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‘Masters of fire’ - ancient smelters and blacksmiths. 
Reading the past from structure and composition of 

iron smelting slags 

‘Traditional’ archaeological methodology allows obtaining 
data about how people were using iron in the past; or what 
typological and chronological group a particular iron artefact 
can be classified into. However, this kind of data cannot tell us 
much about iron production technology and how iron artefacts 
were made. Unfortunately, not many documents about iron 
making and iron working have survived to our times. 
Moreover, smelting furnaces, smithing hearths and structures 
associated with them were frequently insubstantial, so usually 
the only indicators of Roman and Medieval iron production 
are difficult recognizable residues of them like: various types 
of slags, blooms, gromps, hammer-scale, furnace and hearth 
lining, and fragments of fired clay walls. In many cases,  
a chemical and microscopic analysis of materials, related to 
the iron metallurgy, allows us to ‘read’ more precisely the past 
from archaeological findings. Their results combined with 
experimental archaeology experience provide data which can 
be used to answer important questions in early medieval 
archaeometallurgy. By replicating ancient iron smelting and 
working processes the interpretations of how artefacts were 
made can be confirmed and speculations about the knowledge 
and skills of people who made and work with iron can be 
done.   
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Introduction 
Various kinds of materials can be found at the 

archaeological sites connected with iron making and working. 
Unfortunately, smelting furnaces, smithing hearths and 
structures associated with them were frequently insubstantial 
so, usually the only indicators of early metal production are 
difficult recognizable residues of them and production debris 
(Bayley et al. 2008). Technological debris after iron 
production can be divided into four groups: raw materials (iron 
ores and charcoal), structural evidence (remains of furnaces 
and roasting or smithing hearths), waste products (smelting 
slags and primary or secondary smithing slags, and hammer-
scale) and the metal itself (gromps, blooms, currency bars, 
billets and scraps). Finds of ore pieces, slag fragments and 
fired clay bits on a site may be connected with smelting, 
smithing or combination of both, and archaeometallurgical 
studies may help us answer which of aforementioned 
technological processes they represent. Finds of gromps or 
blooms can tell us that iron was used, but without further 
studies they will not tell us about the knowledge and skills of 
people who made them. The metal structure and composition 
might give us some idea about the manner of fabrication and 
the heat treatment of iron. Microscopic and chemical analyses 
of slag can reveal information about temperatures level in the 
furnace or smithing hearth, slag cooling rates and type of ore 
use to smelting. By introducing archaeometallurgical studies 
more data can be obtained about the iron production 
technology in the ancient world. 

It seems to be crucial to answer the following questions 
analysing ancient metallurgical residues: What kind of 
metallurgical residues and production debris are we looking 
at? What processes are their structures representing? During 
which part of the production process where they made? To 
answer to these questions archaeometallurgical methodology 
has to be used. Archaemetallurgy is an augmentation of 
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‘traditional’ archaeology aims and methods (Scott 1991). It is 
a broad study of the many roles of metal use in early society, 
combining together all of the available sources of information 
(Scott 1991). It lies on the border between three disciplines: 
archaeology, metallography (the study of the structure and 
chemical compositions of metals and alloys, and how they 
were formed) and mineralogy (the study of the physical 
properties, structure and chemical composition of minerals, 
and their occurrence and distribution in nature). 
Archaeometallurgy makes use of archaeological, 
metallographical and mineralogical research methods and 
theories. Therefore, archaeometallurgy gives us the possibility 
of answering the aforementioned questions and allows us to 
‘read’ more precise the past from archaeological findings. 
Thanks to this, we may speculate on the subject of who 
ancient iron smelters and blacksmiths were. 

 
Iron making and iron working in the Roman and Medieval 
times 

Iron smelting and smithing are two different processes 
which often took place in different locations and which had 
different a character and organization. Smelting is the process 
of extracting metal from iron ore. It is the chemical reduction 
of iron ore to solid, almost pure iron. The reduction of iron ore 
to iron takes place in the furnace when combining a high 
temperature with a reducing agent, in this case the reducing 
agent is the carbon monoxide (CO) provided by charcoal.  It 
was a solid state process until the introduction of blast 
furnaces where higher temperatures (over 1540°C) allowed 
iron to liquefy turning it to molten cast iron. Before that, the 
end product of smelting was a solid spongy mass of reduced 
iron particles full of slag and un-burnt charcoal known as  
a ‘smelted bloom’ (Tylecote 1987, p. 248) or ‘raw bloom’ 
(Scott 1990, p. 9). That is why this process of iron making is 
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called bloom smelting. It was a technique used from the Iron 
Age to Medieval times.  

Iron was smelted in the furnace, called also ‘bloom 
furnace’ or ‘bloomerie’ which were made of refractory clay. 
They could be divided into two main types: 1) no slag tapping, 
which retained the slag produced during smelting within the 
lower part of the furnace or in a purpose-built pit below 
(Bayley at al 2008, p. 43); and 2) slag tapping, whose 
construction allowed for withdrawing slag and it could be 
tapped into a channel via an opening in the bottom (Cleland 
1981, p. 166). The last one was used commonly in modern 
England and Wales during Roman and Medieval times.  

As mentioned above, the end product of smelting iron ore 
was ‘raw bloom’ which had to be worked to become an 
artefact. In general, smithing can be divided into two types. 
Primary smithing – bloomsmithing, which is removing 
impurities (like slag) from the smelted bloom and welding iron 
particles together to produce forgeable iron (compact blooms, 
currency bars or billets); and secondary smithing – smithing or 
blacksmithing, which is making tools from the purified iron or 
scraps. Primary smithing usually takes place at the smelting 
site and secondary smithing takes place at a different location. 

Unfortunately not many documents about iron making and 
iron working have survived to our times. One of the first 
descriptions is that given in De re Metallica by Georgius 
Agricola. It is XVI century treatise on mining and metallurgy 
where the author described the late bloomery process. That 
technology was very different from the earlier one. Moreover, 
it is not certain if Agricola described it correctly. Therefore, 
without accurate written resources, it is not easy to understand 
the wide range of artefacts and structures which can be found 
at archaeological sites related to iron metallurgy. That also 
makes it more difficult to find an answer to the question about 
people who were making and working iron. It is generally 
assumed, that the above two processes could be made by this 
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same people. Ancient smelters must have had skills to forge 
iron because they had to be able to make compact blooms or 
currency bars from spongy mass of iron. That is why remains 
after smelting and smithing have been found on many 
archaeological sites. 

 
Investigation of archaeological and experimental materials 

Usually, at Roman and Medieval archaeological sites, the 
only indicators of early iron production are debris like 
different types of slags, blooms, gromps, hammer-scale, 
furnace or hearth lining, and fragments of clay walls. Very 
often archaeologists face the problem of interpretation of these 
residues. It is difficult to see behind all of them the 
technological process of iron making or working and the 
people involved in it. In many cases, chemical and 
microscopic analyses of materials related to the iron 
metallurgy have the potential of explaining how these findings 
were made and/or used in the past. However, can chemical and 
microscopic analyses provide evidence about the knowledge 
and skills of ancient smelters and blacksmiths?  

The results of archaeological material analyses combined 
with experimental works upon iron smelting had shown that 
the crucial meaning for successful iron smelting in the past 
had certain kinds of ore used in it and the way in which they 
were prepared and added to the furnace. Iron ores vary in their 
mineral composition, iron content and the amount of 
impurities. Their main types are classified according to their 
dominant mineral compound and geological formation. They 
can be found in form of hematite (Fe2O3), magnetite (Fe3 O4), 
siderite (FeCO3), limonite (FeO(OH).nH2O) and bog iron ores, 
containing hydrous ferric oxides, like goethite (FO(OH)). For 
iron smelting a distinction between poor and rich (containing 
more that 46 percent of iron) ores can be made. Only ores not 
containing too much of silicon (Si) could be used in the past to 
the production of iron.  
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On the other hand, the amount of smelted iron from the 
ore depended on furnace operator’s skills. According to 
Agricola, certainly a quantity of ore is given to the master, out 
of which he may smelt either much or little iron. He being 
about to expend his skill on this matter (Hoover, Hoover 1950, 
p. 420). George Morton and Joyce Wingrove made research on 
Roman and Medieval iron smelting (Morton, Wingrove 1969, 
1972). They suggested that the characteristic of the bloomery 
slags can be related to their chemical composition and present 
mineralogical phases. Therefore, composition of slag may 
provide data about the smelting process and furnace operator’s 
skills.  

Slag, a waste product of iron smelting, is composed of iron 
oxide and silica, which is the major impurity in most iron ores 
(Gentles 1997; Sauder 1999). The main components of the 
bloomery slags are: wüstite (iron oxide – FeO), minerals from 
the olivine group (mostly fayalite – Fe2SiO4) and glass (which 
is made of about 75 percent of silica). They can also contain 
small amounts of minerals from the spinel group (magnetite – 
Fe3O4 and hercynite – FeAl2O4) and lusite – K[AlSiO2O6]. 
Iron in the slag is essential because it reacts with silica and 
other elements turning them in to a liquid slag.  

Morton and Wingrove (1969; 1972) analyzed Roman and 
medieval bloomery slags made of ore which particles were 
found on the particular sites. They distinguish poor and rich 
wüstite slags and stated that the wüstite content of them is 
related to the efficiency of the slag-metal reactions which took 
place inside of the furnace. They concluded that if there is no 
iron oxide in the slag, that means that larger amounts of iron 
went into the bloom. Therefore, an indication of the ancient 
smelter’s skills could be to operate the bloomery furnace in 
such manner that a minimum of wüstite was left over in the 
slag.  

However, Morton and Wingrove did not consider the 
possibility that wüstite could be formed in the reaction 
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between iron from the ore and the furnace lining. They 
considered only the relationship of the ore used to the smelt 
and the slag produced from smelting this ore. In their studies 
slag is formed by ‘gangue’, the unwanted materials from the 
ore. However, beside iron ore impurities, the furnace lining 
and the fuel ash also take part in the formation of the bloomery 
slags. According to Gary Thomas and Tim Young (1999), 
there is a substantial contribution of furnace lining to the slag. 
They calculated mass the balance of the smelting components 
from Ariconium (Roman town known for the production of 
iron, near Ross-on-Wye, Herefordshire) and concluded that 1 
kg of anhydrous ore would react with 0.18 kg of reduced 
anhydrous lining and 0.02 kg of fuel ash (Thomas, Young 
1999, p. 163). Therefore, the silica content of slag can be 
elevated by components from the furnace lining. A large 
amount of iron instead of forming the bloom reacted with the 
silica and turned in to slag. My and Jens Jørgen Olesen, Jess 
Vestergaard observations made during archaeological 
experiments proved and confirmed it. 

 
Conclusions 

The amount of wüstite in the ancient slags cannot be proof 
of the ancient smelters skills. The quantity of wüstite present 
in the slag can be various and may depend on many different 
reasons. Therefore, we should turn our attention to the other 
way of thinking about iron makers. As smelting experiments 
prove, iron making and working require as many skills as they 
require labour. Therefore, the greatest skill in an ancient 
smelter’s work could be that he knew which type of ore to use 
for iron-making. He had to be able to recognize where ore 
veins in the rocks were situated and had to be familiar with the 
varied species of minerals and their compounds. He had to 
have a complete knowledge of the methods of preparing each 
type of ore for smelting and choosing the correct proportion of 
charcoal to the ore or their mixture.  
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Moreover, what does the term ‘skilful smelter’ actually 
mean? We do not know what meaning it had in the Roman 
period or in Medieval times. Contending that a skilful smelter 
was a person who produced a large amount of iron from the 
ore, this may be the only modern way of thinking about it. In 
ancient times, it could be a person who was used to smelting 
iron with a minimum of charcoal, which was the most 
expensive component of iron production. It could be also  
a person who had ‘a sixth sense about timing’, who knew how 
to run the furnace: when to add the ore and fuel, when to tap 
out the slag, and when to stop smelting and take out the 
bloom. Most likely, the term, ‘skilful smelter’, could have  
a different meaning depending on time and place. However, 
certainly, we can say that ancient smelters and blacksmiths 
were ‘masters of fire’, because thanks to the fire, they could 
turn stones into shining metal. 
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Abstrakt: “Panowie ognia” – dawni wytapiacze i kowale. 
Czytanie przeszłości ze struktury i składu żużli z wytopu 
żelaza 
Metodologia ‘tradycyjnej’ archeologii pozwala zgromadzić 
dane na temat użycia żelaza, typologii wybranych żelaznych 
przedmiotów oraz ich chronologii. Jednak zebrane w ten 
sposób informacje nie mówią nam nic na temat technologii 
produkcji, czyli sposobu powstania danego artefaktu. Z okresu 
wczesnego średniowiecza zachowało się niewiele 
dokumentów historycznych na temat wytopu żelaza i jego 
obróbki. Po dawnych centrach produkcji i pracy w żelazie 
przetrwały  jedynie skąpe pozostałości w postaci żużli, 
fragmentów gąbki żelaznej, grąpi, zędry, czy ścianek dymarek 
i palenisk. Fizyczne i chemiczne  analizy materiałów 
archeologicznych ze stanowisk związanych z produkcją żelaza 
i pracą w żelazie są kluczem do zrozumienia przebiegu 
dawnego procesu technologicznego. Zestawienie ich 
z dorobkiem archeologii eksperymentalnej dostarcza materiału 
porównawczego, który pozwala na zweryfikowanie 
istniejących hipotez na temat średniowiecznej metalurgii 
żelaza. Próby odtworzenia dawnych procesów 
metalurgicznych, dają możliwość zrekonstruowania dawnych 
technologii wytwórczych, oraz wypowiedzenia się na temat 
tego, kim były osoby zajmujące się wytopem i pracą 
w żelazie. Dzięki nim, możemy określić poziom wiedzy na 
temat właściwości fizycznych metalu oraz ustalić 
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umiejętności, jakimi dysponowali w przeszłości dawni 
'hutnicy'  i kowale. 




