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Microstructural characterisation of a collection of Protohistoric bronzes
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Microstructural characterisation of an archaeological collection of Protohistoric bronze artefacts attributed to
around the VIII century B.C. and has been carried out using optical microscopy (OM) and scanning electron
microscopy combined with energy dispersive spectroscopy (SEM-EDS). The collection was found in Medronhal
cave (Condeixa-a-Nova, Portugal) and is composed by 1 fibula, 5 bracelets and 31 rings.

Small areas on the surfaces of the artefacts were cleaned from corrosion and were metallographically prepared
by a manual polishing with several diamond suspensions in a cotton swab until 1 micron diamond size. OM
observations were performed in bright field (BF) illumination and under polarized light (Pol), in unetched and
etched conditions. SEM-EDS was performed without a conductive coating for a minimum external elemental
interference.

OM observations allowed the study of the method and sequence of manufacture involved in the production of
the various types of artefacts. Results show that the fibula and the bracelets have equiaxed (recrystallised) grain
structures resulting from cyclic thermo-mechanical treatments performed to a pre-form cast bar until requested
shape and surface finishing was attained. The rings, which are of diverse sizes, have various types of
microstructures as a result of diverse manufacturing techniques. Some show a dendritic structure that resulted
from the casting, and others show recrystallised structures that resulted from cycles of deformation and
annealing procedures posterior to their casting (Figure 1).

SEM-EDS analysis allowed the study of the presence of inclusions in the metallic matrix and the study of
corrosion in some artefacts (Figure 2). Different types of inclusions were identified, namely copper sulphides, tin
oxide, and lead rich inclusions. Both copper sulphides and lead inclusions are commonly found in archaeological
bronzes [1, 2], and can be a result of copper ores impurities. Tin oxide, on the other hand, is not so common, and
its presence can be understood as a result of preferential oxidation of tin regarding copper during a melting or
alloying operation [3]. The study of the interface alloy/corrosion showed the presence of chlorides in internal
corrosion layers, which can probably be related to an aggressiveness of the burial environment.
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Figure 1. OM (BF) images of polished areas of various artefacts showing different microstructures as a result of
diverse manufacturing techniques (from top left to bottom right: bracelet, fibula, and two rings with different
shapes).
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Figure 2. SEM (BSE) images of a polished area of a bracelet showing heterogeneous corrosion (left image) and
inclusions in metal matrix (right image).
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