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In Search of Early Metallurgy

How seven metals made the ancient world



The Seven Metals of the Ancient World


The use of stone for toolmaking predates the emergence of the earliest humans, but the use of metal for toolmaking is far more recent. The reason for this is straightforward: although there are 76 naturally occurring metallic elements, only a few are commonly found in the native state. In antiquity – and indeed for centuries after – only seven metals were known: gold, silver, copper, lead, tin, iron, and mercury. Of these, only gold, silver, and copper occur in significant quantities in the native state. Of these, only copper is suitable for toolmaking, though all three could be used for making ornaments. Unlike gold and silver, copper is reasonably abundant. Arsenic, antimony, nickel, and zinc alloys were known in antiquity, but the elemental metals were not widely recognised as distinct.


Seven was a highly significant number in the ancient world. The ancients knew of certain heavenly bodies that behaved differently from the fixed stars. Unlike the latter, which never move relative to one another, these changed their relative positions at varying rates. The Ancient Greeks named them planetes, meaning ‘wanderer’[1], although their behaviour had been noticed much earlier. They are the five naked-eye planets and the Moon. It was also recognised – possibly during total solar eclipses, though it could be inferred from the positions of the stars visible at dusk or dawn – that the Sun exhibits the same behaviour. Hence, there were seven wanderers and the number seven came to be viewed as auspicious. It has been suggested that this was why the Mesopotamian ruler Sargon of Akkad (reigned 2288 – 2235 BCE) introduced a seven-day week1. Seven planets, seven days of the week, seven metals.


Is it a coincidence that the ancients recognised seven distinct metals? Could others have been isolated on occasion but ignored because seven was regarded as a ‘full house’? It is certainly possible. There were the supposed Seven Wonders of the Ancient World, but the Hanging Gardens of Babylon probably never existed at all and could have been invented to make up the numbers. Similarly, the Greek historian Theopompus (c. 380 – 325 BCE) was reportedly familiar with metallic zinc. In this case, eight metals might have been one too many, and zinc was dismissed as ‘false silver’ even though Theopompus was aware that alloying copper with it gave ‘mountain copper’ (i.e., brass)2.





Early use of native metals


Although people of the Upper Palaeolithic period in Eurasia produced beautifully worked art objects in stone, bone, and shells, there is no evidence that they ever made any ornaments from native metals. This might seem surprising, but it is rare for non-agricultural societies to produce metal artefacts. For example, Aboriginal Australians have a tradition of rock art going back at least 28,000 years3 but they did not develop a metal culture and had no exposure to metals until the arrival of the Europeans4. However, there are exceptions, as we shall see.


The earliest known use of metals occurs in Southwest Asia, where by around 8000 BCE early Neolithic people were hammering native copper to make beads and other small objects at sites in locations stretching from Anatolia to Iran. The most prolific of these is Çayönü Tepesi in eastern Anatolia, where over 100 small copper artefacts including beads and pins with a total weight of 139 gm (4.9 oz) have been found. Metallographic analyses of these artefacts have shown evidence of annealing of native copper, indicating the early application of heat to the production process5-7. However, longstanding claims that copper was being smelted by 6500 BCE have been refuted. Alleged metallurgical slag from the large Neolithic site of Çatalhöyük site in central Anatolia has now been interpreted as green cuprous minerals that were ground up for use as pigment and subsequently caught up in a fire in the building in which they were found8.


Rather earlier, during the transition to agriculture in the region around 9600 – 8200 BCE, there was an increase in the use of green minerals such as malachite for making beads and pendants. It has been suggested that early Neolithic farmers associated the colour green with plants and agriculture, and they regarded it as auspicious9. Cuprous minerals such as malachite were regularly collected and used alongside the native copper from the same deposits. Thus, there was an early association between copper ore and the metal itself5. It was possibly this interest in green cuprous minerals for bead-making that drew attention to the native metal itself, and why no copper beads from the Upper Palaeolithic have been found.





From annealing to smelting


Smelting copper ore (sulphides and/or oxides) to produce metallic copper is far more complex than working with native copper. The process entails heating the ore with charcoal in the presence of an air supply. The charcoal combines with oxygen to produce carbon monoxide, which in turn reduces the heated ore to metallic copper. The chemistry underlying this process is elementary, but the practicalities of regulating the temperature and air supply are far from straightforward.


It has often been suggested that the discovery of copper smelting was a spinoff from the kiln technology developed for the firing of painted ceramics. However, this is unlikely as the temperatures achieved in pottery kilns are significantly lower than those required to smelt metals, and the earliest-surviving smelting furnaces do not resemble pottery kilns. The use of charcoal for reducing copper ore might have been a multi-step discovery. Annealing of copper causes the surface to discolour due to oxidation, and it could have been noticed that the use of charcoal limited this unwanted effect. Gradually, it would become standard practice to cover native copper with charcoal before annealing. The next step would have been the development of crucibles in which native copper was melted down and cast. As with annealing, the metal would have been covered with charcoal to prevent oxidation. On occasions, incompletely separated mixtures of native copper and cuprous ore would have been melted down, and the charcoal would have been reduced to metal. It would soon be realised that when such mixtures were melted down, there was more copper metal at the end of the process than there had been at the start. It can be envisaged that once experimentation had shown that the metal could be obtained from ore alone, the process would have been refined until a practical smelting technology was developed5.


Where, when, and on how many occasions copper smelting was invented has long been debated. In the 1960s, British archaeologist Colin Renfrew suggested that there had been multiple independent inventions throughout Eurasia, but the American historian Theodore Wertime believed that the process was too complex to have been invented more than once. At that time, and indeed for some time thereafter, there was insufficient data from field and laboratory work to provide definitive answers. If the appearance of copper smelting was synchronous throughout Southwest Asia and Southeast Europe before spreading across the rest of Eurasia, it would suggest that there was a single invention in Southwest Asia or Southeast Europe, and there was no independent invention elsewhere in Eurasia6. However, recent discoveries have revived the possibility of multiple independent discoveries10.





Chalcolithic developments in the Balkans


Copper ore was mined in 20 m (66 ft) deep trenches at Ai Bunar, southern Bulgaria, from around 5100 BCE and in galleries at Rudna Glava, Serbia, from around 5000 BCE 11. The presence of cast copper tools in the Balkans from 5000 BCE was thought to imply an indigenous Balkan copper industry. It was estimated that around 4,300 copper
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