Application of neutron-based methods in provenance research of lithic archaeological material
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Neutrons, as electrically neutral particles can easily penetrate through deeper layers of the investigated objects. When irradiating the samples, elemental or isotopic composition can be
determined by the detection of characteristic radiation. While conventional Neutron Activation Analysis (NAA) requires sampling, external guided neutron beams of relatively low intensity provide
an excellent tool to study intact archaeological objects without any damage to them.
Considering lithic artefacts, which have a well-defined, constant chemical composition over long historical times, it is promising to perform provenance studies on them, using non-destructive
methods. Using the bulk major-, minor- and trace elements data of the archaeological objects and those of the comparative raw materials, one can have a chance to identify the possible rawmaterial sources. At the PGAA laboratory of the Budapest Neutron Centre, we perform provenance research on archaeological objects made of various kinds of rocks for more than 20 years.
PGAA is a bulk panoramic elemental analytical method, based on (n,γ) reaction. SiO2, TiO2, Al2O3, Fe2O3, MnO, CaO, Na2O, K2O, H2O, Cl, B, Sm, Gd and Nd measured non-destructively. We
co-operate with the Hungarian National Museum, and with other Hungarian and foreign museums. The Lithotheca of the Hungarian National Museum provides reference material for our studies.
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In provenance studies of obsidian, based on B-, Cl- and Ti data of more than 500 samples, PGAA can separate the major
obsidian types, even more effectively sub-types of main groups, such as two Melos-types (Adamas and Demenegaki) as well as
between Sardinian A, B and C types. Provenance study of Hungarian, Croatian, Romanian, Polish and Korean archaeological
pieces have been done.
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Provenance study of silex, a very high silica-content raw material of chipped stone
tools is much more difficult, due to the relatively low amount of diagnostic elements
and the similarity of different kinds of silex (i.e. flint, radiolarite, chert, etc.) in their
composition. However, PGAA combined with microscopy can distinguish between
flints of different geological ages, as well as radiolarites of different provenance.
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Based on more than 900 PGAA measurements, we can distinguish the main raw material types: Basic-Metabasic /
Ultrabasic (incl. Serpentinite, Nephrite,…) / Calco-silicate rocks. Combining PGAA with SEM-EDS and Microscopy,
Greenschist, Blueschist and Basalt can be separated within the Basic-Metabasic group. Based on this characterisation,
successful provenance research of archaeological finds in the Carpathian basin can be made.
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