Analytical capabilities of handheld Laser-Induced Breakdown Spectroscopy (hLIBS) for
investigating heterogeneous and corroded iron objects of possible meteoritic origin
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Introduction: Early cultures utilized iron meteorites to create jewelry, tools, and weapons prior to the smelting of
iron from oxide ores (Waldbaum, 1980). Numerous iron artifacts from USA, Greenland, Canada, China, Egypt, and other
Eurasian regions confirm the use of meteoritic iron (Comelli et al., 2016; Rovira-Llorens et al., 2023; Hofmann et al.,
2023). Scientists continue to debate whether meteorites are the source of most ancient iron artifacts or only a small number
of them, even though meteorites were previously recognized as a potential source of iron (Pare, 2025). Only a few dozen
meteoritic iron artifacts are well documented worldwide, according to recent analyses. With the emergence of non-
invasive portable instruments like portable X-ray fluorescence (pXRF) (Comelli et al., 2016; Jambon, 2017) which has
been especially helpful for differentiating between meteoritic and smelted iron, the examination of archeological metals
has advanced dramatically over the last ten years. Even though this technique is not yet commonly employed (Senesi et
al., 2024), the recent introduction of handheld laser-induced breakdown spectroscopy (hLIBS) devices seems highly
promising in this context. Considerable advancement is anticipated as it enhances and supports pXRF analysis. The
primary goals of this research are to: (a) show hLIBS's ability for rapid identification and quantification of Fe, Ni, Co,
and minor elements on five corroded iron objects gathered from the Guelmime and Imilchil sites (Morocco); (b) compare
hLIBS with pXRF for accuracy; (c) identify meteoritic iron presence; (d) record depth profiles; (e) create elemental micro
maps; and (f) discuss possible genetic relationships with nearby meteorites. Notably, the examined specimens are
"ancient" corroded iron specimens that can be useful for future archaeometry and archeology research, even though they
can't be considered as archeological artifacts in the proper sense because they were discovered "out of context" and are
not dated.

Materials and Methods: In 2022, five corroded iron objects were discovered in Morocco: three iron blades near
Imilchil (sample #1; sample #2; sample #3), an axe found near Guelmime (sample #4), and another blade discovered
between Imilchil and Missour (sample #5). All specimens underwent hLIBS and pXRF analysis post-sample preparation.

Results: Fe makes up most samples #1 through #4, with minor amounts of C, S, Si, Al, Cr, Mn, Co, Ni, Cu, and Mo;
sample #5 contains substantial amounts of Fe, Ni, Co, and little amounts of C, Cu, and Sn. Fe + Ni totals 95-98 wt%.
While C might be the consequence of forging or slag inclusions, Al and Si might be the result of contamination. Handheld
LIBS maps improve knowledge of the geochemical behavior of elements at small scales and show compositional
variations in iron artifacts. Due to sample #5's high Ni and Co content—possibly from meteoritic origin—depth profiles
reveal notable fluctuations in Fe, Ni, and Co content, indicating actual depth variations. By comparing the composition
of sample #5 to Agoudal, Oglat Sidi Ali, NWA 859, and NWA 11010, the genetic link with iron meteorites was evaluated.

Conclusions: Specimens #1-4 show significant Mn content but low Co, Ni, Ga, and Ge values, suggesting smelted,
maybe corroded iron. There is no such evidence for the composition of specimens #1-4, in contrast to corroded meteoritic
irons, which exhibit fluctuation. In contrast to specimens #1-4, specimen #5 exhibits high levels of Co (1.1 + 0.05%), Ni
(20.6 £ 0.4%), Ga (90 ppm), and Ge (2800 = 160 ppm), whereas Mn is below detection. Its composition indicates
meteoritic iron utilization, as it resembles Oglat Sidi Ali and NWA 859 meteorites.
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