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PROPOSED WORKFLOW

¬ Obtain regional stream sediment chemistry data (often publicly available 

from geological surveys at no cost) and explore the data for multi-element, 

i.e. (Cs-)Sn-Ta, signatures, including data for Li if available; correct for the 

lithological background if elements of interest are enriched (compared to 

average crustal abundances) in regional geologic units. 

¬ Where multi-element anomalies occur, assess the prospectivity of the 

geologic setting, e.g., an orogenic to post-orogenic tectonic setting, 

proximity to (regional) shear zones, proximity to known S-type granitoids.

¬ If the regional geology is prospective as well, examine stream sediment 

mineralogy of prospective catchments for tantalum oxides and cassiterite 

and analyze grain shapes, mineral textures and chemistries of these 

minerals.

¬ When stream sediment mineralogy is indicative of a lithium-pegmatite or 

rare-metal-granite source, follow up with local stream sediment surveys to 

further pin down the source, assessing the modal abundance, size and 

shape of the indicator minerals along the lengths of prospective streams. 
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SAMLES AND METHODS

Access to drill core and exploration data was provided by Blackstairs

Lithium Ltd. (BLL), an Irish joint venture of Ganfeng Lithium Co. Ltd. and

International Lithium Corp. We evaluated whole-rock lithogeochemistry

data provided by BLL, and inspected pegmatites and country rock

macroscopically in drill core and microscopically in thin section using:

¬ Optical & scanning electron microscopy (SEM)

¬ Cathodoluminescence (CL) microscopy

¬ Energy-dispersive X-ray spectroscopy (EDS)

¬ Laser-ablation ICP-MS chemical mapping

We also assessed regional stream sediment geochemistry data,

publicly available from the Geological Survey Ireland [3], for its

exploration potential. We delineated the sample catchments and

corrected the data for the lithological background using a linear-

regression approach after Bonham-Carter & Goodfellow [4]. The residuals

were evaluated for anomalies. The data was transformed by centered log-

ratio (clr) transformation prior to analysis.

Additionally, we analyzed the mineralogy of stream sediment

samples from catchments, which contain LCT pegmatites and show high

residuals for tantalum (Ta) and tin (Sn), using the microanalytical methods

above to characterize the host minerals for these metals. The results were

compared and discussed in the context of our previous research [e.g. 1, 2]

and other LCT-affiliated deposits globally.

INTRODUCTION

Deposit models for lithium are not as advanced as

those for high-demand metals such as copper, which

poses a major challenge to lithium exploration. Gla-

ciated and densely vegetated terrains as typical of

much of northern and central Europe present ad-

ditional obstacles. Our research focuses on a belt of

lithium-cesium-tantalum-rich (LCT) pegmatites of the

albite-spodumene subtype located in Leinster, SE

Ireland (Fig. 1), which is the target of mineral explo-

ration since the 1970s.

Building on previous research on the petrogenesis

and internal evolution of the Leinster LCT pegmatites

[e.g. 1, 2], we characterized the geochemical and

mineralogical signatures of these pegmatites in stream

sediments using geospatial analysis of a freely avail-

able regional stream sediment geochemistry data

set [3] combined with mineralogical analysis of stream

sediment samples. The goal was to assess the useful-

ness of stream sediment geochemistry and mineralogy

for hard-rock lithium exploration. Chemical compositions of CGM and cassiterite in 

stream sediments are compatible with these 

minerals in Leinster LCT pegmatite drill core and 

LCT pegmatites and rare-metal granites globally. 

Especially, CGM with Ta# >0.2, high-Ta microlite 

and cassiterite with high Ta, Nb (up to several 

wt.%), common CGM inclusions and a Zr/Hf ratio 

around 5 are indicative of an LCT-type source.

Major-, minor- and trace-element zoning 

patterns in CGM and cassiterite as revealed by 

LA-ICP-MS chemical mapping record the same 

multi-stage evolution as these minerals in LCT 

pegmatite drill core and  boulders.

Catchments that contain LCT 

pegmatites show high residuals for 

both Ta and Sn; high residuals for Cs 

were observed in some instances.

OUTLOOK

The results and observations presented here re-

present some of the groundwork for the development

of geochemical exploration methods for rare-element

pegmatites as part of the recently-established GREEN-

PEG project (www.greenpeg.eu). Funded by the EU’s

Horizon 2020 research and innovation program,

GREENPEG focusses on the development of new

techniques to explore for battery and other green-

technology metals with Leinster as one of its test sites.
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Tantalum and tin oxides (mainly columbite-tantalite, tapiolite, 

microlite, cassiterite) in stream sediments from catchments that 

contain the Leinster LCT pegmatites show the same textural and 

chemical characteristics as these minerals in drill cores and 

surface boulders of the Leinster LCT pegmatites and in similar 

deposits globally, demonstrating that these minerals are useful 

indicators for lithium pegmatites and rare-metal granites.Figure 1. Geological maps of south Leinster, Ireland. The maps were compiled with data from Geological Survey Ireland [3]. A. Simplified regional geological map.
The inset displays the location of the area in Ireland. B. Local geological map of the main Leinster LCT pegmatite belt. Abbreviations as listed in A.

Figure 2. Comparison of data for cesium (Cs) in sample catchments before and
after lithological background correction. A. Catchments that show Cs
concentrations in the 90th, 95th, 97.5th, 99.5th and 100th percentile. B.
Catchments that show residuals for Cs after background correction in the same
percentiles as in A.

STREAM SEDIMENT GEOCHEMISTRY

GEOLOGY

Figure 3. Sample catchment basins in the area of the main Leinster LCT
pegmatite belt that show residuals for cesium (A), tantalum (B), uranium (C),
and tin (D) after lithological background correction in the 90th, 95th, 97.5th,
99.5th and 100th percentile.

Figure 3

An unexposed belt of anatectic LCT pegmatites is emplaced within the East Carlow 

Deformation Zone along the eastern margin of the late-Caledonian (~420–400 Ma) 

S-type Leinster Batholith, southeast Ireland. Sn-W sheeted-vein deposits are located on 

the same regional trend.  The LCT pegmatites intruded Ordovician metasedimentary 

rocks and Ordovician to Devonian granodiorites. 

STREAM SEDIMENT MINERALOGY

Columbite group minerals (CGM) and other Nb-

Ta oxides such as microlite in stream sediments 

show same BSE textures as in LCT pegmatites at 

Leinster and LCT pegmatites and rare-metal 

granites globally; cassiterite with columbite 

inclusions as found in stream sediments seems 

also common in these deposits.

Figure 4. Back-scattered electron (BSE) images of (A) columbite group minerals (CGM), (B)
tantalian rutile (Ta-Rt) and (C) cassiterite (Cst) in stream sediments from catchments with
high concentrations of tantalum and tin and close to known Leinster LCT pegmatite
occurrences. Urn: Uraninite.

Figure 5. Semi-quantitative LA-ICP-MS chemical map of a columbite group mineral grain
from stream sediment at Monaughrim. Numbers indicate the upper and lower thresholds of
the linear color scale.

Figure 6. Interquartile ranges (horizontal lines) and median values (vertical dashes) for Ta#
(= Ta/[Ta+Nb]) in columbite-tantalite from Leinster stream sediments and LCT pegmatite
drill core (highlighted in red) and from a selection of Nb-Ta deposits worldwide compiled
by Melcher et al. (2017) [5]. The data is sorted by increasing median. Compared to deposits
with NYF (niobium-yttrium-fluorine) affinity, which are associated with intracontinental,
anorogenic alkaline magmatism and are, for example, rich in rare earth elements, Ta# of
CGM is typically larger than 0.2 and more variable in deposits with LCT affinity,
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