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Introduction

Numismatics is a significant branch of archaeology that addresses the identification of history, historical geography, religion(s), art, culture, economy, myths, clothing, traditions, and sometimes the architecture of each era. In this study, seven Sasanian silver coins preserved in the Sistan Anthropology Museum were analyzed. Some surfaces of these coins were covered with corrosion products and contamination layers. So, the coins were cleaned for a clearer look of the images to study their figures and obtain accurate results. The main objective of this study was to investigate the microstructure and alloying elements of the coins and to identify the relevant coinage processes. The investigation into the coins was done by means of microscopic and instrumental analysis techniques. In addition, the microstructural analyses were conducted to trace metallurgical and coinage processes through optical microscopy and scanning electron microscopy with energy dispersive x-ray spectroscopy (SEM-EDS). The elemental analyses of the coins was carried out by proton-induced x-ray emission spectrometry to discover the alloys used in coinage and identify the impurities of samples. 

Methods

The microstructural analysis of samples was conducted by an optical microscope to investigate type, shape, and the distribution of phases and inclusions, using BK-POL/BK-POLR optical microscope equipped with a Canon EOS Kiss X4 CCD camera and Breeze System image capture software.In addition, the elemental analyses were carried out for obtaining the composition of alloys and existing impurities of the samples, using SEM-EDS. This experiment was done in the Laboratory of Razi Applied Science Foundation in Tehran, using MIRA3 Field Emission Scanning Electron Microscope (TESCAN, Czech) equipped with energy dispersive X-ray spectroscopy (EDS) (RONTEC, Germany) and QUANTAX (QX2). Finally, the investigation of the alloy samples was done to identify main and trace elements, using Proton Induced X-ray Emission microanalysis (Micro-PIXE).

Results

Results of this study improved our knowledge of the metallurgical technology in Sasanian period. The high purity of silver in the coins clearly points to metallurgical technologies used for silver refining and extracting in Sasanian era. In other words, there was a precise control over silver purification in that era. The high silver content (>90 wt%) in all coins indicates the precise and controlled application of cupellation operation to refine silver and segregate other impurities from the primary ores. Moreover, the gold content in the alloys suggests that the non-galena ores were used for silver extraction. On the other hand, relatively equal gold content in all coins suggests that the ores used for silver extraction had a similar mineralogy and chemistry. Microstructural analysis of samples validated the authenticity and antiquity of them by providing credible evidences such as copper precipitation in grain boundaries, and formation of the irregular jigsaw appearance of grain boundaries in coin 3 with a greater copper content in the alloy. Evidences of mechanical operations along with annealing treatment were observed in other samples which may suggest preheating of the primary silver before minting.
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