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 Here we present a confocal Fe K-edge µ-XANES method for the analysis of Fe 
oxidation state in melt inclusions of one-side polished samples, potentially applicable to any 
heterogeneous sample. The new technique allows for an analysis of small volumes with high 
spatial 3D resolution of <100 µm3. Using a confocal setup, the probed volume is restricted to 
that just beneath the surface of the exposed object. This protocol avoids contamination of the 
signal by the host mineral and minimizes self-absorption effects. This technique has been 
calibrated and tested on a set of experimental glasses with a wide range of Fe3+/∑Fe ratios. The 
method was applied to the analysis of natural melt inclusions trapped in forsteritic to fayalitic 
olivine crystals of the Hekla volcano, Iceland. Our measurements reveal changes in Fe3+/∑Fe 
from 0.17 in basaltic up to 0.45 in dacitic melts, whereas magnetite-ilmenite equilibrium 
testifies redox conditions with Fe3+/∑Fe ≤ 0.20 (close to FMQ, Fayalite-Magnetite-Quartz 
redox equilibrium) along the entire range of Hekla melt compositions. This discrepancy 
indicates that the oxidized nature of glasses in the melt inclusions could be related to post-
entrapment process of diffusive hydrogen loss from inclusions and associated oxidation of Fe 
in the melt. The Fe3+/∑Fe ratio in silicic melts is particularly susceptible to this process due to 
their low FeO content and it should be critically evaluated before petrological interpretation. 
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 The Early Nordic Bronze Age (NBA Period IB, 1600–1500 BC) is characterized by 
huge amounts of metal products reaching northern Germany and Scandinavia for the first time, 
demonstrated by the appearance of a refined repertoire of bronze products (Nørgaard et al, 
2019). Examples for these products are the blades of swords and daggers of the Sögel and 
Wohlde district, which suddenly appear as highly sophisticated metal artefacts without local 
precursors. Both blade types have hilt-plates with four or five rivets, while Sögel blades have a 
rounded and Wohlde plates have a trapezoidal formed hilt-plate. One of the great desiderates 
of archaeologists is determining the origin of archaeological bronzes and their metal sources 
(copper and tin). To reconstruct the provenance of the source materials isotope and elemental 
compositions of metals have since become important tools. This work pursues a multi-isotope 
approach combining Pb, Cu and Sn isotopes with trace element composition (Berger et al. 2022) 
of about 300 blades of the Sögel and Wohlde type from the Early NBA to investigate the origin 
of the raw material sources and of the blades. Additionally, we search for evidence of source 
mixing and/or recycling to gain a better insight into the manufacturing practices and to validate 
the provenance analysis. For this, the blades are isotopically and chemically analysed and 
compared with ores and typologically related blades from other regions in Central and Southern 
Europe. This may help to reconstruct relationships between artefacts of different origins and to 
reveal cultural and trade networks. Moreover, a critical evaluation of the data will be undertaken 
against the background of potential metal/ore mixing and recycling.  
 First results of 49 blades from the Early NBA indicate the Alpine Mitterberg as a 
potential source region for the copper based on Pb and Cu isotope composition, and trace 
element patterns. The majority of the blades consists of low-impurity copper of chalcopyrite 
quality typical for the Mitterberg. However, some blades were likely produced from Slovakian 
copper ores and there could even be indications of mixing both copper sources. Regarding tin, 
the Erzgebirge would be a very likely supplier, but some regions of Cornwall are also possible 
because of matching Sn isotope values. Based on the isotopic data of a single blade (Pb, Cu, 
Sn), we are able to comprehend the manufacturing steps of the object and their meaning for the 
choice of source materials. In future research, more artefacts from the NBA and Central and 
Southern Europe, as well as copper ores of the Mitterberg and the Slovakian Ore Mountains 
will be studied to conduct statistical analysis and to check for mixing practices.  
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