydroxide

* Post-tax NPV (8%) of US$318.6 million and IRR of 24.4%

* Initial capital expenditure of US$243.8 million

* Payback within 3.8 years from first production

The Company holds an exclusive licence with Lepidico for use of their low carbon processing
technology across the St Austell region. Importantly this technology enables extraction of other
valuable by products, including caesium and rubidium - technology metals that are currently
exclusively produced in China. Battery-grade lithium hydroxide has been successfully produced
from a bulk sample of Trelavour material, and work is now underway to build a demonstration-
scale processing plant at the nearby TreLith processing facility. Environmental surveys and studies
have commenced to support the project’s Feasibility Study together with a drilling programme
designed to expand the Trelavour Mineral Resource and allow conversion from Inferred to a
Measured and Indicated classification under the JORC Code. Detailed engineering of a
demonstration plant is underway and construction at the TreLith site will commence shortly. This
will validate the process flow sheet and will advance progress the Company’s plans to be in
production in 2026.

Lithium in Geothermal Waters

Lithium-enriched groundwaters circulate naturally beneath Cornwall, within permeable geological
features, which can be found across the county. These waters can be accessed by drilling boreholes
to depths of between 1-2km and then pumping the water to surface. Once at surface, the lithium
can be efficiently extracted using Direct Lithium Extraction technology, and the heat energy of the
waters can also be utilised to provide a low carbon heat source for local industry or housing.

Cornish Lithium has drilled three research boreholes to date, two at United Downs and one at
Twelveheads, allowing the team to test several permeable geological structures and to identify
potentially commercial lithium concentrations with minimal levels of deleterious elements. A test
facility has been established at United Downs, for processing test work, evaluation of other co-
products and resource estimation.

Additional boreholes are planned in 2023, with the intention of selecting a site to build a
demonstration-scale project in the future where lithium will be produced by Cornish Lithium, and
the low-carbon geothermal heat will be utilised by an industrial partner. This demonstration-scale
plant will be key to proving Cornish Lithium’s strategy of developing multiple low impact
production sites across Cornwall producing 500-1,000 tonnes per annum of LCE making Cornish
geothermal waters a scalable opportunity for a domestic source of lithium.

www.robertson-geo.com




Background

Between 2017 and 2019, Cornish Lithium
collated data from a wealth of Cornish mining
archives and consulted Cornish miners, gaining
knowledge of their experience from working in
the mines. The data collected was used to
create a 3D model of the subsurface.

This exploration work identified United Downs as the
most prospective site to test Cornish Lithium’s
concept that lithium-enriched geothermal waters
circulate within permeable faults (as noticed by
Professor Miller in 1864) and can be accessed via
boreholes and pumped to the surface. The Company
began drilling in November 2019, completing two
diamond boreholes to approximately 1km each.
Cornish Lithium used a bespoke sampling method,
which isolated individual permeable structures at
depth and proved that they contained lithium-
enriched geothermal waters.

Since the proof-of-concept drilling at United Downs,
Cornish Lithium has established United Downs as its
Geothermal Waters Test Facility where it is
undertaking test work to establish the most effective
processing technologies for the extraction of lithium
from Cornish geothermal waters. Cornish Lithium
has also recently completed an approximately
2000m exploration borehole for lithium enriched
geothermal waters near Twelveheads. The Company
will drill further exploration sites across Cornwall to
demonstrate the countywide potential of lithium
enriched geothermal waters with a view to
developing multiple sites across Cornwall.

Drilling and Coring

To date Cornish Lithium’s exploration boreholes
have been drilled using a standard mineral
exploration technique, diamond coring. Diamond
coring allows a cylinder of rock core to be collected
over the length of the borehole. This type of sample
allows the geologists to identify permeable zones
within the rock, indicating where the geothermal
waters are likely to be flowing naturally
underground. Once identified, the geological
structures are isolated using a Standard Wireline
inflatable Packer Tool (SWiPS), and sampled using a
submersible borehole pump, to test the chemistry
of the waters.

Geophysical Testing

Cornish Lithium contracted Robertson Geo
Operational Services (RGS) to undertake wireline
logging of the Company’s most recent 2,000m
borehole. The main aims of the geophysical logging
were to identify the location and orientation of
open fractures, indicate areas of flow, define the
temperature profile within the borehole and to
correlate the geophysical properties of the rock to
the core samples.

It is expected that the gamma and resistivity logs
will build up a picture of the geophysical properties
for the different metamorphic rocks, intrusive

sheets, veins, permeable geological structures and
the granitic basement. Cornish Lithium plans to use
this data to accurately correlate the logged geology
from the core samples to the geophysical
properties. This data will become critical if the
Company moves away from coring drilling
techniques in the future. When using destructive
drilling techniques, the geological resolution and
understanding is greatly reduced when compared
to coring methods. If a good understanding of the
geophysical properties for the typical lithologies is
collated now, gamma and resistivity logs can be
used in the future to better understand the
downhole geology within boreholes drilled using
other techniques.

The fluid temperature, conductivity and impeller
flow logs are used to indicate the location and
nature of the permeable structures within the
borehole. The geothermal waters are typically warm
in temperature and are highly conductive relative to
background meteoric water. It is expected that
ingressing geothermal waters will create positive
conductivity and temperature anomalies, and the
flow paths will be recorded by the impellers. The
temperature log is also expected to be used in
conjunction with external heat flow measurements
on the core, to identify the heat potential of the
borehole for future industrial or domestic heating
applications.

The High Resolution Acoustic Televiewer® (Hi-
OPTV®) and High Resolution Optical Televiewer®
(HRAT®) logs give structural information to the
joints, fractures and structures within the borehole.
It is expected that this information will be vital in
fracture network and resource modelling of the
area.

Geophysical Data Collection and
Quality Control

RGS mobilised to site with their custom logging
vehicle with capability to depths beyond 2000m,
together with two experienced engineers. A risk
assessment for the operations was provided in
advance and site inductions and a point of work risk
assessment (POWRA) were conducted on site to
ensure safety.

A high temperature rated probe suite was deployed
due to anticipated high borehole temperatures at
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depth. The temperature conductivity probe was run
first as a downlog to record an undisturbed
temperature profile. Next the Hi-OPTV® televiewer
was run, again as downlog, to provide the clearest
borehole image. The 3-arm caliper, HRAT®, focussed
electric and electric log probes were then all run as
conventional uplogs. The impeller flowmeter was
run as three uplogs and downlogs to enable
calculation of flows within the borehole. For quality
control, all probes were supplied with a mandatory
valid conformance certificate ensuring accurate
calibration and continual monitoring of the logs in
real time was performed by the engineers.

Processing of the data was by the field engineers
and additionally QC checked by our in-house
geophysicist back at base. Individual logs were
processed and for the televiewers features were
picked, classified and analysed statistically. The data
was then presented as a composite log, a fluid log
and a televiewer log including borehole deviation.
The final data was presented visually in PDF format
and digitally as LAS and CSV files.

Initial Findings

The initial results confirmed that all prospective
geological structures for lithium enriched
geothermal waters were successfully identified by
Cornish Lithium’s geologists from the core, and that
the correct intervals were sampled. Had prospective
structures been missed, the geophysical data would
have identified these. The televiewer data
successfully identified the orientation of the
geological structures throughout the borehole. This
allowed structural data to be attributed to the
target structures, and for Cornish Lithium’s
geological models to be updated accordingly. This
will significantly enhance the future exploration at
the site.

Ongoing Work

In the future, the results of the geophysical logging
will be used to help define a geothermal lithium
resource within Cornwall. This may be in the form of
resource modelling, fracture network analysis and
production borehole design. This work will be vital
as Cornish Lithium works towards executing its
strategy of having multiple low impact lithium
production sites across Cornwall.

Geophysical Probes Used in Geothermal Lithium Exploration

Probe Output

Data Usage

High Resolution Optical Televiewer®
High Resolution Acoustic Televiewer®

Unwrapped, oriented borehole image

Fractures and bedding/core orientation
Specifically, looking for the orientation
of permeable target structures

3-Arm Caliper Gamma

Diameter, natural gamma

Assessment of borehole stability and
location of void space

Resistivity

Formation resistivity

Assessment of lithologies in conjunction
with gamma

Temperature/Conductivity

Fluid temperature and conductivity

Geothermal and brine profiles (identifies
areas of inflowing geothermal waters)

Flowmeter Flow rates

Flow potentials
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