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Abstract: Laser-induced breakdown spectroscopy (LIBS), a rapid and versatile analytical
technique, is becoming increasingly widespread within the geoscience community. Suitable
for fieldwork analyses using handheld analyzers, the elemental composition of a sample is
revealed by generating plasma using a high-energy laser, providing a practical solution
to numerous geological challenges, including identifying and discriminating between
different mineral phases. This data paper presents over 12,000 reference mineral spectra
acquired using a handheld LIBS analyzer (© SciAps), including those of silicates (e.g.,
beryl, quartz, micas, spodumene, vesuvianite, etc.), carbonates (e.g., dolomite, magnesite,
aragonite), phosphates (e.g., amblygonite, apatite, topaz), oxides (e.g., hematite, magnetite,
rutile, chromite, wolframite), sulfates (e.g., baryte, gypsum), sulfides (e.g., chalcopyrite,
pyrite, pyrrhotite), halides (e.g., fluorite), and native elements (e.g., sulfur and copper). The
datasets were collected from 170 pure mineral samples in the form of crystals, powders,
and rock specimens, during three research projects: NEXT, Labex Ressources 21, and
ARTeMIS. The extensive spectral range covered by the analyzer spectrometers (190–950 nm)
allowed for the detection of both major (>1 wt.%) and trace (<1 wt.%) elements, recording
a unique spectral signature for each mineral. Mineral spectra can serve as reference data to
(i) identify relevant emission lines and spectral ranges for specific minerals, (ii) be compared
to unknown LIBS spectra for mineral identification, or (iii) constitute input data for machine
learning algorithms.

Dataset: https://doi.org/10.24396/ORDAR-165.

Dataset License: CC-BY-NC-SA

Keywords: laser-induced breakdown spectroscopy; handheld LIBS; minerals; spectra; database

1. Summary
The laser-induced breakdown spectroscopy (LIBS) technique is a rapid and ver-

satile analytical solution for analyzing various geological materials: rocks [1–3], pow-
ders [4–6], and minerals [7,8]. Additionally, by overcoming the limitations of laboratory-
based systems through the development of handheld analyzers [9–12], the LIBS technique
has significantly increased its potential and attractiveness to the geoscience community. The
ability to access geochemical information onsite during field investigations is particularly
valuable in geology as the spatial scale of the studied objects ranges from microns (min-
erals) to hundreds of kilometers (geological structures). Handheld LIBS has successfully
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been used to address several challenges in geology, including determining the propor-
tion of targeted elements in mining operations [6,13–15] and the spatial distribution of
chemical elements [16,17], identifying geological samples [1,18], and exploring extrater-
restrial rocks and soils during space missions [19–21]. Furthermore, by processing LIBS
analysis using chemometric algorithms [22], the spectra of known samples can be used as
references to identify rock species [18,23], highlight chemical variation within a specific
mineral phase [24–27], and discriminate between minerals presenting similar physical
characteristics that might complicate onsite identification [28,29].

The presence or absence of minerals, as well as the chemical variations observed in
different minerals or within a specific mineral phase, can reveal the genesis conditions and
the geological processes leading to the deposit formation. Mineral phase identification can
be performed in the field based on physical characteristics (i.e., color, crystal form) but might
be challenging, especially with small-sized textures (e.g., phaneritic and microgranular
matrices) or if different minerals are visually similar (e.g., spodumene, petalite, Li micas).
The idea is to apply LIBS to automate mineral identification in rock samples based on the
fact that an LIBS spectrum obtained from a mineral sample reflects the nature, structure, and
proportions of the elements it contains, generating a unique spectral fingerprint for each
mineral. While these types of approaches are powerful tools [3,28–30], their implementation
depends on the availability of comprehensive and high-quality reference data. Accurate
recognition, classification, and clustering depend on reliable and representative input
variables, highlighting the critical importance of LIBS spectral libraries.

This study provides access to more than 12,000 reference LIBS spectra for several
mineral species, including silicates, carbonates, sulfides, sulfates, oxides, and native ele-
ments (Table 1). Multiple samples of the same mineral species were analyzed to portray the
geochemical diversity observed in a mineral phase across different deposits. The number of
analyses per sample was maximized to generate large datasets compatible with advanced
chemometric techniques. Ultimately, this spectral library is a foundational step meant
to be expanded and enriched by future research contributions, such as those focused on
lithium-rich minerals [8] and other relevant studies, to support the future application of
the LIBS technique in mineral discrimination and automatic mineral identification.

Table 1. Summary of the mineral samples analyzed: the mineral species, chemical formulas, number
of samples analyzed, and total spectra acquired. Detailed metadata are available in the database.

Mineral Formula Sample Spectra

Albite Na(AlSi3O8) 5 356
Amblygonite (Li,Na)Al(PO4)(F,OH) 1 96
Apatite Ca5(PO4)3(Cl/F/OH) 5 368
Apophyllite KCa4(Si4O10)2F8(H2O) 1 46
Aragonite CaCO3 1 49
Arsenopyrite FeAsS 4 304
Baryte BaSO4 1 60
Beryl Be3Al2(Si6O18) 2 192
Biotite K(Fe2+/Mg)2(Al/Fe3+/Mg/Ti)([Si/Al/Fe]2Si2O10)(OH/F)2 4 207
Calcite CaCO3 2 97
Cassiterite SnO2 6 486
Chalcopyrite CuFeS2 5 363
Chlorite A5–6T4Z18/A = Al, Fe, Li, Mg, Mn, Ni/T = Al, Fe, S /Z = O, OH 3 223
Chromite FeCr2O4 1 40
Columbite (Fe,Mn)Nb2O6 1 96
Copper Cu 1 30
Dolomite CaMg(CO3)2 1 40
Fluorite CaF2 11 731
Galena PbS 1 29
Garnet X3Z2(SiO4)3/X = Mg, Ca, Fe, Mn/Z = Al, Fe, Cr, V 4 160
Gypsum Ca(SO4)2(H2O) 1 50
Hematite Fe2O3 5 317
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Table 1. Cont.

Mineral Formula Sample Spectra

Illite (K,H3O)Al2Si4O10(OH)2 1 80
Ilmenite FeTiO3 1 109
Kaolinite Al2Si2O5(OH)4 1 40
K-feldspars KAlSi3O8 7 592
Kyanite Al2SiO5 1 40
Li micas KLi2Al(Si4O10)(F,OH)2 to K(Li1.5Al1.5)(AlSi3O10)(F,OH)2 22 2550
Magnesite MgCO3 1 40
Magnetite Fe2+Fe3+

2O4 1 10
Malachite Cu2(CO3)(OH)2 1 20
Molybdenite MoS2 3 145
Muscovite KAl2(AlSi3O10)(OH)2 5 272
Pyrite FeS2 4 248
Pyrrholite Fe7S8 1 50
Quartz SiO2 8 349
Rhodochrosite MnCO3 1 40
Rutile TiO2 4 266
Serpentinite (Mg,Fe)3Si2O5(OH)4 1 40
Sphalerite (Zn,Fe)S 8 534
Spodumene LiAlSi2O6 1 125
Stannite (Mn,Fe)(Ta,Nb)2O6 1 96
Sulfur S 1 10
Talc Mg3Si4O10(OH)2 1 40
Tantalite (Fe, Mg, Mn)Ta2O6 1 96
Topaz Al2SiO4(F,OH)2 1 44

Tourmaline

AD3G6 (T6O18)(BO3)3X3Z

11 709
A = Ca, Na, K, Pb

D = Al, Fe, Li, Mg, Mn, Ti/G = Al, Cr, Fe, V
T = Si, Al/X = O, OH/Z = F, O, OH

Vermiculite (Mg,Fe,Al)3(Al,Si)4O10(OH)24H2O 1 40
Vesuvianite Ca10Al4(SiO4)5(OH)4 1 40
Wolframite (Mn, Fe)WO4 6 429
Wollastonite CaSiO3 1 40
Zinnwaldite KFe2Al(Al2Si2O10)(OH)2 to KLi2Al(Si4O10)(F,OH)2 4 128
Zircon ZrSiO4 1 96

2. Data Description
The spectral database is available open access (license CC-BY-NC-SA) on the ORDaR

platform (OTELo Research Data Repository), managed by the Observatory Earth Environ-
ment of Lorraine (OTELo), via the following doi: https://doi.org/10.24396/ORDAR-165.
The database, titled “Mineral spectra acquired using handheld LIBS”, includes a metadata
file summarizing essential information: the sample ID, mineral type, chemical formula,
sample type, matrix type, number of data points, spectra per sample, and spectra per
mineral. To simplify data manipulation, the spectra are organized into individual zip files
corresponding to the 55 mineral species analyzed, including albite, amblygonite, apophyl-
lite, aragonite, apatite, arsenopyrite, baryte, beryl, cassiterite, calcite, chalcopyrite, chlorite,
chromite, columbite, copper, kyanite, dolomite, fluorite, galena, garnet, gypsum, hematite,
illite, ilmenite, kaolinite, k-feldspars, magnetite, magnesite, malachite, muscovite, pyrite,
pyrrhotite, quartz, rhodochrosite, rutile, serpentinite, sulfur, sphalerite, spodumene, stan-
nite, talc, tantalite, topaz, tourmaline, vermiculite, vesuvianite, wolframite, wollastonite,
and zircon.

2.1. Spectra Files

The spectra files are organized as follows: Individual spectra (e.g., spectrum1, spec-
trum2, spectrum3) represent the average signal obtained by multiple laser shots in each
zone, with two to four laser pulses. The labeled “Average” spectra are the mean spectra
for each analysis grid. As detailed in the “Data acquisition” Section, one analysis point
represents a grid of multiple analyzed zones, with each zone analyzed using successive
laser shots. Further details on data acquisition are available in the Methodology Section.

https://doi.org/10.24396/ORDAR-165
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LIBS data were exported from the LIBS analyzer in CSV format. A spectrum corre-
sponds to a file containing 23,432 rows recording the signal intensity as a function of the
wavelength. The downloaded files were wavelength-normalized by resampling the spectral
data to a consistent wavelength scale, correcting for variations in the pixel-to-wavelength
mapping due to detector inconsistencies or calibration shifts. The high spectral resolu-
tion (0.033 nm) is particularly valuable for accurately analyzing complex matrices such as
geological materials. In minerals composed of various elements, this degree of precision
minimizes emission line overlap and enhances the ability to detect weak signals from trace
elements even next to the stronger emission lines of major components. However, the large
number of variables per spectrum can increase processing times, especially for large-scale
datasets. To optimize the computational time, targeted strategies can be implemented:
(i) focusing on relevant spectral regions based on emission line selection, (ii) reducing the
data dimensionality using PCA, SOM, etc., and (iii) spectral binning.

2.2. LIBS Signal

The baseline of LIBS spectra varies significantly depending on the elemental composi-
tion of the mineral analyzed (Figure 1a). A flat baseline is observed in minerals such as
quartz, Li micas, albite, calcite, etc. Meanwhile, minerals rich in metallic elements (e.g., Fe,
Cu, Cr, Zn, etc.), including pyrite, chromite, and arsenopyrite, exhibit an elevated back-
ground signal across the visible and ultra-violet wavelength range due to the high thermal
conductivity of these elements affecting the plasma density and temperature [30,31]. In
minerals containing higher-atomic-mass elements (e.g., Nb, Ta, Zr), such as columbite,
tantalite, and zircon, a higher signal results from increased Bremsstrahlung radiation. These
differences emphasize the need for custom spectral processing when involving multimin-
eral LIBS data. Baseline correction and normalization should be specifically adapted to
the mineral species targeted. Additionally, the physical nature of the analyzed samples
is reflected in the signal intensity. As shown in Figure 1b, the LIBS signal intensity of
quartz differs between powdered and crystalline samples. The signal intensities recorded
from powdered samples are substantially higher than those obtained in crystals. Intensity
gaps caused by textural variations are attributed to higher ablation rates in unconsoli-
dated powders and reduced scattering, which enhances the laser interaction with powder
particles [14,32,33].

2.3. Element Detection

For each mineral, characteristic emission lines at specific wavelengths and varying
intensities define a unique and distinctive spectral signature. In this sense, the distribution
of emission lines across the entire spectral range of an LIBS spectrum differs significantly
from one mineral to another (Figure 1a). For instance, minerals rich in transition metals (e.g.,
Fe), characterized by complex atomic structures and numerous energy level transitions,
lead to a higher density of emission lines, generating spectra with densely packed lines. A
higher emission density increases the potential for spectral interference, and the signal of
less abundant trace elements may be concealed (Figures 1a and 2c).

Even if the presence of known emission lines reveals the chemical composition of
the mineral, the signal intensities recorded of these lines do not correlate directly with
the absolute abundance of the elements in the mineral. The signal intensity of an element
is the result of various factors besides its concentration. Elements with lower ionization
energies (e.g., Li ~ 5.39 eV, Na ~ 5.14 eV) produce stronger emission signals (Figure 2a),
while elements with moderate ionization energies (e.g., Si ~ 8.15 eV) yield comparatively
weaker signals even at higher concentrations (Figure 2b).
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Figure 2. Variation in the LIBS signal intensity for different elements: (a) Li, an element with low
ionization energy, is a major component of spodumene; (b) Si, an element with moderate ionization
energy, is a primary constituent of topaz; and (c) S, an element with high ionization energy, is a key
component of chalcopyrite.
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3. Methods
3.1. Samples

Table 1 summarizes the samples analyzed to obtain the mineral spectra contained in
the database. In total, 171 mineral samples were analyzed using a handheld LIBS analyzer:
127 were crystal hand specimens, 25 were phenocrysts included in rock matrices, and
19 were compressed powder pellets (<50 µm) shaped using a 13 mm diameter, 2 mm
thick cylindrical mold and a 10-ton hydraulic press [34]. The pellets were formed using
a pressure of 7 tons for approximately 2 minutes to ensure the cohesion of the mineral
powders. The solid samples were unprocessed and selected for their flat surface to ensure
proper adhesion to the analysis window, ensuring good plasma quality.

Most samples were sourced from the teaching and research collections of the École
Nationale Supérieure de Géologie (ENSG, University of Lorraine, Nancy, France) and the
GeoRessources laboratory (University of Lorraine, Nancy, France). Additional contributions
came from the San Finx mine (Spain) and the University of Thessaloniki (Greece).

3.2. LIBS Techniques

The fundamental principles of LIBS have been detailed in numerous publica-
tions [35–37]. In summary, plasma is generated on the surface of a sample using a high-
power pulsed laser. The excited chemical components of the plasma (atoms, ions, and
molecules) emit light to release excess energy and return to stable energy states. The spec-
tral signal is collected and analyzed using optical collectors and spectrometers to produce
a spectrum, illustrating the signal intensity (a.u.) as a function of the wavelength (nm).
Emission lines at specific positions reveal the elemental composition, while the signal
intensity depends on several factors (i.e., the element concentration, ionization potential,
acquisition parameters, etc.).

3.3. Handheld LIBS Analyzer

The handheld LIBS analyzer used in this study was the SciAps Z300 model (MA, USA),
composed of a Nd:YAG laser with an output energy of 5-6 mJ per pulse, operating at a
wavelength of 1064 nm, a pulse duration of 1 nanosecond, and a pulse repetition rate of up
to 50 Hz. Characterized by 4 hours of autonomy per battery and a compact design (weight:
2 kg), the device is user-friendly and convenient for field missions. An integrated camera
allows for the precise visualization of the sample surface before an analysis, facilitating
the accurate targeting of specific minerals in rock samples. A constant argon flush is used
during measurements to enhance the signal-to-noise ratio and improve signal intensity,
particularly in the UV range [36,37]. The combination of spectrometers enables the coverage
of a large spectral band (190–950 nm), detecting elements from light (H) to heavy (U) with
a spectral resolution of 0.03 nm. The detection limits vary from a few ppm (Li = 5 ppm)
to hundreds of ppm (C = 400 ppm). The instrument includes automated drift correction,
performed when starting the device and approximately every hour using an onboard
reference material, ensuring result consistency over time. Two data acquisition modes
are available. In the “standalone mode”, the analyzer operates independently of external
devices, providing flexibility during field operations. The “connected mode”, accessed
via ProfileBuilder software, allows for more control over the acquisition parameters for
detailed spectra visualization and emission line identification using an integrated spectral
database. The first mode is ideal for onsite analysis, while the connected mode is better
suited for comprehensive data inspection during data acquisition.
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3.4. Data Acquisition

Four averaged analysis points were measured for each sample. An analysis point
consisted of multiple zones arranged in a grid (e.g., 3 × 3, 5 × 5, 6 × 6). At least two laser
shots were averaged per zone, following an initial cleaning shot to remove any surface
contaminants. Increasing the number of laser shots per location, minimizing variations
caused by plasma instability and maximizing the number of analysis points across the
sample surface, ensured a representative signal, accounting for chemical variations and
inhomogeneous element distribution within the crystal (e.g., zoning, inclusions). The
distance between two zones ranged from 100 to 200 µm, ensuring independent plasma
formation and no interference from prior shots. A flat surface was a key point when
selecting samples, as topographic irregularities can affect the signal by altering the laser
absorption, ablation efficiency, and plasma formation [38]. An onboard sensor prevented
the laser from firing when the sample was not correctly aligned with the analysis window,
guaranteeing safe operation under laser class 1M conditions. However, this mechanism
complicated the analysis of clear crystals (e.g., quartz, fluorite), potentially not detected
due to their transparency or high reflectivity, hindering laser interaction. The analysis was
aborted in such cases, and no spectra were recorded.

3.5. Spectra Visualization

The CSV files can be imported into a similar handheld LIBS analyzer via the analyzer
software (ProfileBuilder) for detailed visualization and emission peak identification using
the integrated spectral database. External software, like SpectraGryph [39], offer a user-
friendly interface for visualizing and processing LIBS spectra. Multiple spectra can be pro-
cessed simultaneously, including baseline correction, normalization, and feature extraction.

3.6. Applications

LIBS spectra obtained from mineral samples can be used to build custom spectral
datasets, providing input data for training mathematical models to generate qualitative,
quantitative, and mineralogical information for unknown rock and mineral samples. In this
sense, numerous studies have demonstrated the potential of the LIBS technique, when com-
bined with chemometric methods, as a tool for automatic mineral identification [29,40,41].
Machine learning algorithms have been designed to identify patterns to make predictions
based on the data features.

The performance of these models highly depends on the quality of input data points
and their ability to emphasize relevant characteristics, as the equations and rules imple-
mented are calibrated using these attributes. The ability to determine the mineralogical
composition of rocks by associating LIBS spectra with specific minerals based on spectral
features represents a rapid and practical solution for resource optimization during field op-
erations. This highlights the importance of generating extensive and high-quality mineral
spectral libraries to support advanced mathematical approaches for LIBS applications in
geology. In order to enable use by any type of processing method already available or to be
developed, the database is provided without any postprocessing of the spectra.

4. User Note
The samples, as well as the methodology followed during this study, are described in

the metafile and the present article, respectively. Various Li-rich mica samples, grouped
under the keyword “calibration”, are associated with additional geochemical quantita-
tive data, which are not included in the paper or metafile but can be made accessible
upon request.
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