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Abstract

Thirty six small, copper coins issued under the authority of Herod Agrippa I were analyzed using energy dispersive X-ray fluorescence spectrometry for copper, zinc, tin, lead, antimony, iron, gold, silver, and several other elements. This series of coins appears to show additions of lead to each coin, but an otherwise unadulterated bronze composition.  The metallurgical make up of the samples and implications of the findings are presented here. 

Introduction


The coins of the Herodian Kings, as well as coinage of other subordinate kings and rulers of the Roman Empire, were tolerated in the early imperium, producing an overall coinage system that was Roman throughout the Empire, but that had areas of local production and influence as well.  The coins analysed in this study, the prutah, each display what appears to be three wheat ears on one side, and an umbrella on the other (1).  These or their smaller siblings are often referred to as “widow’s mites” because of the Biblical reference to them.  According to the King James Bible, Mk 12: 41-44:

“And Jesus sat over against the treasury, and beheld how the people cast money into the treasury; and many that were rich cast in much.

And there came a certain poor widow, and she threw in two mites, which make a farthing.

And he called unto him his disciples, and saith unto them, Verily I say unto you, That this poor widow hath cast more in, than all they which have cast into the treasury;

For all they did cast in of their abundance; but she of her want did cast in all that she had, even all her living.”

It is difficult today to determine what value such coins had in ancient times, but it is certainly apparent that these were the small change of their era and locale.  Whether Herodian coins were used in other transactions besides those involving the Temple treasury is also difficult to determine exactly.  But it seems logical to conclude that there was most likely other local, commercial uses for such coinage as well.

Older references to these coins simply indicate them to be copper or brass (1,2).  The experiences of our research and that of others indicates that ancient alloys are usually more complex than either a single element, or a simple alloyed mixture (3-12).
Experimental Conditions


The spectrometer used was a Spectrace QuanX energy dispersive X-ray fluorescence instrument, utilizing a rhodium target X-ray tube, fundamental parameters software, and pure element standards.  Sample excitation conditions were: 30kV, 0.10mA, 100 sec count, K for Fe, Co, Ni, Cu, Zn, As, Pt, Au, Bi, and Pb, followed by: 50kV, 0.72mA, 60 sec count, for Pd, Ag, Sn, and Sb.  Certified brass samples were run each day prior to sample runs to ensure instrument accuracy and precision.  Samples underwent sonication in hot, soapy water for 15 minutes, to ensure surfaces were clean and free of any surface contamination.  
Discussion

Coins and artifacts of the Roman Empire have been studied extensively, (4,5,13-33) but these small, copper coins of King Herod seem to have been omitted from all previous examinations.  The iconography of the coins in this sample set is crude, but all have at least a recognizable wheat ear side or umbrella side.  A worn state or weak design elements are actually not detractors in this case.  Rather, one can argue that because of the wear the surfaces being analyzed do not suffer from any elemental enrichment process at a surface that might have resulted from the original method of manufacture.

This set of coins was analyzed twice on each side as a minimum, and the results averaged.  They appear to be essentially a ternary alloy: copper, tin, and lead.  Figure 1 displays the copper percentages of the samples in comparison to each other.  While the samples with the lowest percentages are near 70%, nearly half of the sample set shows 90% or higher copper.  Samples of ancient coinage with this level of purity are not unheard of (4), butare not common.

Figure 2 illustrates the lead percentage of each coin in the study, again, in comparison to each other.  Note that the y-axis peaks at 30%, thus emphasizing the lead differences somewhat in relation to the copper.  Coins WM4, WM18, and WM30 are all high in lead, and predictably, are also low in copper.  It is noteworthy however, that over half of the samples contain less than 10% lead.  This is much lower than in other studies of ancient or medieval coinage (5, 11, 34, 35).
Figure 3 shows the percentages of tin in each sample, compared against each other, in similar format to Figures 1 and 2.   In this case, the y-axis peaks at 20%, because the samples contain a relatively small amount of tin in relation to copper.

It is immediately evident that there is less tin as an average for the coins than there is lead – the mean lead percentage is 9.9%, compared with only 7.3% tin.  Also noteworthy is the relatively large sample standard deviation of 6.8% in lead percentage, compared with its mean of 9.9%, indicating a wider variation in lead content.
Beyond this, iron is present in the range of only 0.2% - 0.8%, which is both quite low and rather uniform.  Other studies of coins from different cultures and times show similar, low iron percentages (4, 5, 11, 34), and there appears to be disagreement among scholars as to whether iron in the alloys was present in original ores, is a purposeful addition to the alloy, or is a by-product of the alloy being molten in an iron container (36).  In the case of these 36 coins it remains noteworthy that so little iron was found in any of the samples.

Other elements for which this sample set was analyzed were in statistically insignificant amounts.  Silver, and gold, which are present in numerous copper ores even today (and the recovery of which sometimes pays for the electcrical requirements of copper refining) are notably absent from these coins.  In addition, only trace amounts of zinc appear, and in less than one quarter of the coins.  

Conclusions


The coins are leaded bronze.  The almost complete absence of zinc indicates they are definitely not brass.  


The elemental composition shows surprisingly clean make ups overall, considering the technological abilities of the age and culture.  This could be an indicator that the ancient Judaean foundry workers and minters had access to remarkably pure ore sources, or could be evidence of their ability to refine those less pure ores which were available to them.  


The presence of lead in this series of coins appears to be an indicator that the mint workers had some knowledge of leaded alloys and their metallurgy, specifically the knowledge that an alloy was easier to work upon the addition of lead (because the resultant alloy had a lower melting point). 

Another possibility, that lead in roughly the same percentage or ratio simply happened to be present in original copper or tin ores, seems less likely, because of the variation in lead content from coin to coin.
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Figure 1:  Copper Percentages
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Figure 2:  Lead Percentages
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Figure 3:  Tin Percentages
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