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INTRODUCTION

Lithium (Li) is a mineral commodity increasingly
sought after mainly because it is essential to the
production of rechargeable Li-ion batteries mainly
used in high-tech consumer electronics (like smart-
phones) and in the green-power industry. This
increasing demand of Li is mainly driven by the
electric car industry, in the pursuit for more environ-
ment-friendly means of transportation, and it will
result in an intensive Li exploitation in the near future.
Consequently, there is great pressure for mining and
exploration companies to achieve fast but accurate
results in targeting potentially economic areas. New
and untraditional Li exploration methods are needed in
order to meet the market expectations. One of these
exploration methods could be remote sensing, which
has shown good results in targeting gold and copper
deposits for example. Remote sensing is the science
which obtains, processes and interprets data that
records the interaction between matter and electro-
magnetic energy at distance (Sabins 1997). Recently,
the first steps towards its application in Li exploration
were made.

In Europe the most important Li-bearing deposits
are the ones hosted in pegmatites (Kesler ef al. 2012),
and one of the main areas of interest in Europe is the
Iberian Peninsula where several aplite-pegmatite fields
were already recognized. The Fregeneda-Almendra
aplite-pegmatite field is one of these cases and was
selected as the study area since the sparse vegetation
allows the application of remote sensing techniques.

THE FREGENEDA-ALMENDRA APLITE-PEGMATITE FIELD

The Fregeneda-Almendra (FA) aplite-pegmatite
field lies within the Central Iberian Zone, which
occupies the central portion of the Iberian Massif. In
the FA field different types of pegmatite veins were
defined according to their mineralogy, morphology
and internal structure (Roda-Robles 1993, Roda-
Robles et al. 1999, Vieira 2010). These dikes intruded
the pre-Ordovician metasediments of the schist-
metagraywacke complex (Carrington da Costa 1950)
and are located north of the syn-Variscan Méda-
Penedono-Lumbrales granitic complex. They show a
zonal distribution from barren aplite-pegmatites to
bodies enriched in Li, F, Sn, Rb, Nb > Ta, B, P and
Be, with increasing fractionation degree as the
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distance to the granitic complex becomes greater.
Within the evolved pegmatites, five types of dikes
have been characterized: petalite-rich, spodumene-
rich, lepidolite-spodumene-rich, lepidolite-rich and
cassiterite-rich pegmatites.

Recently, in the FA area, some remote sensing
algorithms such as RGB (red, green, blue) combina-
tions, band ratios, principal component analysis (PCA)
and image classification (using the Maximum Likeli-
hood algorithm) were applied to identify Li-pegmatites
(Cardoso-Fernandes et al. 2018, Cardoso-Fernandes et
al. 2019).

REMOTE SENSING AND LI-PEGMATITES

In Li exploration, the previous works show that
there are two main approaches to the application of the
image processing methods: (i) the recognition of
hydrothermally altered zones associated with the
mineralized zones; (ii) the direct identification of Li-
bearing minerals. These approaches were made using
different types of multispectral products: Landsat 5
TM, Landsat 8 OLI, ASTER and Sentinel-2. In what
concerns the first approach, the application of classic
techniques with the known band combinations showed
some contradictory results. On one hand, RGB
combinations are capable of identifying some hydro-
thermal alteration near the Li-bearing pegmatites while
the band ratio technique failed to identify minerals
associated with hydrothermal alteration (like iron
oxides and clays) near the open-pit mines where their
presence was described. Also, the application of PCA,
on only certain bands where the target minerals present
characteristic absorption or reflectance features, al-
lowed to identify the presence of iron minerals in some
mines while only the ASTER sensor allowed to
identify hydroxyl-bearing minerals like clays
(Cardoso-Fernandes et al. 2019). All the existing
RGB band combinations used in this approach were
defined for other deposit types and therefore are not
the most adequate to Li-exploration due to the
different nature of the deposits and their associated
mineralogy and alteration style. Detailed studies on the
type of alteration associated with the Li-bearing
pegmatites could help to develop new band combina-
tions more robust to Li-exploration.

Regarding the second approach, different self-
proposed RGB combinations were capable of discrim-
inating Li-bearing pegmatites with good exposition
from the host rocks for all sensors excepting the
Sentinel-2 (Cardoso-Fernandes et al. 2019). The
impossibility to discriminate the Li-pegmatites with
Sentinel-2 images reflects the importance of thermal
bands, which Sentinel-2 does not have available.
Besides, other methods showed good results in
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highlighting Li-mineralizations, namely several band
ratios and the application of PCA in certain subsets of
bands. Finally, a first attempt to supervised image
classification was made by Cardoso-Fernandes et al.
(2018). In this study, a conventional classification
algorithm Maximum Likelihood was employed and it
positively identified the three open pit mines as Li-
bearing areas. Nonetheless, this classification also
produced several false positives and some confusion
between the metasedimentary rocks and the granites.

Overall, we can identify the main difficulties/
challenges in the application of remote sensing to Li-
pegmatite exploration as being: (i) the vegetation
coverage that even when sparse can mask out other
spectral signals; (ii) the relation between the aplite-
pegmatite dikes dimensions and the image pixel size
which results in a small exposition; (iii) the spectral
resolution of sensors due to the importance of the
thermal infrared region in Li-mineral identification and
due to the fact that a higher number of bands increases
the capability of mineral discrimination; (iv) the
spectral similarity of some classes mainly between
the Li-bearing pegmatites and urbanized areas or
agricultural fields.

Considering all this, even though some of the
applied methodologies allowed a good discrimination
of the Li-pegmatites, it is clear that more robust
remote sensing techniques need to be applied and
detailed spectral, petrographic and geochemical
studies must be conducted in order to: (i) discriminate
the areas with similar spectral behavior; (ii) identify
the characteristics of hydrothermal alteration associ-
ated with the Li-bearing pegmatites and its spectral
features.

To overcome the identified difficulties, several
strategies are now being considered. The pixel size
problem can be resolved by diminishing the pixel
using very high-resolution images, namely World-
View3. Also drone flights will allow to validate the
results obtained with the satellite images. On the other
hand, the construction of a spectral library of the
different minerals and rocks will be the key to fully
discriminate the spectral signatures obtained in the
satellite products and also to validate the techniques
applied. Lastly, to improve the image classification
results, unconventional techniques such as machine
learning algorithms are being used.
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