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applications. Pegmatites, sedimentary deposits, and brines are the main
sources of lithium. One of the most important applications of lithium is
in the battery industry, especially in electric vehicle batteries. The use of
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electric vehicles
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followed by drilling operations to find new lithium reserves. Pegmatites,
brines, and playas in Iran have high potential for lithium deposits.
Exploration of lithium deposits in Iran and development of appropriate
technologies can transform the country into a regional producer of this
strategic metal.
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EXTENDED ABSTRACT

Introduction

Lithium is a soft, silvery-white alkali metal. It has an
atomic mass of 6.941 g/mol, and atomic number 3
which is khnown as the least dense metal, highest
electrochemical potential, and highly reactive. In
addition, lithium is flammable and tends to reacts
with water (form hydroxides) nitrogen, oxygen, and
carbon dioxide in the air (Balaram et al., 2024,
International Lithium Association, 2023). Lithium
can replace magnesium due to its similar ionic and
atomic radius. Lithium is found in a variety of
geological environments and in the crust and can be
extracted through various mining methods,
depending on the location and composition of the
deposit.

Pegmatites, brines, and sedimentary deposits are the
most important sources of lithium. Over the past
decade, lithium demand has increased due to its use
in the lithium-ion batteries industry. Global
consumption of lithium in 2024, a 29% increase from
consumption in 2023. Global lithium demand is
expected to reach nearly 1.8 million tonnes by 2030,
almost six times the demand in 2020. Global lithium
demand is expected to reach 1.8 million tonnes by
2030, almost six times the demand in 2020.

In this study, given the increasing demand for lithium
and its extensive applications, an attempt has been
made to present an up-to-date global perspective on
various aspects of lithium, including its applications,
geology, mineralogy, different types of lithium
reserves, exploration indicators, analysis methods,
extraction of lithium reserves, and finally its position
and impact in the global market.

Geology and classification of lithium deposits

Lithium is enriched in the continental crust with an
average crustal value of ~25 ppm. The most
important sources of lithium include pegmatites,
sedimentary deposits, and brines. Pegmatites are
coarse-grained igneous rocks enriched in trace
elements, including lithium. Pegmatite deposits are
one of the primary sources of the lithium, particularly
spodumene. The source granitic magma must be rich
in lithium and also undergo extreme fractional
crystallisation to form pegmatite deposits (London,
2018; Sykes et al., 2019). Lithium accumulates in the
latest differentiates of granitic complexes at their
final stage of consolidation and thus gets

concentrated in significant amounts in pegmatites.
Lithium can also be found in sedimentary deposits,
where it is usually associated with clay minerals or
evaporites. The sedimentary lithium deposits can be
divided into two categories: (1) land-based
sedimentary deposits, and (2) deep-sea sedimentary
deposits.

Lithium can be found in brine deposits, which are
formed by the evaporation of saline water in arid
regions. These deposits are rich in lithium salts such
as lithium chloride, lithium carbonate, and lithium
hydroxide. Lithium brine deposits are formed over
millions of years through a complex combination of
geological and hydrological processes involving
evaporation, mixing, halite, and hectorite
dissolution, and precipitation (Munk and Jochens,
2011; Munk et al., 2016). These deposits are
typically found in regions with arid or semi-arid
climates, where the rate of evaporation is higher than
the rate of precipitation.

Discussion and Result

Based on the lithium demand, especially in the
manufacture of various types of batteries, research to
further explore lithium reserves is so important. The
largest amount of lithium reserves is in the brine type
in Bolivia and Argentina (21 and 20 million tons,
respectively), and the smallest amount is in the
pegmatite type reserve (0.1 million tons) in
Australia. Australia and Chile also have the highest
levels of lithium mining. The highest level of
processing and production of electrochemical
products and batteries is in China (Stringer,
and Millan, 2019).

The potential supply gap looms large. Projections
indicate that by 2034, global demand for lithium
could be 6.5 times greater than in 2023, further
widening the supply-demand imbalance. By 2029,
the industry could face a tipping point where demand
far outstrips supply, creating significant challenges
for the global energy transition. This impending
shortage highlights the critical need for innovative,
scalable, and environmentally responsible methods
to extract lithium to meet future demand.

The electric vehicles need is increasing year by year.
Using these types of vehicles will help reduce air
pollution and protect the environment. Lithium-ion
battery demand is expected to grow by about 27
percent annually to reach around 4700 GWh by
2030. In 2024, the global electric vehicle market had
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significant changes. Chinese car company BYD
took the top spot as the largest electric vehicle
manufacturer, followed by Tesla in second place.

In Iran, the presence of brines and playas located in
the Zagros and Central Iran zones, especially in
desert areas, has high potential for lithium deposits.
Hectorite in clay deposits should be prioritized for
lithium exploration. Exploration of lithium deposits
in Iran and development of appropriate technologies
can transform the country into a regional producer of

this strategic metal.
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Type of geological material

Concentration

Reference

Upper continental crust 35+ 11 ppm Teng et al., 2004
Continental crust 17 ppm Rudnick and Gao, 2005
Igneous rocks 29 ppm Horstman, 1957
Sedimentary rocks 53-60 ppm Evans, 2014
Hydrothermal waters (general) 8.2 ug/mL Shaw et al., 1977
Marine sediments (manganese 139 ppm Heller et al., 2018
nodules)
Brines 200 — 1400 ppm Gruber et al., 2011
Lietal., 2021a; Lietal.,
Sea water 0.1-0.2 ppm 2021b
Groundwater 0.9 161 ppb (average Sharma et al., 2022
13.9 pph)
Surface water <0.5 10 130 ppb Sharma et al., 2022
(average 3.9 ppb)

Geothermal waters

77.31 - 99.40 ppm

Suud et al., 2023

Brines associated with oilfield

7.56 — 150 ppm

Yuetal., 2023a; Yuetal.,
2023b

Lithium Deposits/Resources

Brine deposits

Sedimentary Alternate
deposits deposits Resources

- Continental Li-rich Land Ocean : 39:!/0"".9 <d'5d°af:ed
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s electronic products)
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basins 9 - Li-rich clays - Mud volcanoes | -Acid mine drainage
- Bauxites deposits - Geothermal wastes
- Sea water A-Type - Jadar deposits

-Black shales
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Fig. 3. llustrative view of the approximate classification of all kinds of lithium deposits/resources modified after
(Balaram et al., 2024)
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Fig. 4. Schematic diagram of S-type granitoids in continental collision zone, source of Li-bearing pegmatites (Trueman
and C’erny’, 1982; Serri et al., 1993; Galeschuk and Vanstone, 2007).
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Table 2. Li concentration in some important lithium minerals (modified after Peiro et al., 2013; Gourcerol et al., 2019;
Bowell et al., 2020; Balaram et al., 2023; Zhao et al., 2023a)

Li-mineral Mineral group Formula Li concentration (%)
Spodumene Inosilicate LiAISi;0s 3.73
Lepidolite Phyllosilicate  K(Li,Al)3(Al,Si,Rb)4010(F,0H), 3.58
Hectorite Phyllosilicate (Mg, Li)3Si4010(OH), 0.16-0.74
Jadarite Neosilicate LiNaB3SiO7(OH) 3.39
Petalite Tectosilicate LiAISisO10 2.26
Amblygonite Phosphate (Li,Na)AIPO4(F,OH) 4.69
Cookeite Phyllosilicate LiAl4(SizAl)O19(OH)s 1.34
Taeniolite Phyllosilicate KLiMg,Sis010F> 1.71
Lithiophorite Oxide (Al Li) Mn**O,(0H) 0.57
Eucryptite Feldspathoid LiAISiO, 5.51
Zinnwaldite Mica group K(LiFeAl)(AlSiz)O19(FOH), 2-4 (Li20)
Muscovite Mica group [SisAlO10F2(OH),] KAl 0.23 (Li,0O)
Ilite Phyllosilicate Ko.7Al[(Si,Al)4010](OH), 1.8
Montebrasite Phosphate LiAI(PO4)(OH) 7.4 (Li,0)
Triphylite Phosphate Li(Fe,Mn)PO4 9.47 (Li,0O)
Zabuyelite Carbonate group Li,COs 18.79
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Fig. 11. Lithium grade in different deposits (modified after Sykes et al., 2019)
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Jaskula, 2024) Calses gla; 528 )3 psid Dol A5 5 5103 e W Jgaer
Table 3. Lithium reserves and mine production in different countries (Jaskula, 2024)

Mine Production (Metric Tons)

Countries 2023 2024 Reserves
United States 1,800,000
Argentina 8,630 18,000 4,000,000
Australia 91,700 88,000 7,000,000
Brazil 5,260 10,000 390,000
Canada 3,240 4,300 1,200,000
Chile 41,400 49,000 9,300,000
China 35,700 41,000 3,000,000
Namibia 2,700 2,700 14,000
Portugal 380 380 60,000
Zimbabwe 14,900 22,000 480,000
Other countries 2,800,000
World total (rounded) 204,000 240,000 30,000,000
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Table 4. Indicator minerals, pathfinder elements for identifying various lithium deposits (modified after Balaram and

Sawant, 2022).

Deposits of interest Type of seposit

Main pathfinder
elements

Main pathfinder
minerals

Lithium Sedimentary

Hard rock

Smectites, illites, jadarite, B, Be, K, Ca, Cs, Rb, Sr,
searlesite, zeolite, beryl, Y, Nb, Sn, Cs, Ta, Sh, W,
diaspor, boehmite, Bi, As, Ga, Tl, and the

kaolinite, illite and REE
anatase, clinochlore and

lithophosphate

Spodumene, petalite,
amblygonite, quartz, K-
feldspar, albite, or
montebrasite, lepidolite,
zinnwaldite, eucryptite,
cassiterite, lithiophilite,
holmaquisite, triphylite,
muscovite, apatite,
tourmaline, tantalite-
columbite, scheelite
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Fig. 15. Flow chart showing the lithium extraction using the salt gradient solar pool process (Ding et al., 2023)

DOI: 10.22067/econg.2025.1146

C ool (Fo,95cFgaliaml wlid )


https://doi.org/10.22067/econg.2025.1146

"')‘5)5“):"G‘J*‘Jw“&rzo‘:‘).‘ﬁl’.'sﬂd)ﬁf

R EITEERT TS

—>Extracting lithium from carbonate —
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Fig. 16. Processes for extracting lithium from clay-type lithium deposits (Zheng et al., 2023a)
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Lithium: Mine To Market
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Fig. 17. Stages of lithium reserve exploration to its uses (Sykes et al., 2019)

Global Lithium Market Share, By Application, 2023
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Fig. 18. Pie chart showing the various major applications of lithium as a percentage of global consumption in 2023
(Fortune Business Insights, 2025)
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(Ufine, 2025) (s sd slacs 5l 15l i .0 Jour
Table 5. History of lithium battery types (Ufine, 2025)

Year Name Description

1980 JB. Goodenough He discovered that lithium cobalt oxide could be used as a cathode material in

batteries.
1970 Whittingham Development of lithium-ion batteries
. . Yoshino developed the first practical Commercially Viable Battery, lithium-ion
1985 Akira Y oshino battery using Goodenough’s lithium cobalt oxide cathode and a carbon anode
1991 Japan’s Sony Sony’s Commercial Release, Sony’s first lithium-ion battery product was launched.
The 2000s saw significant advances in battery technology, leading to the
2000 - . o .
development of high-capacity and safer lithium-ion batteries
, In 1987, “the era of mobile phones is coming,” mobile phone batteries using nickel-
1987 Japan’s Sony chromium batteries needed to be charged once a day.
1988 Japan’s Sony Sony applied for the first lithium battebry patent and named the new product Li-ion
attery
1992 Japan’s Sony Japan’s Sony Corporation 1nvenFed_ a lithium _ba_lttery using carbon material as the
cathode and lithium-containing compounds

1994 lithium-ion batteries became available to the public.
1996 Goodenough lithium iron phosphate was successfully developed.
1999 Japan Eight Japanese companies led by Panasonic launched their first polylithium products.
1999 South Korea South Korea entered the lithium-ion battery market

. China’s lithium battery industry emerged. China’s annual output of lithium-ion
2004 China g - .

batteries is 800 million units.
2006 BYD launched its first electric car, the F3e.
2011 China China’s megawatt energy storage stations were connected to the grid
2012 Tesla The Tesla Model S was launched.
2014 Drone production exploded. Global sales
2019 Three people who contributed significantly to lithium ions won the Nobel Prize in
Chemistry.
Global lithium battery shipments will be 1,192Gwh, a year-on-year increase of
2023
24.9%.

2025 Current development

Improved Energy Density, Faster Charging, Enhanced Safety, Environmental Considerations, Solid-
State Batteries
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(Lithium Harvest, 2025) sz (slacs 5l Calises ¢151.0 J9ur
Table 6. Different lithium battery types (Lithium Harvest, 2025)

Type Main application Materials used Advantages

Lithium Nickel  EV batteries, consumer Lithium hydroxide/Lithium

Higher energy density and
Manganese Cobalt  electronics, energy

carbonate nickel, manganese, faster charging performance in

(LNMC) storage and cobalt cold climates
Lithium Nickel - . .
Cobalt Aluminum EV batteries L|thlgg€);3t/d£ﬁjxr|ndiﬁhmckel, Higher energy density
oxides (LNCA) '
Lithium Iron EV and mobility Lithium carbonate, iron,  Longer life cycle, less thermal
Phosphate (LFP) batteries, energy storage phosphorus runaway risk and lower cost
Lithium Cobalt ?martphones, tablets, " | _ High _energyldelr_]:ny,
Oxide (LCO) aptops, cameras a_nd Lithium carbonate, cobalt impressive cycle life, and
other handheld devices reliability
Lithium Lower internal resistance and
. Power tools, e-bikes, Lithium carbonate, improved current handling.
Manganese Oxide . - | EV applicati High th | stabili q
(LMO) minima applications manganese igh thermal stability an

enhanced safety

. . Energy storage, -,
Lithium titanate . . . o - Good thermal stability under
(LTO) industrial tools, electrical Lithium carbonate, titanium high temperature

power trains

(Lithium Harvest, 2025) p p2d S5 ¢l 5l 5 2,5 Y Jour
Table 7. The application of lithium compounds (Lithium Harvest, 2025)

Type Usage
Lithium carbonate Widely used in lithium-ion batteries and pharmaceuticals.
Lithium hydroxide Important for battery production, ceramics, and lubricants.
Lithium chloride Utilized in air conditioning systems and as a catalyst in organic
synthesis.
- An organolithium compound used in chemical reactions and as a
Butyllithium T
polymerization initiator.
Lithium metal Valuable for specialized appllcz;tlllcz)r;/sé including lithium batteries and
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China in Charge

China accounts for majorty of refined Lithium Chemicals

B China [ Chile [ Australia

Lithium Carbonate (2018)

Lithium Hydroxide (2018) ‘
0

Lithium Hydroxide (2019) -
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Fig. 19. The global production of lithium carbonate and hydroxide in 2018 and 2019 (Stringer, and Millan, 2019)

Lithium Consumption Pattern
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Fig. 20. Lithium consumption pattern of batteries and other application from 2016 to 2030 (Lithium Harvest, 2025)
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Fig. 21. Lithium batteries production of different countries in 2022 and anticipation until 2027 (Visual Capitalist, 2025)
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Fig. 22. Global battery gigafactory capacity (Lithium Harvest, 2025)
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1 ton of battery-grade Lithium can come from:

I
250 tons
Used Lithium-ion batteries

28 tons

1 ton of battery-grade Cobalt can come from:

300 tons
§ Used Cobalt-ion batteries
28 tons

Brine
750 tons

Using recycled materials* from spent batteries
has potential to decrease:

(9 Costs by 40%

& Energy use by 82%
@ Water use by 77%

@ S0, emissions by 91%

*Assumes a direct recycling method

(U.S. Department of Energy, 2021) suzee oslizul g1 5 0 5d bacs b gbaralbl Cab 50 & 50 TV CH
Fig. 23. The benefits of recycling spent Li-batteries to reuse (U.S. Department of Energy, 2021)
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Fig. 24. Specific energy and energy density of lithium-based batteries (Itani and Bernardinis, 2023)
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Fig. 25. Processing of lithium compounds and their major end-use applications (Yaksic and Tilton, 2009; Ebensperger et

al., 2005
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Fig. 26. Lithium amount of electric vehicle and electronic tools (Visual Capitalist, 2025)
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Table 8. Approximate amounts of lithium in different types of batteries (data from the websites of different lithiumion

battery making firms)

Product Quantity of Li
A rechargeable AA battery 0.1g
Mobile phone 39
iPad 20-30g
Laptop 309
Power tool 40-60 ¢
Hybrid vehicle 0.8-2.0 kg
A typical EV battery 8 kg
Typical power storage system 10 kg
Tesla EV 50 kg
An average EV 10-63 kg
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Fig. 27. Global lithium price chart (Trading Economics, 2025)
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Fig. 28. Global distribution of Li deposits, categorized by deposit type (Benson at al., 2025)
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Fig. 29. Lithium mining and consumption in different products of countries (Stringer, and Millan, 2019)
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Fig. 30. Global lithium supply and demand forecast (Lithium Harvest, 2025)
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Fig. 31. Global lithium supply and demand forecast (Stringer, and Millan, 2019)
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