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 Examination of metal implements using optical 
microscopes and/or SEM 

 Size and grains of the minerals for traces of 
heating, working and alloying 

 Manufacturing techniques 
 Distinguish cold worked and cast objects 
 Crystalline structure of cold worked objects is 

severely distorted and flattened by hammering 
 
 



 Oldest known use of metal  
 Meteoric Iron, e.g. Iron/Nickel and Copper 

meteorites (“Copper Eskimo”) 
 Forming jewelry or ritual items 
 
 Made from soft metals: gold and copper.  

 Both metals can be worked by hammering 



Objects made of  

gold and copper,  

5th-4th millennium BC  



 The invention of the furnace with bellows 
provided the opportunity to smelt and 
combine metals 





 Soft metal (Cu 29) 

 Native copper occurs naturally 

as oxide or ores 

 Cuprite, melaconite (Oxides) 

 Malachite and Azurite (carbonates) 

 Chalcanthite (sulfide) 

 



Prehistoric copper mining in the Austrian Alps 



1. Breaking up of ores to remove gangue (silica), then ‘washed’, 
i.e. gangue is removed by water, and the ore is dried or roasted 

2. Smelting 

3. The first ingot contains blow-holes 

4. Re-melting using a crucible,  

5. Poled or stir with green wooden bough to remove excess oxides 
and to make the copper tough and malleable 

6. The metal is then cast in a prepared mould 

7. Hammering (cold working) and annealing (gently reheating)  
 



Bellows 
provides air 

Smelting: Extraction of metal from its ore 

ca. 11000 

Liquid metal 
flows to the 
bottom 

By-product: Slag – silica and other impurities of the metal  
Used for glassware, jewelry, decoration and colorful glazes 

Heat and carbon as reducing agent, e.g. charcoal) 
Carbon removes the oxygen from the ore  
Carbon oxides are created 



Casting 

Liquid metal is poured into a mould 

‘Lost  Wax  Technigue’ 
A wax model is made, then a clay 
casing is built around and fired 
The wax melts out and the negative 
impression will become the mould 



 Bronze 
 Copper (90%) and tin 

(10%) 
 Tin –mineral cassiterite  

and smelted the same 
way as copper 

 Could have been smelted 
together with copper or 
added to metallic copper 

 Brass 
 Copper (90-70%) and 

zinc (10-30%) 
 
 

 Ternary alloys 
 Arzenic or lead 

 
 



Changing Egyptian axes through time: composition of the alloy 



 Subjected to SEM & 
EDX to identify trace 
elements 

 Bronze or brass? 
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Two metal spiral bracelets from a 13th-14th century AD burial in Dizon-I 
Site, Porac, Pampanga were subjected to energy dispersive x-ray 
analysisconnected to a scanning electron microscope (EDX-SEM) to 
determine their chemical. Results show that these spiral are composed 
mainly of copper and zinc; therefore, these are brass bracelets and not 
bronze as previously thought. 



 Origin uncertain, Mesopotamia, Egypt and Anatolia, ca. 3000-2500BC 

 Hittites, dagger found at Ur, Iron knife found inside Chufu Pyramid 

 Iron - pure metal / Steel – iron and carbon alloy (<2% C) 

 Steel can be forged, Iron cannot (Gmelin & Durrer 1996) 

 Meteoric iron ~ 5-18% Ni, terrestrial iron low or no nickel 

 Mining similar to copper 

 Iron oxide, e.g. Haematite, Limonite 

 Magnetite (Magnetic oxide) 

 Siderite (Carbonate) 

 Sulfide (Pyrite, Markasite – FeS2) 

 



 PREPARATION 

 Pounding to remove gangue 

 Smelting (1100-11500 C): iron melts at 1500°, remains solid (bloom) 

 Flux: Additives used as reaction catalysts and to bind unwanted 

impurities (CO2, SO2) and remove silica (slag). Lime and Magnesia 

 Removal of iron bloom (spongy mass of metallic iron) 

 Forging -Reheated and hammering on an anvil while still hot 

 Carbonization to produce steel 



hammering 

Bloom 



Pounding the ore Grinding 



Ground ore with gangue and gold 

Panning  to remove gangue 



Smelting the gold in a crucible  





 Early Metal objects appear c. 500 BC 
 Copper and bronze ornaments, not tools! 
 Bronze socketed adze 
 Probably imports, no indication for early local production  

 
 Appearance of iron artefacts after 100 AD 
 Iron implements, could be trade goods 
 Suggested trade between India and Philippines (Jocano 2001) 
 However: More likely a chain of distribution via mainland SEA 
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