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Molecular Caracterisation of Archaeological Ambers: Geographical Origins and Identification of Potential Restoration
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Introduction

Amber exploitation and use are ancient among Human communities. The oldest amber object discovered is from the Aurignacien and has an age of ca. 37000 BP [START_REF] White | Les parures de l'Aurignacien ancien et archaïque de la grotte d'Isturitz: perspectives technologiques et régionales[END_REF]. During the Bronze Age, amber use became widespread as attested by the numerous burials with amber pieces found in Europe [START_REF] Du Gardin | La parure d'ambre à l'âge du Bronze en France[END_REF]. However, amber is a precious and rather rare material and its exploitation sites are limited. Therefore, trade routes are associated with amber use throughout Human history. The first mention of amber routes dates back to Antiquity, and links Baltic amber to the Mediterranean region. Nevertheless, it is estimated that these routes are much older and their implantation could date back to the Prehistoric times. Without written records, it is challenging to determine exactly when these routes were implanted. Therefore, it is important to be able to determine the geographical source of archaeological ambers in order to gain a deeper understanding of the evolution of amber trade over time. In this context, physico-chemical characterization of ambers can be used to identify their exploitation site. Most studies dealing with such identification of amber geographical origins are based on non-destructive methods, and notably infrared spectroscopy (e.g., [START_REF] Beck | The role of the scientist: The amber trade, the chemical analysis of amber, and the determination of Baltic provenience[END_REF][START_REF] Du Gardin | La parure d'ambre à l'âge du Bronze en France[END_REF]. Nevertheless, the latter method has its limitations since it is notably sensitive to the degree of alteration of the amber samples, making the localization of the amber sites sometimes difficult to establish. To overcome this problem, our team has developed a method based on the GC-MS analysis of terpenoids from amber that is relatively non-destructive since it only requires the sampling of a few milligrams (1-3 mg) of material. This approach has been used to investigate amber pieces from the Bronze and Iron Age from the collections of the Historical Museum of Haguenau and the Unterlinden Museum of Colmar. Among the samples chosen, restored amber samples were sampled in order to try to identify the nature of the varnish(es) used for amber restoration.

Results

For all the samples investigated, it could be established that the amber is of Baltic origin given the presence of derivatives of succinic acid (I, I'; Fig. 1) and of high relative amounts of diterpenoids derived from dehydroabietic acid and (iso)pimaric acid (II-V; Fig. 1). Additionally, we were able to identify the nature of the material used for restoration dated to the beginning of the XX th Century, but which was not reported in the museum archives. For the amber samples from the museum of Haguenau, two types of material used for restoration were identified. The high relative amounts of abietane derivatives and the presence of C16-C18 fatty acids indicate that the first corresponds to a mixture of colophony and plant oil which was the most commonly used. The second type of material was observed in one case, and has been attributed to dammar resin (Dipterocarpaceae) as indicated by the high abundance of triterpenoids related to the dammarane series (VI-IX, Fig. 1; [START_REF] Burger | Caractérisation moléculaire de résines végétales archéologiques et actuelles : étude de résines de Diterocarpacées[END_REF][START_REF] Van Der Doelen | Comparative chromatographic and mass-spectrometric studies of triterpenoid varnishes: fresh material and aged samples from paintings[END_REF]. All the samples from the Unterlinden museum (Colmar) presented the latter type of restoration. The varnish was however thicker and better preserved. It also seems that for these samples, the dammar resin was mixed with plant oil and adipic acid derivatives.

Conclusions

In this study, we were able to provide insight into the origin of a variety of amber samples from the Bronze and Iron Age selected from museum collections. All the amber samples were identified as Baltic amber. Furthermore, this molecular study led us to identify the nature of the material used for restoration, and which comprise notably dammar resin, colophony and plant oil.

Figure 1 Gas chromatogram of the lipid extract of an archaeological amber sample from the Bronze Age collection of the museum of Haguenau. Red: compounds related to succinic acid; blue: diterpenes the isopimarane series; green: diterpenes from the abietane series; purple: triterpenoids from the dammar resin used for restoration of the amber piece. Acids are analysed as methyl ester derivatives and alcohols as acetate derivatives.
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