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What is Lithium?



What is Lithium
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• Discovered in 1817 by Johan A. 
Arfwedsen and isolated by 
William Thomas Brande in 1821.

• Lithium-6 deuteride the fuel of 
choice.

• Early versions of the H-bomb 
still play an important role in 
modern nuclear weapons.

• Lithium-7 has applications as a 
nuclear coolant.

• In 2013, the US Government 
Accountability Office said a 
shortage of lithium-7 critical to 
the operation of 65 out of 100 
American nuclear reactors 
“places their ability to continue 
to provide electricity at some 
risk” – www.en.wikipedia.org

History

Source: By United States Department of Energy, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=446935

Castle Bravo



In 2013, the US Government 
Accountability Office said a 
shortage of lithium-7 critical 
to the operation of 65 out of 
100 American nuclear 
reactors “places their ability 
to continue to provide 
electricity at some risk” –
www.en.wikipedia.org
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• Drive for clean technology 
initiatives and off-grid power 
storage (government and 
private sectors), has created  an 
anticipated demand for Li-ion 
batteries for energy storage and 
electric vehicles

• 2015 – 39% battery use

• 2018 – 329 kt LCE

• 2025e - ~70% battery use

• Current estimates closer to 
750kt+ by 2025 (EY, 2017)

• LiB are forecast to dominate 
lithium demand in next decade

Lithium Applications 
and Demand

Source: www.visualcapitalist.com and Bloomberg NEF



Why the demand 
for lithium?

• Rise of the EV

• Energy Storage

But why? 

• Rising CO2 and 
global temperatures

• Rising pollution 
levels

• National and city 
targets to reduce 
CO2 emissions 
globally. Initiatives 
like 30@30 all aimed 
at trying to mitigate 
global warming.

New Delhi is choking on smog and there's no 
end in sight – www.cnn.com (4/11/2019)

Source: https://www.theguardian.com/world/2019/nov/04/delhi-
residents-engulfed-in-pollution-blame-authorities-for-inaction

http://www.cnn.com/


Demand for Electric Vehicles

Industrial

Source: Hamada 2019 – Japan’s supply chain strategy for 
Battery raw materials



Demand for 
Electric Vehicles: 
ICE Restrictions

Source: SQM, 2018
http://s1.q4cdn.com/793210788/files/doc_news/2018/6/Foro-del-Litio-2018-Lithium-Market-Update-20180808-FINAL.pdf

http://s1.q4cdn.com/793210788/files/doc_news/2018/6/Foro-del-Litio-2018-Lithium-Market-Update-20180808-FINAL.pdf


Demand for 
Electric Vehicles

• Currently EV’s make 
up 1% of the of 
global vehicle sales.

• Production of EV’s 
and HEVs increase 
from 1m in 2017 to 
10-14m in 2025 (12X 
increase in battery 
power needed to 
meet this demand) 

By 2020 there will be 120 different EV models 
on the market

Source: Bloomberg 
New Energy Finance

https://www.bloomb
erg.com/news/article
s/2017-04-
25/electric-car-
boom-seen-
triggering-peak-oil-
demand-in-2030s 



Commitments by various auto-manufacturers 

Demand for Electric Vehicles

Source: SQM, 2018
http://s1.q4cdn.com/793210788/files/doc_news/2018/6/Foro-del-Litio-2018-Lithium-Market-Update-20180808-FINAL.pdf

http://s1.q4cdn.com/793210788/files/doc_news/2018/6/Foro-del-Litio-2018-Lithium-Market-Update-20180808-FINAL.pdf


Electric Vehicle 
Revolution



Rise of the BEV

Source: https://insideevs.com/

• Global EV Sales to July 2019

Cut in Chinese subsidies

https://insideevs.com/


Rise of Energy 
Storage

Source: Bushveld Minerals Presentation: Nov 2018



• This on the back of an increase in Lithium demand from 39% (163 kt
LCE) in 2015 to 70% (534 kt LCE+) in 2025.

Lithium Battery Penetration

Source: Bloomberg New Energy Finance
https://www.bloomberg.com/news/articles/2017-04-25/electric-car-boom-seen-triggering-peak-oil-demand-in-2030s 



Forecast Growth in Lithium Demand

Source: SQM, 2018
http://s1.q4cdn.com/793210788/files/doc_news/2018/6/Foro-del-Litio-2018-Lithium-Market-Update-20180808-FINAL.pdf

http://s1.q4cdn.com/793210788/files/doc_news/2018/6/Foro-del-Litio-2018-Lithium-Market-Update-20180808-FINAL.pdf


Lithium Inputs into Li-Ion Batteries

Source: www.visiualcapitalist.com

http://www.visiualcapitalist.com/


Why Lithium Ion Batteries?

Source: www.visualcapitalist.com and Bloomberg NEF

Source: Mohamed,2016 -
https://www.researchgate.net/publication/306273305_MODELI

NG_SIMULATION_AND_FAULT_DIAGNOSIS_IN_A_MICROGRID

https://www.researchgate.net/publication/306273305_MODELING_SIMULATION_AND_FAULT_DIAGNOSIS_IN_A_MICROGRID


Types of Lithium 
Ion Batteries



Li-Ion Battery Production Costs

~7% of total cost



Price Volatility vs Production Costs



Price Volatility and Production Costs



Lithium Flux - Rise of the Megafactories



Lithium Flux - Rise of the Megafactories

“These delays and misleading timelines add to the myth of oversupply. If all expansions had been taken at face-
value at the height of the market, we would see almost an additional 500,000 tonnes of lithium chemical capacity
by 2020. In reality this figure will be less than 40% of this number.

What’s more, the type and quality of this new production capacity only perpetuates the smoke and mirrors state
the industry has floated in for the past four years.

As with any new lithium chemical production, only a proportion of this material will likely be sold into the
battery sector from the outset. Even leading producers have problems meeting specs in the initial stages of
production.”

Benchmark Minerals – Q2 2019



Lithium Flux - Rise of the Megafactories



Forecast Demand vs Supply
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Modified  from: https://www.ifpenergiesnouvelles.com/article/what-level-criticality-lithium-electrification-global-automobile-fleet

Global Lithium Sources

https://www.ifpenergiesnouvelles.com/article/what-level-criticality-lithium-electrification-global-automobile-fleet


Lithium Supply Chain



Lithium Supply Chain

https://www.bloomberg.com/news/features/2019-06-03/lithium-miners-australia-chile-see-riches-as-ev-battery-makers

https://www.bloomberg.com/news/features/2019-06-03/lithium-miners-australia-chile-see-riches-as-ev-battery-makers


Supply of Lithium Chemicals

https://www.bloomberg.com/news/features/2019-06-03/lithium-miners-australia-chile-see-riches-as-ev-battery-makers

https://www.bloomberg.com/news/features/2019-06-03/lithium-miners-australia-chile-see-riches-as-ev-battery-makers
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• No, market is/was just small (compared to other commodities) and 

• Current lithium market vs. global reserves/reserves compared to other 
metal markets there is plenty of Li

So Lithium must be rare?



Depletion of Current Reserves

Source: Resources 2019, 8, 29

We are here Most of us will be retired by here



Lithium Deposit Types

Sykes - MinEx Consulting, 2019



Global Resources



1) Lithium brines – Salars/Salt 
Lakes

• Large low grade deposits

• Cheap to mine but high 
start-up costs and slow to 
production

• Complex metallurgy

2) Sedimentary - Lithium clays 
(hectorite) and Jadarite
deposits

Lithium Deposit Types

Kesler et al., 2012



3) Lithium pegmatites (LCT 
family)
• Complex smaller high grade 

deposits
• Lithium hosted in various 

lithium minerals 
(spodumene, petalite, 
lepidolite, amblygonite)

• More expensive production 
costs but faster to 
production. Compares well 
on LiOH costs

4) Unconventional Brines – Oil 
fields and geothermal

Lithium Deposit Types

Kesler et al., 2012



Note %Li x 2.153 = %Li2O

Lithium Deposit Types

Sykes - MinEx Consulting, 2019



• Current supply is around 320kt
LCE split 50:50 between brines
and hard-rock

• Expected to increase to 57%
from hard-rock in 2020

• By 2025 to go back to 50:50
once South American brine
projects come online ?

• Also depends on battery
chemistry. LiOH vs LiCO3

Lithium Supply



Global Lithium Sources by Deposit Type

Source: Kesler et al., 2012
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A brine lake at SQM’s plant in the Atacama desert, Chile.

(Source: https://www.bloomberg.com/news/features/2019-06-03/lithium-
miners-australia-chile-see-riches-as-ev-battery-makers)

https://www.bloomberg.com/news/features/2019-06-03/lithium-miners-australia-chile-see-riches-as-ev-battery-makers


Lithium Brines

Source: USGS, 2013 – Open File report 2016-1006 - A Preliminary Deposit Model for Lithium Brines



Lithium Brines

Source: Houston et al, 2011



Lithium Brines –
Conceptual Model

Two types of host 
aquifers are 
recognized in South 
America

1) Mature halite 
salars (dryer and 
more 
concentrated 
brines)

2) Immature clastic 
salars (towards 
the  wetter 
northern and 
eastern regions)

Source: USGS, 2013 – Open File report 2016-1006 - A Preliminary Deposit Model for Lithium Brines



Lithium Brines – Conceptual Model

Sources: Guidelines for Reporting Resources and Reserves for Lithium Brine Deposits - Casini & Holland-
Kennedy, 2019; An Overview of Lithium Brine Exploration for Resource Estimation- Hoyos, 2016 – SRK



• Need to consider basin geometry
• Drainable porosity/specific yield of aquifer
• Lithium grade
• Reported as weight by volume and is a dynamic system that varies in 

concentration with
• Extraction
• Seasonality

• Need to define:
• Solid sediments – core recovery for porosity determination 

(extractable brine)
• Inverse relationship between core recovery and brine flow

• Liquid brine – Li content and impurities (Mg, SO4, B ratios relative 
to Li)

• Vertical and lateral variations
• Changes with time (season and extraction) due to recharge
• Correlate brine intervals and porosity/lithology – downhole 

geophysics

Lithium Brines: Resource Considerations

Sources: Guidelines for Reporting Resources and Reserves for Lithium Brine 
Deposits - Casini & Holland-Kennedy, 2019; An Overview of Lithium Brine 

Exploration for Resource Estimation- Hoyos, 2016 – SRK



• Sample collection in important

• Need to collect undisturbed sample and effective porosity 
determined using the actual brine. Fresh water will provide an 
artificially high porosity due to ρ difference

• High sample density downhole – dependent on geology

• Lateral variations over long distances so widely spaced drilling 
acceptable

• Basin maturity associated with presence (mature) or absence 
(immature) of large halite bodies

Lithium Brines – Resource Considerations

Sources: Guidelines for Reporting Resources and Reserves for Lithium Brine Deposits -
Casini & Holland-Kennedy, 2019; An Overview of Lithium Brine Exploration for 

Resource Estimation- Hoyos, 2016 – SRK; Houston et al, 2011



Lithium Brines -
Mining

Mined by pumping brines 
from wells 

A) into evaporation 
ponds and 
precipitation

B) New technology 
includes non-
evaporitic techniques 

C) Method as per B) but 
to produce fresh 
water on avoid spent 
brine re-injection

Source: Flexer et al, 2018



An SQM 
processing plant 
operates at the 
edge of a brine 
lake.

Lithium Brines

(Source: https://www.bloomberg.com/news/features/2019-06-
03/lithium-miners-australia-chile-see-riches-as-ev-battery-

makers)

https://www.bloomberg.com/news/features/2019-06-03/lithium-miners-australia-chile-see-riches-as-ev-battery-makers


• Remote areas

• Deleterious elements like Mg 
can be a problem

• Produce high saline brines that 
are pumped back into aquifers 
– not environmentally friendly

• Arid areas - access to water is a 
problem

• Evaporation process is time-
intensive and vulnerable to wet 
weather (has happened in 
recent past but rare)

Lithium Brines -
Challenges

Source: https://blog.grabcad.com/blog/2018/02/20/how-does-lithium-mining-
work/

Source: SQM, 2018
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An open-pit mine at a Talison Lithium Ltd. Site - Greenbushes, Australia. (Source: 

https://www.bloomberg.com/news/features/2019-06-03/lithium-miners-australia-chile-see-
riches-as-ev-battery-makers)

https://www.bloomberg.com/news/features/2019-06-03/lithium-miners-australia-chile-see-riches-as-ev-battery-makers


London (2018 and 2008) defines pegmatite is an essentially igneous rock, 
mostly of granitic composition, that is distinguished from other igneous 
rocks by 

1) the extremely coarse and systematically variable size of its crystals, 
typically increasing by a factor of 100 from margins to center, or 

2) by an abundance of crystals with skeletal, graphic, or 

3) other strongly directional growth habits, or 

4) by a prominent spatial zonation of mineral assemblages, including 
monomineralic zones. 

5) Any one of these textural attributes might be sufficient to define a 
pegmatite body, but they tend to occur together.

Pegmatite Definition



Tectonic 
Settings

Source: Nex et al, 2018 (BGS)



Pegmatite Classification

Economically 
significant 
pegmatites (Rare 
metals and 
gemstones)

Pegmatites of 
minor economic 
significance 
(Feldspar, 
muscovite, Zr)

Dominantly 
gemstones



Pegmatite Zonation

Source: London, 2008, 2014 and Cerny 1991



Internal Zonation of Complex Pegmatites

Source: USGS Open File Report 2013-1008 and London, 2008



• Lithium bearing pegmatite belong to the Lithium-Caesium-Tantalum 
(LCT) Family of Rare-element pegmatites

• Main lithium minerals are spodumene, petalite and lepidolite

Lithium Minerals



Lithium Minerals - Spodumene



Lithium Minerals - Petalite



Lithium Minerals - Lepidolite

FOV = 10 cmHolmquistite (Li-amphibole)

Elbaite, beryl and mica can also contain lithium
Amblygonite and other phosphates have much higher 

Li contents but not used.



Always need to consider RPEEE and Clause 49 (JORC) when looking at 
industrial applications

• Need to understand mineral chemistry and the ability to produce a 
suitable concentrate specific to the application e.g. high iron 
concentrate not suitable for glass and ceramic applications; high-F 
(as in a lepidolite deposit) can be problematic (corrosive) when 
producing a lithium carbonate

Distribution of the lithium mineral phases and can a mineral concentrate 
be produced and how

• Often get more than one Li mineral phase present. Petalite and 
spodumene e.g. Prospect Resources, or petalite and lepidolite e.g
Rubicon.

• Need to also consider mineral textures and liberation thereof

Challenges with Hard Rock Deposits



Need to consider other potential credits from tantalite (Ta), 
cassiterite (Sn), pollucite (Cs), K-feldspar (ceramics and Rb), 
Beryl (Be) and whether they can be economically recovered. 

Need to be clear on what is being reported, i.e. Li, Li2O or LCE 
(and metal equivalents – rare but has been done….) and what 
is the mineralogy.

Challenges with Hard Rock Deposits



Challenges - Qualification Process
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The Jadar deposit in and unconventional sedimentary Li-
deposit (Lithium-Zeolite Deposit) and is a fossilized lithium 
brine/evaporite deposit where B-Li-rich brines and fluids 
reacted with lacustrine sediments within the basin. Jadarite is 
the main lithium mineral (LiNaB3SiO7(OH))

• Minerals Resource Estimate is 136Mt @ 1.86% Li2O and 
15% B2O3

Sedimentary-Li and Li Clay Lithium Deposits



Li-Clay Deposits

• Sedimentary lithium or lithium-
clay deposits associated with 
hydrothermally altered 
volcaniclastic sediments in lake 
beds 

• Occur in continental settings

• Similar to Li-brine deposits the 
lithium is leached from rhyolitic 
lavas and volcaniclastics by 
hydrothermal and meteoric 
fluids which react with and 
enrich the clays in the lake 
sediments with Li

Sedimentary-Li and Li 
Clay Lithium Deposits

Sources:
www.riotinto.com

Bradley et al., 2017 – USGS Professional Paper 1802–K 

Lithium rich clay deposits often form as a 
result of leaching of lithium from rhyolitic 
lavas, volcaniclastics and magmas by 
meteoric and hydrothermal fluids around 
sufficiently large eruptive volcanic systems to 
produce caldera lakes. The lithium enriched 
fluids then either precipitate out lithium salts 
or react with the clay rich sediments that 
accumulate within the caldera lakes to 
produce hectorite clay deposits. 
(Source: Benson et al., 2017)

http://www.riotinto.com/


Li-Clay Deposits

• Lithium is also enriched in 
borate and uranium clay 
deposits found in Turkey and 
Peru.

• Have not been mined for the 
lithium content. Clays have 
however been mined for 
various industrial applications 
for drilling, paint fillers and 
cosmetics

• Economic extraction of the 
lithium is still no possible.

Sedimentary-Li and Li 
Clay Lithium Deposits

Sources:
www.riotinto.com

Bradley et al., 2017 – USGS Professional Paper 1802–K 

Lithium rich clay deposits often form as a 
result of leaching of lithium from rhyolitic 
lavas, volcaniclastics and magmas by 
meteoric and hydrothermal fluids around 
sufficiently large eruptive volcanic systems to 
produce caldera lakes. The lithium enriched 
fluids then either precipitate out lithium salts 
or react with the clay rich sediments that 
accumulate within the caldera lakes to 
produce hectorite clay deposits. 
(Source: Benson et al., 2017)

http://www.riotinto.com/


Extraction of Li from Oilfield brines currently not feasible but considered 
to contain significant Li 

• Br has been extracted from a number of these brines including the 
Lanxess Smackover operations (Sykes, 2019) 

Geothermal brines also contain significant lithium

• Cornish Lithium currently exploring the geothermal fluids below 
the old tin mines in Cornwall 

• Advanced project in the Salton Sea, California

Challenges with these deposits are the depth, presence of hydrocarbons 
(environmental issues) and climate (not always in arid climate to allow 
evaporation and concentration)

Unconventional Brines
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Lithium Supply (1994-2018)

Source: Sykes, 2019 – MinEx Consulting



Sources of 
Lithium Supply 
(2018-f.2023)

Source: https://www.ioneer.com/materials/lithium

https://www.ioneer.com/materials/lithium


Lithium Use by Sources

Source: Tracing global lithium flow: A trade-linked material flow analysis – Sun et al, 2017-
https://www.researchgate.net/publication/316747087

Lithium chloride

https://www.researchgate.net/publication/316747087


Lithium Use by Sources



Hard-rock vs 
Brines



Production Costs –
Hard-rock vs 

Brines

Cost of production 
from brines is 
more than double 
that of hard-rock 
production BUT…



Pricing and Product 
Types Vary

• Average value of hard-
rock products is 
US$6,250/t LCE less 
than brine chemicals 
thus offsetting higher 
production costs and 

• Average margin of 
brines is US$5,386/t 
LCE



Pricing and Product 
Types Vary

• Encouraging hard-rock 
producers in Australia to 
capture value chain by 
constructing conversion 
facilities near operations 
e.g. Kwinana north of 
Greenbushes in WA

• Extra cost of conversion is 
outweighed by value add 
to product pricing



Normalised Cost Curve

Source: Sykes 2019 – MinEx Consulting
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Map of African rare-element 
pegmatite and rare-metal granite 
provinces (different symbols). 
Colours indicate age provinces. 
The following numbered 
provinces are dealt with in the 1.1 
Man Shield, 1.2 Congo Craton, 1.3 
Zimbabwe Craton, 1.4 Kaapvaal
Craton, 2.1 Birimian Province, 2.2 
Kibalian in north-eastern DRC, 3.1 
Kibara Belt, 3.2 Kamativi Schist 
Belt, 3.3 Orange River Belt, 4.1 
Eastern Desert, 4.2 Adola Belt, 4.3 
Alto Ligonha Province, 4.4 
Damara Belt, 4.5 Older Granites 
(Nigeria), 4.6 Madagascar, 5.1 
Younger Granites (Nigeria). 
(source: Melcher et al., 2013)

African Rare Element 
Pegmatite Provinces

Source: Melcher et al, 2013



Archaean
Palaeoproterozoic

Lithium Projects in Africa

Birimian

Bougouni

Zimbabwe

RSA ?

Mali,Ghana Ivory Coast
Iron Ridge Resources
Kodal Minerals
Mali Lithium
Xantus Inc & Nashan
Holdings

Madagascar
Bass Metals

Zimbabwe
Prospect Resources
Zimbabwe Litihum
Premier African Minerals
Latitude Lithium Consolidated

Namibia
Lepidico (DLE)
Afritin (?)
Montero (incl. 
Soros Lithium)

South Africa/S Namibia
Kazera Global
Walkabout Resources 
Others (Australian 
Vanadium in past)

South Africa
Piran

Mozambique
Lithium 
Consolidated
HAMC/Luca 
Bechis
Others

Nigeria??

DRC
AVZ
Tantalex
Hipo
Force 
Commodities

Note that Africa 
produces: ~2.5% of the 
global lithium supply
~80% of the global 
Ta2O5

5-6% of the global tin
Don’t forget Bikita is 
the 5th largest producer 
of lithium in the world

Angola ?

Source: Modified after Nex et al, 2018 (BGS)



Don’t forget the old mine tailings 
(e.g. Uis, Kamativi, Manono)

84



Numerous Pegmatite Provinces distributed through the continent and all 
contain LCT pegmatites

o Historically mined for coltan and tin, focussed on softer 
weathered (Li depleted) material (e.g. the DRC and Mozambique); 

• Fresh Li-bearing material remains in the ground and

• Tailings

• Bikita (Zimbabwe) is the only active lithium producer (DLE produced a 
single shipment of lepidolite “concentrate” in 2018)

• Small amount of production coming out of Nigeria – artisanal scale 
mining

• Minor historical lithium production (petalite and spodumene) mainly 
for ceramic markets (Namibia and South Africa)

Africa’s Lithium Potential



Currently a lot of exploration and interest in Africa (Namibia, 
RSA, Zimbabwe, Mali, Ghana, DRC, Mozambique)

Brine and clay potential (LOW potential)

o Li3 looked at Li-brine potential in Botswana

o Bitterwasser Project, Namibia – GBEnergy did not 
pursue further

Africa’s Lithium Potential



Currently Active Mining/Exploration Global Hard 
Rock Projects
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Ability for miners to supply a consistent product is important

• Quality and consistency are key to success

• Need to understand your deposit in terms of mineralogy, grade, 
chemistry and ability to produce what you said you could in the all 
the marketing

Price volatility not good for independent producers. Integrated supply 
chains and long-term offtake agreements important.

Challenges and Summary



Industry needs to have a cohesive strategy – i.e. needs to be 
environmentally and socially friendly (issues with mines, Li-brines, Co and 
3Ts come to mind)

• Need to use technology (mining, extraction, processing)

• e.g. Wabouchi Lithium Project in Quebec is going underground 
‘early’ due to environmental reasons 

Conversion plants (i.e. carbonate and hydroxide) capacity and ability for 
new plants to get to max capacity as planned and avoid bottleneck in the 
supply chain.

Challenges and Summary



The lithium craze is largely based on anticipated lithium demand for 
battery to supply the EV and mobile electronics market.

• There gas been strong growth over the last 4-5 years and 

anticipated to accelerate in the next 10 yrs.

Supply is going to continue being dominated by lithium brines and 

mineral concentrates from LCT pegmatites

• Africa likely to also become a significant player 

• Contribution from other deposit types, sedimentary/clay and 
unconventional brines remains to be seen

Conclusions



Price volatility not a major impact on battery costs but likely to stabilise 
with vertical integration and long-term offtake agreements.

• Batteries - Lower costs and larger volumes likely scenario

• Li-chemical Prices? Most likely to stay where they are but also 

need to be at levels to allow for the sustainable development of 

new high-quality projects

Conclusions


