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INTRODUCTION

Lithium is a key element for electromobility and

renewable energy storage due to its use in long-life

high-energy-density batteries. Lithium is, therefore,

important to attain a range of UN Sustainable De-

velopment Goals (SDGs) [1] in Ireland and the EU:
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GEOLOGY

A belt of unexposed anatectic LCT pegmatites

containing the ore mineral spodumene is emplaced

within the East Carlow Deformation Zone along the

margin of the Caledonian S-type Leinster Batholith,

southeast Ireland [e.g. 3, 4]. In drill cores, these LCT

pegmatites show ore grades, up to 1–2 wt.% Li.

Geologic setting of the Leinster lithium pegmatites. Compiled with data from

Geological Survey Ireland [5].

Schematic model of the magmatic–

hydrothermal transition in the Leinster

lithium pegmatites [6].

Examples of macroscopic textures

typical for each stage. Field of view in

all images is about 8 cm.

THE MODEL
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TYPICAL LITHOLOGIES

Currently, lithium is mined from only two types of

deposits: Li-Cs-Ta-enriched (LCT) pegmatites and

subsurface brines in salt flats (dry lakes) [2]. High

emissions and energy consumption of long-distance

transport in current supply chains strongly contribute

to their CO2 footprint and environmental impact.

Brine production poses additional threats to local

ecology and agriculture. Understanding how domes-

tic lithium deposits formed and how they may be

found are therefore crucial steps towards sustain-

able lithium supply. Other valuable metals typically

enriched in LCT pegmatites include tantalum and tin,

which are often deemed critical because of their

requirement in modern electronics.

The results allow refinement of deposit models and 

support exploration in Europe contributing towards 

responsible lithium production (SDG 12).

Understanding distribution of critical metals in LCT 

pegmatites allows optimisation of efficiency and by-

product output of mining activities (SDGs 9, 12, 13).
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RESEARCH OPPORTUNITIES

Ore geology, mineralogy and geochemistry

research is the fundament of the life cycle of any

mined resource. Research outcomes directly feed

into the first four domains of the supply chain –

exploration, mining, processing and raw product.

Exploration ProcessingMining
Raw 

material

Research opportunities for LCT pegmatites include:

 Deposit models not nearly as advanced as for high

demand metals such as copper.

 Current exploration models are limited and not

widely applicable.

 Vegetated and glaciated terrain as typical for

central and northern Europe poses additional

challenges to exploration.

 Heterogeneous internal structure of deposits with

direct implications for mining and processing.

The fundamental steps in a raw material life cycle. 

PRINCIPAL CONCLUSIONS

 Magmatic crystallisation in LCT pegmatites is fol-

lowed by processes which remobilise and (re-)

deposit critical elements.

 Lithium was deposited in early magmatic units

(Stage I); tantalum and tin are enriched in late

subsolidus units (Stages II–III).

 Cassiterite, columbite and other tantalum oxides in

stream sediments can be used as indicator min-

erals in LCT pegmatite exploration.
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TELLUS STREAM SEDIMENTS

Southeast Ireland stream sediment data was

released to the public as part of the Tellus project by

Geological Survey Ireland [5]. Catchments with LCT

pegmatites show anomalous tantalum and tin.

Columbite and cassiterite in sediments show the

same chemical zoning as in LCT pegmatites.

MINERAL CHEMISTRY

Pegmatites form from melts. Growing crystals of

minerals record the changing physical and chemical

conditions of a crystallising liquid by changes in their

chemistry. Studying mineral chemistry allows re-

construction of melt and fluid evolution.

Ore deposit research

Ab*: Albite

Ap: Apatite

Brl: Beryl

Cst: Cassiterite

CGM: Columbite

Kfs: K feldspar

Ms: Muscovite

Py: Pyrite

Qz: Quartz

Trm: Tourmaline

Muscovite (left) is a rock-forming

mineral and shows three distinct

growth stages recorded for ex-

ample by boron and caesium [6].

Columbite (bottom left) is the main

host for tantalum in the rocks and

records a similar crystallisation

history. Cassiterite (bottom right) is

the main host for tin and shows at

least two growth stages.
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Residuals of tantalum (Ta) and tin (Sn) are high in catchments associated with

lithium pegmatites [7]. Raw data: Geological Survey Ireland [5].
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 Lithium batteries are an integral part

of sustainable energy and transport

infrastructures (SDG 9)

 These infrastructures are essential

for sustainable cities (SDG 11).

 A domestic, European lithium sup-

ply chain would allow responsible

production and consumption with a

lower carbon footprint and less

environmental impact than current

production (SDG 12).

 Moving from fossil fuels to renew-

able energies (decarbonisation) is

an essential part of climate action

(SDG 13).


