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The Introduction of Iron in Eurasia

Editor’s Foreword
By Eva Hjärthner-Holdar and Christina Risberg

When we were invited to organise the 2001 conference on Early Iron in Eurasia by the board of the Comité 
pour la sidérurgie ancienne de l 'UISPP we felt very honoured by this and quite daunted considering the 
long traditions of these conferences and the imposing list of names to be invited. The conference was 
also organized to form a suitable ending to our research project “Iron - A Successful Innovation. From 
Bronze to Iron in Scandinavia and Greece ” financed for three years by The Bank of Sweden Tercente
nary Foundation.

The research on the introduction of iron in Eurasia has a long tradition and is still a vivid field of cur
rent research. During recent decades major progress has been made both in the field work concerning 
excavation techniques of production remains from prehistoric iron metallurgy and in using and devel
oping scientific analysis of metal finds, slag and furnace remains. This gives us new possibilities of a 
better understanding of such issues as how the innovation and acceptance of iron technology influenced 
and in its turn was influenced by different types of society. A knowledge of where and how the iron 
was introduced in a specific society gives at the same time a foundation for the understanding of social, 
economic and cultural changes. A long time perspective on the origin and the process of introduction 
of iron technology in prehistoric Eurasian societies can also give an understanding and form a basis for 
analysis of technological changes also in present-day societies.

The aim of the conference was to gather leading international scholars and scientists to a conference 
to exchange and discuss the introduction of iron technology in Eurasia. The articles in this volume are 
the results of a meeting dominated by stimulating and fruitful discussions that form basis of future re
search.

The conference was attended by 56 scholars and scientists from 17 countries. The program included 
both lectures and poster sessions. The 16 articles in this volume, including poster sessions, have a wide 
geographical and chronological range. We have also decided to include abstracts in the cases where we 
not received articles.

On behalf of the organisers we thank the following for generous economic support making the con
ference possible: The Gunvor and Josef Anér Foundation, The Wenner-Gren Foundation, The Berit 
Wallenberg Foundation, The Bank of Sweden Tercentenary Foundation, The Swedish Research Council 
and The Royal Academy of Letters, History and Antiquities. We also thank The Gunvor and Josef Anér 
Foundation and The Royal Academy of Letters, History and Antiquities for generous economic support 
making the publication of this book possible.

On behalf of the organizing committee we would like, once more, to extend our warn felt thanks to 
all participants for creating such vital discussions and friendly atmosphere during the conference.

Uppsala March 2008
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The Introduction of Iron in Eurasia

Iron production in Bronze Age Sweden
Eva Hjärthner-Holdar

The National Heritage Board, Department of Archaeological Excavations 
Geoarchaelogical Laboratory, Uppsala, Sweden

Abstract
The earliest finds of furnaces and iron production slag in Sweden dates to the ll'h century (Montelius 
period IV). Iron production has been found at several sites mostly in eastern and central Sweden as well 
as in the south-western part of Sweden. The pattern shows a north-eastern to south-western distribution 
of the remains In Sweden, there are quite a number of iron objects belonging to the Bronze Age. An im
portant point is that the earliest iron objects are not ornaments but functional cutting tools and weapons. 
Ornaments and pieces of jewellery in iron only began to occur as late as in the seventh century BC. This 
is more or less in direct contrast to the pattern found among early iron objects on the European continent 
and especially in the western part. The earliest object so far in Sweden is a piece of a mounting found 
together with a collar and an armlet dated to Montelius period II, probably I4lh century. The remains 
of iron production, the furnaces and the slag, in combination with the use of iron for cutting tools and 
other functional items clearly show that iron was made and used in central, eastern and south-western 
Sweden as early as the 11"' century. Our survey also shows that an introduction of the technology from 
continental Europe is not the best suggestion.

Introduction
This presentation is a part of a joint project on the introduction of iron technology in Scandinavia and 
Greece, financed by the Bank of Sweden Tercentenary Foundation. It is an attempt to study the introduc
tory process from the earliest iron objects to the full integration of iron technology into society. We have 
chosen to study two almost completely different types of society in order to understand the mechanisms 
of technological innovation. The introduction of iron technology in different parts of the world has been 
extensively studied. The models applied to the introduction of iron technology have so far either had an 
evolutionary basis built on the conception that you need a long experience of copper and bronze working 
before attempting to produce iron. The diffusionist perspective sees the Near East in the second millen
nium BC as the birthplace of iron technology. From this area, iron spreads throughout Eurasia reaching 
Scandinavia and Sweden at a much later date (Fig. 1).

The aim of this paper is to present a possible hypothesis regarding the introduction of iron technology 
in eastern and central Sweden. Important here is that Sweden during this period, at least for the eastern 
and central parts, is an area where several external contacts/trade routes converge which is evident from 
the material culture.

Theoretical models
The process of the introduction of iron technology has been extensively studied in different parts of the 
world (Wertime & Muhly 1980; Alexander 1980; 1981; 1983). The general models have been mainly 
evolutionary and diffusionistic in character (e.g. Childe 1944; Wertime 1973; Pleiner 1980).

A closer study shows that the pattern of the introduction in Eurasia was not consistent and was prob
ably the result of existing regional systems. Self-evident factors that govern the introduction of a new 
technology are among others the socio-economic structure of the society and its external contacts. Each 
area should be studied separately and then compared before generating general models for the spread, 
and acceptance of the technology. The knowledge of a new technology does not necessarily mean that 
it will be accepted. There are many delaying factors when dealing with the diffusion of knowledge and 
know-how and these can vary between both individuals and regions (Hägerstrand 1970; Hjärthner-Holdar

9
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Fig. 1. Yesterday s view of the spread of iron. The knowledge of iron production reaching Sweden 
after 500 BC.

Fig. 2. Today s view of the spread of iron where the knowledge of iron production reaches Sweden 
around 1000 BC.
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Fig. 3. Early iron production in Sweden: a) Iron slag found at Bronze Age sites, b) Sites with early furnace 
remains.

& Risberg 2003). This results in a disconnected pattern, not a pattern like ripples on the water. One can 
see that iron was accepted at different times in different parts of Europe (Fig. 2).

Iron production in Sweden
As already stated the generally accepted thesis is 
that iron technology was introduced to Sweden 
from the European continent. It has further been 
assumed, that iron technology could not have 
reached Sweden until after 500 BC. This is a date 
when there are clear indications of iron produc
tion in northern Europe (Pleiner 1980, 376-91; 
Bukowski 1989,137-9). This is no longer feasible, 
since research has shown that iron was produced 
in parts of Sweden as early as the 11"’ century BC 
(Fig. 3a-b). The occurrence of iron objects in the 
same area starts as early as the 13th century (Fig. 
4) (Hjärthner-Holdar 1993, 30-33).

The earliest finds of furnaces and iron production 
slag in Sweden dates to the 11th century (Montelius 
period IV). The remains of iron production have 
been found at several sites mostly in east and central 
Sweden as well as in south-western part of Sweden 
(Fig. 3a-b). Please note the northeast to southwest 
distribution of the remains. I will return to the sig
nificance of this pattern further on.

To Sweden, iron production seems to come as a 
package. There are no indications of a stage with

78 26

/e/54

100km

Fig. 4. The distribution of iron objects found in Sweden 
dated between 1200 and 700 BC.
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Fig. 5. Detail of metallic iron. Sample 314:17a a hypo- 
eutectoidsteel with somewhat variable carbon content. 
This sample is etched with nital. Micrograph reflected 
light, field of view 0.37*0.55mm.

just imported objects. Another aspect is that already from the beginning the iron producers could make god 
qualities among others carbon steel and the amount of slag inclusions seems to be fairly low (Fig. 5).

The type of furnace used during the Swedish Bronze Age was a rather small about 0.3 metre (inner 
diameter) large furnace. The furnace was used several times. It was often stone-framed and lined or 
caulked with clay. It is very difficult to estimate the height of the early furnace type since usually only the 
lowest part below the blowing hole is left (Fig. 6a-b). What we do know is that at the end of the Bronze 
Age and the beginning of the Pre-Roman Iron Age (600-400 BC) the stone-framed furnace became 
around 0.5 metre in diameter. The height is estimated to 0.6 to 1.0 metre above the blowing hole, which 
is placed about 0.3 metre above the bottom of the furnace (Wedberg 1984). From the remains of a large 
iron production sites found in the so called Red Erth Area in the county of Västmanland in the Mälaren 
district we know that they started prospecting for ore in the area already in the 8th century (Grandin & 
Hjärthner-Holdar 2003:33pp). We also know that around 400 BC there are very large furnaces constmcted, 
about 0.7x0.6m in inner diameter, for example in Småland (Englund et al 1999).

Iron objects
In Sweden, there are also quite a number of iron objects belonging to the Bronze Age and their numbers 
are constantly increasing. An important point is that the earliest iron objects are not ornaments but func
tional cutting tools and weapons. Ornaments and pieces of jewellery in iron only begin to occur as late 
as in the 7th century. This is more or less in direct contrast to the pattern found among early iron objects 
on the European continent and especially in the western part. The earliest object so far in Sweden is a 
piece of a mounting found together with a collar and an armlet dated to Montelius period II, probably 
14"' century. From the 11th to 8th century BC there are examples of both tools and implements like chis-

A22

012 3dm

Fig. 6. Bloomery 
furnaces during the 
Bronze Age, 1000- 
700 BC at Hällby, 
Litslena parish, 
Uppland.
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els, wedges, knives and hooks made of iron. There are also examples of large hunting knives, chains 
and celts within the materials. One important thing is that there is continuity in design concerning both 
weapons, tools and ornaments.

Another important type of object is the ingot. In the Late Bronze Age, Montelius period V and VI there 
so-called bangles occur. In my opinion, they are more likely ingots/bars than pieces of jewellery. Similar 
items have been found in the Baltic area for example on the coast of Poland and in Estonia (Kostrzewski 
1958, 68-70, fig. 13; Petré 1982, 63, fig. 43b). If the pieces that have been found in Sweden also were 
produced in Sweden is hard to say.

Another use for iron is in the casting of bronze objects. One example of this is a so-called hanging 
bowl, an ornament that is used as part of the female dress which is a part of a large hoard from Uppland 
(Ekholm 1921, 55-57; Sprockhoff & Höckmann 1979, 57). Still visible on the inside of the bronze bowl 
there are some remains of the iron chaplets (Hjärthner-Holdar 1993, 164; Oldeberg 1942-43, 194-95).

A relatively common object connected with bronze working is the punch. There are several examples of 
these both in bronze and iron. Iron is also used when repairing bronze objects like weapons, bridles and 
even jewellery. For example iron rivets are used instead of bronze ones when repairing and instead of a 
bit in bronze you get a bit in iron. Ornamental discs get needles of iron instead of bronze etc (Hjärthner- 
Holdar 1993, 151-52, 138-39, 154-55; Thrane 1969, 182; 1975, 50; Arbman 1934b, 209-210; Oldeberg 
1942—43, 80; Montelius 1889, 145-53; Arbman 1934a, 37).

The remains of iron production, the furnaces and the slag, in combination with the use of iron for cut
ting tools and other functional items, clearly show that iron was made and used in central, eastern and 
south western Sweden as early as the 11th century. My survey also shows that a model of the introduction 
of the technology from continental Europe might not be the best suggestion.

A rejection of this model for the introduction leads to the attempt to find different explanations and 
explore other possible areas of contact. The Nordic contacts eastwards during the Bronze Age has been 
paid much attention and have been discussed for a long time. The knowledge and the discussion were, 
however, much more intense during the first half of this century (for example Tallgren 1937, 13-46; 
Nerman 1954, 265; Ambrosiani 1959, 108-27; Janusson 1981, 128-30). During the 12th and 11th centu
ries, there is an increased influence from the east particularly on eastern Scandinavia (Hjärthner-Holdar 
1998, 36-43). It is possible at this point to see a disintegration of a so far fairly homogeneous Nordic 
Bronze Age culture into a western and an eastern orientated sphere. These changes, particularly visible 
in trading patterns, partly coincide with the division between the Lausitz culture and Western Europe 
(Kristiansen 1993, 144-47). At the same time as the focus of European bronze production was pushed 
west, iron started to take over some of the functions of bronze in the east. Tools, weapons and other 
status markers were made of iron to a much higher degree in the east than in the west. In eastern and 
central Sweden there is probably an increased need for metals around the end of the second millennium 
and beginning of the first, which could no longer be met by imports of bronze from continental Europe. 
In eastern and central Sweden, the contacts across the Baltic Sea increased markedly in the beginning 
of the first millennium BC. Both pottery, striated and textile impressed ware, and metal objects, Mälar
dalen celts and Ananino celts, show contacts to the east. What is very striking is that the remains of iron 
production follow the same pattern as the distribution of artefacts of eastern influence or even a possible 
eastern origin (Fig. 7).

Contusion
To understand how iron technology was introduced and accepted, a study of the social system of the 
receiving area is needed. In our project we have been working with the concept of simple and complex 
chiefdoms since this is, in our view, most compatible with the historical situation (Earle 1991; 1997). In 
addition to resources such as iron ore, fuel etc the social system had to be constituted so that it allowed 
the production and use of iron. It seems likely that the most important factor is a decentralised society 
with little or no centralised power structure. Furthermore, the old elite whose power was built on the 
acquisition and possession of bronze was no longer in command or at least did not have the same func
tions as before.

Most of southern Sweden was characterised by simple chiefdoms, small independent units with regional 
co-operation. The society was also characterised by a stable settlement pattern which, at the beginning of

13
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the period, profoundly changes with respect to architecture, family structure and funeral ritual. Architec
ture changed from large communal houses to smaller houses for family groups (Göthberg et. al. 1995). 
The funeral rites changed from inhumation to cremation. The stable settlement pattern might be due to 
that there were neither social nor ecological over-exploitations and the new land that rose from the sea 
could be used for new settlements (Hjärthner-Holdar 1989:109ff; Jensen 1989:115ff). These societies 
were manufacturing and using bronze but power stability was not depending upon it. The counterpart in 
the Nordic Area is Denmark. Denmark was characterised by more complex chiefdoms with competitive 
power structures. These structures had monopolised the exchange of prestige gods and flow of bronze. 
At the same time, this also made the structure dependent on the flow and exchange of bronze and pre
cious metals in the elite exchange networks (Kristiansen 1993:143ff). If the system, as for example 
in Denmark, can support and keep the people “happy” then nothing will happen. However, when the

system cannot support its members changes will 
appear. As in Denmark, a regionalisation took place 
at the end of the Bronze Age and a number of new 
power constellations appeared. In that situation, 
there would be an increased demand for metals that 
could favour the use of a local resource, in this case, 
iron ore. This seems also to be the case. Iron was 
introduced during that time. In Sweden, the power 
structure never became that advanced and had the 
possibility to monopolise the exchange of prestige 
goods and the flow of bronze. The decentralised 
power structure, the external interactions, the trans
mission of know-how and the resources to exploit 
the new technology made it possible to introduce 
and get acceptance for iron technology. A more 
thorough study of the different power structures 
could perhaps help to explain the different modes 
of introduction in the two areas.♦ Iron objects

XW Mälardalen (after Baudou 1960)

100 km

Fig. 7.
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The Kråknäs Find
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Abstract

The purpose of this paper is to present the Kråknäs find and briefly describe the research programme for 
Gästriklands iron bloomer ies. There sometimes emerge finds that truly deserve epithets such as unique 
or exceptional, that is, discoveries which stand previous knowledge on its head and force people to think 
along completely new lines. The two furnaces from Torsåker represent such a discovery.

In 1993 there was an unusual discovery in Torsåker parish, Gästrikland: two blooms from prehistoric 
iron working and twelve spade-shaped iron bars (Figs 1-2). The finds came to the attention of Geoarke- 
ologiska Laboratoriet (GAL) in autumn 2000 when one of the bars was sent in for radiocarbon dating. 
Spade-shaped bars have been found in great numbers in Sweden, but it has not been easy to date them 
any more precisely than to the Iron Age, generally to its late phase. For some time now it has been pos
sible to date charcoal which is chemically bonded with iron without destroying the object in question 
as only between 10 g and 500 g are sufficient for dating (Possnert and Wetterholm 1995). The first date
obtained using this method was from a sample 
from a spade-shaped bar from Jämtland, which 
was attributed to the Viking Age (Magnusson 
1994, 67). The Kråknäs bar recently dated by 
GAL proved to be from the time around the 
birth of Christ (Ua 16876: 1965±85 BP, 68,2% 
confidence: 60 BC - AD 150). The 14C dates, 
taken together with indirect dates (from find 
assemblages), thus suggest continuity in manu
facture and use of spade-shaped bars for about 
1000 years. That really qualifies as unique, for 
as far as we know, no other metal artefact has 
been in production for so long in the area of 
present-day Sweden.

The two blooms which were discovered a 
couple of metres from the iron bars were first 
assumed to be contemporary with them, both 
because of their proximity and because Roman 
Iron Age furnaces were big enough to produce 
blooms of this size: fairly elongated in shape, 
with one being 0.35x0.30x0.15 m in size and 
weighing 25 kg and the other 0.45x0.25x0.20 m 
in size and 33 kg in weight. They are completely 
unworked, convex on one surface and slightly 
concave on the other, and they had not been 
chopped up. They are unparalleled in compa
rable material. They contain little slag; that is, 
they are of high quality as far as slag-content 
is concerned. Their iron is carbon steel, with a

Fig. I. The larger and half the smaller bloom 
(sawn) from the find from Kråknäs, Torsåker parish, 
Gästrikland. Photo: L-E Englund.
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Fig. 2. One of the twe Ive spade-shaped iron bars from Kråknäs. Photo: L-E Englund.

carbon-content which is consistently higher than that in the bars (Grandin 2000). Charcoal from one of 
the blooms was dated in order to test the hypothesis of contemporaneity with the iron bars; the resultant 
dating was the transition between the Migration period and the Vendel Period, thus basically Late Iron 
Age (Ua 26144: 1470±65 BP, 68.2% confidence: AD 530-AD 650). So the working hypothesis that 
the same smith had been responsible for all the finds had to be abandoned. As far as we know, the two 
blooms are the first to be definitely attributed to the periods before the Viking Age.

Preliminary metallographic analyses have been carried out on the dated bar and another bar from the 
same find. They consist of fairly soft iron with a slightly higher carbon-content (low-carbon steel) at the 
outer edges. Both are homogeneous and of good quality and contain only small quantities of slag, not 
markedly reducing their high quality (Grandin 2000). Up to now, only a very limited number of analyses 
on this type of iron bar have produced similar results (Tholander 1971; Hansson and Modin 1973; Thålin 
1973). The blooms consist of a steel with carbon content consistently higher than that in the iron bars.

Spade-shaped iron bars
Archaeological investigations in Scandinavia have unearthed many types of iron bars, many of Iron Age 
date. Only spade-shaped bars will be dealt with here. A common opinion based on previous research is 
that this type derives mainly from the Late Iron Age, AD 500-1100 (for example, Hallström 1934; Sten- 
berger 1964, 434; Hallinder and Haglund 1978, 33fi), but only the Kråknäs example has been directly 
dated, i.e. from charcoal chemically bonded with the iron. It should here be pointed out that Hallström 
did not rule out a date as early as the Roman Iron Age, for he stated that a spade-shaped bar had been 
found in Flos, Burs parish, Gotland, in an occupation layer containing pottery and glass beads from that 
period (Hallström 1927, 11; 1934, 8).

Spade-shaped iron bars have been discovered on many sites, mainly in Jämtland, Hälsingland, Medelpad 
and Gästrikland, that is, the presumed area of production (Hallinder and Haglund 1978). The bars are 
generally similar in shape but vary somewhat in both length and weight. The previously recorded finds 
from Gästrikland belong to the bigger examples; the present twelve to the biggest. They are each c. 550 
mm long and weigh c. 1000 g. Spade-shaped bars of comparable size but of slightly different appear
ance (with tang rather than socket) were present in one of the boat-graves at Valsgärde, Gamla Uppsala 
parish, Uppland, a high-status Vendel Period context (Arwidsson 1942).

VITTEuH^SAKADEMIENS
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Blooms
Numerous blooms have been described in archaeological publications in Scandinavia. The blooms are 
normally chopped up into two, three or four pieces, and the usual opinion is that are Medieval or later in 
date, but not has been directly dated using the iron. Blooms have usually been discovered as stray finds, 
less often in hoards. No comprehensive description of them has been published, although some have been 
touch upon in books or short articles (for example, Nihlén 1932, 83ff; Buchwald 1999, 28ff).

It is most unusual for a completely unworked bloom to be found. More than 300 blooms from 90 sites 
are known from all over the world; almost all of them have been worked in some fashion, usually just 
consolidated or consolidated and chopped (Pleiner 2000,230ffi). The appearance of the Kråknäs blooms 
gives us some idea of the process of iron working and how the blooms were produced in the furnace. 
Their appearance shows us that it is time to think about carrying out new investigations and framing 
new questions, and perhaps smelting iron in reconstructed furnaces which are as close as possible to the 
originals in form and function.

Bloomeries during the Early Iron Age
Smelting in Gästrikland in the Early iron Age was carried out in furnaces whose shafts have been totally 
destroyed over time, with only the sunken slag-pits, or parts of them, having survived. In many cases 
the furnaces stood on the crests of moraine ridges which sloped down to a bog, lake or watercourse. The 
slag had been tipped over the edge, so now lies on the slope. In many instances they represent large-scale 
production sites in Swedish terms, i.e. 50 tons of slag or more (cf. Englund 1983; 1994b; 1994d). The 
roasting platforms can simply be probed for, sometimes storage pits may be suspected. The above-ground 
chimney seems usually to have been made of tempered clay. Thus, after archaeological excavation the 
remains usually consist of a large slag-pit with one open side, commonly filled with slag, soot, burnt 
fragments from the furnace wall and unburnt clay (that is, clay which has almost reverted to its original 
condition; in other words, has been dissolved). Around the furnaces there may be storage pits containing 
unbumt clay, hearths, and postholes from storage huts or the like. It must be emphasised that both early 
and late furnaces were of the type which could be fired many times and that they had one side which 
could be opened for cleaning. The normal type of European single-fired furnaces (pit-shaft furnaces with 
a closed slag-pit) have not yet been discovered in Gästrikland.

In the middle of the 1950s an area 25x15 m in size was excavated in a bloomery at Trösken, Årsunda 
parish, Gästrikland (Schönbeck 1956). The excavated features included fourteen postholes, a hearth, 
pits, a slag heap, and remains of a furnace. The site was later l4C dated to the Roman Iron Age (Englund 
1985b). The slag lay on the crest of a sand plateau and tipping down the slope towards a nearby bog. 
Beneath the turf but above the furnace there was a layer of roasted ore mixed with sand, 2x3 m in area. 
The remains of the furnace consisted of a slag-pit dug into natural sand. The slag-pit was surrounded by a 
thick mantle of grey and lightly burnt tempered clay. The tempering consisted of sand and irregular sharp 
stones 0.1-0.35 m in size. The outer measurements of the clay mantle were 2.Ox 1.7 m, at its maximum 
between the open side and the opposite edge. The clay was 0.4 m thick apart from at the back edge op
posite the open side, where it was 0.5-0.6 m thick. The mantle also extended under the slag-pit but was 
only 0.05 m thick. Its upper surface was smooth and on the same level as the surrounding natural sand. 
The pit was open towards the slope and the slag had run out of the opening. The inner measurements of 
the pit were 1.1 xQ.85 m, with the longer measurement in the same direction as the greatest extent of the 
clay mantle. It had vertical sides and a rounded bottom, and was preserved to a depth of 0.8 m. A block 
of slag 0.7x0.5 m in size lay at the bottom of the pit, and 0.35 m above the bottom there was a 0.05 m 
thick layer of clay of the same consistency as the mantle. A likely explanation is that this clay had fallen 
down from higher up in the chimney where there was no burning; that is, somewhat above the level of 
the tuyere opening which was always heavily red-burnt. No signs of this were recorded. Some pits sec
ondarily filled with slag, burnt clay and charcoal dust lay beside the slag-pit. The postholes must have 
belonged to an outhouse, perhaps n overnight shelter. The post had been supported by lumps of slag and 
stones in the sides of the postholes. The excavators concluded that many postholes/building-remains 
must survive beyond the limits of the excavation.

At the beginning of the 1950s Sigfrid Björkström uncovered a bloomery near Lappkällan, Österbo, 
Årsunda parish, Gästrikland. His report states that he found the upper parts of four furnaces (överdelarna
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tillfyra ugnar) but there were no further investigations and the furnaces were covered over with roofing 
felt (Björkström 1951). Parts of the site were reopened for a week in autumn 2000 as part of an archaeo
logical course run for interested locals by the provincial museum (länsmuseet). One of Björkström’s 
“furnaces” was relocated and its interior excavated down to the bottom. The topographical situation of this 
site was similar to that at Trösken. All that remained of the furnace was the underground slag-collecting 
pit, the upper parts of which were clearly visible immediately beneath the turf. The contemporary ground 
surface, just under the modem surface, can be assumed to have coincided with the junction between the 
slag-pit and the shaft. The remains of the furnace showed up as a horseshoe- or u-shaped ring of stones 
beneath the turf.

The slag-pit had an inner diameter of 0.9 m and was 0.9 m deep. One side was completely open and 
outside it there was a fairly steep upward slope which reached the ground surface 2 m away from the 
pit and 2 m before the ground fell away steeply towards a bog. The material in the slag-pit and in the 
upward slope were of the same composition, mainly slag and fumace-wall fragments. No basal slag 
remained in its original position. At the bottom there was a layer of charcoal/soot, 0.2 m thick, above 
which there were lumps of slag and clay with variable degrees of burning, and sticky soot-mixed clay 
with some slag crushed into small fragments. Burnt clay cmshed to fragments predominated in the lower 
part, red-burnt clay in the upper. It appears likely that the chimney clay, which was used higher up in the 
furnace, had been tempered with both crushed slag and cmshed burnt clay. The pit was lined with clay 
0.05-0.1 m thick, behind which were tightly set stones with clay wedged between them. High up on the 
wall opposite the open side the slag formed something like a crown or vault, almost the beginning of a 
dome over the lower parts of the pit (Elfström 2000). It is not clear how this should be interpreted; did 
the bloom accumulate above of below the vault-like formation of slag? No signs of an air intake were 
noted, either in its original position or in the surrounding scatter of burnt clay fragments.

The bloomery stands in what appears to be almost entirely undisturbed land. There are signs of mod
em charcoal-burning and forestry in the vicinity but no traces of cultivation in the sandy terrain. Only 
a very few stones were found around the slag-pit, suggesting that the furnace chimney was constructed 
of tempered clay, but it could be that the stones from the shaft were reused to build another furnace. 
Roasted ore was discovered over virtually all the c. 15x10 m area that was opened up, and also in the 
trial trenches immediately east and south. Some other features were discovered, including a pit with ore 
at the bottom, a layer of charcoal, a heap of stones, a layer of unused clay 0.1-0.15 m thick, and many 
postholes in the area east of the furnace. There was a great deal of slag on and at the foot of the slope. It 
was typical of the Roman Iron Age; viscous and with parallel impressions from horizontal timbers. No 
complete blocks of slag very discernible at the bloomery; the largest on the surface of the slope were 
0.5x0.35x0.2 m in size. A ,4C date supports the attribution to the Roman Iron Age, which had been ar
rived at by analogy (pers. comm. Elfström).

This is not the place to review all the investigations of Scandinavia Roman Iron Age furnaces with large 
underground slag-collecting pits, but obviously comparable features have been discovered in Jämtland 
(Magnusson 1986) and Trøndelag (Espelund and Stenvik 1993; Stenvik 1996). The similarities include 
the situations chosen for the sites, organisation, type of furnace, and timber impressions in the basal 
slag. The southern the boundary for the presence of timber impressions in large blocks of slag is north 
Uppland, in Harbo parish. As a comparison it may be mentioned that a Roman Iron Age basal slag found 
in situ in a slag-pit Stomskil, Lillkyrka parish, Närke, displayed a close-set impression of a straw-like 
plant, probably reed (Englund and Larsson 1999). Carbonised stems with a diameter much too small for 
them to have been reeds have been found at the bottom of the slag-pits at Jämstad, Stora Åby parish, 
Östergötland (Englund and Larsson 1998).

Bloomeries during the Late Iron Age
There is less information about the Late Iron Age furnaces in Gästrikland. This partly because the furnaces 
which have been excavated have been in agricultural land and are consequently less well preserved than 
those in the forest areas, and partly because the chimneys, although still built of tempered clay, had shal
lower, and in some cases narrower, slag-collecting pits. Viscous greasy slag with timber impressions is 
replaced with viscous slag with impressions of split wood. Together with the slag with split wood there 
are also flat, thin and dense pieces of slag usually with one side “boiled” {kokat), that is, so spongy that
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merely the walls surrounding the pores are left. The pores are millimetres in size. This type of slag had 
either solidified in the furnace or it is a by-product of reheating in a smithing hearth. It has no similarity 
whatsoever with tap slag, neither from experimental firings nor with the Viking Age and Early Medieval 
tap slag found in southern Sweden (cf. Englund 1994a; Englund 1994b).

In 1982 a bloomery with two damaged furnaces were excavated in ground at the foot of a boulder ridge 
in Häcklinge, Valbo parish. The remains date from the first part of the Late Iron Age. Unfortunately, the 
furnaces had been badly damaged by recent activities and preservation was so poor that the remains were 
difficult to interpret (Hjärthner-Holdar 1996). The site itself was very interesting, however, a surviving 
slag heap nearby contained slag of both early and late types. Both slag types have also been observed 
at the edge of the Sörby cemetery at Årsunda parish, Gästrikland. The late type of slag has also been 
identified at a number of unexcavated but recorded bloomeries. Common to these late slag sites is that 
they seem to occur in connection with agricultural land and farms. The ancient monuments register (forn
minnesinventeringen) of 1981 made no attempt to typologize slag, other than to note that it displayed 
a low level of technique (lågteknisk typ). Thus we do not know how the c. 400 known bloomeries are 
distributed between the early and late types.

A large area where slag and occasional burials had been observed was investigated in 1985, in the 
boundary zone between the villages of Lund and Åsbyggeby, Valbo parish, Gästrikland and in close 
proximity to the north bank of the Gavle river. Eventually the excavations encompassed the remains of 
28 furnaces divided into three groups, all situated in a c. 400 m long strip of land beside the river. All the 
furnaces had been damaged through cultivation. The best-preserved examples consisted of slag-pits up to 
0.5 m deep, usually 0.7 m internal dimensions with an opening facing the river. The almost horseshoe- or 
u-shaped clay mantles were 0.5 m wide, rather wider on the side opposite the opening. Outside the pits 
and running towards the river there were channels, probably dug to improve accessibility to the lower 
part of the slag-pits and presumably enlarged over time as the slag was raked down to the riverbank. 
Lumps of viscous slag up to 50 kg weight lay at the edge of the river; they were irregular in shape either 
from vitrification or from being broken up. The channels were mainly c. 2-3 m long, 0.5-1 m wide and 
up to 0.5 m deep. The maximum size discovered in situ in one slag-pit was 293 kg, twice as much as the 
biggest basal slag from the Roman Iron Age. It is not easy to decide from the archaeological evidence 
alone whether this implies that the blooms were also considerably bigger or that the smiths had learnt 
how to use a flux which improved the iron/slag separation process, so producing more liquefied slag. 
There have been no chemical, petrographic or metallographic studies on any of the material from the 
sites discussed in this article.

Two forms of clay mantles were documented at this site: one which was tempered with sand and 
gravel only, the other where sharp stones c. 0.100 mm had also been used. The openings into the slag- 
pits were either lined with upright stones, some as much as 0.5 m high, or with stones laid in courses. 
Many of the channels contained not only slag and stones but also great quantities of clay described as 
“grey-brown, unbumt or slightly affected by fire” (gråbrun, obränd eller något eldpåverkad), presumably 
the surviving fragments of the chimneys that had stood above the slag-pits. This clay, fine-grained and 
so slightly burnt that it had almost reverted to its natural state, must have survived by being protected 
by the channels, for had it lain out in the open it would have been destroyed by rain and weathering. 
One piece of a presumed spade-shaped iron bar was discovered. Three fragments of a bellows shield 
(blästermunstycken) in the shape of a hole through the chimney were discovered beside one of the pits. 
The excavation report says nothing about what the furnaces might have looked like, the thickness of the 
chimney walls, the number of air intakes, the provision of the air supply or the possibility of a so-called 
slag separator or flux (slaggavskiljare). There are recorded cases of a c. 0.1 m thick layer of charcoal, 
soot and droplets of slag having been found beneath the basal slag at the bottom of the pits; there is no 
indication of the nature of the flux. No roasting hearths were discovered; on the other hand, there were 
pits filled with unworked clay.

Twenty-seven 14C analyses have been carried out on charcoal from this excavation. They have give 
production dates from the Roman Iron Age to the Middle Ages, with a distinct bias towards the Vendel 
Period and Viking Age. Buildings indicated by postholes have been found near to and north of the activity 
zone. The buildings seem primarily to have been put up by the smiths and are part of the metalworking 
complex. A rune stone stands north of the production site and many graves have been found on a low
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cultivated ridge a few hundred metres north-west of the river, now in the modem settlement. This may 
be the place where the contemporary farmstead should be look for. The graves within the slag-bearing 
area were of Viking Age date; they contained no smithing tools but the male graves had weapons. Six
teen graves were excavated; seven were under mounds and the others showed no traces above ground 
but must originally have had mounds, now destroyed through recent cultivation. Some of the latter had 
been dug into slag and furnace remains. Two inhumations are through to have been interred in the late 
11th century (Appelgren and Broberg 1998).

Continuity and change
As far as air intake(s) and spade-shaped bars are concerned, they seem not to have changed with the 
postulated change in technique. The tuyere openings that we know from stray finds, excavations and the 
newly recorded example which lay on the outside of a burial mound at Sörby, Årsunda parish, Gästrikland 
basically consisted of a conical hole through a furnace wall made of tempered clay (cf. Englund 1985b, 
86; 2001b, fig 1). Tuyeres have never yet been found in bloomeries in Gästrikland.

After the change to the later technique, the volume of the basal slag seems to have diminished but 
its weight to have increased. A large and only slightly chipped furnace bottom from a Roman Iron Age 
furnace in Edsviken, Österfämebo parish, Gästrikland, is 0.7><0.5><0.4 m in size and 125 kg in weight; 
when it was in its original complete condition it could hardly have been heavier than 150 kg (Englund 
1994d). The furnace bottoms remaining in the slag-pits in Valbo weighed a maximum of 300 kg. The 
pits from which they were retrieved are reported as having been c. 0.7 m in diameter, the largest 0.9 m 
diameter. Such huge blocks have not beenfound in the adjacent slag heaps. Thus it seems that charac
teristically Roman Iron Age furnace bottoms were, on average, bigger than those in the Late Iron Age. 
How did this come about? Is it simply that a lump of slag weighing 300 kg could not be moved, but had 
to be chopped up first? A lump of slag of 125 kg weight could be dragged away or turned upside down 
by a single person. In spite of comments in the excavation reports that there also were runnels of viscous 
slag in Late Iron Age furnaces, the overwhelming impression is that the later bloomeries held compact, 
more liquid pieces of slag. They have a more glassy appearance, but have not been tested by analysis. The 
high proportion of iron in the slag would hold it together; this is so even in Roman Iron Age slag, despite 
the fact that it is full of parallel, horizontal timber impressions. On the other hand, a high proportion of 
glass makes the slag brittle and easily split. This has also been observed in the slag from experimental 
tap-slag furnaces. The effect that the postulated change in technique had on the size, weight appearance 
and quality of the blooms remains uncertain. Despite their date, we do not know with certainty whether 
the Kråknäs blooms derived from the earlier or later tradition of iron production, or whether they were 
made in some other type of furnace which has not yet been spotted in the archaeological material. The 
change to the new technique did not happen simultaneously everywhere, and in marginal areas it is pos
sible that the earlier method continued to be practised for longer.

Project planning
The great interest which the discovery aroused in Torsåker and among scholars has led GAL and the 
newly founded local society Kråknäsjärnet to consider going further, that is to say, devising a joint project 
on early iron production: thus, with an ambitious aim. The time now seems to be the right, as previous 
research is now outdated and the archaeological investigations of more recent years have not been able 
provide answers to the many fundamental questions to which the present state of knowledge provides 
the starting point. In spring 2001 there was a presentation of the Kråknäs find at a public meeting held 
in the mission church at Torsåker, when future plans were expounded to an audience of over a hundred 
interested people, including press and TV.

The aim of the Torsåker archaeometallurgical project is, through experimental means, to make iron of 
the same appearance and quality as the blooms from the Kråknäs find, and to forge spade-shaped bars 
from that same iron. The blooms would be produced in a reconstructed furnace of the same type. In 
order to accumulate more data on iron production in Gästrikland it was decided than an archaeological 
investigation of a well-preserved bloomery should be undertaken as a basic step towards understand iron 
production in the province. Data from the investigation, plus complementary data from other excavations, 
could then be used to show how a bloomery should be reconstructed.
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In June 2001 the present author and members of the Kråknäsjämet society (who had excavated at 
Lappkällan in autumn 2000) travelled for two days around the adjacent parishes of Torsåker and Årsunda, 
the society members. The round trip was intended both to evaluate which of the recorded bloomeries 
were best suited to scientific investigation and to find, evaluate and confer about a convenient site for the 
future series of experiments. A bloomery at Dansarberget in Torsåker parish (number 366 in the RAÄ 
ancient monument register) and a peninsula behind “Tegelhuset” belonging to the former ironworks at 
Gammelstilla were decided upon. They are c. 2 km away from each other as the crow flies.

As first formulated, the project was divided into three phases (Englund 2001c).

Phase 1. Introductory explorations. Analysis, dating, processing and evaluating the finds 
and find spots in Torsåker (Kråknäs and other places). Concluded (Englund 2001a). A 
supplementary investigation of the find spots was carried out in November 2001 but 
nothing new came to light (Ulfhielm, Englund and Jensen 2002).

Phase 2. Archaeological excavation of a well-preserved Roman Iron Age bloomery in 
Torsåker parish. The site of Dansarberget (RAÄ 336) was considered to have research 
potential and was suitable for a scientific investigation. It was planned that it should 
go ahead as soon as approval was obtained, hopefully by autumn 2002.

Phase 3. Experimental firing in a reconstructed bloomery furnace with the aim of 
producing blooms and spade-shaped iron bars of the same quality as those found at 
Kråknäs. It is intended to smelt iron ore twice a year for at least ten years, starting the 
year after the excavation has finished, hopefully in spring 2003.

The dating of the bloom has changed the prerequisites of the project. Firstly, a furnace contemporary 
with the bloom should be investigated and reconstructed. We cannot assume that the technique of iron 
production in the Roman Iron Age continued into the Vendel Period; on the contrary, as mentioned above, 
there are indications that there was a change in technique in the Migration Period-Vendel Period. This 
technological change is easily seen in south-west Sweden where the collection of slag in an underground 
pit was replaced by tapping slag away from the furnace, thereby radically changing its appearance. As 
mentioned above, the technique also changed in Gästrikland, but not a change to tap-slag furnaces. It 
was probably rather a development of an already refined method.

In previous excavations in Gästrikland the excavators have satisfied themselves with recording the 
remains of features, thus principally the pits in which slag has accumulated (in some cases interpreting 
them as furnaces). Discussions about what the bloomeries) may have looked like and how they operated 
have not been entered into. Thus, we lack information to answer essential questions about the Gästrikland 
bloomeries. For example.

• Design of the furnace and its original size (height of the chimney and its aboveground 
shape, as well as its form and volume)

• The principles used in the reduction process
• Whether charcoal or wood was used for charging
• The means of providing a draught (bellows or updraught)
• How the bellows were constructed and if they could provide enough air for a 

cylindrical shaft 2-3 m high
• The number of tuyere openings and their position (in an updraught furnace)
• Details of how the slag was separated
• How the production was organised at the bloomeries (not least whether several 

furnaces were in operation at the same time).

A research project on Gästrikland and its iron production has been badly needed for the past 20 years 
(Englund 1985a). The province is one of the smallest in Sweden, and has many forests and bogs. At the 
time around the birth of Christ is was a land of passage, a boundary zone between the fertile Mälaren 
districts to the south and the rich coastal settlements of Norrland, an area where agricultural colonisa
tion was not completed until at late as the Viking Age (cf. Baudou 1963; 1965). On the other hand, no
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province in Sweden has so many registered iron-production sites in proportion to its size. The national 
register of ancient monuments {det nationella fornrninnesregistret, FMR) records a good 400 bloomeries, 
some 100 of which were recorded in the 1920s with such vague data that they could not be tracked down 
when the new FMR was carried out at the beginning of the 1980s. There are good reasons to believe that 
there are considerably more bloomeries than are known at present: only about half the province (mainly 
the cultivated areas) was registered in 1981. Recording bloomeries in forests and bogs is difficult and 
time-consuming and in 1981 scattered pieces of slag in the fields were never recorded, at best they were 
just pencilled in on the original map and so were not included in the statistics.

Investigations over the last 20 years have shown that archaeologists must be very careful in interpreting 
the vague indications of bloomeries, particularly as today we know that not all iron working techniques 
produced slag heaps. Slag heaps were formed when the furnaces were cleaned out and reused, but fur
naces in which the slag was left in the collecting pits have been found in Sweden and on the Continent. 
When a stretch of new road through Viby parish in Närke was evaluated, only a few pieces of slag were 
visible in the fields, so it was assumed that bloomery features were unlikely to be present Other indica
tions of prehistoric activity led to some small sections being dug, and the final excavation recorded the 
remains of 25 furnaces (Hjärthner-Holdar and Kresten 1996)! Neither evaluation nor trial excavation 
before the construction of a new road through Stora Åby parish in Östergötland gave any indication of 
metallurgical activities associated with a known prehistoric settlement; nevertheless, sectioning across 
the stretch of road revealed more than 20 continental-type furnaces in a smithing complex (Englund and 
Larsson 1998).

There is a tendency for the Roman Iron Age bloomeries of Gästrikland to lie in land which is now 
afforested, and it was then, and also beside watercourses and at the edges of bogs. The Vendel Period 
and Viking Age bloomeries seem to have been in expanding areas of occupation in the neighbourhood 
of both Viking Age and modem farms and cultivated land. It is not unlikely that this reflects the course 
of colonisation. At some sites, for example Häcklinge, Lund and Åsbyggeby in Valbo parish, iron pro
duction appears to be earlier than the earliest found/excavated graves. This supports the hypothesis that 
bloomeries were moved from the iron-ore districts to the farms when the settlements were being estab
lished; i.e. in the Roman Iron Age, forays in search of ore gradually led to the permanent occupation of 
the districts by bloomery workers, the forerunners of the great mine-owners of later times. Settlements 
on cultivable land were necessary for their survival.

Borings on the site of Roman Iron Age bloomeries occasionally locate roasting platforms, but none 
has been reported from Late Iron Age bloomeries or settlement sites. One inference that may be drawn 
is that the ore was transported to the farms or a particular iron-production site near farms and beside 
good communications. The relocation of iron production may be explained by the fact that immense 
quantities of clay would have been needed for the furnaces and that that would have been easier to find 
in the cultivable valleys than in the forests. Thus it seems not unlikely that in the Early Iron Age iron was 
worked where the ore was found, but once there was occupation in the cultivated parts of the province 
a smith would carry the ore to a farm where he would work it. Ore may even have been present in the 
valleys, but today it is difficult to find evidence for this supposition other than that in some places ore 
has been formed in connection with springs emerging from the boulder ridges. The workers at Häcklinge 
seem to have used ore from such a deposit. In most cases, however, the workers had to choose between 
transporting ore, or transporting clay.

The questions of technique give focus to the project. The discoveries of blooms have given us entirely 
new approaches to research into the methods used in iron production at the time in question. In addition 
to discussing the technical changes within the bloomeries we hope that the project will lead to more 
penetrating debates about the course of colonisation in Gästrikland whence the iron workers came, how 
the bloomeries were organised, where the over-production of iron began, etc. Old and lengthily argued 
questions will again come to the fore.
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The Introduction of Iron into Middle Norway in Pre-Roman Iron Age
Lars F. Stenvik

Department of Archaeology, Norwegian University of Science and Technology,
Trondheim, Norway.

Introduction

The introduction of iron production into Middle Norway is not easy to understand in the light of other 
archaeological evidence. More than 600 production sites lie scattered over the easterly valley and mountain 
districts of the two counties of Trøndelag, far away from permanently settled areas. Their distribution 
indicates that there was an organisation enabling workers to stay in the mountains throughout the summer 
season. Three chronologically different technologies for iron production have been identified (Stenvik 
1990; Espelund 1999). In this paper I shall concentrate on the introduction of iron and try to analyse the 
background to this important event.

Eighty-seven randomly sampled production sites (c. 14% of the total) have been dated by 141 14C- 
dates; they comprise 43 sites in North Trøndelag and 44 sites in South Trøndelag. The Roman Iron Age 
seems to have been the most important period for iron production, but at least five sites have been dated 
to the Pre-Roman Iron Age, with palaeobotanical investigations apparently supporting these early dates 
(Solem 1992; Stenvik 1992). Thus, there is reason to believe that iron production was introduced into 
Middle Norway not later than 400-200 BC.

The earliest furnaces were slag-pit furnaces surmounted by a possibly funnel-shaped shaft made of 
clay and stones. Wood was used for firing, which was based on natural draught. The slag pit was as nor
mally 70-80 cm wide and 80-90 cm deep. The furnace could be used repeatedly. Postholes around the

Fig. 1. '4C-dated iron production sites in Middle Norway.
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Fig. 2. The layout of a production site with three furnaces, at Fjergen, Meråker, North Trøndelag. Drawing: 
S. Bjerck.

furnaces indicate that there had been some sort of scaffolding or building. Three to five furnaces were 
normally in operation simultaneously on each production site. Sites with eight furnaces are known; it 
has been calculated that they could produce more than 100 tons of iron. Although it is not easy to find 
close parallels to this technology, it belongs to a European tradition. One question must be how did this 
knowledge spread to the outskirts of Europe?

There are few archaeological finds from Middle Norway. The extremely few graves known from the 
Pre-Roman Iron Age’s 500 year life, combined with evidence for climatic changes have led scholars to 
interpret this era as a time of regression, when farms were deserted and people starved to death (Holmsen 
1961, 57fi). Against this background it is surprising to see the immense productivity of iron working in 
the first two centuries AD and to understand how large-scale iron production can have begun in a period 
when there are almost no surviving traces of the inhabitants.

We may also wonder where to look for the organisers of this iron production. As they could control 
the production and distribution of this important commodity, they surely must have been wealthy and 
powerful people with wealth that should be distinguishable in the archaeological finds. Traditionally, 
grave-goods would be the answer, but none is known from the time when iron was introduced.

New archaeological materiaI
Recently there have been in Middle Norway several large-scale archaeological excavations in which 
new methods have been used, i.e. machines have been used to strip off extensive areas of topsoil. Much 
evidence of mainly Bronze Age and Early Iron Age settlements has been found, with a surprising number 
of finds from the Pre-Roman Iron Age. They throw new light on the background to the introduction of 
iron production in this region. Firstly, the picture of the Pre-Roman Iron Age as a period of dramatic 
regression has to be changed, and the many newly discovered building remains are evidence that there 
was settlement all over the region. Postholes show that farmhouses were constructed using paired posts, 
sometimes with posts supporting turf or clay walls.

Pits filled with charcoal and stones have been discovered beneath graves from the Roman Iron Age 
and later periods; they have been interpreted as cooking pits and graves from earlier ages. Many of them 
have been dated to the Pre-Roman Iron Age (Farbregd 1979).

Analysis of the vegetational history of Middle Norway has shown that in the Pre-Roman Iron Age 
agriculture must have been intensified in some places (Hafsten 1987).

Thus there are now new opportunities for analysing the basis for iron production in this region. The 
population must have been much bigger than we previously believed, so we can try to identify power 
centres and the means of organising the production and distribution of iron. The following criteria will 
be used to do this here:
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1. The distribution centre must have traces of nucleated settlement in an area with 
sufficient agricultural surplus

2. The centre must have a strategic location for transport from production areas to 
consumption areas

3. Early Roman Iron Age grave-goods should illustrate the wealth accumulated from iron 
production in the Pre-Roman Iron Age

4. There must be evidence for iron refining in the distribution sites
5. There should be finds of iron bars, billets or blooms

Egge, Steinkjer, North Trøndelag - a case study
Egge Farm, near the city of Steinkjer in North Trøndelag, is known from historical sources to date back 
to the Viking Age. It was the residence of one of the mightiest chieftains who resisted the kings when 
they tried to conquer the whole country; in 1030 Kalv Arneson, the chieftain living there then slew St 
Olaf at the battle of Stiklestad.

Graves in a cemetery on the farm have been excavated since the 19th century, and more recently rescue 
investigations along the line of a new road have revealed traces of settlement. This evidence will be used 
here to try to identify one of the organisers of Middle Norway’s iron production.

Egge and its strategic position
Egge Farm is situated at the mouth of three rivers flowing from the districts of Snåsa, Ogndal and 
Leksdal where many Early Iron Age production sites are known. We know that rivers were excellent 
transportation routes in winter when the water was frozen, and in summer stretches of the rivers were 
navigable by boat. This is the easiest way of carrying heavy loads in Norway, where nature is sometimes 
the people’s worst enemy. It would have taken two or three days to travel to Egge from the most remote 
iron production sites in the mountains.

Egge also stands in the inner part of Trondheim fjord, thus with access to the sea. Iron could have 
been loaded onto ships for transport to consumers far and wide and its geographical position would have 
been ideal for controlling trade. The nearest customers lived around the Trondheim ijord, but there must 
also have been demand from inhabitants along the entire Norwegian coast, where no iron was produced. 
Furs, hides, fish, and walrus ivory were probably obtained in exchange for the iron. These products, plus 
iron, were in demand in other parts of Europe and may have been the key to obtaining products from 
the Roman Empire.

The graves at Egge
Since 1806, 32 burial mounds have been recorded and many of them investigated. The finds will not 
be described in detail here but the earliest graves will be discussed. Bronze cauldrons (Østlandskjeler) 
have been found in two circular, stone-paved graves; they contained four gold finger-rings and weapons 
(Møllenhus 1964). Of particular interest was a “Victoria-sword” which must have belonged to a high 
ranked officer in the Roman army. “Victoria-swords” were very exclusive, with only three known from 
Norway. They are believed to have been gifts from Roman aristocrats to Germanic chieftains (Marstrander 
1983,33).

The graves, dating from c. AD 50-150 (Period B2), are the earliest in Trøndelag to contain Roman 
imports and are among the earliest in all Norway. Moreover, their grave-goods are very rich when 
compared with any other find from Scandinavia. It is unlikely that this wealth had suddenly come to 
Egge. If the sword were a gift from a high-ranking person in the Roman Empire to the chieftain at Egge, 
far away from the Limes, the relationship must have been based on time-honoured knowledge of the 
importance of the Trøndelag chieftain. Such importance could not have been built up overnight, so the 
basis of the chieftain’s power must be sought in previous periods, most probably in the Pre-Roman Iron 
Age or even earlier.

Another aspect of the grave-goods at Egge is that some of them seem to have reached Germania along 
eastern trade routes. The Østlandskjeler have an easterly distribution pattem in Norway. The “Victoria- 
swords" may have come from Noricum or Pannonia. Other Roman imports found in Trøndelag underline
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Fig. 3. The cemetery at Egge, near Steinkjer, North Trøndelag. The bloom was found in Grave 31.
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this early eastern contact (Marstränder 1983, 153). The Danish island of Zealand seem to have been be an 
important node in this trade, and it is possible that a branch of the trade route skirted the Swedish coast 
up to Medelpad and then followed the river systems across Jämtland to Norway. There may also have 
been other means of communication, such as through Uppland or along inland trade routes (Hedeager 
1992,363).

Finds indicative of iron refining
When Lieutenant Ziegler excavated one of the stone-paved burial mounds in 1871 he found a square 
chamber built of stone slabs, c. 1 m (3 ft) deep and containing a huge amount of slag. He also found slag 
outside this chamber (Ziegler 1872, 7).

In 1959-62 Møllenhus found slag under another of the stone-paved burials. He interpreted it as remains 
from iron working which had taken place before the Early Roman Iron Age grave was constructed. The slag 
was not analysed, so its nature remains unknown. Was this the remains of a smithy or of production?

I have visited the burial ground several times, and have looked for slag on the surface of the graves. 
When guiding a group of students in 1997 I suddenly realised that I was standing on something which 
looked like slag and which lay on the grave excavated by Ziegler in 1871. When 1 picked up the piece I 
saw that it was not slag but a half (?) bloom (T 22667) weighing 12 kg! This discovery is most signifi
cant for the identification of a redistribution centre. The bloom had not been produced at Egge but must 
have come from one of the many production sites in the mountains. It must have been regarded as very 
valuable since it was placed in a grave as a gift to accompany the dead.

The discovery also leads to another question: did Ziegler actually find slag in 1871? He did not keep 
the slag so we have no evidence for it in our Museum, and it may be that the bloom found in 1997 is a 
fragment from that which Ziegler unearthed inside the burial chamber, and subsequently misinterpreted. 
The answer may still lie inside the burial chamber at Egge, for the slag or the bloom was probably put 
back after the excavation.

Blooms
Very few blooms have been discovered in Trøndelag, but during the last decades some have been reported. 
I have come across seven blooms. Unfortunately three of them are lost, but we know their shape and 
weight, and we also know their chemical composition because they were analysed by The Norwegian 
Geological Survey in 1966. One of the other blooms, analysed by Arne Espelund (Espelund 1996), was 
found c. 100 km north of Egge along a trade route between the production sites and the consumption or 
distribution centres. This, apparently one half of a split bloom, weighs 9.3 kg and consists of homogene
ous steel with 0.7%C. The l4C-content in the bloom has been dated AD 390-545. Archaeologically, the 
bloom found at Egge should be attributed to the Early Roman Iron Age (AD 0-200).

Three of the blooms found in Trøndelag are complete split blooms. The other four seem to be half split 
blooms, but several are indeterminate. They seem to belong to the same technological tradition dating 
from the Early Iron Age. They are very heavy in comparison with other blooms found in Norway and 
elsewhere in Europe.

Fig. 4. The bloom (T 22667), 12 kg, found at Egge. Photo: PE.Fredriksen.
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Irmelin Martens has analysed blooms from South Norway (Martens 1979). They vary from 2.83 to 
13.45 kg and although they have not been dated they were discovered in areas where production seems 
to have peaked in the Late Iron Age or Medieval Period. The blooms from Middle Norway may thus be 
older than the finds in the south.

The blooms from Trøndelag are heavier than those found in Denmark and also differ in shape (Buchwald 
1999, 33). There were no parallels in Sweden as far as weight is concerned, until the Kråknäs find, two 
unworked blooms (Englund in this volume) but the shape is common over the greater part of Europe. 
Split booms are known in Central and Eastern Europe in particular, and the heaviest blooms come from 
Eastern Europe (Pleiner 2000, 230fi). This is interesting when looking for influences on Norwegian 
technology. Blooms were standards that were understood in the distribution area, and it seems that this 
understanding was strongest towards the south-east.

Settlement concentration in the Pre-Roman Iron Age
Until recently, little has been known of settlement in Trøndelag at the time when iron was introduced 
and, apart from a couple of Pre-Roman Iron Age graves, there have been few indications of permanent 
settlement. This has changed through the recent excavations in advance of road construction around Egge, 
which revealed evidence for settlement. The areas that have been investigated are not the best locations 
for settlement, since the road runs behind the hill on which the burial ground stands. It is a place with 
long shadows and its own climate; the climatic conditions on the other side of the hill are much more 
favourable for agriculture. It was, therefore, a great surprise when traces of a farm were discovered last 
year. As many as eight or nine houses from 500-400 BC have been identified, and traces of another set
tlement from the Pre-Roman Iron Age have been found a couple of hundred metres away along the same 
road. A humus deposit 2.5 m deep lying between the settlements displayed evidence of cultivation. The 
bottom layers dated from the Pre-Roman Iron Age.

It is unlikely that these will be the only signs of Pre-Roman Iron Age settlement at Egge. There must 
be other, and probably richer, remains elsewhere on its property.

This new information tells us that this period was not one of regression. New land was cultivated, 
and new farms must have been established on land that was not ideal for agriculture. This implies that 
the best land had already been occupied. Investigations elsewhere in the vicinity of Egge have revealed 
other Iron Age settlements unknown to archaeologists until now. It seems that the settlement was much 
denser than anyone could have believed. As early as the Pre-Roman Iron Age the Egge chieftain was 
surrounded by settlers who must have made up the basis of his power.

The unsolved problem: where is the iron?
Although there is clear evidence of large-scale iron production in Trøndelag in the Pre-Roman Iron Age, 
no iron objects from this period have yet been discovered. So where did all the iron go? Before answering 
this question it is worth mentioning that, in fact, iron is rarer than bronze in the Roman Iron Age graves 
of Trøndelag! An enormous amount of iron must have been produced, so there cannot necessarily be a 
connection between iron production and iron grave-goods.

We must assume that the iron was used for tools and weapons. In some instances we can see tool marks 
as evidence of what the skilled smiths were able to do. For example, the many tool marks in the soapstone 
quarry of Kvikne (1000 m above sea level) dated 400-300 BC, show the use of high-quality iron axes. 
Such tools have never been found in other archaeological contexts. Thousands of soapstone vessels were 
produced in this quarry, destined for regional consumers in, for instance, neighbouring Trøndelag. Once 
again we have a silent population - not a single soapstone vessel from this quarry has been found.

The export of iron will not be discussed here.

A hypothesis for the introduction of iron.
As I have tried to demonstrate, iron was introduced to Trøndelag in a period when new land was being 
cultivated; thus, iron would have been needed for both agriculture and building. Smiths were able to 
produce steel tools for use in stone quarries and iron weapons must also have been produced.

The production was organised by a few families who had built up their power in previous periods and 
had forged contacts with aristocrats in southern Europe. Trade in iron and the import of goods from the
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Roman Empire were vital to maintaining their power. Some of the distribution centres can be identified 
through a wide spectrum of archaeological evidence. Egge near Steinkjer in North Trøndelag seems to 
be one of those centres.

Grave-goods and aspects of the iron technology and of the unfinished products indicate eastern influence 
on iron production in Trøndelag. It is not unlikely that there was a Swedish connection, for in Sweden 
iron was already produced in what we still call the Bronze Age (Hjärtner-Holdar 1993). This knowledge 
combined with experience of native bronze casting could have formed the basis for the surprising tech
nology which can be observed in Trøndelag in the Pre-Roman Iron Age.
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Introduction
Although, logically, a comprehensive study of bloomery ironmaking should involve metallurgists, they 
(along with geologists or chemists) are usually asked to interpret the finds, such as metallic objects and 
slag, by metallography, chemical analysis or a scanning electron microscope - the basic methods in the 
field of physical metallurgy. While important physical properties and relationships are described, this 
approach is a sort of extension of the morphology of the objects, an important part of archaeology. But 
such studies can go deeply into functional aspects of the metal and also be extended to a study of prov
enance, provided that the chemical elements can be traced from raw material to product.

The technological problems of bloomery ironmaking, however, can only be explained by the application 
of extractive metallurgy. With a few exceptions (such as Schürmann 1958), this discipline is virtually 
absent from publications, even though the present author has tried to publicise this field (e.g. Espelund 
1996). Its emphasis on thermodynamics enables it to deduce or explain the potential and limitations of 
high-temperature processes, such as metal production, the burning of limestone and even baking. No 
one can deny that properties such as the melting point of iron, the relationship between the metal itself 
and its oxides, and the solubility of carbon in metal have always been the same. The main difference 
between our forefathers and us is that we have established certain laws, created a terminology and also 
quantified many properties, which were unknown to those who developed the bloomery process. Major 
steps on the route to modem science are

1. the periodic table of the elements with their atomic weights
2. the law of constancy of matter
3. the second law of thermodynamics, which leads to the concepts of entropy and 

chemical equilibrium.
In this paper I shall present a mixed approach, with basic metallurgy being complemented by written 

documents and archaeological finds.
The physical and chemical properties of a bloom, so important for the blacksmith, are primarily de

termined by the conditions in the hearth. The desired state is created by a specific furnace operation, in 
which the character of the raw materials, the addition of ore and fuel, the operation of the bellows and 
retention time can be expected to play a role (see Espelund 2002).

In the words of the “phase rule”, there are four phases in the hearth: slag, metal, carbon and gas. The 
reactor can probably be omitted, as it does not necessarily take part in the process. The minimum number 
of constituents is considered to be four: the elements Fe, O, C and N. It will be shown that Si must be 
added to this list. Other elements are also present, but they do not seem to be necessary for successful 
smelting. This section of the paper will concentrate on temperature and equilibria, as determined by the 
thermodynamics of the system.

Temperature
The temperature in the hearth can be calculated by assuming combustion of carbon to CO. As oxygen 
is present at about 0.2 atm balance nitrogen, the total reaction can be written

2C + 0, + 4N, = 2 CO + 4N, for which aH°298 = - 221 kJ
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At adiabatic conditions, an enthalpy balance can be expressed by the equation
T

AH°298 = fcP<2CO + 4N2,dT

298

in which temperature T in the hot zone is the unknown. A certain amount is added to the heat input aH°298 
because carbon and ore are preheated in the shaft by the escaping gases. This is shown in the diagram 
(Fig. 1), which is based upon the fact that the properties are functions of state. A maximum of c. 1400 °C 
can be achieved. The real temperature is somewhat lower due to heat loss, the heat loss being inversely 
proportional to the diameter of the fum ace. A small bloomery furnace can reach a maximum of c. 1200 
°C, while a much bigger blast furnace operated with “cold blast” may approach the 1300° level. This is 
just enough to make liquid pig iron and liquid slag, containing a large amount of lime CaO instead of 
FeO. Thus, size was the only requirement for reaching this level, which so important for technical de
velopment and the transition from the direct to the indirect process. A self-fluxing ore was a prerequisite 
for this innovation, as is known from Lapphyttan in Norberg, Sweden.

While the equation represents only CO, the gas will contain also some C02 (about 1 °/ ) and a trace 
of 02, the latter at a level of 10 13 atm.

The heat balance is hardly affected by the reduction because reactions involving gases, such as Fe- 
oxide, + CO = Fe-oxide2 + C02 represent very small heat effects.

The late Swedish metallurgist Nils Björkenstam (1985) claimed that a temperature of 1700 °C could be 
reached in the hearth (Björkenstam and W. Schuster (1967) has demonstrated this through experiments. 
An archaeologist or ceramicist would do well to be sceptical, because a wall built of clay will fuse and 
collapse at temperatures above c. 1200 °C. The geologist R. Falck-Muus has studied finds of ceramic 
fragments from such walls and concluded that they had withstood an operating temperature of 1200 °C 
(Falck-Muus 1927). On the other hand, a metallurgist will accept that 1700 °C can be reached, in which 
case combustion is represented by a gas with about equal amounts of CO and CO,. However, this gas 
cannot reduce iron oxide to metal on its way up 
through the shaft, nor is it stable in the presence 
of excess carbon. The reported temperatures can 
evidently be explained by optical measurements 
through the tuyere, at a point where the air hits a 
piece of carbon. The primary combustion to CO, 
may even result in temperatures above 2000 °C 
(Espelund 1996).

Chemical equilibria

Except around the air inlet, where the oxygen 
pressure is considerable, the gas in the hearth 
consists of N2, CO and a minor amount of 
CO,. Iron and carbon are present as unit activ
ity. The iron - carbon diagram shown in fig. 2 
expresses the situation for the metal. The two 
“wings” show the onset of crystallization in 
any one composition, while the broken line, 
starting in the lower left comer, expresses the 
saturation of carbon in the metal. The saturation 
at e.g. 1100 °C lies at c. 1.5%, much too high 
for blacksmiths, who need the metal to contain 
0 - 0.7% C.

This diagram is valid for part of the products: 
the two phases, metal and carbon. As an excess 
of carbon is present, my hypothesis is that ex
cessive carburisation is the main problem of the

Fig. I. An enthalpy diagram for combustion ofcarbon 
in a shaft furnace.

34



The Introduction of Iron in Eurasia

1 100

1 000
Wlistit
"FeO"\ \o

\ \ \

cx+"FeO'

600 ------ ‘------------ L----- ------ 1-------------‘------ ------ ------
1.00 .90 .80 .70 .60 .50

%CO / %(C0+C02)

Fig. 2. The iron-carbon equilibium diagram. 
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Fig. 3. The Baur/Glässner diagram for 
equilibria involving solid metal, FeO, 
carbon and gas

bloomery process. As will be shown, “sand” (Si02) is necessary for slag formation, but is not in itself 
sufficient to solve the whole problem.

We must first look at the system Fe - C - O, without Si02. The diagram in fig. 3 (Baur and Glässner 
1903) expresses a possible situation in the hearth of a bloomery furnace, to which pure iron oxide is 
added. A local equilibrium at, say 900 °C can be established on the surface of a piece of carbon, another 
equilibrium will be where iron is created from iron oxide, FeO. Any iron created on the surface of char
coal will be heavily carburised, as already shown in fig. 2, while iron in “status nascendi” at the FeO/ 
Fe-interface contains no carbon. In the words of a chemist, the situation in the hearth can be expressed 
by two local equilibria. In this “battle” between alternative equilibria, which one will be the winner? If 
left to itself, in an excess of carbon and near equilibrium, carburised iron is to be expected.

On its way down the shaft, the iron oxide Fe,03 will reach the level FeO - wiistite. If solid SiO; is added 
to the furnace system as a part of the charge, the FeO may follow different courses - either be reduced to 
metal or combine with SiO, to form fayalite. Smelting will be successful if all the Si02 forms a silicate. 
A total reduction would produce solid carburised metal and solid SiO,. Accordingly, many unsucessful 
experiments have resulted in fragments of metal in a sand-like, solid slag.
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Whether total reduction or slag formation will take place is determined by factors such as reactivity 
of the silica, above all its surface area; that is, temperature and retention time.

If in doubt, consider the introduction of the blast-furnace process in China. The combination of man
power, a great demand for tools, self-fluxing ore and a tradition of large furnaces used to produce pottery 
and copper alloys, led directly to carbon-saturated liquid iron alloys, which were cast into objects such 
as ploughshares.

Most publications seem to overlook this problem. The late R.F. Tylecote created the term archaeo- 
metallurgy and has in many ways formed the agenda for this discipline. In the chapter entitled “The 
contribution of the scientists” in his well-known bookH History of Metallurgy, he uses the subdivisions 
“Metallurgy and Metallography”, “Atomic Theory” and “Radioactivity”. He refers to the iron-carbon 
diagram, “... it was not until 1901 that we see the nearly correct iron-carbon diagram of Roberts-Austen, 
based upon the phase rule and the accepted thermodynamic principles of chemistry” (Tylecote 1992, 
181). This seems to be his only reference to thermodynamics, so the problems of the bloomery process 
are not clearly expressed. Björkenstam went further, claiming that carbon-rich iron is created in the shaft 
and that refining takes place at the air inlet (Björkenstam 1985). Why then is carbon-saturated pig iron 
produced in the blast furnace? To follow his argument, the resultant bloom should be expected to have 
pronounced differences in composition between the part facing the blast and the inner part, determined 
by the access of oxygen. Other examples will support the present interpretation, which can be named 
slag control (Espelund 2002). The recent book by Radomir Pleiner, a senior scholar in this field, does not 
include basic metallurgy, such as the iron-carbon diagram and calculations for temperature and equilibria 
(Pleiner 2000). As an example, the “direct” reduction of iron oxide by elemental carbon in the hearth, 
which he illustrates, is unrealistic because of its strong endothermic character (Pleiner 2000, 134).

It should be added that the double function of the slag - as a solvent for impurities and also as a refin
ing agent - has been briefly discussed by the late Inga Seming (Seming 1979, 63).

The micrograph in fig. 4 shows that our forefathers managed to solve the problem. A piece of ferritic 
iron, found at the 8ll’-century site of Håen I is surrounded by fayalite slag (Espelund 1991, 105). The
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Fig. 5. Bloom from Hartevatn in Bykle. Fig. 6. Bloom from Lårdal.

solidified slag shows the presence of crystals of FeO in a matrix of fayalite and “glass”. At high tem
perature this would have been a homogeneous liquid, in equilibrium with ferritic iron, without harmful 
interference by the incandescent carbon.

For the sake of simplicity, the role of phosphorus, hardly present in Norwegian bog ore, is not included 
in this presentation.

Finds of slag and blooms in Norway
Was the find from Håen (Fig. 4) just an accidental product? The amount of fayalite slag in Norway with 
a comparable analysis can be estimated to be of the order of 100 000 tons. Roughly speaking, it can be 
evenly divided between a process using shaft furnaces with slag-pit and shaft furnaces with side tap
ping, while slag from the most recent process, named after Evenstad, is different, with less weight being 
represented.

Fortunately, c. 20 blooms have been preserved in museums. Many of them were discovered near routes 
of communication and were probably lost while being transported during the winter. Dating the blooms, 
which contain a minimum of carbon for 14C analysis, has just begun.

Figs. 5 and 6 show blooms from Bykle (probably Roman Iron Age) and Lårdal (9th century AD). The 
Bykle bloom is rounded and weighs 22.5 kg. It has recently been analysed, with values such as %Si
0.04, Mn 0.01, C 0.06, S 0.008 and P 0.032. This analysis indicates that it is excellent mild steel with 
few slag inclusions. The Lårdal bloom is rather flat and weighs 6.8 kg. Both blooms are characteristic of 
the primary product of the process and evidently resulted from slag control, just as in the refining stage 
of the modem indirect process.

Fig. 7 shows histograms of weight and thickness of Norwegian blooms (Espelund 1998-99). The 
blooms marked B and F, assumed to be Medieval, derive mostly from the Telemark area, perhaps indi
cating that the Medieval process was in use until recent centuries. The heavier blooms marked T come 
from Trøndelag, and are assumed to be from the Roman Iron Age bloomery process, so characteristic 
for this province.

It is clear that the early bloomery processes, reproduced over and over again and used at thousands 
of sites over hundreds of years, were not dependent on science in the present menaning of the word, 
neither were they dependent on written tradition or complex equipment. Once some of the complexities 
shown above had become assimilated into a successful tradition they would not have been troublesome 
to the early ironmakers.

I shall now turn my attention to the possible remedies, two represented in publications, others postu
lated by myself after many years of close contact with both theory and finds (and, I might add, sleepless 
nights!). Some of these suggestions can be projected into the processes.
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The “Evenstad” solution
The furnace was a dug-down truncated cone 
equipped with two foot-driven bellows, as 
shown in fig. 8. Evenstad’s description from 
1782 is of a complex and discontinuous process, 
starting with upright pieces of dry wood which 
were allowed to bum to charcoal before ore was 
added. At an early stage the ore was added in 
amounts of 12 + 8 litres and towards the end 
of the 5 hours smelting period of some, when 
only half remained in the furnace, another 4 
litres of ore was added. Finally, the bloom and 
slag, including bits of charcoal, fragments of 
iron and half-reduced ore were removed with a 
shovel. Samples from the slagheap, therefore, 
can be very informative, not only about the products but also about the raw material. If, as an alterna
tive, a maximum output was desired, chemical experience shows that the total amount of ore should be 
given a maximum retention time. The text by Evenstad has been published in Norwegian, German and 
English (the last one in abbreviated form), with interpretations by the present author (Evenstad 1790; 
Evenstad /Blumhof 1801; Evenstad/Jensen 1968, Espelund 1999). Some Swedish illustrations showing 
tapping of this type of furnace are clearly misleading.

Interpretation

The addition of 4 litres of ore was obviously aimed at refining, according to the equation 
Fe203 + C = 2 Fe + 3 CO

in which C expresses carbon dissolved in the metal. This slag control is also shown by the character 
of the slag, which is mostly porous due to evolution of CO-gas, and also brownish due to corrosion of 
secondary metallic iron particles. The process has been experimentally replicated with reasonable suc
cess (Espelund 1993).

This Nordic furnace was well suited to the society of c. AD 1400-1800, when there were small fanns, 
each with its own smelting facilities.

Evenstad did not refer to measurements of time. It was not necessary, as the smelters had another 
criterion (“half remaining in the furnace”). Measurements of time, however, were given by gesch- 
worner Busch, who visited Dalecarlia in 185 land observed four runs of experimental smelting, led by 
experienced people (Busch 1851). His observations, including the weights of the resulting blooms, are 
represented by B 1 - B 4 in fig. 9; the Evenstad method is shown as E in the same figure. As expected, 
there is some scatter around the values given by Evenstad who added neither ash nor secondary charcoal.

Products

Fig. 8. The Evenstad furnace. Schematic.
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Busch (1851) and an outline of a run 
from Evenstad (1790).

From my point of view, the ash added in Run B 4 served a logical function, that is, for fluxing the slag 
after reduction had taken place.

Evenstad states that adding less ore in the final period would make hardenable steel. This fully concurs 
with the principle of slag control.

The Catalan solution
The so-called Catalan process, practised in Catalunya/ Basque country, seems to have been developed in 
recent centuries. It reached a high degree of perfection during the first half of the 19th century and even 
challenged the indirect process, with its blast furnace and refining hearth. As was only to be expected, 
interest waned after Bessemer had shown that refining could be achieved in the liquid state, thereby 
increasing the productivity of integrated steelworks. Thus, the fargas catalanas were closed.

The process has been described by contemporary scientists such as Richard (1838), and there has 
recently been renewed interest, as shown by Tomås (1999).

The furnace consisted of a bath-tub-like rectangular basin with an air inlet at one side and a tap hole 
in front (Fig. 10). In the Catalan Pyrenees, where there are many waterfalls, a so-called “trompe” was 
applied, while in the Basque country, air was admitted by means of water-powered bellows.

The ore was sifted and divided into fine-grained greillade and coarse-grained ore. A sort of dividing 
wall was used when the furnace was being charged. Coarse ore and charcoal were admitted on the right- 
hand side, while fine charcoal and greillade were charged into the left-hand part and moistened on top. 
In this way most of the air admitted to the hearth escaped through the right-hand side, which acted as a 
normal shaft furnace with heat exchange and reduction to metal. The left-hand part appears to have been

Fig. 10. The Catalan 
furnace. Schematic.

Coarse ore 
(charcoal)

Charcoal 
ore fines

39



The Introduction of Iron in Eurasia

a supplier of fine-grained ore aimed at continuous refining. After some days a heavy bloom was retrieved 
from the furnace (by a group of men working in the worst possible conditions).

The process was checked by inserting a rod through the slag hole. Black slag indicated a high content 
of Fe O, therefore less ore needed to be added. In contrast to the Nordic furnace, the Catalan process is 
almost continuous, with reduction and refining being concurrent.

The process was ideally suited to the village structure of the Pyrenees, not to individual farms. Unfor
tunately, the cost involved in a modem replication of the Catalan process would be so high that nobody 
is now in a position to reproduce it.

It should be emphasized that both solutions to the problem of excessive carburisation are based upon 
metallurgy and my own interpretations of written texts.

A note on experimental work and a comparison with finds
In order to achieve problem definition, analysis of the process in question should lie behind all experi
ments. Another requirement in experimental work is that in can be replicated. This, again, means that the 
variables, either independent or dependent, must be defined and controlled. It is often difficult to foresee 
mutual dependence. The report of an experiment should include complete analysis of the ore and the 
slag, as well as the weight and properties of the bloom.

When attempting to reproduce an ancient process, such as bloomery ironmaking, the difference be
tween a continuous and a discontinuous process should be borne in mind. An abandoned site comprises 
only the remains of the original. If the process is continuous, the remains represent, at most, the whole 
period; the individual “acts” in a discontinuous process cannot be observed.

The two processes mentioned above are different. While the Evenstad process is clearly discontinuous, 
the Catalan process represents two concurrent reactions in the same furnace. Needless to say, the physical 
remains are inadequate for reproduction of the practice. Only texts can tell the whole story.

Now let us return to the finds. In some cases, the output of smelting in earlier periods can be evaluated 
from the blooms alone. The present author has discussed a few cases in which the analyses of ore and 
slag have coincided (Espelund 2001, in press). Four equations can be achieved by following the four 
elements Fe, Mn, Si and A1 from ore to product. Only two of the equations are necessary, the other two 
can be used for checking whether the ore is representative of a given slag. Some calculations have shown 
that the amount if iron could exceed the weight of production slag. Of course, experiments cannot be 
said to have been successful unless this demand has been more or less fulfilled.

Some suggestions
It is frequently said that slag from the bloomery process contains waste material. The slag is, however, 
functional in the sense that it controls the uptake of carbon. Secondly the “waste”, mainly SiO„ has to 
be fluxed by FeO (which clearly is not waste material). How can slag formation be enhanced?

1. The fluxing of Si02 by FeO competing with an alternative reduction of FeO to metallic iron. My 
suggestion is that the charge inside the furnace should be pre-treated, so that a solid-state reaction to 
fayalite Fe2Si04can take place between SiO, and partially reduced Fe,03, present as FeO. Once fayalite 
is formed, no further reduction of FeO is to be expected, due to its lower thermodynamic activity and 
also its lower reactivity than pure FeO.

This can be achieved by giving the charge a long retention time at moderate reducing conditions inside 
the furnace. The archaeological finds will not directly reveal such a practice.

However, the “rosette” furnaces of the Roman Iron Age in Trøndelag include a number of shallow 
depressions around the central slag-pit (Espelund 1999, 126). No clear function has been ascribed to 
them, although each is thought to match an air inlet, five in all. It is conceivable that the depressions 
represent storage places for turves or wood, which would have been used to block the entry of air after 
preheating and pre-reduction had taken place.

The necessary retention time will depend, above all, on the grain size and the reactivity of the material 
containing Si02. It is assumed that diatoms have a high reactvity. Particles of feldspar and clay prob
ably react more easily than pure quartz. Laboratory experiments might give some idea of the required 
retention time.

2. Once iron is formed, it has to be protected by a moderately oxidizing fayalite slag. My second sugges
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tion is to charge the furnace, not only with ore and charcoal but also with some refining slag, a common 
practice in two-step processes such as copper smelting. The refining slag is returned to the first stage in 
order to increase recovery of the base metal. There may be a problem in that undesirable elements may 
be introduced, thereby representing a ballast of negative character.

In the present case recovery is not a primary concern. The added slag is identical to the slag required 
and so is virtually “inert”. The idea is simply to control the carbon content of the metal, so that slag 
formation from the ore need not be totally relied on.

Again, Roman Iron Age furnaces may present such a practice. At the Myggvollen site there was the 
unique discovery of slag block weighing 120 kg (Espelund 1999, 127—8). Its cross-section revealed a 
number of “nutshells” of iron, interpreted as the result of prolonged but moderate heat treatment in the 
top of the slag-pit. Such slag has not been found at any other site in Trøndelag and it has been suggested 
that it may have been the regular practice to return the slag (which could be easily retrieved and crushed) 
to the furnace in order to recover the iron and form liquid protective slag.

The sites excavated in Norway have not revealed any evidence of this form of crushing, but a number 
of stone mallets have been reported as stray finds. It is not known if this practice has been observed 
among traditional bloomery ironmakers in Africa.

Suggestions 1 and 2 may well have been practised by early ironmakers.
3. One of the great challenges for an archaeometallurgist is the “Medieval” furnaces found at hundreds 

of sites in Norway. They were evidently freestanding structures built from clay, perhaps some 80 cm high 
and 30 cm wide, and probably equipped with two bellows. The slag was tapped through a hole beside 
the tuyere and led into a groove, where it solidified immediately.

Liquid, free-running slag must have been considered a prerequisite, so smelting may have taken place 
with an open slag-hole, allowing the slag to run away once it was formed. If left inside the furnace, the slag 
would separate into carburised metal and solid, SiO,-rich slag. This follows from the above argument.

4. The standard Roman Iron Age “Trøndelag” shaft furnace with slag-pit was evidently operated by 
natural draught (Espelund 1999). Charcoal was produced from wood inside the furnace, and not separately. 
The small “ridges” on the surface of the slag facing the stone-lined slag-pit evidence this discontinu
ous practice. The slag ran into the pit c. 10 kg at a time, similar to filling a septic tank (Espelund 1999, 
125).

It is at least conceivable that the air admitted was not evenly distributed across the shaft. The “inert” 
middle of the shaft might take part whenever the draught increased, thereby supplying half-reduced 
iron oxide to the slag. Because of this it may have been easier to operate a wide rather than a narrow 
furnace.

5. As iron reduction and slag formation should take place simultaneously, it might be an idea to combine 
two raw materials in a single charge: one which is easily reduced (bog iron-ore) and another which is 
less reducible (such as magnetite sand). The use of magnetite sand (black sand) is known from Sweden 
and the Appalachians in the USA.

6. Manganese oxide in bog ore is not reduced to metal, while it readily fluxes SiO,. This oxide there
fore can contribute to slag formation, and the slag will also be a solvent for FeO. Incidentally, a high 
MnO/FeO-ratio in the slag will result in a carbon uptake, giving hardenable steel.

Some of the above suggestions could, of course, be used together.

Conclusions
People who knew nothing about modem science developed the bloomery process. Today, we try and 
try again to reproduce what our forebears mastered, but as yet, paradoxically, no one has been able to 
achieve (by direct ironmaking) the size, quality and output of the blooms that were obtained by the 
smelting in former times.

This paper has attempted to explain why such ironmaking was difficult, the analysis being based on 
thermodynamic reasoning. Two processes known from publications and finds have been discussed and 
some ideas about operatiing furnaces presented. Most of these measures are simple and can be reproduced 
without special equipment. If applied, they leave hardly any trace.
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The Evidence for the Adoption and Use of Iron in the Northern Isles, with Par
ticular Reference to Old Scatness Broch, Shetland

Gerry McDonnell

Ancient Metallurgy Research Group 
Department of Archaeological Sciences, Bradford University 

Bradford England, Great Britain

Steve Dockrill and Julie Bond

This paper will summarise the evidence for iron production and use in the Iron Age of the Northern Isles, 
(Orkney and Shetland). It will focus on the evidence of ironworking and use in Brochs, utilising the data 
derived from the current excavation at Old Scatness Broch, Shetland.

Many of the sites in the North Atlantic region provide an uninterrupted continuum of occupation from 
the Neolithic through to the recent past. Of particular significance are the Brochs, dry stone ‘towers’ 
circa 18m in diameter, the outer walls 3.5-4.5m across, with internal stairs, and which once stood to a 
height of about 13 m. Surrounding the Broch at Old Scatness is an Iron Age village (2nd Century BC), 
with occupation continuing through the Roman Iron Age, Pictish period (6th-9th C AD) and Viking Period 
(9,h-10thC AD). Evidence from other Brochs, e.g. Scalloway on Shetland (Sharpies 1999) and Howe on 
Orkney (Ballin-Smith 1994), demonstrate that both iron smelting and smithing were practiced in Broch 
settlements. This paper will present data assessing the evidence for the introduction and use of iron. 
In particular it will argue that the introduction of iron had a significant impact on the agriculture and 
economy of these powerful and impressive sites.
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Laxton, Northants - Large Scale Iron Production in the Early Roman Period
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The first excavations at Laxton were carried out in 1985. Evidence was found for large-scale Roman 
iron-smelting in furnaces of exceptionally large diameter, together with a later settlement and cemetery 
(Jackson and Tylecote 1988). In 1988 the opportunity arose to excavate another example of these now 
famous furnaces. This has provided new information on which a more satisfactory reconstruction of the 
superstructure can be based. This indicates that they had shafts of about 1.50m above the 1.50m domed 
basal chamber. The furnaces were blown through 5 blowing holes (not tuyeres) radially set around the 
top of the domed section. There is strong evidence for additional ventilation by induced draught through 
a large semi-circular arch.

It is proposed that a single smelt would have consumed 600kg charcoal and 500kg ore in a 24 hour 
period, producing 5 blooms of about 20kg each. The design of the furnace evolved to process these 
large quantities of material. The domed lower section provided a reservoir of hot charcoal to maintain 
the bottom heat, to counter the heat losses caused by slag removal. The complex air flow in the furnace, 
combined with precise feeding of the ore, would have produced a chimney effect, as achieved in later 
blast furnaces.

Quantification of the process gives some surprising and dramatic results. There is an estimated total 
of some 10,000 cubic metres of slag dumped in the valley below, weighing perhaps 10,000 tonnes. To 
produce this slag some 25,000 smelts would have been required. Calculations suggest year round pro
duction of pairs of furnaces, operating semi-continuously for some 50 years. Some remarkable sheets 
of consolidated smithing pan indicate the scale of refining carried out at Laxton.

Detailed XRF and ICP analyses have been carried out on a full range of ores, slags and structural 
materials. There is clear evidence for the mixing of clay and sand to give highly refractory furnace lin
ing. The stability of the furnace lining would have been essential to allow long campaigns of smelting. 
Detailed quantification of the process, shows a small contribution of clay and a high contribution of 
charcoal ash to the composition of the slags.

Broadly similar large-diameter furnaces appear at a number of locations in Europe in late La Tene 
and the early Roman periods. This indicates a wide-spread, but specialised, knowledge of the technical 
innovations necessary to achieve high levels of production in the bloomery furnace. The evidence from 
Laxton allows a re-assessment of the structural details of some of these other furnaces.

There only a few examples of blooms and billets from Britain which can be firmly dated to the early 
Roman period. However, remarkable finds from several sites in southern France and eastern Europe 
indicates the type of billets which were made and the scale on which they were traded.
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Abstract

Near Hengelo, iron slag with a morphology not previously recognised in the Netherlands was found in 
an unusual context. It dates from the Late Iron Age or Roman Iron Age. The remains are interpreted as 
being the results of iron production with the intention of making steel.

Introduction
The present author is unaware of any archaeological evidence in Western Europe suggesting that bloomery 
iron was pre-packed, to increase its yield or for another other purpose, before steel was produced in 
specially designed crucibles. The debris from pre-packing can be easily overlooked at normal smelting 
sites, however, for it may appear very similar to the nonnal waste products of iron production or work
ing. Had not the exceptional circumstances of a discovery in a former streambed in an outer bend of a 
rivulet encouraged me to take a closer look, the interpretation of the finds as reheating/smithing debris 
would have remained acceptable (Reynders and Verlinde 1996).1

During the development of an industrial estate on the edge of the city of Hengelo in Overijssel prov
ince in 1993-4 , the amateur archaeologist H. Reynders, who has been active in the area for many years, 
discovered a dump of several hundred potsherds amongst which were c. 8kg of slag and pieces of burnt 
clay. The site lies in the Vecht area, which is well known for its iron production during the Roman Iron 
Age (van Nie 1995; 1997; 2001). The pottery could be dated to the Late Iron Age, most probably the first 
century BC and the (early) first century AD, with a preference for the later date. An additional inven
tory of the pottery made by Dr A. Verlinde (ROB, Amersfoort) showed the presence of fragments from 
probably second-century AD imported Roman vessels.

The nearest contemporary settlement site is situated some 200 m from the dump. Traces of off-site 
activities were found near the dump, including a small building that has been inteipreted as a granary. 
Carbon-14 measurements (GrN 21559) give a date of 384-358 cal. BC, with the proviso that the very high 
carbon content (81 %) makes a considerably later date very possible (additional information from Dr van 
der Plicht, C-14 laboratory Groningen). Stream deposits sealing the dump had prevented oxidisation.

An attempt will be made here to reconstruct the process, even though “...the residues are often so 
fragmentary that the actual appearance of the smelting installation is difficult or even impossible to 
reconstruct ... a critical approach to inteipretation of fragmentary remains is necessary in all of these 
cases” (Pleiner 2000:142).

Description of the finds
The pieces of slag do not fit into the picture usually provided by excavations and field surveys in the 
Netherlands. The main appearance was that of weathered production slag with a “bottom” part that has 
a clay/clayey character. The “top” part looked like the top of furnace-bottom slag or reheating/smithing 
slag. This seemed not to be likely, however, for testing with a magnet gave no indication of metallic 
inclusions, and in contrast to slag usually found in Dutch excavations, the characteristic glassy part was 
also missing (Joosten and van Nie 1996a). Although metallic parts on the surface may well have been 
oxidised, any metallic inclusions within the slag should have survived to some degree. The macrostruc
ture of fresh fractures of the slag is very similar to that of tap slag, an argument in favour of its being 
hearth-bottom slag or a block of slag from a slag-pit furnace (Fig. 1). These, however, almost never 
have burnt clay adhering structurally, although sand particles are quite common. One piece of heavily 
weathered slag has been identified as the bottom of a block from a slag-pit furnace, a type of furnace
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Fig. I. Tap slag (photo M. Ydo, IPP Amsterdam).

well known from other sites in the Vecht area (van Nie 1995) (Fig. 2). That slag was covered with a thin 
crust of sand cemented to the surface by an iron oxide that gives the slag a rusty and crumbly appear
ance, thus making it difficult to recognise it as (part of) a slag block. There was almost no weathering on 
a smaller piece, probably broken off from the larger piece, and there the bottom of the slag pit is clearly 
recognisable (Fig. 3).

The clay crust is thin (up to 2.5 cm) but incomplete, and had been heated in a reducing atmosphere. 
Unlike a usual furnace wall, there are no traces of a gradually increasing degree of oxidisation from the 
inside to the outside (Fig. 4a). The clay contains charcoal dust, mainly in the inner part, and an unusu
ally large amount of sand, making it very crumbly. Clay used as a lining in slag pits in the area contains 
hardly any sand, and sometimes shows only slight traces of vitrification near the tuyere. Apart from 
charcoal embedded in the slag or adhering to the clay, no loose fragments were present but the charcoal 
was not collected separately, and loose pieces may well have been removed during subsequent cleaning. 
That there still was charcoal on the surface of the slag and the inner side of the clay may imply that there 
originally had been a great deal of it (Figs. 4b-c).

The slag has been interpreted as originating from a primary production process, but one that could not 
be ascribed to a furnace type known in the Netherlands (van Nie 1995). This raised a question; could the 
material derive from an attempt to increase the yield from an unsuccessful smelt in a slag-pit furnace? 
Two pieces of slag block indicate that there had been a slag-pit furnace.

Fig. 2. Bottom of a slag-pit furnace (excavation by Fig. 3. Part of a slag block; the lines indicate the edges 
Heeten 1994) of the slag pit.
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Fig. 4 a. Weathered slag from the bottom of the sphere, 
the clay crust is less than 0.5 cm thick. The shiny parts 
are not metallic but glassy.

Fig. 5. Simplified reconstruction of the sphere at the 
end of the process.

Fig. 4b. Sphere and slag.

Fig. 4c. Top part of the sphere.

Reconstruction of the remains
The large quantity of potsherds among which the slag was found indicates that whatever process took 
place it was performed within or on the periphery of a settlement area.

Several pieces of slag fitted together, suggesting that most, if not all, the slag was once joined. It 
must be noted that four years after the first attempt to reassemble the finds, most of the pieces no longer 
fitted together. This suggests that very small particles of metallic iron, undetectable by a magnet, may 
actually have been present. Pieces of heavily burnt but not vitrified clay, mainly adhering to the larger 
pieces of slag, fitted to form a hemisphere with the slag on the inside. Unlike clay adhering to nonnal 
furnace-bottom slag, the clay seems to have been heated from the outside in a reducing atmosphere. 
The hemisphere looked is if it had originally been closed (a sphere), so it could have been surrounded 
by a fire with an oxidising atmosphere while there was a reducing atmosphere inside it (due to the pres
ence of charcoal). Reconstruction as a sphere (Fig. 5) is based on several arguments. For instance, the 
pieces of clay without adherent slag show the same curves as those where slag is attached. The original 
object seemed to have been smashed to pieces deliberately, even the slag being broken up. That would 
not have been necessary if there had been an opening at the top. In some places, the clay adhering to 
the slag protrudes more than a centimetre above the surface of the slag, suggesting that whatever was 
(intended to be) retrieved did not fuse with the clay like the molten slag; this may have been the reason 
why the whole thing had to be smashed. Finally, an open crucible-like container would have needed to 
be prefired to some extent, and since no outer lining is evident, prefiring is unlikely. Working with an 
unfired crucible would have involved the risk of the crucible cracking through uneven shrinkage.

Shrinkage can also be a problem when using the envelope method, as clearly demonstrated by Ivor 
Lawton in 1993 at Eindhoven. During the multiple smelting experiment (a “jamboree” according to 
Pleiner 2000,3) Lawton placed the partially failed smelt in a clay package (without charcoal) after select
ing out the metallic parts with a magnet, and then put the whole into a furnace. This experiment failed 
because the package cracked and fell apart, probably because the clay was not dry enough to resist the
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internal tension caused by the heat of the furnace. It is noteworthy that the initially smooth exterior of 
the package cracked completely, leaving a rough and brittle outer surface even though there was only a 
little sand in the clay. The more consolidated part of the bloom (600g) was effectively worked into a bar 
240g in weight (Lawton and Keen 1994).

Many small and some large particles of charcoal are trapped within the slag, mainly in the top. The 
charcoal of Fraxinus and Querem (ash and oak; determination by R. de Man, ROB Amersfoort) might 
have been used as an agent to maintain reducing conditions inside the clay envelope. The clay also 
contained some charcoal, mostly in the form of dust. Charcoal dust has been used in furnace linings 
and crucibles for many centuries and is well described by ancient writers on metallurgy such as Pliny 
(Historia Naturalis), Theophilus Presbyter (Schedula de diversis artibus), Agricola (De Re Metallica) 
and Biringuccio (Pirotechnid). Its purpose is to regulate the heat and lessen the chance of thermal cracks 
in (mainly) crucibles. It was also used when repairing furnaces; charcoal dust has been observed in the 
repairs of medieval slag-tapping furnaces in the Veluwe region, adjacent to the Vecht area (van Nie 
1990, 1995).

The sphere could not have contained enough charcoal to reduce the amount of ore needed to form the 
slag unless there had been an opening in the sphere through which the charcoal could be replenished. 
This is highly unlikely, for there were only a few pieces of baked clay without adherent slag, and none 
is a rim. The outer surface of the clay lining is very rough and brittle, indicating that the original surface 
has been broken off or weathered away. Another objection to the original existence of an opening is 
that no traces of an air inlet have been found. Experiments with T.10 and 1:12 scale furnaces at Lejre 
(Joosten etal. 1997) and Amsterdam (unpublished) have shown that inducing air into a small furnace can 
be extremely difficult. Experimental firings of slag-pit furnaces have proved that even a single smelt will 
affect the furnace wall near the air inlet, and that the bottoms of slag-tapping furnaces also are affected 
up to vitrification (Fig. 6; Joosten and van Nie 1996b; van Nie et al. 1994).

If the remains were the bottom part of a mini furnace or a (very) large crucible the following four 
factors have to be explained,

1. The slight vitrification on the inside and the smooth external surface
2. The absence of reddened clay
3. The small amount of baked clay without adherent slag
4. The curves as reconstructed allow insufficient room for an opening through which the 

contents can be replenished.
1. If an air inlet had been present there would have been considerable vitrification and 

as the lining curves inwards the air inlet needed for a small furnace would have to be 
close. A crucible without a smooth surface can hardly be called a crucible.

2. If the heat came from within there should have been a gradual decrease in temperature 
towards the outside. This would have been visible, as is normally seen elsewhere (see 
Fig. 6 and 7).

3. Insufficient clay has survived to allow for even a short shaft.
4. The amount of slag implies charging, for there is not enough volume for a single 

charge.

From the fact that a number of potsherds were still present in the material that was handed over for 
examination, and that there was no baked clay among the potsherds, it is fairly clear that only a small 
amount of baked clay can have been missed when the finds were being collected. If there had been pieces 
of baked clay with two well-worked or smoothed surfaces, which may have been mistaken for pottery, 
it is very likely that they would have turned up when the ceramics were being examined.

Carburisation?
The amount of charcoal in the surviving slag suggests that there was abundant charcoal present within 
the envelope. The charcoal might have been added to create a reducing atmosphere even if the clay 
cracked open, or it could have been intended for carburising the iron (an intention consistent with the 
fact that no vitrification is visible on the outside of the clay envelope). The temperature does not seem to 
have been high enough to separate the slag from the bloom effectively. The reason for packing together
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Fig. 6. Furnace bottom composed of vitrified and 
sintered sand.

I

Fig. 7. Furnace wall (interior of furnace to the left).

badly separated bloom and slag may not have 
been merely to produce iron, but actually to make 
steel. The carburisation of iron does not need such 
high temperatures that the outer and inner parts of 
the envelope would have vitrified. Since no iron 
has been preserved here, the purpose cannot be 
ascertained.

A fundamental argument against low-temperature carburisation is that one must assume that the slag 
melted at a temperature below c. 1050-1120°C. Also, effective carburisation of a bloom is not likely at 
such a low temperature for there could not be a successful segregation of slag from the bloom. Since the 
slag is there, it is more likely that the combination of carburisation of the bloom and driving off the slag 
was intended to take place in one process. This implies a high working temperature.

The reason for choosing a bloom so rich in slag is another matter for discussion. It does not seem very 
likely that a bloom with such high slag content would have been chosen for carburisation. We do not 
know, however, how large the bloom originally was. We can only make an educated guess at the volume 
of the envelope, and the slag was also of a significant volume. When a bloom is to be carburised, the 
larger the surface available for carburisation, the more quickly will the carburisation take place. Abloom 
can be crushed into small pieces fairly easily if it contains a lot of slag. The slag also enlarges the reac
tive surface of the iron, especially when it becomes molten, and this would make it easier to carburise 
more homogeneously. Finally, slag facilitates (to some extent) welding the carburised iron, should the 
bloom not have consolidated completely within the envelope. If this were the intended process it must 
have been very successful, for it resulted in slag more or less free of iron. This clearly shows that we are 
not dealing here with a reject or some kind of failed smelt.

Conclusion
There are a number of striking aspects to the Hengelo find. Some of them raise more questions than 
answers. Firstly, it is not clear whether the intention was to produce iron or steel. There are three reasons 
in favour of steel.

The first is a negative one: if iron were the goal, simple reheating would have been sufficient and the 
normal procedure in an oxidising hearth would have done the trick.

The second is that a great deal of unnecessary charcoal remained; it had not been needed in the proc
ess, for even the outside of the clay package had been burnt in a reducing atmosphere, showing that the 
package had been inserted into a furnace-like (reducing) environment. In that case, the excess carbon 
would have had to be added deliberately.

The third reason is the commonsense observation that the package was there. Producing iron by a 
method that, as far as we know, was not usual in this area at the time is a clear indication that something 
out of the ordinary was going on. Why such an attempt was made, or how successful it was, cannot be 
answered conclusively. Further research is needed.
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Final Remarks

As stressed in the introduction, fragmentary remains are hard to work on and they can easily be misinter
preted. Abetter, or at least firmer, interpretation of the finds discussed here will only be obtained through 
further research. Chemical and mineralogical examination would be the first step. Experimentation in 
a laboratory would be the next. Full-scale experiments would also provide invaluable information but 
should only be undertaken after the first two steps have been completed.
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Current Excavations at an Early Celtic Steel Production Centre at St. Johann in
Southern Germany
Guntram Gassmann

ARGUS Archäologische und geowissenschaftliche Untersuchungen, Tübingen, Germany

I am happy to be able to present my iron friends with my report on the latest findings from an excavation 
that is still in progress.

The “Eberhard-Karls-University Tübingen” and the “Landesdenkmalamt BW” supported by the 
“Deutsche Forschungsgemeinschaft” are doing systematic research within an early iron age settlement, 
containing iron producing facilities. The excavation site is located on the high plain of the Swabian 
Mountains, at “St Johann-Würtingen”, in the district of Reutlingen1.

The settlement is in a depression, which formerly may have been a volcanic lake. In the centre of this 
basin there is a permanent spring. Around this water source lies a settlement of approximately 2 hec
tares. Its relatively deep location offers excellent preservation conditions for the archaeological deposits
(Fig. 1).

A number of the settlers seem to have been specialised in the production of iron. However, I will not 
so much focus on individuals or groups of people, who cannot readily be identified from the archaeo
logical remains. Instead I will try to give you an impression of the spatial arrangement of the settlement 
and point out special features apparent after an intensive investigation of fire remains. Apart from purely 
functional facilities such as cupola furnaces or a pit for charcoal production, one other was excavated, 
which may have been used for special non-technical purposes, such as symbolic activities accompany
ing actual processes with fire.

Numerous furnace components and slag deposits around the “Eulenbrunnen” show that a considerable 
amount of steel and iron could have been produced in the Late Hallstatt or Early Laténe Period. Four 
excavated facilities (Fig. 2) and a rectangular pit with fire traces at the edge and furnace walls and slags 
inside exist, for example, on the northerly edge of the “Eulenbrunnen-” depression on the “Fohlenhofer 
Feld”, probably many more still remain in the ground waiting to be excavated. Other slag deposits from 
the core area of the settlement indicate further undiscovered smelting facilities there.

The technical side of the Celtic steel and iron production is well researched, due to scientific analyses 
and smelting experiments. Smelting took place in small cupola furnaces with a front pit and a deliv-

Fig. 1. Excavation area.
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ery shaft on top. The furnace probably worked with artificial wind channeling, and possibly aided by 
natural wind-activity, which was readily available on the high plain of the Schwabian Mountains. In 
the meantime, several components with wind apertures were discovered during the excavations at the 
“ Fohlenhofer Feld”. These originate from collapsed debris in the oven area, and are regarded as being 
used for supplying air to the furnace area.

The furnaces are similar to the cupola furnaces from the “Siegerland”2, but they are significantly 
smaller and a few hundred years older.

The ore sources were very iron rich ores, so called iron rinds, which presumably occur in the vicinity. 
The slag produced during smelting was not tapped but accumulated on the bottom of the furnace and in 
the front pit in a basal charcoal bed. The connection between the processor and the front pit could have 
been constantly open during the process. This would explain the varying redox conditions in the slag 
embedding area. The slag solidified at the bottom in characteristic fonns, the way in which it solidified, 
allowing one to draw conclusions about the original furnace types. There are slag types with loose lay
ered structures and those with porous structures. The slags often are interspersed with charcoal or show 
charcoal traces on the surface, whereby they can be easily distinguished from tap slags, that don’t show 
those features. Apart from that the string-shaped slags are very characteristic. They occur particularly 
at the bottom of the charcoal basin.

As one expects from a bloomery process, low-melting fayalitic slags with iron oxide and glassy ma
trix3 characterise the slag from St. Johann. The melting temperature of such a slag type and therefore the 
smelting range within which it was processed in the cupola furnace, may have amounted to a temperature 
of around 1150° C. The slag remains sometimes have excessive iron oxide contents, which indicates the 
use of very pure ores without flowing compounds for the smelting. It also indicates that the yield was 
not optimal yet. Magnetite and Iscorite, which are rarely to be seen, indicate that the slag was exposed 
to widely varying redox conditions4 on its path to the embedding area. One can assume that the oxida
tion processes occurred directly in front of the wind apertures or at the exit to the front pit for example. 
Slag which flowed past this point can indeed show signs of oxidation. Therefore the bloomery process 
could concievably be defined as a slag producing reaction between ore and flux compounds which are 
available at the time. The reduction of the ore to metal just happens to occur at the same time. Therefore 
typical bloomery furnace slags always have a very high iron content. This is not evidence of inefficient 
metal extraction but rather of a natural process.

Although some remains of metal ingots were found alongside the slag deposits, as proof of success
ful processing. These all show varying and in some cases quite high carbon content and are the product 
of a puposely performed direct steel process5. In so far as can be reconstructed from the metalurgical 
remains, the metal ingots were deposited as a more or less solid mass near the wind apertures and above
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Fig. 3. Steel structure.

the slag which had to a large extent cooled down and flowed downwards. Powerful reducing conditions 
prevailed in this area with the highest temperatures. The iron sponge accumulated at this point. Its last 
remains were found with heterogenous carbon and contaminations of charcoal (Fig. 3).

Despite the high iron oxide content of the slag, the bloom could carburize due to the spatial separation 
from the buffering slag. The carbon uptake of the iron is limited around 1 percent in the solid phase, 
so that carburized steel could be produced in a direct process. At least two redox systems existed in the 
bloomery furnace. This is true of the one used in St. Johann, but maybe also in general. The systems 
ran independently but simultaneously in the same processor : the slag system and the iron reduction 
system. According to the most widely held academic opinion, the iron in the blast furnace is reduced 
in a solid aggregate condition. On this point there is anabsolute agreement. But an equilibrium with the 
slag, which is completely liquefied, does not necessarily exist. This flows rapidly downwards and dif
ferentiates at different positions in the cooler base inside the processor. It becomes enriched, and there 
rapidly solidifies.

Because of the spatial separation of slag and the iron sponge, the process of ingot fomation cannot 
possibly be controlled by the slag. The accumulation of metal and the carburisation function largely in
dependently of the slag system, in the area of the highest temperatures in an apropriate distance from the 
wind apertures. The temperatures are so high here that all the material that can become slag is liquefied 
and subject to the law of gravityby flowing downwards. The slag in the bloomery furnace can neverthe
less be granted a further significance as a resolidified base for the iron sponge growing upwards.

Iron which is dragged downwards with the slag or metal accumulating from agglomerations of drops, 
can be observed time and again as slag contaminants. These however, have nothing to do with ingot 
formation in the process described and make no testimony to the actual composition of the end-products. 
Naturally this lost metal can appear to have an equal significance with its surrounding, along with a com
plete decarburisation. But as I have already stated, this has nothing to do with the ingot (Fig. 4). If you 
have a look at the phase diagram of iron (Fig. 5), you can see that the reactions which take place in the 
“bloomery process ” are the same as during the blast process, with the only difference that the average 
temperature was maintained at a much lower level6.

At temperatures between 720 and 911°C alpha-iron (ferrite) is created, which only absorbs a little 
carbon. Above 911°C gamma-iron is created which absorbs larger amounts of carbon in the solid phase 
of up to 1%, with which hardened steel can be made.

At even higher temperatures the iron can even appear as liquid iron with a carbon content of more 
than 5% and a melting point under 1200 degrees. The liquefaction can only occur when beforehand 
the melting point of the carburized steel (about 1400 degrees) is excluded during its solid phase. This 
temperature is never actually achieved in the bloomery process during longer times on constant condi-
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tions. If the critical condition is exceeded at some point, the carbon content can be regulated via oxygen 
intake at the air apertures. A portion of the metal can in this way be returned to the solid fonn. The rest 
would be held in the slag, drip downwards, and disappear in the slag for good. Any carburisation of the 
ingot up to the saturation point is naturally limited in the bloomery furnace. This is just as well., because 
liquid iron is no longer workable when it cools down, due to its too high carbon uptake, and therefore 
has to be decarburised in a vety complicated process and in reversed sequence under the vety high 
temperatures mentioned.

Some of the naturally occurring iron ores contain compounds, which can considerably influence the 
tendency to carbon uptake of the smelted iron ore. The presence of manganese, for example, raises the 
tendency to carbon-uptake. On the other hand, the presence of phosphorous increases the range of stability 
of alpha-iron, such that it is more difficult that carbon can be built into the crystal structure.

The ores that occur in St. Johann have a very low phosphorous content and consequently can be car
burized effectively.

The general belief is that only carbon free wrought iron was produced in the bloomery process, which 
then had to be carburized in the smithy to get steel. However, all the thermodynamic process of iron re
duction taken together7, show that it was certainly possible to produce steel directly in the cupola furnace. 
With that, the technical basics of ore smelting at the Eulenbrunnen are roughly outlined.

It is much more difficult to determine who worked the facilities. What kind of people were they, who, 
without our current theoretical knowledge, were able to create iron?

Where did they get the knowledge from, and how and to whom was it passed on? What happened to 
the smelted iron? Who received it for further processing?

The lack of blacksmith slag, up till now there was only a tiny lump of it in the entire excavation area, 
indicates that the forging work on the iron bloom and the iron processing was carried out at another place. 
This has not been yet been found, despite an intensive search. It could be that it has to do with a central 
place which could be anywhere. If this is applicable, one could draw conclusions about ruling structures. 
The iron smelters of St. Johann would then not necessarily count as the most priveleged class.

Iron smelters and iron smiths are to be differentiated and did not necessarily have direct contact with 
each other. Whereas the technical aspects of iron production are generally comprehensible, another 
category of discoveries offers room for more unconventional interpretations.

Currently, several areas around the “Eulenbrunnen” can be differentiated, which point to differing 
uses. The vicinity of the spring seems to have been made a centre of settlement during the Late Hallstatt 
or Early Laténe Period.

Various buildings on stilts and partially right angled trench systems were found there, which presum
ably marked the border of individual areas (Fig. 6).
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The already mentioned industrial area can be found on the high plain in the North. It contains an 
unknown number of cupola furnaces, four of which have been analysed archeologically at the moment. 
One of the ovens was destroyed twice. Initially maybe after its last run, and again at a later date. This 
makes one wonder. Apart from the furnace, another long rectangular fire pit was exposed, which may 
have been used for the production of charcoal. This pit was filled with many oven components and other 
smelting remains. Obviously, a broken-up bloomery furnace was deposited here on purpose. In this case 
other possibilities of interpretation open up, distinct from the technological constraints.

Diametrically opposite, on top of the south eastern edge of the “Eulenbrunnen”- depression, an area 
extends, in which several finds were excavated, which also can be summarised under the heading “fire”. 
Smelting remains and furnace components lie scattered across the slopes of the settlement area to the 
base of the depression. Their original location, presumably a furnace location, could not be determined 
as yet, but is presumably on the outer edge of the slope down to the depression. So far, in this area, one 
more long rectangular fire pit came to ligh, such as has been found at the production area but without 
any deposited bloomery furnace.

In an analogy to the observations at the “Fohlenhofer Feld”, this facility was also seen to have been 
used for the charcoal production necessary for iron smelting (Fig. 7).

Five metres to the north of that in the extension of the longitudinal axis a round and upturned funnel- 
shaped pit, with a kidney shaped cavity on the north side was discovered. On the bottom of this pit was a 
scattering of unbumt charcoal, with an intact miniature vessel in the middle. On top of that were carefully 
piled up layers of burnt clay with imprints of brushes, from a burnt down half-timbered house (Fig. 8).

Since no traces of fire were found in the surrounding area, we assume that the fire that created the 
damage must have taken place somewhere else. It was only on top of this, that irregular layers of filling 
appeared. It is difficult to explain this find, using conventional criteria and a technological interpretation 
cannot be applied.

Thirty metres to the east another round funnel-shaped pit was excavated, in the south-west of which 
was a large square stone consisting of lime, that occurs in that area. First this pit had a flat base and sharp 
walls. The bottom was slowly filled with layers of charcoal and burned clay or with layers of yellow clay. 
Within the layers ceramics of Late Hallstatt or Early Latene Period could be found.

May be at the end of its use the pit got 
the shape of a funnel with a perpendicular 
passage at the narrowest point with a diam
eter of only 40 centimetres that runs into 
the depth.

In the southern part of the funnel, on 
the inner edge of the mass of filling, was a 
sharpened stone axe, whose purpose cannot 
be determined. A further curiosity appeared 
at the depth of 1,20m (one point two metres).
It was a ceramic spoon.

In my opinion, the archaic object was not 
left there accidentally, since to our knowl
edge there are no neolithic localities in the 
surrounding area. Occasionally, within the 
filling, calcified bones, charcoal and burnt 
clay have been discovered, whereby the 
relationship to “fire” could again be made.
It remains unclear, whether this is only a 
normal cellar pit, or if the existence of the 
stone axes and the lime stone on the fringe 
necessitate another explanation for the last 
phase of use.

Between the objects I have described so
far, was a so called ground house, which is Fig. 7. Long rectangular charcoal production pit.
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Fig. 8. Funnel-shaped pit 
with miniature vessel in the 
middle.

Fig. 9. Ceramics of the 
ground house.

about 5 by 3 metres in size. On its floor two fireplaces were discovered. Again there is, either on purpose 
or accidentally, a relation to fire. Apart from a lot of ceramics of the Late Hallstatt or Early Laténe Period, 
we found smelting slag in the filling layers, presumably produced by the not yet found smelting furnace 
in this areal. The ceramic findings delivered good possibilities for dating the relics of smelting to the Late 
Hallstatt or Early Laténe Period (Fig. 9). A number of 14C dated charcoals confirm this dating.

I’m no friend of cultic interpretations, because they seem to be applied whenever it is difficult to 
explain a discovery. Yet, we have to ask whether some of the facilities I have described before, could 
have been used to perform special activities which were required for other reasons, and did not serve a 
technical purpose.

Another related question that comes to mind immediately is, whether those hypothetical activities were 
reserved for special persons, to whom the power to tame fire was attributed, and therefore the power to 
create metal from ores.

I want to conclude by adding the observation that the smelting places of the early iron age in Central 
Europe are almost always located near a spring. May be the presence of a special type of water was an 
important prerequisite for a worry-free application of the dangerous fire.
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Early Iron Production in Germany. A Short Review
Guntram Gassmann
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During the Uppsala conference the idea developed to incorporate into the proceedings short introductions 
to early iron production in the countries of the various participants. As the only German representatives at 
the conference, the authors gladly took the opportunity to jointly produce the following short review.

It is the aim of this paper to provide an entry to the environmental background and to the present state 
of research in the various parts of our country. As far as the evidence allows, binding statements as to 
the beginnings and the technological development of regional iron production shall be given. Yet, the 
account has no intention of being exhaustive. The varying relevancy of data available for the respective 
regions would hamper any such attempt. Special emphasis is put on recent works of the last ten to fifteen 
years, drawing on earlier fundamental research when necessary. We also would like to draw attention 
to a wealth of metallographic and metallurigcal analysis done in recent years on debris of iron smelting 
and iron working from early metallurgical sites in Germany. There is also an ever-growing literature on 
experimental works related to the iron process. However, the references given below can merely provide 
a first entry to these important subjects. Full coverage would push this paper way beyond its limits.

For easy reference we decided to present this review in the form of commented maps. We are aware 
of the three chronological maps suggesting the coming of iron form south to north. This may not re
ally reflect a historically relevant picture, but can serve rather well to illustrate the inherent dangers of 
interpreting incomplete data.

Very generally speaking a tripartite North-South division can put forward to structure the natural envi
ronments of Germany. The lowland zone of the Northern German Plains (Norddeutsche Tiefebene) may 
be distinguished from the Central Highlands (Mittelgebirge) and the Alpine Foothills (Alpenvorland) up 
to the Alps furthest south (Fig. 1).

The Central Highlands divide into a number of smaller units differing in geology. On the one hand there 
are ancient variscic rock formations like the Rhenian Schist Mountains (consisting of Hunsrück, Eifel, 
Taunus and Westerwald) together with the Harz, the Erzgebirge (“Ore Mountains”) and the Thuringian 
and Bavarian Forests. On the other hand younger geological formations can be named that are either 
built of new red sandstone deposits (Buntsandstein-Formdtionen) or derive from Mesozoic sediments 
of mostly maritime origin.

All of the mentioned environments supply iron ores. However, they may differ markedly in composi
tion according to region. Our country possesses a wealth of small to very small iron ore deposits that are 
today of minor or no economic interest, not featuring on any map.

The Northern lowlands are rich in bog iron ores, which developed after the ice age in acidic soils un
der waterlogged conditions. They are formed near the surface, stretch over wide areas but rarely reach 
considerable depth.

The iron ore deposits of the Central Highlands are very diverse in composition and iron contents. 
They are oriented along tectonic lines (“Gallery ores”) or are of sedimentary origin. Another group is the 
result of weathering processes. The Gallery ores, e.g. the Siderite deposits of the Siegerland, are mostly 
bound to the variscic rock fonnations, or follow along the new red sandstone fonnations. Sedimentary 
ores may occur in the variscic rocks, e.g. the marine-sedimentary post-volcanic haematite deposits of the 
Rhenian Schist Mountains. Other sedimentary ores of younger origin are the Minette-Type Dogger ores, 
prominent on the Swabian and Franconian Jura, and the cretaceous iron ores of the Upper Palatinate. 
The debris ores (“Trümmererze") of Salzgitter have to be mentioned in this respect as well. Furthermore
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there are sedimentary ore types, which originate from weathering processes within limestone formations 
(limonitic ores, “Bohnerze”). Certainly the Central German Highlands harbour the most versatile and 
extensive iron ore deposits in the whole of Germany.

Yet, the Alpine Foothills right up to the Danube also feature sizeable ore deposits. As in the Northern 
German Plains, these bog ores in the depressions of the river valleys are of post-glacial origin. In the 
tertiary hills ore crusts of limonite survived in locally confined deposits.

Compared to its large surface, the German Alpine Region itself features only little iron ores. We may 
mention the small marine sedimentary deposits of the Allgäu Alps and the Kressenberg deposits to the 
east.
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Listing all these different occurrences makes us aware of the ubiquity of iron ores in Germany. It well 
illustrates the manifold theoretical possibilities of an autonomous regional iron production in earlier times. 
It is not surprising therefore that intensive and systematic prospection reveals a wealth of old mining and 
smelting activities, allowing a first if still blurred picture of the earliest native metal production. We can 
make statements on the technological level as well as on the preferred raw materials.

Taking the rich and versatile ore deposits of the Central Highlands with extensive woodlands as a 
resource of energy, it is little wonder that evidence of ancient mining and smelting activities seems most 
prominent here. It may not be a coincidence therefore, that some of the oldest relicts of iron production 
so far known from Gennany also came to light in this part of the country.

Map A. The Earliest Evidence (Fig. 2)
So far the earliest iron smelting furnaces in Germany that can be securely dated belong to the fifth cen
tury B.C., around the turn from the Hallstatt to the early La Téne Periods. They were discovered in the 
Northern Black Forest and on the Swabian Jura. In both areas high quality ores were used, resulting in 
carbon-rich blooms. The smelting devices were relatively small domed furnaces with integrated front-pit 
and a shaft put on for charging. Evidence of other smelting sites similar or possibly even slightly older 
in date are known from further sites on the Swabian Jura and from Kirchheim-Osterholz near the Ipf at 
Bopfingen. Further north, evidence is still sparce. The find from Hillesheim, district of Daun in the Eifel, 
often quoted as evidence for Hallstatt-Period iron production, has recently been reassessed and re-dated 
to the La Téne Period, the so-called slag-ring from Schlatt definitely has to be cancelled. Some questions 
also remain unanswered as to the slags recovered from the furnace remains at Düsseldorf-Rath. In short, 
it has to be said that research into earliest iron smelting in Germany is still based on hollow grounds. 
This is not really surprising, however, considering that at this time the use of iron was still far away from 
any large-scale. Consequently, the number of production devices that may have survived of the earliest 
period must be considered small. The mostly inconspicuous remains are difficult to identify.

Map B. The later pre-Roman Iron Age (middle and late La Téne Periods, 3rd to 1st cent. 
B.C.; Fig.3)
In the course of the La Téne Period a basic development in the availability of iron can be felt. This is 
certainly true for the Central Highlands and the Alpine Foothills. Taking for example the mass of iron 
nails used to construct the walls of the oppidum of Manching, a very different level of production can 
be felt. Two tons of nails were calculated for its construction alone. During this period of consolidation 
a number of iron production centres emerge, seemingly capable of supplying a larger market.

Best known for its iron production in that period is the region of the Siegerland, where already in the 
first third of the 20th century extensive fieldwork identified and documented sizeable La Téne-Period iron 
smelting activities. These early discoveries became very influential on later research and still provide a 
valid picture as far as the appearance of the furnaces is concerned (Fig. 4). During the La Téne Period, 
the region seems to have housed local communities predominantly occupied with metal production. 
The furnaces already excavated in the 30s of the 20th century belong to the domed type with integrated 
front-pit and added shaft. The combustion chambers reached diameters of just over one metre, probably 
around the maximum size possible in a bloomery furnace (Fig. 5). They bear witness to the high metal
lurgical skills of their operators. A production unit commonly consisted of several furnaces, often lined 
up along ridges or terraces. The raw materials used were haematites as well as siderite gallery ores, with 
a preference to the weathered outcrops of the deposits.

The finds from the Siegerland fascinate by their good preservation, but there are other regions within the 
northern part of the Central Highlands that produced evidence of La Téne-Period iron smelting as well. 
On the southern edge of the Harz Mountains several sites with smelting slags were reported recently in 
combination with Iron Age pottery. From the gravel pits of the Lahn valley at Dutenhofen near Wetzlar 
the remains of a bloomery furnace derive from a layer dated to the younger pre-Roman Iron Age. Its slags 
well fit into the spectrum of the Siegerland materials. Recent research based on systematic prospection 
in the Central Lahn valley support the notion of further sites with a La Téne-Period slag spectrum.

In the south of Germany further smelting centres existed. Within the Central Highlands the Franconian 
and Swabian Jurassic ridge is prominent in this respect. Clear evidence of mining and smelting of limonite
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Fig. 2. Iron production sites of the late Hallstatt to early La Tene Periods in Germany. 
1 Neuenbürg. - 2 St. Johann. - 3 Kirchheim-Osterholz. - 4 Düsseldorf-Rath (?).

ores is known from the area around the oppidum of Kelheim, with some problems remaining as to the 
character of the furnaces and to the scale of late Iron Age production. There are two furnace remains that 
may be attributed to the La Tene Period, excavated prior to the building activities of the Main- Danube 
water-channel. A smelting site from within the oppidum itself is to be sceptically evaluated. The hinterland 
provides further smelting sites, but medieval production seems to be more prominent than was hitherto 
assumed. Unfortunately there is little modem survey done in the area.

Likewise with reference to the Franconian Jura an iron working centre of considerable importance 
existed in the Sulz valley at Berching-Pollanten (Upper Palatinate). Only very recently relicts of smelting 
activities of probably the same date could be identified in its vicinity at Berching-Sollngriesbach.
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Fig. 3. Iron production sites and regions of the middle to late La Téne Periods in Germany. I Markgräfler 
Region. - 2 Roth valley (Iller-Region). - 3 Zusamaltheim (Donauried). - 4 Donau- and Feilenmoos . - 5 
Ingolstadt-Etting. - 6 Kelheim-District. - 7 Berching-SoUngriesbach (?). - 8 Hillesheim. - 9 Wetzlar- 
Dutenhofen. -10 Siegerland. -11 Southern Harz (?).

The southwest corner of the Central Highlands on the southern edge of the Black Forest features rock 
formations also rich in limonitic ores. La Téne-Period iron smelting could be identified here as well. But 
very surprisingly a different type of furnace was in operation. The furnaces of this region belong to the 
type with an integrated slag pit. Here, the slag block remained in situ after the smelt and the furnace shaft 
had to be shifted. The smelting sites in this area produced several slag pits each, which would presum
ably have been produced with one furnace shaft. They look remarkably similar to what is known later 
from Northern and Eastern Europe as “unorganised" slag-pit fields.

65



The Introduction of Iron in Eurasia

Fig. 4. Reconstruction drawing of La Téne-Period smelting furnace from the 
Minnerbach near Siegen (after BEHAGHEL 1939).

Fig. 5. La Téne-Period smelting furnace from Siegen-Niederschelden (courtsey 
of Westfälisches Museum für Archäologie, Außenstelle Olpe; cf. Beck & 
Laumann 2001).

Numerous remains of domed furnaces with integrated front-pit can be named at last from the bog-ore 
districts of the Alpine Foothills along the Danube and her tributaries. To be mentioned in this respect is 
the Iller region, namely along the Roth valley, which has been systematically prospected. It produced a 
considerable number of smelting sites, of which some could be archaeologically investigated only very 
recently. Further down the Danube in the wetlands of the Donauried, the Donaumoos, the area of Ingol- 
stadt-Etting and the Feilenmoos near the Celtic oppidum of Manching, comparable smelting sites could 
be detected. It is tempting to connect these sites as sub-suppliers to the Manching oppidum.
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Map C. Roman and Migration Periods (1st to 5"' cent. AD; Fig. 6)
During the Roman Period on German territory a striking regional difference can be noted. While in the 
Central Highlands and the Northern Plains outside the Imperium Romanum iron smelting seems to have 
leapt to new hights, production within the borders of the empire almost gave way completely. This may 
have been part of the strategic concept or could have been due to a centralized supply, at least during the 
initial phase of occupation. Evidence of iron production on a small local scale has so far only become 
known from the Palatinate, the southern Upper Rhine Region and just recently from the Lower Rhine 
frontier. Reported evidence of iron smelting from Roman forts along the limes has to be cancelled, the 
slags discovered there exclusively derive from iron working processes. The few just mentioned smelt
ing relicts nevertheless are of special technological interest, for they point to the use of shaft furnaces 
with slag-tapping.

As already stated, the picture for the Germania Magna is very different. Especially in the hitherto 
inconspicuous Northern German Plains iron production reaches a real bloom. Numerous slag-pit fields, 
spread across almost the whole of the Northern lowlands, bear witness to this development. Yet it must 
be clear that a single domed furnace of southern type could have run over a hundred times and may 
well have produced an amount of iron and slags, equal to some of the big slag-pit fields. This we have 
to bear in mind on discussing the seemingly large scale of slag-pit furnace iron production in Northern 
and Eastern Europe.

From North to Southeast important sites and regions can be named like Joldelund in Schleswig-Hol
stein, the Weser-Elbe triangle, Zehtlingen in Sachsen-Anhalt, Repten and Wolkenberg in Lower Lusatia 
(Brandenburg) and the production area of Upper Lusatia with Merzdorf in Saxony. All of the sites feature 
numerous slag blocks, in the case of Wolkenberg over a thousand, mostly in clusters of irregular layout. 
Each of them is the result of one single smelt and remained in situ in the ground. The furnace type is 
that of a shaft furnace with integrated slag pit. During the smelt the slag gathered below the shaft with
out being tapped. The bloom accumulated on top of the built-up slag block so that it could be taken out 
without having to remove the slag. Split wood or straw placed in the slag pit for support assured that the 
slag could flow down into the pit but kept the iron rich conglomerate in position above it. A new slag pit 
had to be dug after each smelt, but the shaft could probably be re-used a couple of times.

In the Central Highlands beyond the Roman frontier iron smelting sites are also known of the period. 
From Thuringia and the Lower Altmühl valley slag blocks exist that can be compared well to the evi
dence of the Northern Plains.

Something different technologically are the relicts of small domed furnaces with a removable block 
tuyere at the front. Examples are known again from the Altmühl valley, but especially from the Central 
Lahn valley, less than 20km north of the Taunus-Wetterau-//mes. Here we even may infer production 
on a larger scale, possibly related to trading activities with the Roman Empire. Haematite ores seem to 
have been the basis of production.

After the fall of the limes (259/260 AD) iron production on previously Roman territory is intensifying 
again. On the western edge of the Black Forest and on the Swabian Jura, again, the small domed furnaces 
with frontal block tuyere make their appearance, though decidedly later than in the Lahn valley.

Here we are at the end of our short review of early iron production on the territory of Germany. What 
follows is the gradual adoption of slag-tapping furnaces in the course of the early medieval period, ef
ficiently developed way into the High Middle Ages. Technical innovation - especially the introduction 
of waterpower - finally lead to the direct process of the blast furnace. The production of pig iron, begin
ning in the course of the 13th - 15,h centuries gradually does away with bloomery smelting which had 
dominated iron production for the best part of 2000 years.
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Fig. 6. Iron production sites of the Roman and Migration Periods in Germany. I Markgräfler Region. - 2 
Vörstetten. - 3 Denzlingen. - 4 Essingen-Weiherwiesen. - 5 Schnaitheim. - 6 Lower Altmühl valley. - 7 
Eisenberg/Donnersberg. - 8 Central Lahn valley (Wetzlar-Dalheim and Wetzlar-Naunheim). - 9 Cologne 
Region (?). -10Essen (?). - II Gera-Tinz. -12 Merzdorf. -13 Wolkenberg. -14 Repten. -15 Wolfenbüttel. 
- 16 Zehtlingen. -17 Göhlen. -18 Western Oder Region. - 19 Hamburg-Harburg. - 20 Elb-Weser region. 
-21 Süderschmedeby. - 22 Joldelund.
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New Evidence of Early Iron Production in the Central Highlands of Germany
Andreas Schäfer

Vorgeschichtliches Seminar der Philipps-Universität Marburg, Marburg, Germany

The Rhenian Schist Mountains in the Central Highlands of Germany provide some of the best iron ores in 
the country. Not surprisingly there is a long tradition of iron production focusing at first on the outcrops 
of the deposits. Especially the Siegerland region in its northern part became famous for intensive iron 
production going back to the Celtic period (cf. Gassmann & Schäfer, this volume, map B 10 with further 
references). The adjacent Sauerland to the north (Sönnecken 1971, Abdinghoff & Overbeck 1998/1999, 
Knau et alii 2001) and the upper Dill region (Jockenhövel 1995, Willms 1995, F. Verse, pers. comm) 
immediately south produced large-scale and well-documented evidence of mostly medieval and post- 
medieval metal mining and production.

The Central Lahn valley, on which this paper focuses upon, is situated a little further south at the 
eastern end of the Rhenian Schist Mountains mainly in the Lahn-Dill-District of modem Hesse (Fig. 1). 
Up to quite recently little was known of its early iron production, although it features its own rich iron 
ore deposits.

Contrary to the remote Siegerland, dominated by steep valleys and woodlands, the area of the Central 
Lahn valley is much more versatile. It is situated at the interface of four different environments: the 
volcanic basalt outcrops of the Vogelsberg to the east, the fertile loess basin of the Wetterau to the south, 
and to the east and north the Taunus and Westerwald hills as the eastern fringes of the Rhenian Schist 
Mountains. Consequently human presence is well documented from the Neolithic onwards. The loess ter
races were long used for agriculture and the Lahn valley provided important means of communication.

The iron ore deposits of the Lahn Basin stretch from Limburg in the south across Weilburg to the Celtic 
oppidum on the Dünsberg, crossing the Lahn valley at the Dill mouth at Wetzlar (Fig. 2). They consist of 
limonite (Brauneisen) as a sedimentary ore bound to limestone outcrops and are flanked on either side by 
bands of haematite and limonitic ores. The haematite and often manganiferous limonite ores have been 
in the focus of intensive mining activities in recent times up to the 70ties of the 20th century.

Fig. I. The structure of the Rhenian 
Schist Mountains with the location 
ofthe area of research in the Central 
Lahn valley.
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Fig. 2. Iron ore deposits in the main area of research between Braunfels and the Dünsberg oppidum (after 
Einecke & Köhler 1910 with additions).

The Lahn Valley Project: approach and structure
Smithing tools and a wealth of iron implements from the oppidum on the Dünsberg, one of the most 
prominent hillforts on the northern periphery of the Celtic world, have long since suggested an exploitation 
of the local ore deposits as a main economic factor for the whole region (Jacobi 1977). Plenty of ancient 
mining and smelting remains ha e been noted in the area before, but their dating remained unclear and 
direct evidence of iron production before the medieval period, let alone the pre-Roman Iron Age has so 
far not been available (Herwig 1956, Dehn 1986, Reeh 2001).

Then in 1987 rescue work in the course of gravel extraction in the Lahn valley at Dutenhofen between 
Gießen and Wetzlar brought to light the remains of bloomery smelting datable to the 4th cent. B.C. by 
radiocarbon measurement and corresponding pottery (Runter 1994). Almost ten years later in 1996 and 
on the other end of the chronological scale, a smelting furnace of the high middle ages was excavated 
some miles north at Wetzlar-Blasbach, prior to the destruction of the whole area by quarrying (Janke 
1998, Janke in print). Both discoveries triggered a renewed interest in the subject of early iron produc
tion and led to the investigations briefly outlined in the following.

The project “Early Metal Production in the Central Lahn Valley”, Hesse, Germany was put up in 
1999 at the Prehistoric Institute of Marburg University. In close co-operation with the German Mining 
Museum at Bochum and the Posselt & Zickgraf Prospektionen Company Marburg, the ARGUS com
pany, Tübingen and various other institutions, it aims at a representative overview of the background, 
technology and development of early iron production in the region. Chronologically the project covers 
the times from the Iron Age to the (early) medieval periods. Besides the archaeological component, the 
interdisciplinary research project incorporates (ore) geology, archaeometallurigcal analyses, pedology 
and archaeobotany to do justice to the complex interdependences of natural resource, human activity 
and environment (Schäfer & Stolener 2000/2001).
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1) deposit-based prospection
extensive survey along ore deposits

maps/mining-archives 

aerial photography 

field walking > detecting, mapping and sampling of 
ore deposits, mining activities and 
metallurgical sites

2) combined site prospection
intensive survey of detected sites or micro-regions

A) horizontal recording and characterisation of sites and features: 
geomagnetic survey
intensive fieldwalking 
single-find recording

B) vertical recording and characterisation of features and soils: 
systematic drilling programme

C) chronological characterisation of features :
radiocarbon analysis Fig. 3. The prospection

scheme applied to the 
project.D) small-scale trial excavation

The prospection concept adopted for the project relies on two basic components (Fig. 3): firstly an 
extensive, deposit-based survey and secondly a detailed prospection of relevant sites or micro-regions 
applying a combination of supplementary methods. These include geophysical surveys combined with 
intensive fieldwalking, drilling programmes, radiocarbon analysis and small-scale trial excavations.

As part of a broader approach to study early iron production in the Central Highlands of Gennany the 
project has the character of a pilot study. Thus the prospection concept was applied to test the potential 
of the Central Lahn Valley for the study of early iron production in a traditional settlement region of the 
Central German Highlands. This preliminary report may present some of this potential.

Deposit-based survey: first results
Building on the experience that most early smelting sites are located next to the ore mining precincts, the 
first step was an extensive survey following the outcrops of the deposits over a length of some 20 km. 
Sampling and additional information of locals on metallurgical sites further off the deposits helped to 
balance the picture. Depending on the specific characteristics of the landscape different stages of preser
vation of metallurgical sites can be noted. While in woodland areas slag heaps of considerable size may 
have survived the sites in the open are often reduced to a mere scatter of a few remaining artefacts.

During three prospection campaigns (autumn 2000, spring and autumn 2001) so far more than 350 
sites relating to mining and metallurgical activities could be identified in the area. The survey included 
all relevant sites regardless of period.

Slag heaps and hitherto unknown local ore deposits as well as mining pits, quarries, adits and caved in 
galleries, relicts of charcoal piles and working platforms of different kinds could be distinguished. Most 
of them will be related to activities of the late Middle Ages or may derive from historically documented 
activities. Yet it is necessary to get an overview of the whole sample of mining and production sites in 
the area if you are to divide the old from the new at a further stage. As the project is still on its way, only 
a few preliminary results may be put forward in the following.

While the campaign 2000 explored the zones of haematite deposits especially in the wooded hinter
land of the Westerwald and Taunus hills, the two campaigns in 2001 focused on the central limonite ore 
deposits, right down into the actual river valley.
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The survey made very clear that especially in the core areas of the deposits modem industrial mining 
had done away with most older relicts, but the peripheral zones offered some surprisingly well-preserved 
evidence of earlier mining and smelting.

About a hundred sites of the total sample can be related directly to metallurgical activities (Fig. 4). 
Basically they can be defined as accumulations of slags, ranging from small concentrations scattered 
over only a few square metres to large heaps up to 20m across. Samples of slags and, if possible, accom
panying ore fractions were collected from most of the investigated sites. They provide a good means of 
classification. Dominant are sites with tap slags of a developed bloomery process often forming heaps 
of considerable size. Some may even display a circular layout. Judging from similar sites in other re
gions they can be mostly attributed to the high and late Middle Ages (Willms 1995, Sönnecken 1971). 
Well-preserved examples may be named from Wetzlar-Blasbach, from Bleidenberg near Königsberg and 
from the eastern flank of the Dünsberg. From the many mining and smelting ensembles belonging to the 
medieval period south of the Lahn, outstanding complexes consisting of several features like mining 
pits, slag heaps, water basins and working platforms may be mentioned from Ebersgöns, Braunfels- 
Wintersburg and Braunfels-Philippstein.

It is noticeable that metallurgical evidence going back to before the medieval period is so far concen
trated on the river valley itself and its immediate surroundings. Smelting activities of the Roman Period 
can be named from Wetzlar-Dalheim and Wetzlar Naunheim. From the late Augustan town-foundation 
of Waldgirmes so far only iron working can be attested. The pre-Roman sites at Dutenhofen, Atzbach or 
possibly also Burgsolms are situated close to or immediately within the river valley as well. This differ
entiation also seems to imply a correlation of the older sites to limonite deposits most prominent in the 
immediate valley zone while the medieval activities focus on the haematite deposits in the hinterland. 
However, recent research may challenge this hypothesis as indications of the use of haematite ores at 
least during the Roman Period are gradually becoming available (Gassmann in print).

Combined site prospection: the Dalheim micro-region
Fine examples of the effective application of combined prospection methods are the investigations west 
of the confluence of the Dill and Lahn Rivers at Wetzlar-Dalheim (Schäfer et alii 2001; Schäfer & 
Stolener 2000/2001, p. 89-92).

The discovery of slag, furnace lining and ore fractions right next to a known ore deposit resulted in a 
closer inspection of the area in the course of the years 2000 and 2001. They led to the discovery of several 
new slag sites and ore deposits by intensive field walking and aerial photography (Fig. 4). Large-scale 
geomagnetic surveys by Posselt & Zickgraf Prospektionen GbR, Marburg (PZP) allow a more detailed 
insight (Fig. 5). Besides quite a few very strong anomalies brought about by modem stmctures and 
disturbances, numerous anomalies could be detected relating to archaeological features. The grey-scale 
plot also reflects geological and geomorphologic features such as a limonite ore deposit (C21) and the 
bows of former banks and terraces of the Lahn River.

Several archaeologically relevant agglomerations of anomalies can be distinguished (sites Cl 2, C32, 
C85-86). In conjunction with the surface finds they allow to define a whole area of metallurgical activ
ity. In the course of several drilling programmes this interpretation could be ascertained and additional 
information as to the character of the features and their state of preservation could be gained. Radiocar
bon dates from charcoal layers thus detected allow a first chronological differentiation of metallurgical 
activities, providing dates of the Merovingian, Carolingian and High Medieval periods. Surface finds of 
pottery also point to earlier phases of Iron Age to Roman date.

As an example fig. 6 presents some results of the combined prospection on site C32 “Kapellenstück” 
(cf. also Schäfer et alii 2001). Different types of features can be distinguished in the geomagnetic picture; 
most prominent are strong rounded anomalies, lined up in some instances, and other features of more 
rectangular shape (for more details see Buthmann & Zickgraf 2000/2001 with Fig. 7). Catenated drillings 
(No. 1-7) explored some of the most relevant geomagnetic anomalies and support the identification of 
sunken huts (No. 1) and several presumed hearth or furnace locations (Nos. 2, B10; 5, B22 and 6, B24). 
The drillings produced charcoal, slag and clay lining as typical relicts of furnace remains. Limestone 
(sometimes burnt) was either part of some of these structures, or may even point to lime production 
itself. Two drillings supplied radiocarbon dates of the Merovingian period (B8) and the high Middle
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Ages (B28). Only some 400m further west (site C13) an excavation by the Römisch-Germanische Kom
mission Frankfurt (RGK) in 1999 already provided evidence of iron smelting and iron working during 
the Roman Period (Gassmann in print).

Taking all the information gained by the various prospection techniques applied to the area around 
Wetzlar-Dalheim, an astonishingly detailed preliminary picture emerges as to the character, extent and 
date of metallurgical activities. The combined prospection proved its relevancy as an archaeological 
method in its own right, especially apt for large-scale investigations on site level.

Certainly the Dalheim micro-region will have to be a focus for future work, including well-aimed 
excavations. With its multi-period metallurgical activities it will play a key role in our understanding of 
the development of early iron production in this part of the Central Highlands.

Detailed excavation: The metallurgical workshop at Lahnau-Atzbach
In spring 2000 the first La Téne-period smithing site in Hesse could be excavated between Gießen and 
Wetzlar at Lahnau-Atzbach, Lahn-Dill-District (Schäfer & Stöllner 2000/2001, p. 96-106; id. 2002). 
Beforehand, combined prospection had revealed a strongly and continually eroding metallurgical site, 
so excavating proved necessary prior to a complete destruction by modem agriculture.

The investigations of the Prehistoric Institute of Marburg University revealed a small rectangular 
sunken hut of 2m by 3m and next to it a working pit containing the metallurgical debris of a smithy (Fig. 
7). Pottery and six accelerator radiocarbon measurements date both sunken hut and smithing pit to the 
younger pre-Roman Iron Age, i.e. to the middle La Téne period (4th to 2nd cent. B.C.).

The working pit consisted of two corresponding parts. A shallow main pit revealed the relicts of a 
destroyed hearth within a circle of very small postholes as parts of its sub-stmcture. A deeper pit was 
situated immediately north with layers of debris flowing down into it from the main pit, attesting to a 
contemporary use. All the layers of the pit were sieved. Their detailed analysis will provide important
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Fig. 5. Results of deposit-based prospection of mining and metal production in the area of Wetzlar-Dalheim 
west of the confluence of the Lahn and Dill Rivers. The black frame marks the detail shown in fig. 6.
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insights into the technological activities they originated from. Charcoal and other debris stamped into 
the ground of the front pit showed it to have been an original floor level. Possibly the smith would have 
stood there. The whole working pit will have been part of a larger feature, possibly a sunken floor build
ing, but erosion had done away with most of its remains already.

The metallurgical relicts recovered from the workshop consist of some ten kilograms of smithing 
slags (small plano-convex and fragments thereof), about 0.75 kg of hammer scale and partially vitrified 
fragments of hearth lining, including small fragments of tuyeres. An amorphous piece of molten bronze 
and the fragment of a clay investment mould for cire perdu bronze casting also attest to the working 
of nonferrous metals. The workshop at Atzbach probably will have provided all metallurgical work 
needed in its local community. It worked on a very modest level, and may be interpreted as a typical 
village smithy. Whether it was separated from the actual settlement, as other metallurgical workshops 
are known to have been (cf. Mauvilly et alii 1998), must remain unanswered. Evidence of a larger set
tlement around it is not available, but erosion has almost completed its destructive work on the slopes 
of the Lahn valley in this area.

Fig. 6. Wetzlar-Dalheim, Lahn-Dill-District. Results of the geomagnetic survey of metallurgical sites Cl 2, C85, 
C86, C32 and ore deposit C21 (aerial photograph courtesy of Hessisches Landesvermessungsamt, Wiesbaden). 
For details cf. also fig. 7.

82



The Introduction of Iron in Eurasia

B1 B2 B3 B4

m
■ 111 1

inri

B6 B7 B8 B9 B10 B11

11 1 I I I

B17
0 1--- w

4
B18 B19

i

5
B21 B22

I
-

-- G
H

ij

120 cm

Ü ploughsoil

■ colluvial / cultural layer

■ cultural layer

■ charcoal *

m slag •

E3 fired clay o
m limestone

ra limestone, burnt

□ mostly sterile loess

sterile detritus

n sterile loess

Fig. 7. Results of combined prospection (geomagnetic survey and drilling programme) in two areas of site C32 
“Kapellenstück”. The details of the grey-scale plot correspond to the frames in fig. 6.

83



The Introduction of Iron in Eurasia

Early iron production in the Central Lahn valley: new insights
The Central Lahn Region at the eastern fringes of the Rhenian Schist Mountains is a versatile stretch 
of land with woodland hills and fertile loess terraces and basins with a long settlement tradition going 
right back to the Neolithic. It features rich iron ore deposits which are at the focus of an interdisciplinary 
research project that since 1999 explores the pre-industrial mining and iron production in this region of 
modem Hesse.

Building on previous research in the area, evidence is now available for a continuing tradition of iron 
production and iron working from the pre-Roman Iron Age right up to the Medieval Period (Fig. 9).

While most of the smelting sites in the immediate vicinity of the Celtic oppidum on the Dünsberg and 
in other parts of the forested hinterland seem to belong to the late Middle Ages, the Lahn valley near 
Wetzlar revealed evidence going back to the Iron Age and the Roman periods.

A smelting site from the gravel beds at Wetzlar-Dutenhofen of the early La Téne Period together with 
an nearly contemporary smithing site at Lahnau-Atzbach so far provide the earliest evidence of iron 
production not only in the Lahn valley but in the whole of Hesse. On the southern banks of the Lahn in 
the area of Burgsolms specific slag finds may now point to new evidence of iron smelting going back 
to pre-Roman times.

A native early Roman smelting site at Naunheim to the east of Wetzlar, starting in the late 1 "‘/beginning 
of the 2nd cent. AD, can be identified by characteristic slags and furnace lining. The material includes 
a typical tuyere fragment belonging to Lovosice-Type furnaces (Gassmann in print; on the settlement 
cf. Abegg-Wigg et alii 2000). These smelting devices are characterized by a replaceable block tuyere
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set into the front of the furnace. First described from early Roman-Period Bohemia (Pleiner & Salać 
1985), in Germany they were known so far only from the Migration Period (Kempa 1995, p. 322-327; 
Gassmann & Schäfer this volume Fig. 6).

At Dalheim, on the western fringes of Wetzlar, Roman-Period iron production could be identified as 
well through analysis of smelting and smithing slags (Gassmann in print). By now the Dalheim vicin
ity features a concentration of metallurgical sites providing evidence of iron production throughout the 
first millennium AD (Schäfer et alii 2001). Three chronological periods of metallurgical activities can 
be distinguished here at the moment: the Roman Period, the early medieval period and the High Mid
dle Ages. Finds of pottery also supply evidence of an earlier Iron Age occupation. Already at this early 
stage of research the paramount potential of the Dalheim micro-region for our understanding of iron 
production in this part of the Central Highlands is becoming apparent. Further investigations offer the 
possibility to study iron technology and its development through the ages in an area of merely a few 
hundred meters across.

The Central Lahn valley produced ample evidence of human occupation through the ages (Kunter 
1994). A marked settlement increase from the Iron Age onwards can be defined by now not only archaeo- 
logically but also by way of palynological and botanical research (Stobbe 2000; Urz 2002). Important 
settlements such as the Celtic oppidum on the Dünsberg, the early Roman town at Waldgirmes or the 
medieval fortification of the Kalsmunt at Wetzlar show the area to have been a major focus of power 
throughout time. Certainly it would not have been the fertile soils and communication routes along the 
river alone that attracted the powerful of their times. The exploitation and control of the important ore 
deposits long since have been suggested as a major impetus. Archaeology is now beginning to provide 
evidence to back this hypothesis.
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Early Evidence for the Use of Ultrahigh Carbon Steel in Europe
Evelyne Godfrey, Gerry McDonnell
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Ten iron artefacts from the Germanic settlement and iron production site at Heeten (municipality of Raalte, 
Province of Overij ssel, the N etherlands) were examined metallographically. Nine of the obj ects analysed 
(six nails and two rods) were found to be phosphoric or ferritic iron. The tenth object, a square-ended 
punch measuring 1 cm in thickness and 6cm in length tapering to a point, was found to be a quite clean 
ultrahigh carbon steel, with an overall composition of 2% C. Carbides are present in the form of large 
cementite needles, a two-component white etching grain boundary phase, spheroids, plate pearlite, and 
irresolvable pearlite. Some localised dendritic segregation of trace elements can be seen after etching 
with Stead’s Reagent.

The punch is made up of three strips of steel, approximately 3mm each in thickness. Slag inclusions 
are present mainly just along weld lines. Decarburisation has occurred on the weld lines, producing a 
striped surface pattern that is immediately visible on polishing. The punch has been cooled slowly rather 
than quenched, perhaps in order to avoid brittle fracture to the tool when struck. Hardness values are in 
the region of 386 HV.

Previous discussion of ultrahigh carbon steel in the archaeometallurgical literature has emphasised 
liquid-state production technology of Asian and Near Eastern origin, and most artefact samples cited are 
of Medieval date e.g. “Damascus” and wootz steel. It is evident from the Heeten punch that equally high 
quality steel was being made and used in Europe, at least from the Late Roman period.

An extremely heterogeneous 7kg phosphoric steel bloom, containing up to 1.5% C and an average of 
0.5% P in solid solution in pearlite grains, was recovered from a well at Heeten. It is apparent from the 
macro-morphology of the bloom that it formed in the solid state. There are, however, some areas in the 
microstructure that show dendritic solidification. The localised microstructural phases present include 
the iron-iron phosphide eutectic Steadite, Fe-Fe3C-Fe3P eutectic, concentrated Fe3P, and a dendritic 
iron carbide phase.

Experiments to investigate the possible modes of production of a clean homogeneous ultrahigh carbon 
steel are reported. The experiments were conducted using portions of the Heeten bloom, and involved 
carburisation of steel to 2% C in the solid state; decarburisation from cast iron; and selection and forging 
of high carbon sections of the bloom.

Based on dendrochronological dates, it is believed that large-scale production at Heeten was confined 
to the twenty-five year period of 315 to 340 AD. The iron artefacts analysed were found mainly in the 
south-eastern comer of the site, where a smithy was identified, and where other small buildings were 
concentrated. Although common at sites within Roman territory, nails are extremely rare in the Gennanic 
domain; the quantity found at Heeten is exceptional. The intensity of iron production activity at Heeten 
(as represented by 40-50 tons of slag, produced by around 1000 pit furnaces) is also exceptional for the 
area. In contemporary settlements of the region, slag-pit furnaces are often found, but only in concentra
tions sufficient to fulfil the needs of the settlement.

This notwithstanding, Heeten can be regarded in the context of the numerous Roman Iron Age slag- 
pit furnace smelting sites that have been identified throughout northern Europe. As there is no reason to 
consider Heeten as a unique centre of metallurgical innovation, it is very probable that further examples 
of ultrahigh carbon steel could be identified elsewhere.
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Wrought Iron Suspension Bridge Cable
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The modem suspension bridge is an American development. The first modern suspension bridge was the 
1801 chain bridge designed by Judge James Finley (1756-1828) across Jacob’s Creek in western Penn
sylvania. Though it had a span of only 70 feet, it became the model for European bridges such as Thomas 
Telford’s famous Menai Straits Bridge of 1826 in Wales. In 1822 the French began replacing chain with 
cables made of parallel bundles of iron wire only 3.1mm in diameter. Wire has several advantages. It is 
both strong and reliable; drawing iron into wire can make it nearly twice as strong, but should the iron 
be flawed it will break in the attempt to draw it and be discarded.

łig\25. STlvagtt.' Wire Rojte. 1835 Fiy. 26

Fig. I. Parallel-laid cable bundled, not twisted as in wire rope.1

The first interstate highway in the United States was the National Road. Begun in Baltimore in 1806, 
it reached the Ohio River at Wheeling, Virginia, in 1816. The Ohio River is a tributary of the Missis
sippi, so cities along the Ohio, such as Pittsburgh, have direct access to the sea. Not until a bridge high 
enough to allow the stacks of the steamboats of the day to pass beneath was the main shipping channel 
crossed, in 1849. The Wheeling Suspension Bridge was designed by Charles Ellet (1810-1862), who 
used 12 cables, each 1380 feet long, having a total weight of 455,400 pounds of wire. The wire was laid 
parallel and selvaged (wrapped tightly with more wire) to make the cable. The wire is 140mils diameter 
(ca. 3.5mm) and each cable is TVi inches (ca. 19cm) in diameter. The Bridge is 1010 feet long (307.85m) 
and, at the time it was built, it was the world’s longest. Today, it is the oldest Mong-span22 suspension 
bridge in the world that still carries vehicular traffic.

Fig. 2. The Wheeling 
Suspension Bridge.
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Modem steel was not available in 1849. The Bessemer process 
was not invented until 1856 and the open hearth was developed 
for steelmaking even later. Instead, the wire for the cables in the 
Wheeling Suspension Bridge was drawn from wrouhgt iron.

Wrought iron has not often been tested with the methods that 
were developed and became standardized after the introduction 
of modern steel. So when samples of original wrought iron wire 
from the cables of the Wheeling Suspension Bridge became 
available, we decided to investigate them. The following are our 
initial results.

Metallographie samples were sectioned longitudinally and 
axially, prepared by standard techniques and etched with nital 
(initially 3% nitric acid in alcohol, later 1%.) They have a typi
cal wrought iron structure of ferrite with stringers of inclusions, 
moderate elongation of the grains and no evidence of heat treat
ment subsequent to drawing.

The most conspicuous feature of these sections is the uneven distribution of the inclusions in and 
among the ferrite grains. This is more evident in the cross section, where the remnants of piling can be 
seen. Initial analyses by EDX (energy-dispersive x-rays) in a SEM (scanning electron microscope) at 
magnifications up to 110,000x of separate inclusions suggest that their size is composition-dependent, 
the larger inclusions (ca. 25pm) being chiefly iron (iron scale, possibly some iron carbide) but the finer 
ones (ca. 5 pm) chiefly of alumina, from furnace lining and possibly the ore. A search of the documents 
has not yet identified the source of the iron or the ore.

The iron itself shows only a trace of carbon and strontium but no detectable sulphur and manganese, 
indicating that this iron was charcoal smelted. In the nineteenth century charcoal smelted iron was rec
ommended for wire drawing3.

Knoop indentations were used to measure the difference in hardness with orientation, 220 and 242 
lengthwise and 247kg/mm2 crosswise. The Rockwell B hardness on this wire was 85, equivalent to about 
82ksi (~565MPa.) Miniaturized tensile tests for this wire are being developed by Professor Ron Smeiser 
at the University of Idaho so as to calibrate the strength values to be estimated from hardness values.

There is general interest in the materials of this historic structure as a milestone in the history of en
gineering. The data we are gathering will also prove useful in the maintenance of the Bridge, which as 
we pointed out is still in service. In that regard it is not unique. Many other structures of wrought iron

300 pm 
I--- 1

Fig. 3. Photomicrograph of cross 
section of 3.5mm wire, 3% nital 
etch.
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like the Wheeling Suspension Bridge are still standing and in use. Prominent examples are the wrought 
iron framework that supports the Statue of Liberty (1886) in New York harbor, and the 300m, wrought 
iron Eiffel Tower (1888).

Conclusion
The material of this Bridge, the world’s longest, like that of the world’s first curtain-wall building (the 
Statue of Liberty) and, until 1930, the world’s tallest manmade structure since the pyramids of Egypt (the 
Eiffel Tower) were all conceived and built in wrought iron. Contrary to our usual assumption, high-rise 
buildings and long-span bridges were not a response to the availability of modem tonnage steel. The 
concepts were already there, and had already been realized in wrought iron.

Discussion (Martha Goodway):
Nomenclature seems to present us with some difficulties. Bimetallic is being used to indicate an alloy of 
two metals, which a metallurgist would call a binary alloy. The strict definition is as a numismatic term, 
bimetallism indicating the use of two metals, usually gold and silver, as the monetary standard.

Damascus is another trap. Damascus steel is called damascus from the surface resemblance to damask 
textile, which had its source in Damascus. However, there is no evidence whatever that damascus swords 
were made in Damascus (although they may have been traded there, as they still are in many parts of the 
world.) Bennet Bronson4 made several useful observations concerning damascus and wootz (the cmcible 
steel of India and central Asia). One, that no solid documentary link between the two has yet been made, 
and two, that wootz making itself does not represent a unique technology but a family of them, a general 
approach rather than a single procedure.

In considering the identification of native irons, the publication by Vagn Buchwald, the world’s ac
knowledged expert on iron meteorites, and Gert Mosdal5 on sorting meteoritic and telluric iron from 
each other and from smelted (wrought) iron is invaluable. Since Greenland native irons turn up in North 
America,6 similar ground was also covered by the Canadian, Michael Wayman.7

Corroded iron does not tend to produce the sort of pseudomorphic replacement of its microstructure 
with which we are often favored in corroded bronzes. Nevertheless the possibility of finding remnant 
microstructures in rusty iron is not always as hopeless as it has been made out to be. If there has been 
steeling of the iron there is the possibility that the cementite (Fe3C) survives.81 have observed the paral
lel carbide platelets of remnant pearlite in 13thC. BC rusted fragments from the site of Tell Jemmeh in 
Israel9, representing one of the earliest finds of steel from the Bronze to Iron Age transition in that area. 
Although it would be useful if the original pearlite spacing could be measured, the expansion of iron as 
it oxidizes would seem to preclude anything other than a rough estimate of its maximum spacing.

The observation that certain knives found in domestic locations differed in being softer than others 
found elsewhere reminded me of a chef’s opinion of knives presently on the market that are supposed to 
be so hard that they will never dull and so will never need sharpening. According to him they do dull and 
then are difficult to sharpen with the quick strokes against the hone that a chef is accustomed to giving his 
knife. In the course of preparing food, the softer, more easily sharpened knife is the more useful one.

In looking for the first applications of iron I think we should be reminded of Cyril Stanley Smith’s 
observation that the earliest use of alloys and special treatments tended to occur in decoration: “the first 
discovery of useful materials, machines, or processes has almost always been in the decorative arts, and 
was not done for a perceived practical purpose. Necessity is not the mother of invention.... Discovery 
requires aesthetically motivated curiosity, not logic....”10 The early use of iron as a decorative inlay in 
bronze is an example.

The question of ‘diffusion,’ or ‘technology transfer,’ whichever you prefer to call it, is an interesting 
one. Diffusion can be taken to mean the total transfer of a technology, detail by detail, whereas I suspect 
more often the germ of the idea is transferred, perhaps by someone who does not understand what he 
has seen at all well; the idea is then elaborated by the more clever and more determined recipient. A 
recent example is the atom bomb. My father was very impatient with the post war security surrounding 
the atom bomb. His view as an engineer was that, having exploded two of them publicly, we had given 
away the single most important ‘secret’ about an atomic bomb: that it was possible to make one. Details 
could be reinvented in the secure confidence that one day it could be made to work.
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Iron Working in Denmark 500 BC - AD 1000
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Iron technology was introduced into Denmark c. 500 BC and for the next 1500 years iron was produced 
from local bog ore. Iron working was practised in ordinary farming villages and was probably a sideline 
for farmers who lived where bog ore of suitable quality and a forest large enough to supply the neces
sary charcoal were accessible. Even settlements such as Snorup, Stamp and Drengsted, where iron was 
produced on a large scale, seem not to represent a society in which the main economy was based on iron 
working (Voss 1993; 1995:135). Compared with many other parts of Europe, the scale of production in 
Denmark was modest and regional, and the social organisation of its sites seems never to have acquired 
the same level of specialisation as, for example, in Sweden or Norway. As the iron-working sites lay 
close to settlements there was no need to arrange supply lines for food and other necessities for workers 
who lived away from the villages either seasonally or all year round (Martens 1982, 8; Prestvold 1996, 
50; Stenvik 1997, 255). The remains of furnaces and hearths found in Denmark give the impression of 
skilled craftsmen working in the late summer, in the weeks before the harvest (Mikkelsen 1999:181). 
Nor is there any sign that the technology was strictly organised. As Danish iron production was scattered 
and small in scale, it would have been difficult for outsiders to control.

Two metallurgical approaches to establishing the origins of Danish iron have recently been published 
(Jouttijärvi 1994; Buchwald and Wivel 1998; Buchwald in press). They agree that comparing the chemi
cal composition of the slag inclusions with those of the smelting-slag is useful in tracing the origin of the 
iron, but the amount of detail which can be obtained is still a matter of debate. Archaeological methods 
for tracing the provenance of iron have been discussed previously (Lyngstrøm 1995, 159).

Iron in Denmark
The first product of a farmer’s furnace was the bloom, a mixture of iron and slag that needed to be con
solidated into a denser billet. Low-carbon zones could alternate with medium- and even high-carbon 
zones in one and the same piece of iron. Phosphorus-rich zones are very often present in artefacts 
found in Denmark. The blacksmiths certainly must have been able to identify the carbon-rich and the 
phosphorus-rich parts of the bloom and to separate them for specific uses. And although most tools and 
weapons were forged using the low-carbon bloomery iron, the smelter knew how to produce high-carbon 
iron (containing c. 0.6-0.8 % C) from bog ore. He also knew how to produce phosphorus iron. It was 
extensively used by blacksmiths in Demark, in some cases probably being preferred to low-carbon iron 
or even to high-carbon iron, as shown by study of the manufacture of crescent-shaped iron knives, some 
types of nails, and pattern welding (Thomsen 1994, 282). Only recently have archaeologists abandoned 
the metallurgical concept that phosphorus iron is of poor quality. Phosphorus iron welds easily and may 
to some extent be resistant to corrosion.

At the present time the working properties of the different bloomery irons are only poorly understood. 
Nevertheless, smelters and blacksmiths certainly must have intuitively recognised and appreciated a 
wide range of iron types, and experimental studies have shown that iron tools forged from bog ore are 
quite different from tools forged from modern iron. Modern blacksmiths are usually happy to work with 
most of the bog-ore iron as it generally holds its heat and welds at a low temperature (Crew 1991, 33; 
Lyngstrøm 2002, 26).

Danish iron knives
Typological and metallurgical analyses of iron knives are excellent ways of studying the production, 
distribution and consumption of iron. The knives are commonly found in all parts of Denmark, and from
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all the periods during which iron was produced. Change and development can be traced through thousand 
of knives, from the earliest fairly large pre-Roman knives with a tang offset from the line of the back and 
a wide hanging edge, to the small knives with a tang offset from the middle of the blade that are found 
in Viking Age graves. Some knives are found only in association with female burials; others are found 
only together with weapons; yet others have been discovered in certain parts of Denmark only.

The early knives were heavy, single-edged tools with blades about 15 cm long. The tang is offset from 
the line of the back ,and some knives have a winged socket. In the centuries around the birth of Christ, 
Danish blacksmiths must have kept a stock of many billets of iron containing less than 0.35 % C with 
a weight of more than 250 g. Most early knives were forged from one or two billets of iron, none of 
the large knives being made by forging together pieces of scrap iron. The knives were deposited in the 
graves when they were only slightly worn. The blacksmiths must have had sufficient iron for them not 
to need to reuse every scrap for new tools.

The evidence from the first 500 years of iron smithing in Denmark leaves us with the impression of 
capable and skilled craftsmen with plenty of iron with a carbon content of up to 0.35 % at their disposal. 
In the forge the farmer could choose between billets of several varieties, each appropriate for a specific 
task.

Very large knives were rarely forged in 4th and 5th century Denmark, for smaller knives, both curved 
and straight, were preferred then. They were often decorated with circles, dots etc. on the blade and on 
the end of the tang. On average, a billet 25 g in weight would have been enough for a knife. At this time 
many of the smiths still were also the farmers who smelted the iron, so most iron production seems still 
to have been run and organised by single farm units, primarily for their own domestic use. Systematic 
metallurgical studies of knives and their provenances suggest that consumption was closely related to 
production, and most iron knives may have been produced from bog ore obtained from the area where 
lie the graves in which they were later deposited

Smithing techniques seem to have changed markedly sometime in the 7th century, with the use of iron 
from different blooms becoming more complex; this technological change can be seen, for instance, in 
the more extensive use of iron with a high carbon-content. Billets of local iron were often combined 
with imported iron to make a single knife. Although the 3rd century deposit at Illerup Ådal (Ilkjær et al. 
1994, 47) contains some early examples of knives forged from iron exclusively from the Scandinavian 
peninsula, they become much more common in the 7th century: for example, the knife with a double- 
edged blade 17 cm long and 3 cm wide found in a grave at Rytterkær (Jonsson 1992, 41). The knife 
was forged from one piece of medium-carbon bloomery iron (0.2-0.4 % C) which was neither annealed 
nor hardened. Large knives are common in Merovingian Denmark, but double-edged blades and blades 
forged exclusively from medium or high carbon-content iron are rarely found. Analysis of five differ
ent slag inclusions from a section of the blade has demonstrated that the knife was made of iron from a 
Norwegian bog. The conclusion was reached because the iron was low in phosphorus oxide and high in 
aluminium oxide and there were other values consonant with a Norwegian origin.

In the 7th century many of the large single-edged knives have a blade c. 20 cm long. They were often 
forged with a tang offset from the middle of the blade and a distinct shoulder between blade and tang. 
They are found exclusively in male graves and are often placed, with a much smaller knife, by the hip 
of the skeleton. Although organic material is not usually preserved, the two knives were probably origi
nally carried together in lined scabbards with additional sheaths. In one grave there were also a shield, 
lance and single-edged sword beside or close to the other hip. Detailed studies have shown no marked 
difference between the large and small knives, both having been forged exclusively from iron with a 
low carbon-content.

In the 7th and 8th centuries small delicate knives forged from low-carbon iron, less than 10 g in weight 
and with blades less than 10 cm long, are found as grave-goods in female burials. They are always placed, 
with beads and brooches, on the woman’s chest. These small knives are often found as the only artefact 
in small graves where the remains of a skeleton are poor, but they are still placed where the body’s chest 
must have been. These graves may have belonged to girls, showing us that children used and carried 
knives of the same size as did adults. This may be compared with rural Scandinavia of a hundred years 
ago, when boys and girls were usually given their first knife at the age of five or six.

In the 9th, 10lh and 11th centuries a farmer would have carried in his belt a knife forged from iron with
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low and high carbon-content. The knives were always small, the blades originally shorter than 10 cm, 
and they often had a lightly marked shoulder between blade and tang. They show evidence of heavy 
use, explained by the fact that most of the knives were forged in the sandwich technique, with one layer 
of high-carbon iron between two layers of low- or medium-carbon iron. This type of knife can last for 
many years, and the wear on it may indicate that it had been one of the belongings that the Viking owner 
had used since her or his early childhood. Today, some devoted knife-users show the same affection 
towards their old pocket-knives.

In Viking Age Denmark soft-bladed knives forged solely of iron with a low carbon-content may have 
been used for specific tasks. For instance, on north Zealand five knives were found in a sunken hut used 
for bone and antler working; only one was forged using the sandwich technique, the others were made 
of low-carbon iron.

A knife forged in the sandwich technique
During the conference in Uppsala the Danish knives forged from two billets of low-carbon iron, and one 
billet of medium- or high-carbon iron (the sandwich technique) proved to be of particular interest (Table 
1). The earliest knife forged in this technique to be known so far was found in Grave 5, Lousgaard; it 
was deposited in the grave in the late 7th or early 8th century and was found in 1886.

Lousgaard, a fairly large cemetery on the north coast of Bornholm, contains c. 30 6th- to 9th century 
graves (Lyngstrøm 1989; Lyngstrøm and Jouttijärvi 1990, 62). Several contained men buried with their 
knives and weapons, and Grave 5 contained a Langsax with two knives near it, and a dog (Jørgensen 
1999, pi. 107). The knife of special interest is single-edged and preserved as a fragment 10.5 cm long 
with a blade is 5.2 cm (Fig. 1). The iron with high carbon-content was welded between at least four bil
lets of iron containing less than 0.1% C (Fig. 2). The slag inclusions in all five billets show fairly similar 
values, including high values of aluminium oxide and low values of phosphorus oxide, indicating that the 
knife was made from a Scandinavian ore. It is also interesting to note that the Langsax (more than 60 cm 
long, 5.2 cm wide and 0.7 cm thick) was made of four long billets of iron, proficiently welded together. 
Two of the billets contained 0.5 % phosphorus. The slag inclusions in the four billets of the Langsax 
show very similar values, including high values of phosphorus oxide and minimal values of aluminium 
oxide, indicating that the weapon was forged from iron from a common source, most probably northern 
Germany or western Jutland. It is, however, impossible to establish whether the knife and the Langsax 
were made in Germany, Scandinavia, Jutland , or even elsewhere.

LOUSGAARD 
ØSTERLARS SOGN 
BORNHOLMS ØSTRE HERRED

Fig. 1. Grave 5. Fig. 2. Cross-section of the welded knife.
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Table 1. Some iron knives from Denmark forgedfrom one billet of medium- or high-carbon iron between two billets of low-carbon iron: The sandwich-technique.

Knife1» Found in
Date
Cent. Together with

Owners
Sex and Age

Place in the 
grave Length

Blade 
max L x B Shape2» Welding3»

1. Billet 
max C Slag4»

2. Billet 
max C Slag4»

3. Billet 
max C Slag4»

NM
C 26845

Gerlev-Dråby 
Grave IX

9th
-

?
Grown Near hip (?) 12.5 cm 5.1 x 1.0 2 - 0.0% AM 4 0.8% - 0.0 % AM 5

NM
C 26853

Gerlev-Dråby
Grave XIII

9lh
-

?
Grown Near hip (?) 9.9 cm 5.5 x 0.9 1 2 0.2% CM 4 0.8% AM 5 0.2% AM 5

NM
C30012

Lejre
Grave 126

10th
-

?
Grown Near feet 13.1 cm 5.2 x 1.0 2A 2 0.0% AM 5 0.8% CM 5 0.0% F 5

NM
C30013

Lejre
Grave 142ø 10,h Knife, vessel and

whetstone
?
Maturus Near hip (?) 12.2 cm 47x0.9 2 1 0.2% AH 4 0.4% CH 4 - -

NM
C 30064

Lejre
Grave 800 10th Bracelet Female

Ad uita Near right hip 13.4 cm 4.0 x 0.9 2B 2 0.0% AH 5 0.8% AS 4 0.0% AS 5

NM
C30128

Lejre
Grave 994n 10th Brooch and

Breads
Female
Grown Near hip (?) 15.5 cm 5.3 x 0.9 2B 1 0.0% AH 2 0.8% AH 4 0.0% DH 3

NM
C30132

Lejre
Grave 1028 10th Fragment of iron 

and pot
Male
Maturus Near hip 20.9 cm 9.7 x 1.5 2 3 0.3% DM4 0.8%

AH 2 0.2% DH 3

NM
C 7778

Forlev
Grave A 10th Hone and

needle
?
Grown

? 12.6 cm 5.7 x 1.2 1 1 0.2% DH 3 0.4% AM 5 0.2% AM2

BMR
1399x1172

Nrd. Grødbygård 
Grave 266

11th -
?
Grown Near hip 10.6 cm 4.2 x 0.8 2 1 0.3% AM 2 0.5% AH 3 0.3% AH 2

BMR
1399x1188

Nrd. Grødbygård 
Grave 265

11th Buckle
?
Grown Near hip 8.7 cm 3.5x07 2 2 0.0% AH 5 0.5% AM 2 0.0% AH 4

BMR
1399x1546

Nrd. Grødbygård 
Grave 391 11th -

?
Grown Near hip 9.6 cm 5.8 x 1.1 2 1 0.0% CT 1 0.4% BT 1 0.1% -

BMR
1399x1553

Nrd. Grødbygård 
Grave 396

11th Rivet
?
Grown Near hip 11.6 cm 7.0 x 1.4 2 1 0.0% CH 4 0.5% BT 3 0.0% CH 4

NM
C 5906

Lousgaard
Grave 5

7,h/8th Sword, knife,
bread and dog

Male
Grown Near left hip 10.5 cm 5.3 x 1.7 2 1 0.1% AH 2 0.5% AM 5 0.1% AH 2

LMR
8277x749

Stengade II
Grave CY 10th Mount Female

Matura
Near shoul
der 16.9 cm 6.3 x 1.3 2B 1 0.3% DH 3 0.8% AH 2 0.0% AS 4

LMR
12077x130

Bogøvej
Grave AP 10th Fragment of iron Male

Mat./sen. Near hip 11.2 cm 6.5 x 1.5 1 2 0.0% AS 3 0.6% AM 3 0.0% AS 5

1) NM= Nationalmuseet København, BMR=Bornholms Museum Rønne, LMR=Langelands Museum, Rudkøbing
2) Knife shapes described in Fig. 3
3) Welding seams described in Fig. 4
4) The slag inclusions, taken from Jernkontoret s Inclusion Chart II for the assessment of non-metallic inclusions
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The Earliest Use of Iron in China
Donald B. Wagner

Nordic Institute of Asian Studies 
København S, Danmark

In the poster presentation I shall look at what archaeological and other evidence has become available 
since 1995 and discuss whether and in what ways this story now should be modified.

It was suggested that bloomery smelting was transmitted from the West by Scythian intermediaries, 
and that its initial adoption in China was for the purpose of providing a cheap and inferior substitute for 
meteoritic iron in various bronze-iron weapons. Iron did not become an important metal in China until 
perhaps the 6th century BC, when first iron-casting and later the blast furnace were developed in south 
China.
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“The earliest use of iron in China”, Metals in antiquity (ed. by Suzanne M. M. Young et al., Oxford: 

Archaeopress, 1999), pp. 1-9. (Also at http://staff.hurn.ku.dk/dbwagner/EARFE/ EARFE.html).
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Iron Working at Sites in the Dnieper Basin, Smolensk Region, 
in the 1st Millenium AD

T.A. Pushkina

Moscow State University, History Faculty, Chair of Archaeology, Moscow, Russia

L.S. Rozanova

Institute of Archaeology, Russian Academy of Sciences, Moscow, Russia

Introduction
It is now known that in the early centuries AD iron was in use throughout Eastern Europe, both in the 
steppe and forest-steppe zones and in the forest regions both small workshops and significant centres 
of iron production are known from this epoch. By then it had become the basic material for producing 
tools, implements, household utensils, and weapons. From the 1st to the 8th centuries AD iron working 
developed in different East European ethnic and cultural groups, without apparent external influences. 
The development of iron working was extensiv (Terekhova, Rozanova, Zavjalov, Tolmacheva 1997).

In the late 1st millennium AD there were significant changes in iron production in Eastern Europe; the 
quantity of iron artefacts increased enormously, their morphology changed, their repertoire became more 
varied, new technologies emerged and became dominant. The new technology was based on welding 
high-quality steel onto an iron artefact to form a cutting-edge. Some categories (knives, for instance) 
were manufactured in standard shapes.

This paper will consider the features characteristic of the technique and technology of iron working 
as practised in the 1st millennium AD by the population of a specific region in the East European forest 
zone, namely, the Dnieper basin at Smolensk (Fig. 1).

From the 1st millennium BC until the third quarter of the 1st millennium AD the region was inhabited 
by the tribes of eastern Balts, known as the people of the Dnieper-Dvina and Tushemlya cultures. The 
Dnieper-Dvina Group existed from the 7th century BC to the 4th century AD after which they were replaced 
by the people of the Tushemlya Culture (5th-7,h centuries AD). The territory was infiltrated by a Slavic 
population from the 6th century AD, resulting in a mixed Balto-Slavic culture (so-called Long-barrow 
Culture) during the 8th to early 10"’ centuries (Shmidt 1992, 120). In the second half of the 9th and the 
10th centuries there was another significant migration of Slavic population from the south. The earliest 
Scandinavian burials in the Dnieper basin at Smolensk are known from this period; they generally be
longed to settlements along the river route “from the Varangians to the Greeks”, and contain weapons 
and ornaments of Scandinavian type.

The native population of this territory used few iron artefacts until the 5th and 4th centuries BC when 
they gradually increased in frequency. Iron became the basic material in the first centuries AD.

Our investigation is based on analytical studies of 269 iron objects deriving from excavated occupa
tion sites and burials from two periods: the 4th centuiy BC to the 7th century AD and the end of the 10th 
and early 11th centuries AD. Knives are the most numerous; they were multi-purpose implements and 
are the most common archaeological find.

Investigation I
Only two of the 269 artefacts studied date from the earliest stage of the introduction of iron to the tribes 
of Dnieper-Dvina Culture, i.e. the 4th and 3rd centuries BC. They are arrowheads of typical shape, forged 
of iron with low carbon ferrite, micro hardness 135-143 kg/sq. mm. The presence of iron nitrides in the 
metal grains is their characteristic feature.

Thirty-seven objects date from the first half of the 1st millennium AD, the period of active penetration 
of iron into the life of the Dnieper basin population (Table 1). Four technological methods were used for 
manufacturing the knives: forging solid iron, forging low-carbon bloomery steel, forging high-quality
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Bliznaki

BLACK SEA

Demodovka

5-3 cc. BC

1-5 cc. AD

6-7 cc. AD

10 c. AD

Tushemlya

steel, and forging pile-welded blanks of irregular layers of iron and steel. There was no heat treatment. 
Ferritic iron of micro hardness up to 236-274 kg/sq. mm was used for producing virtually all the artefacts 
during this period. Artefacts forged from iron make up 51.4% of the whole, 32.4% are of high-quality 
steel, 5.4% (2 examples) are of low-carbon bloomery steel and 10.8% (4 examples) are pile-welded. It 
should be emphasised that some methods, carburisation of finished products, technologically accom
plished welding, and heat treatment for example, are entirely absent.
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Table 1. Distribution of iron artefacts from the Dnieper-Dvina sites of the first half of the 1st millennium AD 
according to the technological methods employed.
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Knives 6 1 10 - 3 - 20 -

Sickles 4 - - - - - 4 -

Awls 3 1 - - - - 4 -
Buckles 1 - - - 1 - 2 -

Bracelets 1 - - - - - 1 -

Pins - - 2 - - - 2 -

Arrowheads 4 - - - - - 4 -

Total 19 2 12 - 4 - 37 -

specimens 51,4% 5,4% 32,4% 10,2% 100%

The iron artefacts from late Dnieper-Dvina and Tushemlya Cultures investigated here include 40 
objects, mainly of the same categories as those of the earlier group (Table 2). The forging of solid iron 
or steel and the forging of pile-welded blanks continued in this period and the technological methods 
remained basically the same, i.e. the forging of solid iron (both ordinary and hard), low-carbon bloomery 
steel and high-quality steel. Only one example among the artefacts analysed stands out technologically; 
it was made by welding a steel edge onto an iron core and then being tempered. The iron core of the 
blade displays the usual micro hardness for ferrite, 181 kg/sq. mm. Another artefact, a razor-knife, also 
differs from the norm. Its blade was made by welding together a layer of iron and a layer of steel, ar
ranged longitudinally. The blade was also tempered, displaying the structure of fine-needled martensite 
with micro hardness 514 kg/sq. mm.

Table 2. Distribution of iron artefacts from sites in the Dnieper basin, Smolensk region (third quarter of the 1st 
millennium AD), according to the technological methods employed.
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Knives 7 4 1 - 6/1* 1/1 19 2

Sickles 3 - 1 1/1 1 - 6 1

Awls - - 2 - - - 2 -

Razors - - - - - 1/1 1 1

Chisels - - - - 2 - 2 -

Axes 1 - - - - - 1 -

Spearheads 1 - - - 3 - 4 -

Javelins - - - - 2 - 2 -

Arrowheads 1 - - - 1 - 2 -

Plaques 1 - - - - - 1 -

Total 14 4 4 1/1 15/1 2/2 40 4
specimens 35% 10% 10% 2,5% 37,5% 5% 100% 10%

Figure after slash shows the number of heat-treated artefacts.
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The nature of the raw material explains the individuality of the iron working in this area and period. 
Our researches have indicated that very hard iron (with ferritic micro hardness ranging from 236 to 350 
kg/sq. mm) served as the prime manufacturing material. The increased ferritic hardness was probably 
caused by the presence of significant concentrations of phosphorus in metal; this would hamper the proc
ess of carburisation. The reason why artefacts of bloomery steel are so rare is that this material would 
have been produced directly in a bloomery. No carburised finished-products are known, and though 
local blacksmiths were familiar with high-quality steel, it was apparently an imported product. It must 
be emphasised that no solid steel artefact had undergone heat treatment.

Conclusions I
Thus, the analytical data indicate that the iron working developed by eastern Balts in the Dnieper ba
sin, Smolensk region was static and conservative. This was dictated by the characteristics of the raw 
material, which was produced from local ores resulting in high-phosphorous iron which was resistant 
to carburisation.

Investigation II
Archaeological material from sites at Gnezdovo demonstrates the development of iron working techniques 
used in this region in the late 1st millennium AD, specifically from the late 9th to the early 11th centuries. 
The extremely varied assemblage of iron artefacts from the settlement and burials comprises weapons, 
household utensils, tools and implements, and dress accessories. Slag, blanks, rejects, and some types 
of tools illustrate the smithing processes. Petrographic analysis of the structure and composition of slag 
collected from different areas of the site indicate that it was waste from smithing.

Metallographie analysis was employed on 190 artefacts from 27 categories (Table 3).
The analyses resulted in establishing four basic technological methods: the forging of solid iron, forg

ing of solid steel or pile-welded blanks, and intentional welding by blacksmiths.
Simple technologies such as shaping artefacts from solid iron or steel, or pile-welded blanks were 

widespread. These methods had been used to produce 103 artefacts (54.2% of all the objects analysed). 
It must be said, however, that the artefacts made in this way were simple in type and did not demand 
sophisticated techniques. Carburisation was apparently atypical, with only nine items having undergone 
this treatment.

All the steel artefacts that were capable of withstanding additional heat treatment had been tem
pered.

The production of tools and utensils was based on the welding technique, whereby layers of steel and 
iron were arranged so that the steel was always along the cutting edge. Four methods were used: three
fold welded piles and five-fold welded piles, welding together a steel edge and an iron core, welding a 
steel edge onto an iron core. Heat treatment was mandatory. Two spearheads were made in the pattern- 
welding technique.

Analysis of the correlation between welding methods and functional categories demonstrates that the 
most widely applied technology was three-fold welding. This was dominant for knives, with 51 of 69 
tested (84.5%) having been produced in this fashion. Welding a steel edge onto an iron core was also 
very popular.

After working out the technical and technological characteristics of the blacksmiths’ production at 
Gnezdovo and taking into account the ethnic heterogeneity of the local population, we have attempted to 
outline the main traditions in the manufacture of iron and to describe the work of the native blacksmiths. 
This research has been based on complex typological and technological investigations of the main cat
egories of tools and weapons found at Gnezdovo.

Conclusions II
The first iron-working tradition at Gnezdovo was based on the methods practised by the Slavs who 
inhabited the southern part of Eastern Europe. It was characterised by the application of simple tech
nological methods in the manufacture of high-quality objects; that is, making artefacts from solid iron 
or different sorts of steel, using carburisation and heat treatment to improve cutting edges, employing 
deliberate welding techniques such as welding steel edges onto an iron core. The Gnezdovo finds include
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Table 3. Technological methods of blacksmiths ’production at Gnezdovo
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Knife

blanks - 1 - - - - - - - - - 1

Axes - 1/1 - - 5 1/1 5/3 1/1 - - - 13/6
Scythes - 2/2 - - - - - - - - - 2/2

Burins - - - 1/1 - 1 1/1 - - - - 3/2
Scissors - 1/1 - 6/2 - 1/1 - 1/1 - - - 9/5

Fire-steels - - - 6/5 - 4/3 1/1 - - - - 11/9
Saws - - - - - 1 - - - - - 1

Files - - - - - 1/1 - - - - - 1/1
Jewellers’

implements - - - - 1 2/1 1 - - - - 4/1

Awls - - - - 2 2/2 - - - - - - 4/2
Forks - - - - 1 - - - - - - 1

Flarpoons - 1/1 - - - - - - - - - 1/1

Box pad
locks - - - - 1 - - - - - - 1

Keys - - - - 1 1 - 1 - - - 3
Battle

knives - 1/1 - - - - - - - - - 1/1

Swords - - - 4/4 1 - - - + + - - 5/4
Spearheads - - - 3/3 2 2/1 - - + + + - 7/4

Arrowheads - 2 - - 18 8/1 - 8 - - - 36/1
Florse-bits - - - - 2 - - - - - - 2

Stirrups - - - - 1 2 - - - - - 3
Helmet - - - - 1 - - - - - - 1
Bosses - - - - 1 - - - - - - 1

Rivets - - - - 2 2 - - - - - 4
Hooks - - - - - 1 - - - - - 1

Nails - - - - 1 - - 1 - - - 2

Bars - - - - 1 - - - - - - 1

Pins - - - - 2 - - - - - - 2

Total
specimens

3/3 60/44 3/3 21/16 45 35/16 10/6 13/3 + + + + + + + 190/91

some that must be attributed to the Slavic smithing tradition, for example household knives, fire-steels, 
scissors, burins, and axes.

The second tradition was probably of northern, presumably Scandinavian, origin. It appears to be 
characterised by the application of a welding technique consisting of three or five alternating layers of 
iron and steel, the steel extended to form the cutting edge. The three-fold method was the most popular 
for making knives (McDonnell 1984, 87-89; Tomtlund 1973, 59; Arrhenius 1989). The earliest artefacts 
(knives), made with this method, occurred in Ladoga, northern Russia, as early as the first half of the 8th 
century (Rozanova 1994, 175-178). In the Early Russian knives attributed to this technological group 
there is a strong correlation between their shape, material, and technology.

The dominant type of knife from Gnezdovo (c. 67% of the assemblage) is characteristic of knives 
found in forest-zone sites in Eastern Europe with signs of Scandinavian influence. Similar knives are 
known from 8th to 11th century Scandinavia; they make up the largest group in Birka, for instance (Ar
rhenius, 1989).
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Publications suggest that these knives were usually manufactured in the three- or five-fold welding 
technique or by welding a steel edge onto an iron core. A specific sort of iron was used, that is, phosphorus 
iron with characteristically large grains and high ferritic micro hardness, equal to that of high-carbon 
steel. Most of the analysed knives from Gnezdovo were of this “classic” type. Nevertheless, the same 
technological group also included several knives of a different shape and known from quite another 
cluster of local sites: both the so-called long barrows of to the mixed Balto-Slavic population of the 8th 
to 10th centuries and Slavic sites further south. It is interesting that, although the Gnezdovo knives of this 
shape were produced by the “classic” method, their raw material seems to have been rather haphazard. 
Thus, their side layers could be made of steel instead of iron, and in some instances one side was steel, 
while the other was iron. In several examples ordinary iron was used for both sides, its micro hardness 
measuring 181-193 kg/sq. mm, or perhaps only 143-151 kg/sq. mm. This seems to suggest that the 
craftsmen were attempting to copy artefacts that they had seen, but that they did not know how to master 
the manufacturing technique.

In Gnezdovo, hard phosphorus iron was used for both household goods and weapons. For example, a 
battle knife and two spearheads are represented, but they are undoubtedly imports. Swords and lanceolate 
spearheads, made in the pattern-welding technique, are not typical of Russia and are thought to have come 
from northern Europe. These observations have led to the conclusion that although there is a formation 
of expedient applications of sophisticated and impressive technology that might be of the same tradition 
there is a lack of skill and know-how that probably takes generations of craftsmen to obtain.

We have concluded that all the knives made by the three- or five-fold welding method or by welding 
together a steel edge and an iron core, plus the pattern-welded battle knife and spearheads, should be 
included in the northern or Scandinavian tradition.

Conclusions

Results of metallographic investigations of iron artefacts from archaeological sites in the Dnieper basin, 
Smolensk region, suggest the following conclusions.

Evidence from the Dnieper-Dvina and Tushemlya Cultures that occupied the Dnieper basin at Smo
lensk from the 7th century BC until the 7th century AD indicate an East Baltic tradition of iron working, 
characterised by artefacts manufactured from solid iron or steel and using the simplest methods. Welding 
was used for shaping pile-welded blanks, but not as a technological technique. Finished products were 
neither carburised nor heat-treated. The reason for this was that phosphorus iron was the raw material; 
it was resistant to carburisation, and thus to tempering. High-quality steel was imported.

No specialised manufacturing methods were adapted to the function of individual artefacts. This implies 
that any one smith could produce all the required artefacts. Finished articles and steel were imported 
from the neighbouring Finno-Ugrian and Slavic tribes.

Evidence from the multi-ethnic exchange- and production-centre of Gnezdovo indicates a different 
technical level in the late 1st millennium AD. Compared with the earlier period, there was a consider
able expansion of the blacksmiths’ repertoire, and significant changes in the variety and technology of 
manufactured artefacts. It is safe to say that the Gnezdovo assemblage displays a developed production 
technique. The basic technological feature of the Gnezdovo blacksmiths’ production was the use of dif
ferent welding methods for making tools and weapons. The most common techniques were three-fold 
welding and welding steel edges onto iron. Heat treatment was universal. The differing approaches to 
welding (such as arranging the metal layers perpendicularly to the edge in a three-fold scheme or parallel 
to the edge in the method whereby steel edges were welded onto iron) indicates that there were several 
manufacturing traditions. The northern (Scandinavian) technique was dominant, but there was also the 
southern (Slavic) tradition. The earlier iron-working traditions of the eastern Balts have not been traced 
in the Gnezdovo finds.
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Introduction
The aim of this paper is to give an overview of the introduction of iron into the area covering vast stretches 
of forest and forest-steppe in eastern Europe and western Siberia, and its development. The Ural Moun
tains and the steppe zone crossing the Eurasian continent in the south are also discussed.

As far as raw materials are concerned, the area in question possesses quite numerous iron ore deposits 
although they are variable in quality, mineral composition, and context of deposition. The richest ores, 
in which the content of soluble iron reaches up to 60-70%, lie in the mountain regions such as the Urals 
and Altai. The poorest ores, with an iron content not exceeding 45%, are found in the forest areas of 
eastern Europe and western Siberia (Zinyakov 1997, 53). The early smelters had to know how to find, 
extract, and process different types of ores.

Research into the introduction of iron can be treated under several headings: 1) chronological, 2) 
technological, and 3) socio-economic. We will try to touch upon all three, but for various reasons not 
all of them will be fully analysed. The chronological framework covers the period between the third 
millennium BC and the early first millennium AD; thus, the Early Bronze Age (3200-2800 BC), the 
Middle Bronze Age (2700-1600 BC), the Late Bronze Age (1600-900 BC), the Final Bronze Age or 
Transitional Period (800-700 BC), the Early Iron Age (600-300 BC) and the Middle or True Iron Age 
(200 BC-300 AD).2

The Iron Age is richly represented by varied and numerous archaeological sites, the study of which 
has allowed scholars to illustrate the extraordinary importance of this period in human history. It is com
monly accepted that historical development was due to technological advance, conditioned primarily 
by the invention of iron processing. Nevertheless, this subject has not been given as much systematic 
attention in the areas mentioned above as has the study of the typology and cultural attributions of iron 
tools and weapon from archaeological sites.

B.A. Kolchin (1953), who studied smithing in ancient Russia, is rightly considered to be the founder 
of physical metallurgy in Russian archaeology. Kolchin and his colleague, Y. Krug, (Kolchin and Krug 
1965) pioneered the modelling of the bloomery process, thus enabling scholars to understand it much 
better.3 The introduction of iron technology in eastern Europe has been thoroughly studied by N.N. 
Terekhova and L. Rozanova (Terekhova, et a\. 1997), G.A. Voznesenskaya (1967, 1978), L.S. Khomu- 
tova (1978) and B. A. Shramko (1962, 1969, 1963, 1977), whose works are stimulating and helpful. Ya. 
I. Sunchugashev (1969, 1979) has studied the metallurgical traditions of eastern and southern Siberia. 
During the last decade V.I. Zinyakov (1997, 1988) has contributed greatly to our knowledge of iron mak
ing in western Siberia. Other Russian scholars have studied various aspects of this topic (Zykov 1993). 
Metallographie analysis is the method commonly used by these scholars.

The data used in this review come from settlements, cemeteries and specialised metallurgical workshops 
connected with the distinct cultural groups that occupied different environments within the area of study. 
Recent large-scale excavations have significantly enriched the Iron Age database, yet, compared with
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bronze, iron artefacts are preserved much less well and, consequently, have been less thoroughly studied. 
Moreover, the remains of iron production are usually dispersed quite widely over an archaeological site, 
so that only a small proportion can be retrieved by archaeologists. Thus, the conclusions and models 
constructed by scholars suffer from this negative influence.

Several chronologies of iron usage and the development of the ferrous industry have been put forward. 
According to the British scholar A. Snodgrass (1980), iron technology passed through three stages: 1) 
iron was rare and used mainly for ceremonial purposes, 2) it was later used in the productive process but 
on a smaller scale than bronze, and 3) iron predominated over all other materials.

Professor R. Pleiner (2000) has put forward a four-stage development of iron-use. The first phase 
comprises the period when iron made sporadic appearances, was of ritual significance, and was quite 
expensive and valuable. In the second phase, which is categorised as an Initial or Proto-Iron Age, iron 
was regularly produced but on a limited scale. It was accessible only to the upper strata of a society. 
Archaeologically, this phase coincides with the Late or Final Bronze Age. The third phase is the Early 
Iron Age proper, when basic types of implements such as knives, chisels, axes and sickles, and weapons 
were made of iron. The fourth phase is characterised by mass and specialised production of all kinds of 
tools, which were manufactured using sophisticated techniques (Pleiner 2000, 18-22).

Despite some reservations, it is commonly accepted that the beginning of the Iron Age is marked by 
the intentional use of carburisation of iron tools and the ousting of bronze from the main (basic) produc
tion process. Bearing this in mind, we will trace how and in what direction iron was introduced into our 
area of study. We shall also touch on the mechanism whereby the new technology spread and its social 
and economic consequences.

The earliest use of iron (Early and Middle Bronze Ages)
Archaeological research over the last decades has provided us with quite large amounts of data dem
onstrating that iron was known in the south of eastern Europe, the southern Urals, and southern Siberia 
thousands of years ago, before the beginning of the Iron Age proper. More than 46 iron objects and four 
bimetallic objects are known from Early Bronze Age and Middle Bronze Age sites (Figs. 1 and 2). They 
have been found on sites of the Pit Grave culture (24 items), the Afanasyevo Culture (21 items), and Cata
comb Culture (1 item).3 In eastern Europe these objects are assigned to four groups: tools and weapons 
(8 items), ornaments (8 items, making up a set from the Donguz burial ground of the Pit Grave Culture 
in the southern Pre-Urals), cult objects (1 item), and unidentifiable items (8 items), which are probably 
fragments of tools. All the earliest iron objects from the Sayan and Altai areas are ornamental.

1/ //

Distribution oi meteorille iron 
objects
0 Katacomb culture 
O Pit Graze culture

Fig. I. Distribution 
of meteoritic iron in 
Eurasia. ^ Atsoasy'evo culMre
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Fig. 2. Early and Middle Bronze Age metal of 
Northern Eurasia: 1- Afanasy ’eva Gora, grave 26, 
constr.2 (Afanasy'evo culture); 2,3 - Donguz 2, karg. 
2, grave 1; 4 - Bichkin-Buluk (Pit Grave culture); 
5 - Gerasimovka (Catacomb culture); 6 - Tamar- 
Utkul’ 7, kurg.8, grave 4; 7 - Utevka, kurg.l, grave 
l(Pit Grave culture). 1-4 - iron; 5-7 - iron & copper. 
(After Gryaznov 1999; Vasily ’ev 1980; Bogdanov 
1995; Morgunova & Kravtsov 1994; Shramko 1993; 
Grakov 1958).

Fig. 3. The Pit Grave Culture. Grave goods from 
grave 1, kurgan 1 (Boldyrevo burial ground). 1,6,8, 
- copper; 2,3,5 - iron; 4 — ceramic, 9 - copper, iron 
(after Bogdanov 1999).

There is a very clear difference between eastern European and central Asian iron processing. In eastern 
Europe iron was used for making tools and some types of weapons, such as knives, adzes, chisels, and 
razors. In the Afanasyevo area, the only iron objects were ornaments. Morphologically, the iron and 
bimetallic (bronze-iron) artefacts of the period under study fully accord with the basic stereotypes of 
the Circumpontic metallurgical province (knives, adzes and chisels). A very interesting object has been 
found in the kurgan Bolshoye Boldyrevo (southern Pre-Urals): an iron disk beneath a small chalk cup 
containing powdered iron ore (Fig. 3). This site also yielded the earliest bimetallic items (Morgunova 
and Kravtsov 1994; Morgunova 2000; Bogdanov 1995)

It is not necessary to dwell on the problem of meteoritic iron from the kurgans of the Pit Grave Cul
ture (see N.N. Terekhova in this volume). What is most significant here is that spectral, chemical, and 
metallographic analyses of early iron show unambiguous evidence of a meteoritic content. The earliest 
metallurgists knew how to work meteoritic iron, which was very hard and could be given heat treat
ment (Terekhova et al. 1997, 39). Unfortunately none of the analytical data relates to iron objects from 
Afanasyevo, but the authors agree with the conclusion.

All available data testify to the fact that iron was quite a precious metal and held in high regard by the 
people of the Pit Grave Culture. All the iron artefacts come from the rich burials under the big (elite) 
earth kurgans (Vasily’ev 1980, 57-58).
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Fig. 4. Bloomery 
iron in the Late and 
Final Bronze Age in 
Eurasia.
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Fig. 5. Iron and bronze/iron objects from Late Bronze 
Age sites: 1-Bobritsa burial ground (Lebedevka 
culture); 2-Mosolovo settlement 3-Oskol site; 
4-VoGRES (Srubnaya culture); 5, 9,10 -Tarantsevo (L 
ate Srubnay a culture); 6 - Bryanka (Bondarikhinskaya 
culture) ; 7— Budurzhal (Belozerskaya culture) ; 
8-Bondarikha (Bondarokhinskaya culture); 11— 
Pervomayevka 5/3; 12-Kochkovatoye; 13-Shrokaya 
mogiła; 14-Zapovitnoye; 15-Hadgilar; 16 - Delon 
(Belozerskaya culture). (After Berezanskaya 1982; 
Pryakhin 1996; Podgayevski 1941; Berestenev 1994; 
Buinov 1980; Nikitenko 1998; Ily’inskaya 1961).

Early attempts at bloomery iron 
production (Late Bronze Age)

The bimetallic knife from the Gerasimovka 
cemetery (Figs. 2-5) is the first example of a 
Middle Bronze Age artefact made of bloomery 
iron to have been discovered in the south of 
eastern Europe, but its origin is not clear and it 
may have been imported from the Caucasus.

There are no artefacts indicative of iron work
ing in the Seima-Turbino, Abashevo, Sintashta- 
Arkaim, or Petrovka Cultures of the early stage 
of the Late Bronze Age. The meteoritic iron 
technology of the Pit Grave and Afanasyevo 
Cultures seems not to have continued and the 
tradition had probably been lost.

The next phase of the introduction of iron into 
the life and economy of the Eurasian population 
took place during the early stage of the Late 
Bronze Age, when bloomery iron was processed 
(Fig. 4). Dozens of items such as awls, knives, 
and copies of bronze objects made of iron have 
been discovered from sites of the Srubnaya 
and Sabatinovka Cultures of the east European 
forest-steppe (Fig. 5; Podgayevski 1935; Gra
kov 1958; Bidzilya et al. 1983; Berezanskaya 
1982, Bagautdinov et al. 1979; Pryakhin 1996; 
Klushintsev 1997; Nikitenko 1998). Recent 
authors have argued that there may have been 
an ecological and economic global crisis at 
the close of the second millennium BC. A. P.
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Medvedev (1999, 93-4) points out the critical situation in the Don forest-steppe area, characterised by 
a crucial decline in the number of settlements and a decrease of bronze working, which, in turn, was ac
companied by the reappearance of archaic stone and bone tools. On the other hand, the settlements of the 
Srubnaya (Timber Grave) Culture have revealed iron objects and the remains from their production. B.N. 
Grakov (1958) and A.D. Pryakhin (1973) have suggested that the Don forest-steppe may be regarded as 
one of the early centres of the emergence of iron in the mid second millennium BC. Interestingly, local 
Final Bronze Age sites do not contain any iron objects; iron must have remained of secondary importance 
there. Other scholars, such as Shramko (1987) agree that there was an independent assimilation of the 
bloomery process by inhabitants of the forest-steppe of eastern Europe.

More iron objects have been found in sites of the Valikovaya cultural horizon of the Final Bronze Age 
(Berestenev 1994; Buinov 1980; Berezanskaya 1982; Nikitenko 1998). Of the 33 artefacts retrieved, 
six are knives or daggers of copper-iron. Twenty-five objects, mainly tools and weapons, come from the 
Belozyerka and Bondarikhino Cultures. In the early (Srubnaya) phase the simplest forms dominated, but 
the later phase, known as the Belozyersko-Bondarikhino phase, is marked by the prevalence of knives or 
daggers and also a more varied assemblage including a sword and a fibula, presumably, imported from 
the Balkan-Danubian area. Nevertheless, morphologically all the objects imitate the shapes of bronze 
implements. By the end of the Late Bronze Age single-edged knives were replaced by double-edged 
knives.

N.N. Terekhova (1997) considers that the technology of knife and awl production comes from the 
simple process of free hot-forging, although there is some evidence of the technique of fire-welding, 
whereby the pieces of metal were joined after being heated in the blacksmith’s hearth. In addition, some 
traces of carburisation have been revealed by metallographic analyses.

Most of the iron artefacts mentioned above, apart from the definitely imported items such as swords 
and fibulae, were produced in local centres. It is noteworthy that only one object made from meteoritic 
iron has been found in the Asiatic zone of Central-Northern Eurasia.

In the light of what has been said above, we must conclude that there was early iron production in the 
eastern European steppe and forest-steppe, and that by the end of the second millennium BC the number 
of the iron and bimetallic objects had gradually increased; this reflects sporadic attempts at a new technol
ogy within the old copper and bronze industry. The iron-making process was not derived from experience 
acquired by working meteoritic iron, but was mainly dependent on mastering bloomery techniques.

The beginning of the transition to the Iron Age
By the tenth/ninth centuries BC the extensive Eurasian metallurgical province, which had dominated the 
vast space of the Eurasian continent, began to decline, after changes in the socio-cultural and technological 
conditions in our area of study. Metallurgy had expanded to the east and north into the forest zone, but 
this expansion did not pass without trace. The cultures of the Late Bronze Age collapsed in part because 
of climatic change to colder and more humid conditions. This followed an economic re-orientation 
towards nomadic pastoralism in the steppe area and structural re-organization in the forest-steppe, and 
finally gave rise to the iron industry.

Generally speaking, the transition to the wide use of iron tools and weapons in temperate Eurasia oc
curred between the eight and third centuries BC (Fig. 6).

By the late ninth century BC the population of eastern Europe (the Trans-Caucasian, North Pontic, and 
Middle Volga areas) had mastered the process of iron production; in the eighth century BC craftsmen 
started to make bimetallic swords and learned how to make steel. In fact, during the short time span of 
the eighth and seventh centuries BC all the basic technological operations were discovered and estab
lished there (Grakov 1977, Shramko et al. 1977). The technological operations included the production 
of various types of steel, heat treatment, welding, and carburisation of surfaces and working parts. Recent 
work by Russian scholars indicate that on the eve of the Iron Age in eastern Europe there were two basic 
technological traditions, deriving from the preceding period.

1 • The eastern European or Pontic tradition was based on the use of pure iron, the quality 
of which was much better than that of bronze. This tradition was centred in the Pontic 
steppe and forest-steppe, and it emerged as the result of a shortage in the supply of 
bronze.
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Fig. 6. The spread of the use of iron in Eurasia.

2. The Trans-Caucasian tradition was characterised by the use of carburisation and the 
heat treatment of steel. This tradition is said to go back to the ancient centre of iron 
processing in the eastern Mediterranean area (Terekhova and Erlikh 2000).

Most scholars believe that bimetallic swords and daggers, which were characteristic of this so-called 
Pre-Scythian Period, spread through the North Caucasus (Terekhova et al. 1997, 41). The beginning of 
the Iron Age, however, is marked by the final peak of bronze production, which supplied increasing de
mands for weapons, mostly the socketed arrowheads which flooded the Eurasian steppes. Furthermore, 
most ornaments, horse-trappings and cauldrons were still cast in bronze.

By the seventh century BC the people of south-eastern Europe already practised all aspects of iron 
production, except for casting (Shramko 1962). In eastern Europe, several centres of iron production 
were connected with large fortresses located in the forest-steppe (Shramko 1987, 115). The inhabitants 
rapidly mastered iron processing and in effect became suppliers of iron to the Scythians. The new mate
rial was initially used to make swords and daggers.

Metallurgy in the Ural area
Non-ferrous metal production was predominant in the Ural area until the mid-first millennium BC, al
though imported iron objects, bimetallic swords in particular, were known there earlier. Iron was rare and 
valuable at this time. Beyond the Urals, iron production was a relatively late introduction (between the 
fifth- and third centuries BC); this is especially true of southern Siberia where there were rich deposits 
of copper and tin.

The end of the Bronze Age in the Urals (ninth to eighth centuries BC) witnessed the appearance of two 
important metallurgical centres, one on each side of the mountains: the Ananyino centre in the west and 
the Itkul centre in the east. They were closely linked and had a common basis whereby certain traditions 
were continued, but their spheres of influence were different. The Ananyino centre had a western and 
northern cultural orientation and the Itkul centre had a southern and eastern orientation. Both functioned 
during the eighth to third centuries BC (Beltikova 1993, 1997; Kuz minykh 1983).
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Ananyino metallurgy (Pre-Ural area)
The Pre-Ural metallurgical centre was based on a cultural zone constituting the known world, and was 
composed of various cultures, which continued the basic traditions of their native Bronze Ages. The most 
significant and best studied among these are two cultural formations which gave their names to the early 
(eighth to third centuries BC) and later (second century BC to second century AD) stages of the local Iron 
Age. They are the Ananyino and Pianobor cultural zones, the sites of which are mainly concentrated along 
the Kama basin (Tallgren 1919; Khalikov 1977; Markov 1994; Goldina 1999; Kuzminykh 2000).

The Ananyino cultural zone was not homogeneous. It was characterised by an amalgam of contrasting 
ecological, economic and social factors, thus conditioning the cultural grouping within an inhabited area. 
At least four such groupings are known, including two interrelated groups (known as Post-Maklasheevo 
and Textile) occupying the deciduous forest regions of the Volga-Kama area in the eight to sixth centuries 
BC. They appear to have been more economically advanced and with well-developed bronze produc
tion. The other two groups occupied the forests of the Kama, Vyatka, and Vetluga rivers; they were more 
primitive in all their economic activities which were mainly associated with hunting and fishing.

The Ananyino metallurgical centre represents the end of the development of the Volga-Ural non-ferrous 
production, with many revived features of the Seima-Turbino and Eurasian types. (Kuz’minykh 1983,

Fig. 7. Iron and bimetallic objects from the Ananyino 
Culture: I — St ars hi Akhmylovski burial ground, 
grave 555; 2 - grave 900; 3 -552; 4,5 -505; 6 -889, 
7 — excav.1969; 8 —Ananino cemetery, grave IX—XI; 
9—without context; 10—Starshi Akhmylovski cemetery, 
grave 314; 11- Morkvashinski cemetery 2, grave 1; 
12-14- Polyanski cemetery, grave 1 (After Khalikov 
1977; Kuz’minykh 1983).

171). Three basic groups of the Ananyino copper 
alloys have been identified (tin, tin-antimony- 
arsenic, and “pure” copper), which were in 
wide use as early as the Bronze Age. This cen
tre produced many socketed axes, spearheads, 
arrowheads, battle hammers, knives-daggers, 
and ornaments (Figs. 7-9). The influence of 
Ananyino metallurgy spread as far as north-west 
Europe, central-northern Sweden and Finland 
(Tallgren 1937; Hjärthner-Holdar and Risberg 
1999; Zbruyeva 1952, 185-7). From the outset, 
Ananyino metallurgists were in close contact 
with Caucasian and Pontic centres, whence so- 
called “Pre-Scythian” bronzes, such as daggers 
with cross-linked handles, Koban bronze axes, 
two-ring horse-bits, and some kinds of plaques 
and blades, were imported (Terekhova et al.
1997). This is of great significance for the subject 
discussed here.

The point is that the earliest Ananyino sites 
(ninth/eighth - sixth centuries BC) produced not 
only bronzes, but also a number of iron objects of 
a fairly high technological level. It is also inter
esting to note that about two-thirds of all known 
iron objects come from early burials of the eighth 
to sixth centuries BC. They are thought to have 
been local products although we cannot deny 
that some of them must have been imported from 
the Caucasus along with the basics of techno
logy. The technological skills could have been 
passed on by migrating metallurgists who knew 
how to produce bloomery iron.

In the fourth century BC local production 
changed its orientation towards providing for 
the needs of the Sauromatians, but it should be 
noted that archaeological sites of the southern 
variant of the Ananyino Culture have revealed
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Fig. 8. Bimetallic (copper/iron) daggers from the 
early Ananyino Culture: 1-3 — Starshi Akhmylovski 
cemetery, graves 26, 36; 4 - Morkvashinski cemetery, 
grave 33, 5 — Polyanski cemetery 2, grave 1 (After 
Kuz’minykh 1983).

Fig. 9. Iron working axes (1-3), battle hammer-axes 
(7-10) and hoe like tools (4-6) of the Ananyino 
Culture: 1 - Sementsevo cemetery ; 2 - Starshi 
Akhmylovski cemetery, grave 835; 3 — Akkozinski 
cemetery, 1-1; 4 - Akkozinsky cemetery, 1-3; 5,6 
— Starshi Akhmylovski cemetery, otc-8, ui-12; 7-10 - 
Starshy Akhmylovski cemetery, graves 743, F-3, 336, 
543 (after Khalikov 1977).

the remains of metalworking only, no remains of mining. This kind of activity was carried on in villages 
and fortresses, but most metal artefacts have been found in cemeteries.

The iron was primarily used for tools, of which more than 700 examples survive among the c. 1300 
iron objects known. Weapons were the next most frequent products. Five hundred and twenty are known: 
swords and daggers (Figs. 8 and 10:2-5), battle-axes (Fig. 9), spearheads (Fig. 7:10-14), arrowheads 
(Fig. 7:1-7), quiver hooks etc. Most horse harnesses were made from iron, but ornaments (27 examples) 
are the most infrequent category.4

How may the technological level of the Ananyino iron production be described? It can be exemplified 
by the Older Akhmylovo cemetery, the material from which has been well analysed technologically. 
About half the iron objects were produced from soft, unevenly carburised steel (wrought iron) and steel 
with a high percentage of carbon. Iron was also used for surface hardening and tempering. Fourteen 
percent were made from “pure” iron. The steel, which was of good quality, primarily went into make 
battle-axes and, sometimes, spearheads. The Ananyino people mastered free and hot-forging, welding, 
stamping, burnishing, and carving. Apparently, the metallurgists were organized in special groups, and 
were buried with their tools in communal cemeteries.

Nevertheless, we should not forget that the ratio of copper to iron in Ananyino metal production was 
c. 20:1, and that it represents only the beginning of iron production in the forest zone of eastern Europe 
and the Pre-Urals. After the third and second centuries BC its area of influence extended, gradually but 
consistently. The direct heir of the Ananyino Culture - the Pyanobor Culture - was completely based on
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iron production, but at the same time the heavy 
and rich decorations of the Pyanobor women 
were made of bronze (Goldina 1999).

Itkul metallurgy (Trans-Ural area)
As mentioned above, from the eighth to the third 
centuries BC specialized metallurgists, who left 
their mark upon the Itkulskaya Culture, inhabited 
the eastern slopes of the Urals. Their work places 
lay close to their occupation sites, and the work
shop areas (c. 40 of which are known today) were 
surrounded by ramparts and ditches and located 
on high hills. They were usually concentrated in 
groups of two to nine to form some kind of local 
centres (about nine). The miners-metallurgists 
and smiths-casters seemed to have enjoyed a 
special status in society (Bel’tikova 1997).

Itkul metal production was based on rich 
copper and iron deposits, which extended for 
c. 270 km along the Ural mountains (Fig. 6).
Known evidence for the industry comprises c.
100 furnaces, 175 moulds plus slag, ores, wastes, 
technical ceramics (tuyeres), and tools for treat
ing ore and processing metal. The furnaces were 
usually of simple construction and found near 
the fortifications (Fig. 11). The moulds were 
made from clay, talc and copper (Fig. 12 6,7).
The Itkul metalworkers were able to produce a wide assortment of goods such as tools (adzes, miners’ 
picks, awls and chisels), weapons (arrowheads, spears, swords, daggers and horse-trappings), all of which 
were in common use in the steppe and forest-steppe (Figs. 12 and 13). Nevertheless, the overwhelming 
proportion of the output was of copper, the ratio between copper objects and iron objects found in the 
Itkul settlements being 600:25.

Unlike the Ananyino centre, the Itkul centre started to produce iron only in the fifth to third centuries 
BC. All workshops with remains of iron production lie on the south-east periphery of Itkul territory, a fact 
that can be explained by the different locations of iron and copper ores. Deposits of iron ore are widely 
spread in western Siberia, whereas copper was mostly found in the mountain areas.

As yet it is not possible to distinguish between furnaces for copper or for iron production. Blast furnaces 
were probably universal but there was some novelty in the smelting apparatus. Above ground furnaces 
were supplemented by deep chamber furnaces and by a system in which several chambers were of dif
ferent heights (Figs. 11-15).

There are only c. 25 iron artefacts, mainly tools and single ornaments, but we should not forget that 
the Itkul sites are represented by settlements only; no burials are known. All the iron objects are copies 
of copper-bronze forms. Metallographie analyses show that knives were produced from bloomery iron 
by free forging, but their quality was not high. On the contrary, the pins were forged from unevenly 
carburised steel (Fig. 14) and the technique involved in producing bimetallic knives was rather labori
ous. Itkul iron technology was of a primitive character and represents a very early stage in mastering 
the bloomery process.

In the light of the above comments, we can conclude that the basic prerequisites for the development 
of iron production existed in the Trans-Ural (Itkul) metallurgical centre, but that fact does not rule out 
external stimuli. A well-developed mine-metallurgical basis may have been one such factor. The second 
factor was connected with economic orientation towards (or tributary dependence on) the South Ural 
nomads who were major consumers of Itkul metal throughout the third century BC (Koryakova forth
coming).

Fig. 10. Bimetallic (copper/iron) objects from the 
Ananyino Culture: 1, 3-5 — Ananyino cemetery; 2 — 
Tenishevo cemetery. 1,5 — iron; 2-4 - iron/bronze. 
1 - belt hook; 2-5 — scabbards and dagger (after 
Kuz’minykh 1983).
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Fig. 11. Types of furnaces of the Itkul Culture: 1,2,5,8,9,11-14,18 - Itkul fortress; 3- VMakusha; 6,7,16 - 
Petrogrom; 10,17,21 - Dumnaya; 15,19 - Pałatki; 20 — M.Vishnevyi.
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Fig. 12. Some bronze objects and moulds of the Itkul 
Culture: 1-7-D.Bagaryak; 8-Pałatki. 1-6—copper, 
7,8 - talcum stone.

Fig. 13. (Right) Bronze and iron objects of the Itkul 
Culture: 1-5,8,9 - M. Vishnevoyi; 6,7,10 - Itkul I 
fortress; 11 - Bolshegorskoye; 12 - D. Bagaryak; 
6—9,11— iron, the rest — copper.

Fig. 14. Technological scheme of iron objects from 
the Itkul Culture.
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No Asiatic steppe, forest-steppe, and forest tribes practised specialised iron metallurgy until the fifth 
to third centuries BC.

The transition to a true iron industry
The period fifth to third centuries BC was when the true iron industry began. Iron tools and iron weapons 
were made throughout these centuries, although bronze continued alongside iron for many decorative 
purposes, objects of everyday life, cult items, and bronze arrowheads made following ancient steppe 
patterns. Iron tools and weapons were made in increasing quantities from the third century BC onwards, 
and the use of iron ore as a raw material predominated. The range of goods was extended and new smith
ing techniques appeared.

Iron in Western Siberia 
The forest-steppe zone
Beyond the Urals, the Sargat cultural zone is the best-studied and best-published archaeological region 
(Koryakova 1988; Koryakova and Daire 1997; Matveeva 1994). Its sites occupy the forest-steppe and 
part of the northern steppe between the Urals in the west and the Baraba lowland in the east. Current 
research indicates that it was a multi-faceted system much like some of the other Eurasian cultures of the 
Iron Age, with its sphere of influence immediately around the core territory. The sites of the Pre-Sargat 
stage (eighth-sixth centuries BC) are very poor in metal but the Early Sargat sites (fifth-third centuries 
BC) produced many more metal artefacts including bronze arrowheads, occasional objects in the animal 
style5, and cauldrons, some of which must have been produced by Itkul metal workers. Strictly speaking, 
the evidence for Sargat iron smelting is rather scarce until the last centuries BC.

In contrast to bronze working, iron production was developed locally, although its origin was probably 
connected with external factors arising from contacts with the nomadic sphere of influence and close 
relationships with the Itkul culture.

Sargat metalworking is evidenced by numerous iron objects, iron ore, slag, and furnace remains found 
both in settlements and cemeteries. Most tools and weapons were made from iron from the third cen
tury BC onwards; but it was rather expensive, especially at first when both iron and bone objects were 
deposited in graves.

Unfortunately, no specific project has yet studied Sargat metal production but 74 iron objects have been 
analysed (Zinyakov 1997). They have been taken from twelve sites and include 28 tools, 24 weapons, 
15 elements of horse-hamess, six dress accessories and one indefinite item. Iron was primarily used for 
making knives, arrowheads, daggers, swords, battle-axes, and horse trappings. Several unrobbed Sargat 
graves contained the full assemblage of iron offensive and defensive weapons (Fig. 16) and horse har
nesses, plus numerous Chinese imports.

The metallographic analysis has shown that in the Sargat material objects made from malleable iron 
and steel are predominantly of average or high quality (Fig. 16). Unevenly carburised steel was pro
duced directly in the furnace; averagely carburised steel resulted from a special process of cementation, 
primarily for the production of weapons. The forge, multi-layered welding, and tempering were also 
known. Brazing was used for making small ornaments. Sargat metal production seems to have been of 
a domestic character; the quality of welding was not high and the temperature fluctuated. The remains 
of furnaces and forges have been discovered in some Sargat settlements. In the Duvan settlement a deep 
pit with signs of high temperatures, pieces of technical ceramics, and quite a large slag heap indicated a 
furnace (Fig. 17) (Koryakova and Sergeyev 1993). As N. Zinyakov (1997, 114) writes:

In the course of metal smelting, the Sargat metallurgists followed the strict regulation 
of the technological process, starting with the moment of oven construction (type 
of oven, blowing arrangement, working room parameters), and finishing by metal 
smelting (proportion of wood charcoal and ore, moment of furnace charge, blowing 
force, smelting time etc.). The Sargat blacksmiths, who were in the early stage of iron 
familiarization, already knew carbon steel, which excelled in mechanical qualities a 
soft iron.
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Fig. 16. Technological schemes of iron objects from the Sargat Culture (after N.P. Zinyakov 1997).
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Fig. 17. The Sargat Culture. Furnace remains from 
the Duvan 2 settlement (after Koryakova and Sergeyev 
1993).

Fig. 18. Some iron objects of the Bolsherechy ’e Culture 
(Upper Ob area): 1,4 - knives; 2,3,6 - horse bits; 5
- belt plaque; 7 -hook; 8,10, 11 — decorations, 9,16
- details of horse harness; 12 - scabbard end; 13,14
- hammer-axes; 5 - dagger (without scale).
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In the Bolsherechy’e Culture of the Upper Ob river, another area of the forest-steppe zone, the iron 
making process followed similar methods, with some local differences (Fig. 18). For example, weap
onry was less represented here than in the Sargat area. In the early stage (fifth to third centuries BC) the 
blacksmiths of the Bolcherechy’e Culture used either pure iron or mild steel. A free forge was the only 
technology used in forming an object. In the next stage (second to first centuries BC) various sorts of 
steel were in wide use (Zinyakov 1997, 193).

In summary, in the second half of the first millennium BC Sargat iron working was fairly advanced with 
expanding production supplying the local population and its nomadic neighbours. An extensive network 
of long-distance trade connected the Sargat chiefdoms with the people of the forest and the steppe. Sub
sequently iron technology spread northwards to the forest zone, which was occupied by the widespread 
Ob-Irtysh cultural communities, the Kulay Culture being one of them (Zykov 1993; Zinyakov 1997).

The forest zone

The inhabitants of the forest zone became acquainted with bloomery iron by the third century BC. They 
made tools, some forms of weaponry, anthropomorphic plaques and ornaments, the number of which 
increased by the mid first millennium AD. Nevertheless, their iron technology was quite archaic, reflect
ing an initial stage of an iron industry producing wrought iron and mild and medium steel. Kulay metal 
working is characterised by a quite static tradition of bronze casting, which dominated iron especially 
in the production of numerous cult objects designed in the Northern Animal Style (Chindina 1984, 
141-142). By the end of the first millennium BC, however, iron became dominant and replaced bronze 
for tools and weapons (Fig. 19).

Conclusions
Several points can be made.
1. Iron became known as a raw material in 
Eastern Europe and the Southern Urals rather 
early - in the third millennium BC. This was the 
stage of meteoritic iron processing, a tradition 
which did not last.

2. In the next stage of the Proto-Iron Age 
in Eastern Europe (Late Bronze Age in ar
chaeological chronology and terminology), the 
bloomery process was gradually invented in the 
areas close to the Caucasus and Pontic zone 
(second half of the second millennium BC).

3. Once this process was invented, it spread 
mainly eastwards from south-east Europe be
tween the eighth and fifth centuries BC (the ini
tial stage of the Iron Age). One of the first recipi
ents of the new technology was the Ananyino 
metal working centre in the Pre-Urals; it was 
then passed on to the forests in the north and 
west. Metal working in the Ananyino Culture 
of the forest zone was rather conservative when 
compared to that of the forest-steppe peoples of 
Eastern Europe who practised advanced smith
ing at and early stage. This development arrived 
on the other side of Urals several centuries later, 
apparently between 500 and 300 BC, as the re
sult of interaction between various internal and 
external factors, including significant political 
and military ones. The beginning of the Iron Age

Fig. 19. Technological scheme of swords from the 
Kulay Culture (after A.P. Zykov 1993).
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in the forest area dates from the last centuries BC, but it was characterised by its own trait in the form 
of long-term use of Bronze Age stereotypes.

4. The last centuries BC and beginning of the first millennium AD display evidence that shows that 
almost all Eurasian zones had entered into the true Iron Age. Iron was not only produced for domestic 
consumption but must also have been traded, as instanced by the finds of Chinese iron weapons in the 
West Siberian forest-steppe and Eurasian steppe. Societies either possessing advanced iron technology 
or acting as large-scale consumers must, in fact, have been very powerful (Fig. 20).

The irregularity of technological development is reflected in the different cultures of Eurasia. There is, 
however, a common trait: the transition to the new technology was accompanied by the destruction of the 
old and by the formation of new cultural and social stereotypes. Although this process did not have the 
character of a revolution, as has been noted for western Europe (Kristiansen 1998, 217), its long-term 
consequences must be regarded as significant.

Metalworking is considered to have been one of strongest stimuli for relationships between different 
areas. Generalizing this thesis, one can note that bronze working was the first activity to need a close 
connection with deposits of raw material; this promoted a centralizing cultural development. In the 
second millennium BC the south was more advanced, with the north remaining in almost Neolithic con
ditions. Once iron was introduced the area of advanced development expanded greatly, and differences 
between the various areas of Eurasia diminished. By the mid first millennium BC almost all Eurasian 
societies were involved in a general historical process that led to rapid cultural development and high 
social mobility (Koryakova 1996).
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Fig. 20. Stages in the development of iron usage in central-northern Eurasia.
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Historically speaking, the Iron Age was marked by dramatic changes throughout Eurasia. By the be
ginning of the first millennium BC the area occupied by state societies had expanded and its influence 
on marginal societies had greatly increased. The neighbouring “barbarian” periphery became larger, 
resulting in active interaction between societies at different levels of development including those situ
ated far from the core area (the distant periphery). Thus a new system of interrelationships, of “centre- 
periphery-centre” type, was established. An integral part of this system was the new element of nomadic 
pastoralism as a specific economic, social and cultural phenomenon. Voluntarily or not, it connected the 
south and north, as well as the east and west into a large Eurasian network.
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Endnotes
1 This chronology is averaged because of the environmental and technological irregularities of Northern 

Eurasia.
2 Western publications dealing with this question are not referred to here.
3 These statistics are based on following publications: The Pit-Grave culture - (Grakov, 1958; Vasily’ev, 1980; 

Bogdanov, 1995-; Morgunova, 1994; Morgunova, 2000; Porokh, 1999 ). The Catacomb culture - Shramko, 
1993-, The Afanacy’evo culture - Gryaznov, 1999-;Stepanova, 1997).

4 These statistics are taken from the following publications: (Khalikov 1977; Patrushev 1984, 1990; Bolshov 
1988; Kazakov 1994; Kakhovski 1983).

5 The kurgan burial grounds of the Sargat culture were dramatically robbed in the 17-18th centuries AD, 
therefore their material representation is not extensive.
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Iron in the Bronze Age Cultures of North Eurasia
Sergei V. Kuzminykh

Institute of Archaeology, Russian Academy of Sciences, Moscow, Russia

1. The earliest iron and bimetallic tools and ornaments appeared in the south of Eastern Europe and Central 
Asia in the Early Bronze Age (knives, flat axes, rings, bindings, etc.)- They were manufactured by the 
smiths of pit-grave culture (Grakov, 1958; Vasilyev, 1980; Morgunova and Kravtsov, 1994; Bogdanov, 
1999; Porokh, 1999; Morgunova, 2000), and Afanasyevo culture (Grayznov, 1999; Stepanova, 1997) 
of metal of meteorite origin (Shramko, Fomin, and Solntsev, 1965; Terekhova, Rozanova, Tolmacheva, 
and Zav’yalov, 1997).

2. The earliest artefacts made of metallurgical (bloomery) iron emerged in the south of Eastern Europe 
in the Middle Bronze Age. Still, the origin of bimetallic knife discovered in the catacomb culture burial 
near Gerasimovka village, Belgorod region (Shramko and Mashkarov, 1993) is debated - i.e. its local or 
Caucasian provenance is discussed (the latter opinion expressed by Shramko and Mashkarov).

3. During the Late Bronze Age (timber-grave, Sabatinovka, Belozerka, Bondarikha, Maklasheevka, 
Yelovka cultures) the number of iron and bimetallic items increased gradually up to the end of the pe
riod. Their most part have been excavated in the steppe and forest-steppe areas of Eastern Europe, whilst 
isolated finds originate from the forest zones of the Volga-Ural region and West Siberia. The technique 
of knives and awls manufacturing may be described as simple operations of free hot-hammering; spe
cific technological pattern of smith’s welding had made its appearance as well (Terekhova, Rozanova, 
Tolmacheva, and Zav’yalov, 1997). Among the antiquities of Belozerka culture artefacts imported from 
the Balkano-Danubian region are known (Nikitenko, 1998).

4. In the 9/8th - 7th cc. BC a long-lasting process of iron-working formation started in Eastern Europe, 
Ural, and Siberia. Copper and bronzes there were replaced by iron in the spheres of tools and weapons 
producing not earlier than in the 4th-3rd cc. BC.
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The Earliest Meteoritic Iron Tools to have been found in Russia
N.N.Terekhova

Institute of Archaeology, Russian Academy of Sciences, Moscow, Russia

New archaeological and analytical data have reintroduced questions about the early methods used in 
iron working, even though the answers have long been considered known. Well-established opinions on 
the importance of long-experience in the processing of meteoritic iron and the metallurgical manner of 
its production are re-examined. The idea that the presence of nickel in ancient artefacts is proof of their 
meteoritic origin, and the likelihood of Fe-Ni alloys being produced by ancient metallurgy in antiquity 
are also discussed (Piaskowski 1982; Blomberg 1980; Tholander and Blomberg 1980).

The Polish scientist J. Piaskowski has suggested that many early artefacts whose nickel content has 
led people to believe that they were made of meteoritic iron were not derived from this source; he main
tains that a high concentration of Ni could have been obtained intentionally. He bases his conclusion on 
metallographic investigations of groups of Hallstatt and La Téne artefacts from Poland; for example, 
on two Hallstatt bracelets with 18.25% and 12.47% Ni which contained slag inclusions, the inevitable 
concomitant of metal produced in a bloomery (Piaskowski 1982). He suggests that complex Fe/Ni ores 
with admixtures of Co and As (of chloantite type) had been used in them, and also assumes that the an
cient Halibes (Chalybes) produced their famous iron by using a mixture of iron ores, some containing Ni. 
Attention must be drawn here to recent information on the archaeological evidence for and experimental 
data on the use of Ni-containing iron ores (latentes) in ancient Greek iron production (Photos 1989).

The earliest iron artefacts found in the countries of the former Soviet Union derive from the Pit-grave 
and Catacomb-grave cultures of the Bronze Age. The first one to be interpreted as having been made 
of meteoritic iron was excavated 60 years ago in a barrow on the Bichkin-Buluk site near the town of 
Elista (Kalmykia). It is a leaf-shaped spearhead dating from the second quarter of the 2nd millennium 
BC (Shramko, Solntsev and Fomin 1965, 199-204). There could be no metallographic analysis as its 
state of preservation was so poor, so the conclusion that its metal was of meteoritic origin was based on 
the results of chemical and spectral analyses (showing the presence of Ni (3.65%), Co (0.1%), and low 
concentrations of Si, Mn, V, Mg, Ca, Ge, Cu). Hence, the question of its technology and provenance 
remains unanswered. An axe of Cu/As alloy was discovered with the spearhead. B.A. Shramko consid
ered it to be of Transcaucasusian origin, so this may indicate a possible provenance for the iron artefact 
(Shramko, Solntsev and Fomin 1965, 202).

Another early iron artefact has recently been found in a burial of the Catacomb-grave culture, pos
sibly dating from c. 1750 BC, the same date or even earlier than the Bichkin-Buluk grave (Shramko and 
Mashkarov 1993).

A bimetallic tool has been excavated from a barrow near Gerasimovka village, Belgorod region. Its 
blade was forged from normal bloomery iron, obtained as a result of the bloomery process, but its rod
like handle was made of arsenical bronze (more than 1% As). This may point to a Caucasian origin for 
the artefact (Shramko and Mashkarov, 1993, 167).

Some unusual iron artefacts have recently been excavated in Bronze Age sites in the South Urals. 
In 1985, an expedition from the Orenburg Pedagogical Institute investigated Barrow 1 of a pit-grave 
culture cemetery near the village of Boldyrevo, Orenburg region, Tashlinsky district. The burial was 
covered by a complicated structure and contained a set of copper tools, and also a chisel-like iron tool, 
an adze-like bimetallic tool with iron blade and copper handle, and a disc-shaped artefact. The finds 
were sent to the Natural Sciences Laboratory of the Institute of Archaeology, RAS, for analysis. The 
author is greatly indebted to N.L.Morgunova, the excavator of the site, for the opportunity to analyse 
these unique objects.

The state of preservation of the chisel-like iron tool and the adze-like bimetallic tool enabled metal
lographic analyses to be made.
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The chisel-like tool was a rod 12 cm long, one end rectangular in section (1.0><0.5 cm), the other end 
flattened (1.3x0.3 cm), rounded, and sharpened. Sections were cut through the flattened working edge 
and the handle. Two polished surfaces were made: a cross-section and a longitudinal one. From ocular 
examination it was observed that the polished sample represented a very compact silvery metal without 
cracks, pores, or blisters. Microscope investigation of a chemically non-etched sample revealed the 
same picture. The metal was very pure, with no slag inclusions. After etching in nital the samples from 
the working edge displayed a deformed fibrous structure (micro hardness 254, 274 kg/sq. mm). The 
samples taken from the handle demonstrated insignificant deformation. The characteristics of the metal 
and its structure differed significantly from the well-known structures from thousands of samples of iron 
produced by the bloomery process. The absence of slag inclusions and the hardness of the metal were 
the grounds for the preliminary conclusion that the iron was of meteoritic origin.

Further studies were undertaken with the assistance of M.I Petaev, of the Meteorite Committee, RAS. 
Chemical and neutron-activation analyses were carried out at the V.I. Vernadsky Institute of Geochemistry 
and Analytical Chemistry, RAS, in order to establish the chemical formula of this ancient metal. The 
concentration of Ni in three samples from the chisel-like tool was 9.10%, 9.30%, 9.45%; that of Co was
0.63%, 0.62%, 0.67%. Concentrations of micro-elements (e.g. Ga, Ir, Ru, Re, and Os) corresponded to 
the intervals observed in meteorites.

The samples’ structure demonstrated the prevalence of non-equilibrium phase a2, or kamacite, which 
is typical of man-heated meteorites. The borders of the initial structure seen against the background of 
kamacite implied a coarse meteoritic structure. The data suggest that the meteorite used for producing 
the tool in question was of hexahedritic and coarse octahedritic type. It may be concluded that the tool 
was forged from a metallic meteorite which was heated during the process, and that the working edge 
was finished by cold-forging.

The bimetallic adze-like tool had the shape of an elongated trapezium. It was constructed of a cop
per plate 11.5 cm long, 0.5 cm thick, 2.7 cm (the butt) and 3.5 cm (the edge) wide with two 7 cm long 
flanges by which the iron blade was held. The visible part of the blade was (maximum) 2.5 cm long, 1.2 
cm thick, and 4.2 cm wide. The copper plate on the flanges’ sides was attached to a wooden handle bent 
at 90°. The visible part of the iron blade was in a bad state of preservation: cracked and friable.

Metallographie sections were cut through the copper plate to establish the technology of its construc
tion. One section was taken from the butt, another from the flange. In the course of the operation it turned 
out that the part of the iron blade held between the copper plate and the flange was fairly well preserved. 
Then two polished sections were made: section A along the copper plate and section B across the base 
of the plate, the flange, and the iron blade set between them.

Ocular and microscope study of non-etched section B indicated that the iron was similar to that of 
the chisel-like tool. The metal was very compact and pure, with no traces of slag inclusions. But the 
structure and chemical formula of the material used for the bimetallic tool differed from those of the 
chisel-like tool. In two samples the concentration of Ni was 5.30% and 5.50% and of Co it was 0.52% 
and 0.47%. The most noticeable differences concerned the concentrations of micro-elements (Ga, Ir, 
Re, Os) in the material of the two tools, which differed very greatly. The structure did not display any 
elongated forms, there were some parts with ferrite structure (micro hardness 151,170 kg/sq. mm). Non
equilibrium phase (x2, or kamacite, prevailed. Numerous rounded and elongated grains of tenite could 
be seen, many of them containing very small inclusions of other minerals. Micro hardness measured 
322, 464, 1100 kg/sq. mm.

To summarize, it may be suggested that the meteorite used for producing the blade was related to the 
plessitic octahedritic type. Similar structures have been described by V. Buchwald (Buchwald 1974, 636) 
in connection with the meteorites used for producing the ritual spheres discovered in burials in ancient 
India; the meteorite was originally a fine octahedrite which was then forged at 750° - 800° C to form thin 
plates, and finally rolled up into spheres. The changes of kamacitic and tenitic structures observed in the 
Indian examples are very similar to those in the iron blade of the bimetallic tool. Thus one may postulate 
a similar heating of the blade during processing and a similar original structure of the meteorite.

Analyses of the polished sections enable the following reconstruction of the operations used in pro
ducing the bimetallic tool.
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1. Forging of meteoritic iron at temperatures up to 700°—800° C; shaping the wedge-like 
blade

2. Casting the half-finished copper plate to the handle in an open mould (indicated by a 
concentration of oxygen along the outer surface). In the course of casting the plate and 
its flanges formed a single plane

3. Heating the half-finished plate up to pre-melting temperatures (900°-1000° C). This is 
evident from the large-grained structure with non-expressed variability of grains and 
rounded lines along the edges of the crystals (Ravich and Ryndina 1989, 99)

4. Bending the flanges around the iron blade by hot forging. During this operation the 
iron blade was already cold. This is testified by the structure of the surface of the 
copper plate where it was bent and came into contact with the side of the iron blade

5. Final forging of the cooled wedge-shaped butt of the copper plate at 300°-500° C.
This is shown by the unfinished process of re-crystallization and micro hardness value 
(Ravich and Ryndina 1989, 95).

The good state of preservation of the metal in the two earliest iron tools from a pit-grave culture burial 
in the South Urals enabled complex analytical study to be carried out. The meteoritic origin of their metal 
has been demonstrated. The most striking fact is that the two tools from the same burial were made from 
different meteorites. Taking into account the unlikelihood of finding different meteorites in a single place, 
this must mean that this rare raw material had been deliberately sought over wide areas.

Undoubtedly the tools were made by local craftsmen who had mastered both the casting and forging 
of copper. When they made iron tools they used the same methods of hot forging and the same tem
peratures as they did when working copper, including in such a specific operation as cold forging of the 
working edge. The craftsmen must have realised that they were dealing with a new material which was 
much harder than copper. Iron was deliberately chosen for the working blade of the bimetallic tool. The 
craftsmen must have actively searched for that material, but being perfect ore-connoisseurs and metal
lurgists, they did not attempt to extract similar metal from the ores.

It seems that the processing of iron meteorites and the discovery of metallurgical iron working had 
no genetic links, but were independent phenomena in development of the history of human mastery of 
iron.
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Beginnings of Iron Production in the Central Carpathians Region
Eubomir Mihok

Faculty of Metallurgy, Technical University,
Kosice, Slovakia

The contribution gives chronology of iron production methods from Hallstat time to Late Roman period on 
the basis of finds on territory of Slovakia and Transcarpathian Ukraine. The earliest finds of iron smelting 
furnaces, bowl furnaces, were found in south-east Slovakia, near village Cecejovce, a few kilometers far 
from Slovak - Hungarian borders. The finds of slags, refractory remnants, bog iron ore and iron bloom 
were studied. Facts about reduction conditions in bowl furnace, about structure and composition of bog 
ore, about macro and microstructure of iron bloom are presented.

Free - standing low shaft furnaces that were used in Slovak territory from LaTéne up to Slav periods 
are described on the basis of finds from north Slovakia region Spis. Construction of furnace walls and 
typical structures of slags are presented.

Remnants of slag pit shaft furnaces used in Roman period were found in locality near Kosice in east 
Slovakia. Slags and refractory materials were studied. Furnace reconstruction and facts about furnace 
conditions and formation of the bloom are presented. The information is complemented by analysis of 
slags from Transcarpathian site Novoklinovo.

Remnants of cupola smelting furnaces dated to Piichov culture, Early Roman period, were found in 
north Slovakia site Värin. Analysis of slags, iron ore and refractory materials are presented. Analysis of 
similar slags from Late Roman period site Spisské Vlachy is also included.

Conclusions are directed to evolution of iron smelting methods in the Central Carpathian region.
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Abstract
A small lump made up of separate trickles of pig iron was found during the archaeological excavation of 
a 4,h to 7'h century AD iron-production site near Lieporiai (Siauliai district, Lithuania). This interesting 
find revealed a number ofpeculiarities that emphasize its distinction from bloomery iron and even from 
common pig iron. The results of metallographic examination and analyses of the chemical composition 
of the lump are presented in the paper.

Introduction
Archaeological excavations near Lieporiai (Siauliai district, Lithuania) revealed an iron-production 
site of the late Roman Iron Age and Early Medieval Period (Salatkiené 1998). The remains of some 
20 small bloomery furnaces, traces of smithing and c. 400 kg bloomery slag were excavated. Although 
the furnaces had been badly destroyed through human agency (including early occupation of the site, 
ploughing and World War II battles) radiocarbon and dendrochronological datings have indicated that 
the iron smelting furnaces and the smithy were working from the 4th century to the beginning of the 7th 
century AD. Many other finds relating to iron production were also found; e.g. walnut-sized pieces of 
roasted ore, some stone anvils, four wells (there was no natural source of water on the site), small pieces 
of charcoal, a fragment of a tuyere, several crushing stones, etc.

A 208 g lump of iron (SAM I-A 199:46/2) was discovered among much bloomery slag. A piece of 
slag adhered to it and smooth trickles were solidified on its surface, so that it looked like a piece of a tap 
slag. It differed from bloomery slag, however, in its higher density and high magnetism. Preliminary 
examination of the lump showed it to be composed of solidified trickles of pig iron forming a compact 
piece (Fig. 1; Navasaitis 1997; Stankus 1997).

Sag
c lot

d
e, f

Slag
layers

g

Pig iron trickles
0 1 cm

Fig. 1. Lump of pig iron from Lieporiai (SAM I-A Fig. 2. Macro structure of a section from the pig iron: 
199:46/2). 1 to 11 -pig iron trickles; a, b, c -concentrations of

slag; d, e,fg — slag layers between the trickles.
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Methods of examination
A section comprising several trickles was cut from the lump for metallographic examination and for 
analysis of the chemical composition of the metal and the layers and concentrations of slag which were 
incorporated in the lump (Fig. 2). The section was then mounted in a holder and prepared by grinding 
and polishing in the usual manner. The macro examination of the lump was performed by conventional 
methods.

The composition of the metal and slag was examined using a scanning electron microscope-micro
analyser JXA-50A. The major and minor elements (Fe, Si, Mn, Al, Ca, P, Mg, K, and S) were analysed 
using an accelerating voltage of 25 kV and a beam up to 10 nA. For the trace elements (Cu, Ni, Cr, As, 
and Ti) 25 kV and 100 nA were used.

The microstructure of the section was examined by means of optical microscopy, applying microscopes 
LMA 10 and Neophot 2.

The micro hardness of the metallic matrix of the section was tested by using a PMT-3 apparatus, with 
the standard square-based pyramid and a 200 g load.

Macro- and microstructure
Macro analysis of a polished section of the lump showed that the metal trickles were separated from 
each other by thin layers of slag. Some small vents in the lump were also filled by bloomery slag, thus 
forming concentrations. A thin layer of iron oxide generally covered the smooth surfaces of the trickles. 
Their shape (Figs. 1 and 2) strongly suggests they had solidified consecutively, and that they were fairly 
fluid when in their liquid state. Liquid slag had run over the metal trickles and covered their surfaces, 
thus forming the slag layers which separated the trickles.

Metallographic examination of the section revealed a great variety of microstructure in this relatively 
small lump. Separate trickles were of grey, white and mottled iron, resulting from variation in the rate 
of cooling and the chemical composition of the individual trickles. Therefore, a variable matrix structure 
and different types of graphite were found in the sample. The main data are given in Table 1.

Table 1. Microstructure of the pig iron specimen

Trickle
Nr.

Microhardness 
of matrix (limits) 

HV200 MPa Metallic matrix Graphite characteristic

1. 4580-5100 White iron: prevailing columnar cementite 
in free ferrite, some pearlite

Small graphite nodules

2. 1360-1530 Grey iron: a dendritic pattern of ferrite Small graphite flakes, characterized by inter- 
dendritic segregation and preferred orienta
tion

3. 5130-5370 White iron: a dendritic pattern of fine 
pearlite derived from austenite, and a 
mixture of massive acicular free cementite 
with pearlite

Relatively rare fine nodules of graphite evenly 
distributed along a matrix

4. 4490-5070 White iron: prevailing columnar cementite 
in free ferrite

Fine graphite nodules; rare larger graphite 
nodules

5. 4490-5070 White iron: prevailing columnar cementite 
in free ferrite

Small graphite nodules

6. 1410-2380 Grey iron: a dendritic pattern of ferrite, 
patches of pearlite

Prevailing interdendritic graphite flakes; 
rosette grouping of graphite flakes

7. 4560-5010 White iron: prevailing columnar cementite 
in free ferrite, some pearlite

Small graphite nodules

8. 4560-5010 White iron: prevailing columnar cementite 
in free ferrite, some pearlite

Small graphite nodules

9. 1360-3800 Columnar cementite in free ferrite, some 
ferrite dendrites

Small graphite nodules; interdendritic graphite 
flakes

10. 1380-2160 Grey iron: ferrite and pearlite Primary graphite flakes and eutectic graphite
11. 1430-3890 Prevailing dendritic pattern of ferrite, 

patches of pearlite, some free cementite in 
a matrix of ferrite

Prevailing fine graphite flakes characterized 
by interdendritic segregation and random 
orientation, some small graphite flakes and 
nodules
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The grey trickles (Fig. 2: 2, 6, 10, 11) are characterised by various types of graphite flakes distributed 
in a ferritic and/or pearlitic matrix. There were randomly distributed primary graphite flakes and eutectic 
graphite (Fig. 3 a), small graphite flakes characterized by a rosette grouping (Fig. 3b), and fine graphite 
flakes with interdendritic segregation (Fig. 3c). Microhardness (HV200) of the metallic matrix of grey 
iron trickles ranged from 1360 to 2380 MPa.

The metallic matrix of the white iron trickles generally consisted of cementite (mainly columnar in 
shape) in free ferrite. Some areas of the matrix demonstrated a dendritic pattern of fine pearlite and a 
mixture of coarse, free cementite with pearlite (Fig. 4). Micro hardness (HV200) of the white iron trick
les ranged from 4490 to 5370 MPa. In addition, small graphite nodules were distributed throughout the 
matrix of the white iron (Fig. 5). The shape of the nodules was similar to that of tempering carbon but 
the scarcity of clear indications of the decomposition of cementite in the white iron matrix did not sug
gest that the graphite nodules were tempering graphite. Other origins for the graphite nodules should 
not be ruled out.

Fig. 3. Graphite flakes in grey iron trickles (not 
etched): a — primary and eutectic graphite flakes 
(trickle 10); b - rosette grouping of graphite flakes 
(trickle 6); c - interdendritic segregation of graphite 
flakes (trickle 2).

Fig. 4. Microstructure of trickle 3: hypoeutectic white 
iron, showing a dendritic pattern of pearlite (dark 
grey), and a mixture of coarse acicular free cementite 
(light) with pearlite, small graphite nodules (black) 
(2% nital).

Fig. 5. Graphite nodules in trickle 3 (not etched): 
small graphite nodules (black) are distributed along 
a matrix of white iron (back-scattered electron image, 
compo).
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Chemical composition
The carbon content of the lump was found to be fairly high, but not exceeding the eutectic value. The 
average carbon content in the sample was c. 3.32% C, showing that the lump was formed of hypo- 
eutectic pig iron. Other elements reduced from the ore were also detected. The chemical composition of 
the trickles is given in Table 2.

A glance at Table 2 shows the presence of a highly variable concentration of alloying elements in the 
metallic matrix of the trickles (unlike relatively “pure” bloomery iron). Note also the high content of 
manganese (Mn) and, particularly, silicon (Si) which make up the other distinct feature of pig iron. The 
amount of manganese varied from 0.19% in the 10th trickle to 0.47% in the 6th trickle, while the silicon 
content varied from 1.47% in the 6th trickle to 1.79% in the 9th trickle.

The changes in free energy indicate that it is more difficult to reduce Si and Mn from their oxides than 
it is to reduce iron. For example, the temperature required for the reduction of manganese oxides by 
carbon monoxide is c. 1450°C, while that necessary for silicon oxide exceeds 1550°C (Swalin 1964). 
Therefore, during the direct smelting of iron in a bloomery furnace, Si and Mn usually remain in the slag. 
However, silicon can be reduced from oxides at a much lower temperature if the metallic iron participates 
in the process. In that case, the process of silicon reduction begins at 1050°C (Efimenko et al. 1981). 
The silicon and iron compounds so formed (Fe3Si, FeSi, FeSi,) go into solution in the iron, resulting in 
an increase in the silicon content of pig iron.

The manganese content found in all the trickles was many times higher than that usually found in 
bloomery iron. It is most likely that the manganese had been reduced in the furnace by soot (solid carbon 
formed from carbon monoxide during the smelting process), as the process of manganese reduction by 
solid carbon would begin at 1100°C (Efimenko et al. 1981).

The concentrations of sulphur and phosphorus in the lump probably indicate that the smelted ores were 
significantly heterogeneous. The phosphorus content of all but one trickle was uniformly low, varying

Table 2. Chemical composition of metallic matrix, weight %.
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Mn 0.40 0.46 0.47 0.29 0.19 0.24
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Cr 0.05 0.14* 0.09 0.04 0.01 0.01
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from 0 to 0.21%, but the 6th trickle contained up to 0.72% P. The sulphur content of the specimen was 
also low, not exceeding 0.08%; only the 5th trickle demonstrated as much as 0.27% sulphur. The analy
sis revealed that the distribution of sulphur in the metallic matrix was coincident with the manganese 
distribution, showing that manganese sulphide had been formed (Fig. 6). As manganese sulphide (MnS) 
has very low solubility in iron, it had remained as fine suspended particles in the smelt.

Elements such as copper, nickel and arsenic can be reduced from their oxides more easily than can 
iron, and they enter reduced iron as a solid solution during the smelting process. Nevertheless, the con
tent of Cu, Ni and As in the metallic matrix of the trickles was uniformly low, indicating that there had 
been an insignificant amount of these elements in the ores. Many other metals present in the gangue 
minerals in bog ores are more difficult to reduce so only the traces of some of them (Ti, Ca, Cr) were 
found in the lump.

The layers and concentrations of slag
In addition to the slag adhering to the lump, some concentrations of slag within the lump of iron were 
observed (Fig. 2). Analyses of the slag layers and slag concentrations in a lump of iron can yield infor
mation about specific parameters of the formation of pig iron in a bloomery furnace. The results of the 
analyses carried out here are listed in Table 3.

Analyses of the slag concentrations and layer d (between 5th and 6th trickles) showed a kind of slag 
different from with normal bloomery slag produced by the direct smelting process (Table 3). The analy
sis showed a uniformly low iron oxide (FeO) content (9.9%—10.8%), but a high silicon oxide (Si02) 
content (51.1 %—58.3%). No free wüstite was observed although small rounded droplets of smelted iron 
were revealed in a homogeneous glassy mass of slag. Small quartz grains were also found in some of 
the layers and the concentrations (see layer/in Table 3). Therefore, a high degree of iron was extracted 
from the ore during the smelting process.

Table 3. Composition of slag clots and layers, weight %
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CaO 11.4 13.3 20.5 14.1 0.1 n.d. 0.8

K,0 0.3 0.3 0.4 0.4 0.04 n.d. 0.1
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Fig. 6. Manganese sulphide distribution in the metallic 
matrix of trickle 5: compo - back-scattered electron 
image (metallic matrix - iron carbides in ferrite, 
graphite nodules, andfine black spots of MnS); Mn and 
S - distribution ofmanganese and sulphur respectively 
(the density of the light spots is proportional to the 
relative concentration of the respective element).

There was also an unexpectedly high content of calcium and aluminium in the slag (CaO content 
ranged from 11.4% to 20.5%, and Al,()3 content ranged from 10.1 % to 11.8%). In contrast, the tapped 
bloomery slag from Lieporiai showed a relatively low calcium oxide (3.2-5.2%) and aluminium oxide 
(1.2—2.4%) content.

The thin film (20-50 pm) of iron oxide covering the surface of the trickles and separating them from 
slag concentrations and layers (Fig. 7) suggests that the trickles had briefly been in an oxidizing environ
ment and had solidified before the slag layers covered them.

Conclusions

Fig. 7. The interface of a slag concentration and pig 
iron trickle 2 (back-scatteredelectron image, compo): 
pig iron trickle (light, with small graphite flakes) is 
separatedfrom the slag concentration (dark) by afilm 
of iron oxide (variably grey). Fe - iron concentration 
in corresponding phases.

1. Carbon is the principal element defining the properties of pig iron. The other elements, particularly 
silicon and phosphorus, also affect the composition of the eutectic point in an alloy and, therefore exert 
a certain influence on its properties. The carbon equivalent values (C.E.) of the trickles, taking into ac
count the amount of Si and P, have been calculated following Rollason 1965: C.E. = C% , + l/3(Si% 
+ P%). The C.E. values were determined as being fairly high, ranging from 3.88 to 4.05. The liquifying 
temperature of pig iron with such C.E. values is quite low, not exceeding c. 1200-1230°C. Hence, the 
melting point of the smelted pig iron could be the same as the melting point of the slag.

2. The white iron matrix of most of the trickles indicates that the cooling rate was extremely high when 
the trickles were solidifying. It was previously supposed that this lump could have been formed when 
small portions of smelted pig iron were being tapped from a bloomery furnace in a cold environment, 
but the morphology of the lump and the peculiar 
microstructure of the trickles suggest that the 
lump had been solidified in a blast of cold air 
somewhere near the tuyere.
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Introduction
Palessye is an unusual region in the south of Belarus. As early as the middle of the 1st millennium BC 
craftsmen of the Milograd culture, under the influence of Skiff and Celtic tribes, mastered iron work
ing and smithing. They began in Palessye approximately three centuries earlier than elsewhere in the 
country. The reasons for the origin and development of these activities were the deposits of ore in bogs 
and meadows everywhere, the availability of wood for charcoal, and the clay for building bloomeries 
and furnaces etc. Most importantly, there must have been talented people among the population who 
learned the skills needed for successfully reducing iron from ore and for making all sorts of artefacts 
from the iron. The blacksmiths’ products, accumulations of metallurgical waste such as slag, and remains 
of furnaces that have been discovered prove the native manufacture of iron and steel.

S. Barkouski and V.Skardzis (1931), A.N.Laudanski and K.M.Palikarpovich (1932;1933) have studied 
the metallurgy, and B.A.Kolchin (1953; 1967) and J.Piaskowski (1967) have undertaken the metallo- 
graphic examination of the iron artefacts. The great quantity of raw materials, particularly bog ore, from 
the region confirms the results of earlier geological researches (Bliodukho 1952).

The materials and the methods of examination
A typological study of the artefacts has been supplemented by metallographic analyses of 418 objects 
from 30 archaeological sites in Belarusian Palessye (Fig. 1). One hundred and fifty-eight artefacts found 
in the settlements of Bartalameyauka, Ivan, Lakhva, Lemeshevichy, Liski, Lipnyaki, Lyubny, Padgorye, 
Prysno, Stara-Krasnaye, Khilchytsy, Chaplin, Yastrabka date from the early period (6th century BC to 
5th century AD). The Early Medieval Period is represented by 125 iron and steel artefacts from Gomel, 
Garadzishcha, Gryukovichy, Kazhan-Garadok, Kimbarauka, Nadatki, Nisimkavichy, Nasovichy and 
Franopal. One hundred and thirty-seven metal objects have been found in 14th- to 18th- century monu
ments: Chernichy, Dubovy Loh, Pershamayskaya, Rechytsa, Ramanava, Ruda, Kamen, and Noviya 
Gramyki. Fig. 2 illustrates some of the artefacts from Belarusian Palessye that have been analysed. 1 am 
very grateful to V.Viargey, A.Yegareichanka, Y.Zalashka, A.Iou, V.Isayenka, A.Kalechyc, M.Lashankou, 
A.Makushnikau, L.Pobal, and S.Rassadzi for making the objects available for investigation

The traditional methods of metallographic research have mainly been used. One or more samples 
were taken from each object and polished sections prepared. A solution of 3% nitric acid in ethyl alcohol 
(nital) and etchingagent by Oberhoffer was used for examining the microstructure. The microstructure 
was studied and photographed using Reichert and Carl Zeiss Jena microscopes. The microhardness of 
the structural components was measured with an Akashi apparatus. Some of the items consisting of iron 
and steel welded together were radiographed by a Cameca microanalyser. For a more detailed descrip
tion of metallographic methods used see (Gurin 1987).

Results of the metallographic research
The metallographic analysis showed that the iron artefacts were made of bloomery iron, raw steel and then 
normal steel. The iron had a ferrite structure with occasional heterogeneous crystallites or slag inclusions 
(Fig. 3: 1-2). Needle-shaped inclusions of nitride were recorded in some objects (Fig. 3: 3). Raw steel 
was characterized by irregular distribution of carbon and sometimes by the presence of Widmanstetten 
structure (Figs. 3 and 4). Some artefacts had zones of high carbon-content with abundant ferrite; others
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Fig. I. Location map of archaeological settlements in Belarusian Palessye where the metallographically 
examined iron artefacts were made: 1 — Ruda, 2 - Franopal, 3 — Pershamaysk, 4 - Kamen, 5 - Garadzishcha, 
6 - Gryvkovichy, 7 — Lemyashevichy, 8 - Kazhan-Garadok, 9 — Lakhva, 10 - Chernichy, 11 - Khilchytsy, 12 
— Ramanava, 13-Ivan, 14 — Kimbarauka, 15 -Nadatki, 16-Liski, 17- Stara-Krasnaye, 18 - Rechytsa, 19 — 
Lipnyaki, 20 - Yastrabka, 21 - Chaplin, 22 - Lubny, 23 - Gomel, 24 - Prysno, 25 - Nisimkavichy, 26 - Noviya 
Gramyki, 27 - Bartalameyauka, 28 - Dubovy Loh, 29 - Nasovichy, 30 - Padgorye.

had a heterogeneous steel structure and variable carbon-content with a ferritic grid on the boundary of the 
pearlite grains (Figs. 3 and 5). High concentrations of carbon in the bloomery metal were recorded even 
in the iron artefacts from the earliest period; they had zones of net-like cementite against a background 
of pearlite (Fig. 3: 7-8). It noteworthy that the cementite net proved to be more resistant to corrosion, as 
seen on the corrosion-damaged fragment of the polished specimen (Fig. 3: 6).

Phenomena such as streakiness were recorded in both the early and Medieval iron artefacts. The 
streakiness was often the result of the plastic treatment of objects with an uneven distribution of carbon, 
but was never the result of welding (Fig 4: 1-4). More often, streaky structures were formed by so- 
called pseudo-blocking, when the raw metal was forged into a thin layer, folded several times and then 
welded together. In this way a “block” may contain layers with varying carbon-content (Fig. 4:5-6). 
After undergoing this treatment, the microstructure of an object may have acquired some veining char
acteristics (Fig. 4: 7). Sometimes the streakiness was caused by a heterogeneous granularity of parts of 
the polished section although it was practically impossible to observe welding joints on the boundaries 
of those zones (Fig. 4: 8).

The metallographic analysis showed that in the 10th - 12th centuries the Medieval blacksmiths of Be
larusian Palessye had perfected distinct technological methods for making different products, especially 
knives. Iron plates were welded on each side of a central plate forming the cutting edges; this ensured 
the long life of the easily sharpened blade. The high quality of the joins shows that the art of welding
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Fig. 2. Some of analysed objects from Belarusian Palessye: 1,20 - Ivan; 2,4 - Padgorye; 3,17 - Chaplin; 
5,6 - Prysno; 7,35,36 - Stara-Krasnaye; 8,14,26,27 - Ramanava; 9,11,25 — Nisimkavichy; 10,38 - Franopal; 
12,13,19,23,28,30,33,34,37 — Chernichy; 15,21,24 - Liski; 16 - Kazhan-Garadok; 18 — Khilchytsy; 22 - 
Lemyashevichy; 29,31,32 - Kimbarauka.
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iron to steel had been mastered (Fig. 5: 1-8). The higher quality of the steel plates indicates that the steel 
and iron for a billet were rigorously selected. Iron plates were subject to less intensive plastic treatment, 
as shown by the numerous slag inclusions, both very large and very small, induced by hot hammering 
(Fig. 5: 1,4, 5 and 8). The diffusion of carbon from the steel plate to the iron plates could be observed 
in some examples (Fig. 5: 6). Most three-layer knives were hardened but there were exceptions (Fig. 
5: 8); it may be that being exposed to a cremation or other fire could have resulted in a hardened piece.

In the 12th century, the simpler method of butt-welding the steel face onto the iron blade replaced the 
three-layer method. In the earlier periods the welding joints were not always good enough, and so cor
rosion occurred (Fig. 6: 1). The diffusion of carbon from the steel to the iron means that welding joints 
may sometimes be seen by the eye (Fig. 6: 3 and 5) and they are often clearly visible under a microscope 
(Fig. 6: 2, 4 and 6). In the 16th to 18th centuries overlapping welding became more popular, especially 
for axes (Fig. 6: 7). It must be noted that in the Late Middle Ages the blacksmiths’ skill was regrettably 
poor, so that iron plates were butt-welded by mistake (see the micrograph in Fig. 6: 8).

Evidence for heat-treatment is very seldom found in the early period. For example, martensitic micro
structure was visible in a knife from Prisno (Fig. 7:1). The craftsmen used other means of hardening the 
cutting edges of the tools. Thus, in the sickles from Ivan, measuring microsolidity revealed remains of 
the active face of a blade.

In the Early Medieval Period (the period of the principalities), most iron artefacts were heat-treated 
and were mainly hardened. The objects were hardened either in cold water or in other liquids, depending 
on the intended function. Drawing-back is also observed in some hardened artefacts. Microstructures 
imply martensite (Fig.7: 1-4), martensite with troostite (Fig. 7: 5-8) and sorbite.

Files and other objects were carburised, soldered (epecially locks and sometimes keys) artistically 
forged etc.

The development of iron metallurgy and smithing
In the early period iron was directly reduced from ore in small furnaces, producing blooms weighing no 
more than some hundreds of grammes. Therefore, the artefacts made by the blacksmiths were small in 
size and of specific shapes: angular-backed knives, bushed axes, slightly bent sickles etc. (Gurin 2001). 
Hand hammering and welding were also practised (Fig. 8), but cementation and hardening were not in 
extensive use. In this sense, native metalworking was similar to the Scythian level (Piaskowski 1967). 
New research into sites near the river Vorskla, however, has shown that knives and sickles frequently 
were hardened [20]. Nevertheless, the blacksmiths of Belarusian Palessye were, in many respects, less 
advanced than their Celtic neighbours who lived in oppida (Pleiner 1982a) and also than the Germanic 
craftsmen/smith's who were already experimenting with the three-layered packet method (Pleiner 1982b). 
Bearing in mind that structural streakiness did not always result from the welding of iron and steel (Pi
askowski 1981), it should be noted that in the 5th to 8th centuries billets were quite frequently built up by 
welding layers together, particulary when making axe blades.

The furnaces increased in size during the 9th to 13th centuries so that they could produce blooms of 3-6 
kg (Kolchin 1953). Blacksmithing reached its peak during this period. Three-layer billets were normally 
used, but in the 13th century this technique was replaced by welding steel cutting edges onto iron blades. 
This change may be explained by the growth of towns, which became craft and trade centres. The same 
phenomenon is recorded in the Ukraine where most agricultural and some artefacts were decorated with 
incrustation.

In the period of the Grand Principality of Lithuania and the Polish-Lithuanian Commonwealth in 
Palessye, a widespread network of small metallurgical workshops (rudnia) grew up. The term rudnia can 
be found in Vladimir Olgerdovich’s charter written in 1390. Mechanization of production, including the 
use of waterwheels, was in common in 16th - and 17th - century rudnia although all the operations were 
still done by hand in some; they produced only 4 to 7 pounds of bloom per day and operated seasonally 
(Melnikovskayal 967). The widespread use of waterpower began in the 18th century; two wheels operated 
the bellows of blast and bloomery furnaces and a third wheel drove the forging hammer. By the end of 
the century, there were big rudnias in Gorvol (Rechytsa region), near Babruysk, Mozyr and Pinsk, with 
an annual production of c. 13 tons of metal.

Duke Anthony Tysenhauz initiated the construction of a metallurgical plant near Brest in 1768. There
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Fig. 3. The microstructure of iron and steel implements: 1 - Nisimkavichy, scythe 14, *100; 2 - Ramanava, arrowhead 
10, *200; 3 - Chaplin, fibula, *500; 4 - Nisimkavichy, knife 4, *200; 5-Liski, pin 4, *100; 6— Chernichy, knife 8, 
*200; 7,8 - Stara-Krasnaye, axe 1, *500; etched using 3% nital.
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Fig. 4. The microstructure of implements with streakiness: I - Chernichy, axe 84, xlOO; 2 - Lemyashevichy, axe 11, 
x200; 3 — Chaplin, knife, *200; 4 - Ramanava, knife 6, x200; 5- Chernichy, spoon-bit, x-100; 6 - Kazhan-Garadok, 
knife (?), *100; 7 - Nisimkavichy, knife 9, *100; 8 - Nisimkavichy, knife 4, x200.
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Fig. 5. The microstructure of three-layer combined iron and steel objects: 1-5 - Nisimkavichy, knives 4,5,10,11,12, 
xlOO; 6- Chernichy, axe 85, x80; 7 - Franopal, knife, xlOO; 8 - Nisimkavichy, knife 1, xlOO.
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Fig. 6. Welding zone of combined iron and steel objects: 1 - Chaplin, knife 3, x100; 2 - Gomel, knife, x200; 3 — 
Ramanava, knife 5, x200; 4-6 - Lemyashevichy, knife 2-4, *200; 7 - Rechytsa, axe 2, *200; 8 - Nisimkavichy, 
scythe 14, *100.
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Fig. 7. The microstructure of hardened steel pbjects: I - Prysno, knife, *500; 2 - Nisimkavichy, knife 9, *500; 3 - 
Chernichy, axe 88, x500; 4 - Chernichy, knife 39, xlOO; 5 - Nisimkavichy, knife 12, *100; 6 - Gomel, axe, x500; 
7- Garadzishcha, knife, *300; 8 - Chernichy, knife 11, x100.
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Technological schemesPeriod

VI—1 c. B.C. 1-VDI c. A.D.

LX—XI c. XII—XIII c.

XIV—XVI c. xvn—XVIII c

77777, • _
1 2 3 ////A 4 i • 5

Fig. 8. The development of technological methods in Belarusian Palessye from the 6"' century BC to the 18'h 
century AD.
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were 20 buildings at his works, including a high blast furnace, two bloomery furnaces, two puddling 
furnaces, storehouses, and smithies. Ten ironmasters, 30 assistants and nine pupils were employed, and 
in addition 130 local people were engaged in the preparation of the raw materials. The foreign engineer 
Schober managed the company for a number of years. Cast iron was made in the blast furnace and then 
converted into malleable iron in the puddling furnaces. End products included steam boilers, anvils and 
agricultural implements (Kula 1956).

Through the period mentioned above, steel working-parts continued to be welded on the iron surfaces 
of implements, but gradually the proportion of knives made of combined iron and steel declined, from 
60% of the whole in the 13th century to 35% (Gurin 2001). About 5% of the knives were welded on both 
blade and back; this cannot be explained by a demand for such tools. The building up of billets, carbu
risation and the hardening of steel and combined iron and steel objects continued, but c. 1% of them 
were made of iron, presumably for specific commercial purposes. In this respect, the artefacts carrying 
stamps, which have been found in Rechytsa, Chemichy and other sites, are very significant. The iron 
artefacts with stamps found in Novgorod or Moscow, Russia, are thought to have been imported from 
West European production centres (Belenkaya and Rozanova 1988), but in Belarusia the state tried to 
prevent counterfeiting by the obligatory stamping of goods, wherby producers of low quality products 
could be traced (Kopysskiy 1966). This apparently had little effect as most artefacts bore no stamps.

Conclusions
Studies of metallurgy and smithing over such a long period of development have demonstrated the 
evolution from small furnaces to large ones, and from direct reduction to a two-stage technology. The 
development in the blacksmiths’ production can be seen as a gradual transition from implements made 
solely of iron or steel to an extensive use of combined iron and steel (three-layer billets, a hard steel 
overlay on the base metal). The decline in standard in the 17th and 18th centuries can be explained both 
by a simplification of the technology used in manufacturing traditional artefacts and the transition to 
producing machine tools. Despite the import of iron, steel and ready-made objects (Guidon 1987; Osiń
ski 1982; Svanidze 1980), the population continued to obtain most of its essential tools and implements 
from local metal workshops.
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Iron Working on the Thernjchov Settlements in the Ukraine Territory
Dmitrij Nedopako

Institute of the archaeology National Science,Academy of the Ukraine 
Ukraine, 04210, Kiev -210 

Av. Geroev S'talingrada, 12, Ukraine

The collection of iron artefacts consists of 19 finds (knives, axes, avies and other types). These goods were 
excavated near Obuchov city, Kiev’s region and date to the second quarter of the first millennium A.D.

The structure of the goods was investigated by the metallographical method. The quality of iron was 
determined by the quantity of non-metal inclusions. 72% of the goods was made of pure material.

High content of non-metal inclusions was discovered in 3 knives, the jeweller instrument and swith. 
The swith is usually made from inferior material.

60% of the goods was made of iron and steel (44% steel and 17% iron). 39% of the goods was carbu
rized and 33% of the goods was tempered.

We didn’t discover re-heating structures in this collection. This fact may indicate that non-ideal heating 
constructions were used for heating metals before treatments.
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Early Iron working in Latium: the Case of Ficana
Eero Jarva

Department of Art Studies and Anthropology 
University of Oulu, Finland

Abstract
Italo-Nordic excavations were carried out in 1976-1982 near Ostia on a site identified as Ficana. This 
was one of the cities destroyed according to tradition by Ancus Marcius, the fourth king of Rome.

The excavations yielded among other finds altogether more than eighty small pieces of iron slag and 
fragments ofcoarse pottery contaminated by slag, totaling close to 10 kg. The present writer is responsible 
for the archaeological classification ofthe finds, in addition to which they have been analyzed extensively 
by Seppo Sivonen, Ph.Lic. (Institute of Electron Optics, University of Oulu, Finland) using scanning 
electron microscopy (SEM) and x-ray microanalysis; furthermore, chemical analysis of some pieces 
was determined by x-ray fluorescence (XRF). Doc. Pertti Kokkonen, Ph.D., (Department of Chemistry, 
University of Oulu) has participated in the chemical analysis of the finds.

The most prominent group among the slag finds proper is formed by plano-convex cakes, which are 
typical for small smelting furnaces and smithing hearths. In this case it is probable that we are dealing 
with rests ofsmithing activities. Furthermore, there is a great number ofslag-contaminated sherds from 
large pots, a feature up to now not well known in archaeological literature and thus seeming to add 
something to our knowledge of the early iron technology in central Italy.

The earliest contexts of the slag finds from Ficana are marked by the presence of Geometric pottery 
datable not later than the mid-8th century BC. This is notable considering that the earliest iron objects 
from Ficana are datable not earlier than around 700 BC. Although thefinds from Ficana do not represent 
the earliest phase in the appearance of iron in central Italy, they seem to signify an important moment 
in the introduction of this metal, the moment when use of iron became common. Recalling that this testi
mony at Ficana is connected to Geometric ceramic finds, which are probably partly of Euboean origin, 
it seems possible that in the iron technology, too, there is an underlying Euboean connection.

Introduction
The site of the ancient settlement called Ficana has been identified on a low hill of Monte Cugno, over
looking the Tiber near the modem suburb of Acilia on the way from Rome to Ostia. The identification 
has been possible because there is information that Ficana would have existed near the 11th milestone 
of the Via Ostienses,1 which was found in the 19th century.2 Ficana is mentioned by Pliny as one of the 
53 ancient Latin populi which have been lost without leaving any trace.3 Dionysios of Halikamassos, 
again, tells that the destroyer of the polis of the Ficanenses was the fourth king of Rome, Ancus Marcius, 
who moved the inhabitants of Ficana to Rome.4 Furthermore Livy mentions that the inhabitants of the 
occupied cities were transferred to the Aventine hill in Rome.5

The excavations carried out in 1976-1982 by the Italo-Nordic team on the Monte Cugno have shown 
that the settlement on the site had a consistent final Bronze Age, the Protovillanovan settlement formerly 
hardly known in ancient Latium.6 Several excavation areas showed strong activity on the site from the 
early Iron Age onwards until the middle Republican Period. During the early Iron Age the settlement 
was concentrated mainly on a quite small (c. 5 ha) fortified hill top, but during the 7lh-6th centuries BC, 
the settlement was enlarged to cover twice as large an area, still representing the smaller ones among 
the contemporary Latin and Etmscan settlements, among which Rome and some other cities several 
hundred hectares comprised.7

The excavations yielded, among other finds, a notable amount of metal slag, altogether more than eighty 
small pieces of slag and fragments of coarse pottery contaminated by slag, totaling close to 10 kg. The 
majority of these finds comes from excavation zone 4a, but other zones, too, are well represented. The
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finds have been analyzed together with the present writer extensively by Seppo Sivonen, Ph.Lic. (Institute 
of Electron Optics, University of Oulu, Finland) using scanning electron microscopy (SEM) and x-ray 
microanalysis for determining the microstructures in the finds. Doc. Pertti Kokkonen, Ph.D. (Department 
of Chemistry, University of Oulu) has participated in the analytical work. Furthermore, chemical analysis 
of six pieces was determined by x-ray fluorescence (XRF) in the Rautaruukki [‘Ironworks’] Research 
Center (Raahe, Finland), where also the carbon contents of fifteen samples were analyzed.

The main features of these iron slag finds from the Ficana excavation are presented in this paper together 
with an attempt to put forward a general interpretation regarding the nature and significance of them.8

The typology of the slag finds from Ficana
Although the great majority of the slag9 finds from Ficana clearly are related to iron working, there are 
some faint signs of the working of copper and probably of its alloy bronze, too. The presence of iron was 
easily noted: many pieces were very heavy and markedly covered by reddish-brownish rust. Moreover, 
some pieces (reacted with magnet) were magnetic.

The iron slag discussed here can be classified into two main groups: pieces of slag and pieces of ter
racotta contaminated by slag. Among the slag finds, one can distinguish several categories,10 of which 
the most numerous (at least fragments from 10 different pieces) is formed of heavy plano/concave- 
convex slag cakes. The general outline of these cakes is rounded, the diameter ranging around 10 cm 
with a weight about 0,4 kg. In the best preserved examples of such slag cakes, one edge has smoother 
features and greyish colour differing from the main rusty surface which contains also carbon rests and 
other small organic remains. High iron content is typical of the slags of this group, fluctuating in the 
range of 50 to 60%.

The above characteristics are roughly taken similar both to slag recognized as product of iron smelt
ing and that formed in smithing activity. Thus, for example Tylecote has stated that it is “safer to accept 
only the presence of ore or tap-slag as evidence for iron smelting”.11 Some of the cakes from Ficana and 
other sites match both typologically and in their micro structure with certain smelting hearth bottoms,12 
but whereas the latter weigh regularly rather tens of kilograms the former usually are below half a kilo. 
Slag cakes from Helgö (Sweden) not only correspond to the Ficana ones in their size, form and surface 
appearance, but also in having a smoother surface in one place of the edge, which can be explained to 
have formed close to the bellows, where the heat has made the slag fluid.13

We are thus dealing in this central slag group with smithing hearth bottoms. In one of them, a special 
feature is visible: both in its contours and in its fracture one can see a stratified structure, probably as a 
result of different working phases between which slag has solidified.

There is also another weakly represented group of slag which can have a quite similar cake-like form 
as described above, but the upper surface has smoother contours and there are also traces of running 
features in slag. The main colour is lighter than in the above slag cakes. The average iron content is lower 
than in the above slag cake group, in the figured specimen 34.8 mass percentages (XRF-analysis).

Some fifty finds form the most prominent group, among the slag finds from the Ficana excavations: a 
series of slag-contaminated fragments of terracotta. These seem to be fragments from large pots. In these 
fragments there are remnants of small holes, with diameters of between 2.5-3.5 cm. The inner diameter 
of such pots must have been in most cases in the range of more than 50 cm. It is noteworthy that the 
slag remnants are regularly on the convex, the outer side of these terracotta pieces, with one exception 
only. Terracotta around the hole on the convex (outside) is regularly vitrified and thinned to some extent, 
clearly as a result of great heat which has mixed clay slag thus formed with the metal slag proper.

How does one interpret these terracotta pieces? Such large vessels, dolia, with slag contamination are a 
feature up to now not well known in archaeological literature: it is not difficult to find slag contaminated 
terracotta objects, but they are either tubular tuyeres or clay plaques used to protect bellows. There is 
also a third theoretical possibility: pot bellows known from ancient Egypt,14 but it seems clear that they 
were not operated so close to the hearth that they would have partly smelted. Among the discoveries from 
Pithekoussai, there is a find from the so-called metalworking quarter, which is interesting in this context. 
In “the blacksmith’s shop” fragments of large terracotta vases were found connected to a metalworking 
hearth, interpreted as being used as a part of it (“a hearth of large pieces of coarse pottery vessels”).15 
Having seen reconstruction drawings of the Ficana finds, Dr. Giorgio Buchner has been prone to say that
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we are dealing with the same type of find (personal communication).16 My hypothetic interpretation is 
that we are dealing with rests of pot bellows of a type, differing markedly from the bellows represented 
in Athenian vase-paintings,17 a type for which it is not easy to find certain parallels.18

It seems clear that the above mentioned slag cakes and the large perforated pots belong closely together, 
which is suggested also in some cases by the similar character of the slag in them. A feasible reconstruc
tion is that a large pot provided with a hole near the bottom was located near an open pit hearth and some 
kind of leather cover of the pot equipped with a valve was used for pumping air into the hearth. There 
is no indication of the presence of standing shaft furnaces. The relatively great number of these finds is 
not incompatible with this interpretation: if we are dealing with remains left by one smithy operating 
at Ficana contemporaneously, we can calculate that such pot bellows withstood the heat of the nearby 
hearth only some decades at the most, perhaps only a few years.

The Ficana excavations have yielded to some extent also very light and weakly iron-bearing slag 
pieces: some small and globular in shape, some others having rather a plano/convex form. Similar light 
slag appears also in some cases fastened to the slag-contaminated pot sherds, suggesting that at least 
partly such slag was formed from the clay that melted in the heat of the hearth. Both in the lighter and in 
the darker areas there are non-smelted white sand grains. On the other hand, there are some quite small 
and irregular - in some case as if flattened - pieces of slag in which the iron percentages are exception
ally high. The physical characteristics seem to lead to a conclusion that part of the slag in this group 
would have been formed between the hearth and bellows, perhaps even partially attached to the latter 
mentioned, by scraping, maybe in order that, the slag would not hinder the proper functioning of the 
bellows. On the other hand, it is not excluded that slag of this group would be at least partially resulting 
from hammering on the anvil near the hearth.

One of the iron slag finds from Ficana differs markedly from all the others: it seems to be a fragment 
of an almond-shaped piece broken in the middle or near the end. The unbroken surfaces of this specimen 
are relatively smooth and it is relatively heavy (305 g, with the size about 6.5 x 7 cm), as a result of high 
iron contents (61 mass percentages). There are numerous visible small pieces of charcoal which raise its 
carbon contents (0.41%) slightly above the medium (0.308%), and there is a tough layer of rusted iron in 
it. It seems that in this case we are dealing with an iron bloom, the original weight of which could have 
been in the range of one kilo or even somewhat more. Although in this case the find is not properly early 
(probably the Roman Republican period), we discern an early general feature in that the size of blooms 
has a rising tendency in the history of iron working.19

The find context and chronology
The majority of the finds comes from the excavation zone 4a characterized by a stratigraphy ranging 
from the Late/Final Bronze Age, through early Iron Age to the Republican period, but other excavation 
zones, too, are represented among the finds.20 As to the relative chronology of the finds in question, it is 
remarkable that among the slag-contaminated pottery fragments there are intrinsic signs of it, too: some 
of them are clearly comparable with early Iron Age hand-made coarse ware whereas in some of them 
can be identified the use of the potter’s wheel, which was introduced in the production of the tableware 
pottery in the Latin cultural phase III, i.e. in the course of the 8th century BC, and only in the next phase 
characterized by Orientalizing features it was widely used.21 In the first phase (I) which is characterized 
by the so-called Protovi 11 anovan pottery, there is no iron slag, but possibly one piece of bronze slag comes 
from this context. The earliest contexts (phase III. Fig. 1) of the iron slag are, in layers characterized by 
a rich presence of charcoal accumulated in the bottom of a long ditch (phase II) in the N-S direction, are 
marked by the presence of Geometric pottery datable not later than the mid 8th century BC,22 correspond
ing thus roughly taken with the Latin cultural phase III. In the next phase (IV), corresponding more or 
less with the Latin cultural phase IVA (late 8th - early 7th century BC), signs of metallurgical activity are 
still more accentuated: more than half of the finds comes from the layers of this phase. In this phase the 
main part of the finds are closely connected to a rectangular hut in which there are at least in its later 
phase elements of normal domestic finds, such as cooking stands, spindle whorls, loom-weights and 
bobbins, and infant burials usual in the early Roman and Latin settlements.23 In the later layers of zone 
4a, mainly datable to the later 7th and 6th centuries BC when a small house with tufa foundations (phase 
V) was erected on the site of the earlier rectangular hut, the presence of slag finds is markedly lower.
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The finds from other excavation zones, especially from zone 6b, give evidence of working of iron even 
later, until the middle Republican period.

There are several iron objects found in Ficana zone 4a, the earliest of which are datable to the late 
8th - early 7th centuries BC: e.g. a spear head,24 knife25 and a chisel blade.26 From a little later context 
comes a piece of laminated iron with rests of copper oxides:27 tip of a pair of blacksmith’s thongs? In 
zone 3b the earliest iron find, a non-identified object from child grave 1, is datable to c. 700 or the early 
7th century BC.28

General evaluation of the finds
The earliest iron object known at the present in the western Mediterranean has been discovered in Sar
dinia, in association with a Cypriot vase dated to shortly before 1200.29 After that time, there are to some 
extent finds of iron objects from the Italian peninsula30, but until the 8th century they are relatively rare. 
Especially from the late 8th century BC and the 7th century onwards, there is a marked increase in the 
presence of iron in both funeral and settlement contexts.31 There has been discussion of the role of the 
Greek colonization in the process of the introduction of iron and iron technology in Italy. Especially the 
Euboean pioneers are often mentioned in this connection32 because they established Pithekoussai on the 
island of Ischia, the first known Greek base in the west. The excavations there led by Dr. Giorgio Buch
ner have provided us with important early traces of metallurgical activity, datable between the mid 8th 
and beginning of the 7th century.33 Recently, however, the importance of Sardinia has been put forward 
in the discussion as the primus motor for the outset of the exploitation of the metallurgical resources 
of Villanovan Etruria in central Italy.34 On the other hand, contrary to the view that Pithekoussai would 
have exploited the minerals of Elba already in the 8th century These minerals are later known to have 
been processed in great amounts in Populonia, and that the ‘Homeric’ ships would have sailed with iron 
cargoes towards the west,35 it has been argued that the tide was opposite: according to S.C. Bakhuizen 
the Euboean Chalcidians imported their technical ability and perhaps at first even used their own raw 
material in the west, “which was in some respects technologically underdeveloped.”36 Moreover, in light 
of the present state of research, the signs of active exploitation of iron ores in the mineral rich Etruria 
began for example in the case of Populonia only in the course of the 6th century BC.37 At present, traces 
of early ironworking in ancient Latium are not well documented, but there are significant finds from the 
excavations at Satricum where there is evidence that at least from around the mid 7th century BC intensive 
metallurgical activity began and continued until the 4lh century BC.38

Against this background, the discovery of ironworking near the mouth of the Tiber, the major river in 
central Italy, has special interest, which cannot be fully assessed in this connection. The mere fact that 
the active smithing at Ficana starts in the course of the 8th century is an indication that some essential 
change took place in the lower Tiber valley where early Roman, Latin, Villanovan Etruscan as well as 
Greek and Phoenician interests met. Although testimonies of iron metallurgy from settlement excava
tions from Latium are still few, together with finds from nekropoleis, the finds of Ficana suggest that the 
true age of iron begins from about the mid-8th century onwards.39 It seems possible that we can again 
taste the presence or influence of the Greeks, especially that of the Euboeans: that can be recognized at 
least in the Greek or Greek-influenced pottery in Geometric style, including also skyphoi, called often 
precolonial, decorated with chevrons and pendent semicircles.40 According to D. Ridgway these together 
with cheese-graters, the ‘Homeric’ tools41 with a distribution covering the metal-bearing area of Tuscany, 
are associated with metallurgical activity.42
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Endnotes
1 See especially Sextus Pompeius Festus (C.M. Lindsay, ed. Minor Teubner 1913:298,8): Puiliasaxa esse ad 

portion, qui sit secundum Tiberim, ait Fabius Pictor: Quem locum pulat Labeo did, ubifuerit Ficana, via 
Ostiensi adlapidem undecimum. (Fabius Pictor says that Puilia Saxa has been on the Tiber in the place where 
a port had existed: Labeo supposes that that is the place where it is said Ficana was, on the 11th milestone 
of the Via Ostienses.)

2 T. Fischer-Hansen, Topografia generale Scavi di Ficana 1. In collaboration with G. Algreen-Ussing and with 
a contribution of C. Pavolini. Rome.1990:35-38, figs. 19a-d

3 Pliny, Naturalis Historia III 68-70.
4 Infact the manuscripts seem to refer to the inhabitants of Fidenae, but because this ancient settlement is 

treated later in the text (III 39.3) it is probable that we are dealing with Ficana.
5 Livy, Ab urbe condita I 33.3.
6 For the Protovillanova, see F. Di Gennaro, “Protovillanoviano”, Enciclopedia dell 'ArteAntica. IISupplemento 

(1971-1994) IV (Rome 1996), pp. 488-496 with references; at Ficana: C. Malmgren, “La tarda etå del 
bronzo in Italia. Cenni riassuntivi con riferimenti a Ficana”, in Ficana 1981, pp. 52-58; C. Malmgren, 
“Early settlement at Ficana”, Munuscula Romana. Papers read at a conference in Lund (October 1-2, 1988) 
in celebration of the re-opening of the Swedish Institute in Rome (Skrifter utgivna av svenska institutet i 
Rom 8° XVII. Stockholm 1991), pp. 17-28; C. Malmgren, Ficana. The Final Bronze and Early Iron Age 
(Diss. Lund 1997). For Ficana in general: Ficana, una pietra miliare sulla strada per Roma (Rome 1981); 
Fischer-Hansen 1990; J.R. Brandt - T. Fischer-Hansen, “Ficana”, Enciclopedia dell’arte antica classica 
e orientale. II Supplemento (1971-1994) II (Rome 1994), pp. 640-642; J.R. Brandt, Scavi di Ficana 11:1. 
Periodo protostorico e arcaico: le zone di scavo 3b-c (Rome 1996), with references.

7 See Fischer-Hansen 1990, pp. 119-121, fig. 71; J.R. Brandt, “Space and orientation. Some observations on 
settlement organisation in Iron Age Latium”, Acta ad archaeologiam et artium historiam pertinentia (Ser. 
altera in 8° 9. Rome 1997), p. 157.

8 A more extensive presentation of the results is intended to be published in the Scavi di Ficana in the volume 
describing the results of excavations in the zone 4a.

9 In Latin scoria: Pliny, Naturalis Historia XXXIII 21 (69): quae e camino iactatur spurcitia in omni metallo 
scoria appellatur (the dirt of all metals thrown out from the furnace is called scoria).

10 For a slag typology, see G. Sperl, Über die Typologie urzeitlicher, frühgeschichtlicher und Mittelalterlicher 
Eisenhüttenschlacken (with contributions of C. Reimann, O. Nöbauer & M. Rudolfs and a preface of R. 
Pittioni. Vienna 1980); P. Hallinder, H. Flyge & J. Randrup, “The iron slag from Helgö. An archaeological 
and scientific study”, Excavations at Helgö X. Coins, Iron and Gold (Stockholm 1986), pp. 131-151.

11 R.F. Tylecote, Metallurgy in Archaeology (London 1962), p.176; H.-G. Bachmann, The Identification of 
Slags from Archaeological Sites (University of London. Institute of Archaeology. Occasional Publication 
No. 6). London 1982, p. 31: “distinction difficult [between smelting slag and working slag]”. Obviously the 
difficulty in identification is reflected in E. Photos-Jones & E. Jones, “The Building and Industrial Remains 
at Agrileza, Laurion (Fourth Century BC) and their Contribuition to the Working at the Site”, BSA 89( 1994), 
p. 347 naming pi. 47a as “a smithing-hearth bottom” while the pi. text speaks of an “iron bloom”.

12 See e.g. R. Pleiner - J. Pelikin & M. Bartuska, “Untersuchung einer Eisenschlacke aus Haithabu”, Berichte 
über die Ausgrabungen in Haithabu 5 (Neumünster 1971), pp. 110-112, fig. 1; cf. also R. Tylecote, The 
Early History of Metallurgy in Europe (London - New York 1987), p. 318, fig. 8.6a.

13 Hallinder - Flyge & Randrup 1986, pp. 134-135.
14 SeeC.J. Davey, “Some ancient Near Eastern pot bellows”, Levant 11(1979),pp. 101-111; R.F. TYLECOTE, 

“From pot bellows to tuyeres”, Levant 13 (1981), pp. 107-118.
15 J. Klein, “A Greek metalworking quarter. Eighth century excavations in Ischia”, Expedition 14(1972-1974), 

especially pp. 36-37 and fig. 5.
16 See E. Jarva, “The function of huts and houses with reference to the Latin settlement at Ficana”, ”, From 

Huts to Houses. Transformations of Ancient Societies (Acta instituti Romani regni Sueciae. Skrifter utgivna 
av Svenska institutet i Rom 4° LVI & Acta ad Archaeologiam et Artium Historiam Pertinentia 4° XIII. 
Stockholm), p. 192 and note 24.

17 W. A. Oddy - J. Swaddling, “Illustrations of metalworking furnaces on Greek vases”, Furnaces and Smelting 
Technology in Antiquity (ed. by P.T. Craddock & M.J. Hughes. British Museum. Occasional Paper No. 48. 
London 1985), pp. 43-57.; see also E. Formigli, “Ricostruzione sperimentale di un mantice greco del V sec. 
a.C.”, Antiche ojficine del bronzo. Materiali, strumenti, techniche (Atti del seminario di studi ed esperimenti, 
Murlo, 26-31 luglio 1991. Ed. by E. Formigli. 2nd ed. Siena 1995), pp. 103-108 (reconstruction of portable 
bellows).
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18 A. Mazarakis Ainian, “Oropos in the Early Iron Age”, Euboica. L ’Eubea e la presenza euboica in Calcide 
e in Occidente. Atti del Convegno Internazionale di Napoli 13-16 novembre 1996 (a cura di M. Bats e B. 
d’Agostino. Coll. CJB 16/AION ArchStAnt/Quademo 12. Napoli 1998), p. 203 mentions “possibly parts of 
bellow pots” from the Oropos excavation, but I have not seen figures of these finds. Cf. also a pot with holes 
in the side interpreted as having been used as an equalizer for a double bellows operation from Cranbrook 
(Kent) for the classis Britannica: H. Cleere, “Ironmaking”, in Roman Crafts (ed. by D. Strong & d. Brown. 
Duckworth 1976), p. 138, fig. 225.

19 See Tylecote 1987, pp. 249-253.
20 Zone 4a was excavated by Eero Jarva. The excavators of the other zones with metallic slag are: Rasmus 

Brandt (zone 3b-c), Maria Cataldi Dini (zone 6a), Tobias Fischer-Hansen (zone 1), Leena Pietilä-Castrén 
(zone 6b) and Annette Rathje (zone 5a).

21 A.M. Bietti Sestieri, The Iron Age Community of Osteria dell ’Osa: a Study of Socio-Political Development 
in Central Tyrrhenian Italy (Cambridge 1992), p. 94. It seems possible that the ancient tradition regarding 
the introduction of guilds in Rome by Numa (715-672 BC) reflects this innovation: Pliny, Naturalis Historia 
XXXV 159; Plutarch, Numa XVII 2.

22 See J. R. Brandt - E. Jarva & T. Fischer-Hansen, “Ceramica di origine e d’imitazione greca a Ficana nell’VIII 
sec. a.C.”, Le necropoli archaiche di Veio. Giornata di studio in memoria di Massimo Pallottino (Ed. by G. 
Bartoloni. Universitå degli studi di Roma «La Sapienza». Dipartimento di scienze storiche archeologiche 
e antropologiche dell’antichitå. Rome 1997), pp. 219-231; E. Jarva, “The function of huts and houses with 
reference to the Latin settlement at Ficana”, From Huts to Houses. Transformations of Ancient Societies (Acta 
instituti Romani regni Sueciae. Skrifter utgivna av Svenska institutet i Rom 4° LVI & Acta ad Archaeologiam 
et Artium Historiam Pertinentia 4° XIII. Stockholm), p. 192.

23 This combination remainds closely of the contemporary find of Oropos on the east coast of Attica in Greece: 
A. Mazarakis Ainian, “Oropos in the Early Iron Age”, Euboica. L 'Eubea e la presenza euboica in Calcide 
e in Occidente. Atti del Convegno Internazionale di Napoli 13-16 novembre 1996 (a cura di M. Bats e B. 
d’Agostino. Coll. CJB 16/AION ArchStAnt/Quademo 12. Napoli 1998), p. 209.

24 Ostia inv. 38583: Ficana 1981, cat. 74a, pi. XXXVIII. Cf. Riserva del Tmglio (Marino) in a context with 
materials typical of the Latial cultural period IVA: P.G. Gierow, The Iron Age culture of Latium II. Excavations 
and Finds (Skrifter utgivna av svenska institutet i Rom 4°, XXIV:2. Lund 1964), fig. 110,6.

25 Ostia inv. 38587: Ficana 1981, cat. 74e. Cf A.M. Bietti Sestieri, La Necropoli Laziale di Osteria dell’Osa 
(Rome 1992), type 58g.

26 Ostia inv. 46290. Cf. a chisel provided with a tubular socket: G. Buchner (& D. Ridgway), Pithekoussai 1. 
La necropoli: Tombe 1-723 scavate dal 1952 al 1961 (Monument! antichi 55. Rome 1993), 517 n. 12, pi. 
154 (LG II).

27 Ostia inv. 46308.
28 Brandt 1996, pp. 127-129, Fig. 62, 288.
29 See D. Ridgway, The First Western Greeks (Cambridge 1992), p. 28; also F. Lo Schiavo, “II primo ferro in 

Sardegna”, The First Iron in the Mediterranean, Proceedings of the Populonia/Piombino 1983 Symposium 
(ed. by G. Sperl. Pact 21, 1988), pp.83-89.

30 For early iron in Italy: F. Delpino, “Prime testimonianze delFuso del ferro in Italia”, The First Iron in the 
Mediterranean. Proceedings of the Populonia/Piombino 1983 Symposium/ II primo ferro nel Mediterraneo. 
Atti del Convegno di Populonia/Piombino 1983 (Ed. by G. Sperl. Pact 21. Strasbourg 1988), pp. 47-68.

31 N.B. Hartmann, Iron-working in Southern Etruria in the Ninth and Eighth Centuries B. C. (University of 
Pensylvania [Diss.] 1982, UMI, Ann Arbor - London 1984); A.J. Nijboer, From Household Production to 
Workshops: Archaeological Evidence for Economic Transformations in Central Italy from 800 to 400 B. C. 
(Groningen 1998), pp. 197-296.

32 See e.g. D. Ridgway, The First Western Greeks (Cambridge 1992), p. 29, also p. 135.
33 G. Buchner, “Recent work at Pithekoussai (Ischia), 1965-71 ”, Archaeological reports 17(1970-71), p. 66; J. 

Klein, “Greek Metalworking Quarter. Eighth Century Excavations in Ischia”, in Expedition 14( 1972-1974), 
pp. 34-39; Ridgway, 1992, pp. 91-96, 99-100.

34 D. RIDGWAY, “Western Geometric pottery: new light on interactions in Italy”, Ancient Greek and related 
pottery (Copenhagen 1988), pp. 489-505, esp. p. 496; D. Ridgway, “L’Eubea e FOccidente: nuovi spunti 
sulle rotte dei metalli”, Euboica. L ’Eubea e la presenza euboica in Calcide e in Occidente. Atti del Convegno 
Internazionale di Napoli 13-16 novembre 1996 (Ed. by M. Bats e B. d’Agostino. Coll. CJB 16/AION 
ArchStAnt/Quademo 12. Naples 1998), pp. 311-322, esp. 321 note 38.

35 Homer, Odyssey I 183-184. On the subject, see A.M. Snodgrass, “The coming of the Iron Age in Greece: 
Europe’s earliest bronze/iron transition”, The Bronze Age - Iron Age Transition in Europe. Aspects of
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Continuity and Change in European Societies c. 1200 to 500 B.C. (BAR.I.S. 483(i) Oxford 1989), pp. 29- 
30; also Ridgway 1992, p. 140

36 S.C. Bakhuizen, Chalcis-in-Euboea. Iron and Chalcidians abrod (Leiden 1976). pp. 66-69; see also S.C. 
Bakhuizen, “Greek steel”, World Archaeology 9(1977), p. 220-234; Hartmann 1984, p. 178-181: “In the 
absence of any secure evidence for smelting of iron at Pithecusa itself, it is therefore possible that blooms or 
bars of metallic iron were being exported from Greece itself to Pithecusa, and thence to Southern Etruria.” 
p. 179; N. Hartmann, “Society and technology in the Villanovan iron industry”, The Bronze Age - Iron Age 
Transition in Europe. Aspects of Continuity and Change in European Societies c. 1200 to 500 B. C. (BAR.I.S. 
483(i). Oxford 1989), esp. pp. 96-97.

37 Hartmann 1984, p. 187: “There is at present no evidence that the known iron-ore sources in Etruria itself, 
namely those of Elba, the Colline Metallifere and the Tolfa Hills, were exploited to any appreciable extent 
during the 8th century BC.” For Populonia, see: M. Martelli, “Scavo di edifici nella zona “industriale” di 
Populonia”, L ’Etruria mineraria (Atti XII Convegno Studi Etruschi e Italici. Firenze 1981), pp. 161-172; A. 
Romualdi, “La polis nel periodo arcaico e l’attivitå di lavorazione del ferro”, Populonia e il suo territorio. 
Profilo storico-archeologico (Florenze 1993), pp. 102-117, esp. 106-108: about the mid 6lh century BC begins 
to be witnessed organized activity of ironworking; Nijboer 1998, pp. 272-277, esp. 276.

38 Nijboer 1998, pp. 244-264; see also M. Maaskant-Kleibrink, Settlement Excavations at Borgo Le Fernere 
<Satricum> ll.The Campaigns 1983, 1985 and 1987 (Groningen 1992), p. 106 (AJN); A.J. Nijboer, - P.A.J. 
Attema, - J.W. Bouma & R.A. Olde Dubbelink, “Notes on artefact and pottery production at Satricum from 
the 5 th and 4th centuries BC”, Papers of the Netherlands Institute in Rome 54(1995), pp. 1-38.

39 This is suggested by the fact that from about 770 BC all knives at the Osteria dell'Osa necropolis were made 
of iron: Bietti Sestieri 1992(b), p. 398-400. The knives seem to be an important indicator also in Etruria: 
Hartmann 1982, pp. 53-61 (Veii). Twenty odd years ago, the true introduction of iron in ancient Latium 
could be seen in a slightly later moment: A. Snodgrass, “Iron and Early Metallurgy in the Mediterranean”, 
The Coming of the Age of Iron (eds. T.A. Weertime and J.D. Muhly. New Haven - London 1980), pp. 335- 
374.

40 For the Geometric pottery finds from Ficana, see Brandt - Jarva & Fischer-Hansen 1997, pp. 219-231.
41 Homer, Iliad XI 639-640 (Nestor grates goat cheece on a bronze grater).
42 Ridgway 1998, pp. 311-322; see also D. Ridgway, “Nestor’s cup and the Etruscans”, Oxford Journal of 

Archaeology 16 (1997), pp. 325-344. Ficana, too, can be added in the list of Ridgway: Ficana 1981, cat. n. 
88c.
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and Aegean Greece1
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Introduction
The aim of this paper is to bring attention to social and economic aspects of the introduction of iron tech
nology in the Greek area and to draw attention to previously overlooked aspects of this process. When 
new types of artefacts or phenomena appear in the archaeological record it has often been the practice to 
look at external causes and explain them arguing that new things are brought by new people. And indeed 
they are in some instances. It is advisable to also look at internal causes. Ideas and new technologies 
spread through communication between people and are often accompanied by elements of competition 
and aspirations at prestige building as vital ingredients.

There are three people in particular that I would like to extend my thanks to: firstly Radomir kleiner 
for writing Iron working in ancient Greece published in 1969. I found it tucked away in the library of 
the Swedish Institute at Athens in 1981 and it proved to me that one could study ancient Greek iron 
production. This was not something that was made clear to classical archaeologists at the time. Secondly, 
naturally, Anthony Snodgrass for proving, starting with The Dark Age of Greece in 1971, and many 
subsequent articles and books after this, that iron production and the early Iron Age as a period are of 
tremendous intellectual value. Third but not least I extend my gratitude to Jane Waldbaum for publishing 
From bronze to iron: The transition from the Bronze Age to the Iron Age in the eastern Mediterranean 
in 1978 and many interesting articles since. These three, and others, have been fundamental in defining 
an area of research as well as bringing to it their profound knowledge and inspiration.

The introduction of an innovation
By the end of the 2nd millennium BC a vast network of trade and exchange of products from varying 
parts of the Mediterranean world had been established. This system began to disintegrate towards the end 
of the 2nd millennium.2 This would ultimately lead to the break up of nearly all of the old Bronze Age 
Empires in the Near East. Naturally this had repercussions also for the Aegean area. It has been proposed 
that the collapse of the Late Bronze Age empires in the eastern Mediterranean coupled with disrupted 
trade led to a shortage of tin and copper in these areas.3 This results in a decline in bronze working and 
the endeavours to replace these metals led to an adoption of iron.4 Some scholars, however, maintain the 
view that there was enough bronze to be had for the use of the bronze smiths.5

There is an apparent lack of bronze entering Aegean ports after c. 1200 BC. Snodgrass among others 
sees this lack of bronze as the reason for the introduction of iron technology.6

A lack of bronze to help underpin and maintain a certain type of economic and political system would 
lead to different strategies in different parts of Greece. One way of overcoming a lack of metal would 
be to recycle old bronzes, heirlooms handed down through generations, and to adapt these to new uses 
or even melt down and forge new items.7 That there were resources of untapped bronzes by the end of 
the 2nd millennium can perhaps be inferred by the occurrence of several so-called hoards dating to the 
13-12th century BC in the eastern Mediterranean area including Greece.8

Another strategy would be to go back to using tools and implements made in stone. This could be 
achieved by reusing and adapting old tools or perhaps an old stone technology were still known and 
used in some geographical areas. It has been suggested by some scholars that the lack of metal tools and 
implements from archaeological contexts dated to the Early Iron Age could be explained by this strategy 
of returning to the use of an older technology.9 The two strategies to overcome a lack of metal are not 
mutually exclusive but both can have been practised on a local basis.
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In his book from 1971 Anthony Snodgrass defines three regional groups according to the availability 
and need for metals.10 The first group consists of areas that apparently still had access to sources of copper 
and tin. But the introduction of iron objects and iron technology is all the same comparatively early on 
Crete and some of the Aegean islands. Here we find elite graves that are rich in weapons already from 
an early date.11 The same is probably true of the situation in Macedonia where finds from graves show 
a wide use of iron both for weapons and for ornaments.12

The second group consists of regions in central and southern Greece. These areas were formerly part 
of the core area of the Late Bronze Age Mycenaean culture and are perhaps most afflicted by a possible 
lack of bronze and need to find replacement for the bronze they no longer get. The new metal, and pos
sibly also its manufacture, is introduced and already by 1025-950 BC iron seems to be in regular use in 
areas such as Attica, the Argolid and Thessaly on the Mainland and some areas in south western Asia 
Minor.13

The third group consist of regions that were peripheral also in the Mycenaean culture. These areas 
make do with re-cycling bronze scrap and reusing old heirlooms in bronze. In these areas there are few 
indications that iron was ever used before the 7th century.14

From this we can infer that although some regions, and indeed, some social groups within the Greek 
Early Iron Age society, did perhaps not, in any significant way, feel the lack of metal artefacts. Even 
taking this into consideration, metal must have been in short supply in many areas - both new and old 
bronze artefacts as well as objects in iron. The distribution of early iron objects during this period is not 
well known but the items seem to have had a use restricted to certain social groups.15 The suggestion by 
Ian Morris that this was a politically called for attempt aimed at restricting the use of the new technology 
is interesting but at this stage difficult to prove.16 There are quite interesting signs that the type of society 
emerging in the Early Iron Age was politically and economically decentralised and where decisions were 
made locally and were more guided by individual choice.17

The introduction of iron technology
The most common model for the introduction to Greece is the one by Anthony Snodgrass who divides 
the introduction into three phases.18 The model is founded on the already mentioned premise that there 
existed a lack of bronze. To monitor the spread of the new technology Snodgrass uses the number of 
functional cutting tools in iron found in the archaeological material.19 The first phase is the longest with 
a few items imported to Greece during the 2nd millennium. The earliest iron objects in the Greek area 
appear already by the 18th century BC. They are primarily prestigious objects, jewellery and ornaments. 
There are so far no indications that they were made locally but they are assumed to be imports.20 A second, 
and much shorter, phase starts around 1200 with the first functional tools and weapons being imported 
and used. The third phase, from around 1000, sees the full use of iron in central parts of Greece. The 
increase in the use of iron for cutting tools is evidenced by the number of artefacts found. From the 12th 
century we know of about 24 iron artefacts from the Aegean, increasing to 49 in the 11th century and 
more than 130 in the 10th century.21

The use of metals, and especially iron, during the period c. 1200-900, however, present as we have 
already seen a very varied pattern. The realisation that iron, and possibly steel, is best used for functional 
cutting tools has been introduced and a period of spread and experimentation would have followed. The 
model by Snodgrass is simple and readily understandable but I would for the fullness of the picture of iron 
production and use like to add also evidence of actual iron working albeit that this is sometime difficult 
to analyse and date.22 There are very few traces of iron production and iron working in the Aegean dur
ing the period c. 1050-700 BC. It is however difficult to find any direct evidence of iron production, i.e., 
remains of furnaces, slag, or other debris from iron working, in any of these areas before the 8th century. 
23 The earliest evidence of this type comes from 10th century BC contexts in Macedonia (Vardaroftsa) 
and from Kastri on the island of Thasos (Kastri).24(Fig. 1)

Since the final (sic!) discussion of the idea of the Dorians bringing iron technology to Greece from 
the north it is now generally assumed that the earliest iron objects along with iron technology was intro
duced to southern and central Greece from Cyprus.25 This theory was first mentioned already in 1952 by 
Vincent Desborough and later taken up by Anthony Snodgrass and Susan Sherratt.26 One reason would 
be that iron objets, esp. iron knives, were introduced at an early stage on Cyprus. The routes of cultural
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Fig. 1. Early Iron Age sites with remains of iron production.

interchange and exchange to and from southern and central Greece during this period have an eastern 
direction in their main external contacts. These went through the Aegean islands, including Crete and 
on to Cyprus.

Even if we may doubt that the lack of bronze was the impetus for introducing iron; why would such 
a place as Cyprus, certainly not lacking in copper and probably still having access to tin sources turn to 
iron working, if this was true.27 There are few or no reported finds of any furnaces, slag or other material 
related to iron production or iron working on Cyprus from this period.28

As already mentioned there are differing regional patterns and inconsistencies in the general pattem 
in the Greek area. One of the cmcial questions seems to be whether the technology entered Greece only 
in one way or in two? Was the route from Cypms via Crete to Athens and Euboea the only one or should 
we posit a second possible way of entrance from Anatolia to northern Greece and the Balkans or even 
an independent development in an area where there are large quantities of iron ore.29 During this period 
the contacts with the southern Greek area seem to be almost non-existent making the transference of iron 
technology on a route from the south to these areas difficult. The main cultural contacts were with the 
rest of the Balkan and also to the east.30 Unfortunately the situation in northern Greece, i.e. Macedonia
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and Thrace, where we have some very early dated artefacts as well as remains of iron production is still 
unclear.31 There are some very interesting data emerging from both older and more recent excavations 
in this area suggesting that iron may well have been introduced in northern Greece but necessarily not 
by way of southern and central Greece.32 These and other questions need to be further investigated and 
are indeed at the moment being research by some of our colleagues.33

This would also involve the formulation of new theories concerning the spread of the innovation of 
iron. These new theories must take into consideration not only iron artefacts but also remains of produc
tion and an analysis of the society.

Late Bronze Age and Early Iron Age society
One important issue that has almost never been addressed, namely how to build a society around the 
objects, and try to explain why the Aegean area was ready to accept this new technology at the end of 
the 2nd millennium BC.

By the end of the 2nd millennium iron technology was known and had been practised in some areas of 
the eastern Mediterranean for some time.34 In Greece the former Late Bronze Age political and economic 
system was being dismantled and new social formations were being defined.35 This period has been called 
many things and it is only recently that it has merited a more profound study. It is a period of transition 
from regionally centralised economic and political structures fitted into a larger Bronze Age system. 
Traditionally the dividing line between Bronze Age and the Early Iron Age is around 1050/1025 BC 
and is based on changes in Attic pottery styles. After the fall of the palace system most parts of Greece 
seem to consist of small, decentralised chiefdoms with no or very limited central authority.36 There 
are, however, regional differences between probably quite complex systems in some areas in central 
and southern Greece compared to other more marginal regions. This is in clear contrast to the previous 
period, c. 1400-1200, when the Mycenaean system still functioned. This hierarchical system was built 
on centralised power in a limited number of so-called palace sites. Around 1200 this system meets with 
severe difficulties and catastrophes. The outcome of this is a period leading to destruction of many of 
the palaces, population movements and a period of general unrest.37

What finally emerges from this is a restructured and in many aspects different Greek society. More 
recent research show that the traditional view of a society in severe decline during the post-palatial phase 
is not necessarily the case and some of the changes may even have been positive.38 The end result is an 
economy based on subsistence farming in household units, the oikos. What we see is not a complete 
breakdown of the social order but a society organised on a different scale where pre-existing values and 
structures are transformed. In some respects, as already pointed out, the status of local elites and their 
ability to control local resources grew.39 By the middle of the 11th century most of the Aegean area is 
characterised by demographic changes, a depopulation evidenced in the abandonment of settlements 
and practical desertion of some areas and a change in culture evident in pottery style, in dress and burial 
practice.40 These are trends that can be seen also in other parts of the east Mediterranean where new 
political and economic systems emerge.41

Earlier research on the early Iron Age, the so-called Dark Age, has generally emphasised the discontinu
ity and the poverty of the material culture and the interruption of both the internal and external contacts 
and exchanges. More recent research however underscores the continuity in material culture and social 
structure with the final Bronze Age. There is considerable controversy on the structure of society during 
the early Iron Age. It is usually portrayed as egalitarian or at least relatively unstratified and the political 
power restricted to each individual settlement. Others prefer to see a more hierarchical society where 
each settlement had their own leading men, king, chief or big man.42 The main characteristic of Iron 
Age society seems to be the diversity in social relations. Towards the end of the 10th century conditions 
seem to change and the population start to increase, there are signs of a growth in overseas exchanges.43 

During the 8th century the changes becomes more pronounced. Politically it meant larger communities 
and that regional differences were lessened, new settlements and colonies abroad are founded, traded 
goods become more diverse and frequent.

Iron is introduced at a point of time when the old Bronze Age systems are no longer in function. When 
power is in the hand of local chiefs with aspirations of power and the possibility of laying their hands 
on local sources of iron ore.
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Resources of iron ore are available in many parts of Greece but it is difficult to know when these 
sources were first used or if they are indeed workable. Already at the C SPA conference in Liblice in 1987 
Giorgos Varoufakis drew the attention to some of the sources of iron ore in the Aegean but relatively little 
has been done to survey these areas.44 As a small contribution to the study of local resources of iron ore 
in the Peloponnese we have made two field trips to the Argolid and Arcadia. The aim was to study the 
geology of the Ermione and Artemision areas and to locate possible sources of iron ore.45

Conclusions
There remains so much to do even in an area where we suppose that we know so much. Where do we 
go from here to improve archaeometallurgical methods and theories.

We need to look at all types of material related to iron production and iron working, not only the ar
tefacts but also their quality and uses, i.e. the stratification of iron objects. We need to look at evidence 
of production including sources of raw material.

We must continue the work on refining and defining new scientific methods.
We need to relate these to the theories of society, to underlying structures of political power and eco

nomic systems. One way of doing this is by looking at the organisation of the production, the social and 
economic interaction between producers and consumers.

We need to re-evaluate old models of spread of iron technology taking into consideration the work 
being done in formulating new theories on the spread of technological innovations and their acceptance 
or non-acceptance.
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Bloomery iron was produced in the Argolid during the Early Iron Age with a peak in the Late Geometric 
Period (8th century BC). At Asine, remains indicative of iron production as well as iron forging have been 
identified. An extensive slag material was found during several Swedish excavations in the 1920s and 
1970-1989. During the recent years, a selection of the slag samples has been analysed with a combina
tion of methods. A few samples of iron ore have also been recorded during the excavations, mainly as 
non-reduced residues in slag samples.

One important issue is from where the ore originates. At the Asine site there are no local ores available 
but there are several districts near Asine where iron ores occur. One is situated in the Artemison mountain 
area c. 30 km north-west of Asine, another plausible area is found in Arcadia (Doliana mountains), and a 
third probable provenance is the Hermione area (Adheres mountains) c. 30 km south-east of Asine. Ore 
samples have been collected from sites where mining activities - ancient as well as more recent - have 
been documented in these districts. For political and economic reasons at the time for iron production, 
the Hermione area is the most favourable alternative. The main purpose of an analytical study was to try 
to provenance the ore for the iron production at Asine and try the hypothesis based on archaeological and 
historic evidence. In order to reach such results some important criteria had to be studied: can the areas 
from which ore samples were collected be chemically distinguished, and, are there internal chemical 
differences within each area.

The applied analytical methods comprise SEM/EDAX and ICP techniques. An extensive material 
from the ore regions has been analysed in terms of major and some minor elements by SEM/EDAX 
techniques. Additional minor and trace elements were analysed by ICP techniques for a selection of the 
samples. Comparative studies, also including analytical results of slag samples from iron production, 
and interpretations will be presented and evaluated.
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Maria Kostoglou

Department of Archaeology, University of Glasgow, Gregory Building 
Glasgow, Great Britain

Aegean Thrace is the region between the Strymon and Evros Rivers, the Rhodope Mountains and the 
Aegean Sea, today lying within the borders of the Greek State. In antiquity different people, such as 
indigenous population known under the collective name ‘the Thracians’, Greeks and Romans inhabited 
the region. The area is one of the richest metalliferous zones in Greece. Ancient authors often refer to 
the rich mines of the area and traces of mining can often being seen today in the landscape. During the 
last four years a total number of 500 samples related to iron metallurgy have being collected and half 
of it studied systematically (metallography and SEM-EDAX) as part of a Ph. D. thesis in the Univer
sity of Glasgow, funded by the ‘A.S. Onassis Foundation’, Greece. The samples come from three sites, 
Messemvria-Zone, Avdera and Kalyva-Kastro, they are all from stratified context and cover the period 
from the 6th century BC to the 3rd century AD. They represent both industrial waste (slag, blooms, furnace 
lining) and artefacts (weapons, agricultural and domestic tools).

This paper summarises the main results of the above research. By taking into account two major dis
ciplines, namely archaeology and science based archaeology, this paper

• discusses the production and circulation of iron in early times;
• addresses the controversial issue of cast iron production in antiquity; and
• questions the idea of technological innovation and invention during the Roman period 

in the light of new analytical data.

By establishing the technological choices involved in the iron production and the technology practised 
at each site, it draws conclusions on the existence of different local technological traditions within the 
same area. The established diversity, locality and continuity in the production of iron offer a new frame
work for a better understanding of the social and cultural changes noticed in the archaeological record 
of the region from the early Classical to Roman times.
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Iron in the Eurasian Bronze Ages
Radomir Pleiner

Archaeological Institute, Praha, Czech Rep.

Abstract
The numerous methodological problems involved in deciphering the long-term historical process of the 
discovery and spread of iron in the Old World are briefly commented on here: the chronology based on 
historical, archaeological and physical data; the fragmentary nature of the sources and their relation
ships; written evidence; thefrequency ofsources in different parts ofwestern Asia and Europe; consisten
cies and discrepancies. Quantities of iron objects both as to number and weight are taken into account. 
An abridged survey of the principal sources for early iron is arranged in five chronological phases: c. 
5000 to 3000 BC, 3000 to 1800 BC, the 18'h to 13th centuries BC, the 12"' to ll'h centuries BC, and the 
10th to 8th centuries BC. Finds and features relating to iron producing and working in the above periods 
in Anatolia, Syria, Assyria, Palestine, Egypt, the Aegean, the Ukraine, Russia, the Balkans, central 
Europe, Scandinavia, Italy, the western Mediterranean and western continental Europe are discussed. 
What may be termed “facts ” are plotted on five maps. The results indicate that iron working most prob
ably originated in south-western Asia. Knowledge of how to treat the new metal spread in all directions 
over four millennia, gradually reaching central and northern Europe, vast tracts of the eastern steppes 
and forest-steppes, China and, by other means, western Europe. The problem of the occasional use of 
meteoritic iron is touched on briefly.

This subject involves the problems of discovery of iron and the increasing occurrence of iron artefacts 
in periods which are, in archaeological terms, denoted as Bronze Ages, i.e. periods when copper-based 
alloys were predominant for making ornaments, tools and weapons. There are many detailed classifica
tions of the Bronze Age in different parts of Eurasia (for example Cypriot, Cyprogeometric, Helladic, 
and Minoan in the eastern Mediterranean; Schaeffer’s high chronology and Piotrovskiy’s low chronology 
for the Middle East; Reinecke’s and Miiller-Karpe’s BA to HBg systems in central Europe; Montelius’s 
Bronze Ages I-VI in Scandinavia etc. Most of these chronologies have been modified over the course 
of time. For example, some scholars think that Period HB2 in the traditional Müller-Karpe division of 
Early Hallstatt (i.e. Late Bronze Age), when the first rare iron artefacts were made in central Europe, 
should be dated 50 or 60 years earlier than it conventionally is. The final phases of the Bronze Age date 
from different chronological periods in the respective areas; for instance, 12th century BC in the Eastern 
Mediterranean and the Near East, 8th century BC in Central Europe, and 6th century BC in Scandinavia. 
In all regions the Late Bronze Age saw the sporadic but gradually more frequent occurrence of iron in 
the form of artefacts and their fragments, metallurgical waste (slag), blooms, or technological installa
tions (hearths, furnaces).

Recently accepted theories suggest that iron was a by-product of copper smelting using chalcopyrites 
or charges of copper and iron ore, the iron ore having been added as a flux to facilitate the melting of 
copper slag. Thus, under favourable metallurgical conditions, metallic iron could be found embedded 
either in the slag (which was fayalitic and wustitic, with minimal copper content) or even in the cop
per cakes and ingots. The highly experienced smelters must have recognised the metallic iron as a new 
metal and, after centuries or millennia, they must have separated it out and used it for making small and 
precious artefacts. This long-term process must undoubtedly have taken place in regions with a very 
long tradition of copper production, but there are still the questions of where and when. In other words, 
at what period did iron appear as a specific metal and when did it begin to be produced independently? 
The real problem is the chronology - the dating of artefacts, waste products and installations.

Dating methods present us with a serious problem. In order to obtain a relative sequence, the same 
method should be used to date all forms of archaeological evidence. Iron artefacts, especially those from
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graves and hoards, are usually dated following the archaeological system of chronology based on the 
sequence of historical events, derived from written sources and their absolute position in time. On the 
other hand, because slag is frequently found without any associated datable archaeological material, it 
is often dated using physical methods which give absolute (mostly radiocarbon) dates. Although there 
is some agreement, this combination of dating methods often displays serious discrepancies, with the 
radiocarbon measurements, particularly in the earliest periods, habitually give substantially earlier dates 
than the archaeological methods, and they also cover wider spans of time. One example of the difficulties 
that can arise is provided by the ironworks in ancient Colchis, now Georgia. The layout of individual 
bloomeries and bowl furnaces, surrounded with slag debris, was identical throughout, and the associated 
pottery has been attributed to the 10th to 8th centuries BC. The radiocarbon dates from the ironworks, 
however, cover a time span of 1,200 years: e.g. Mziani I, dated 720 BC and Mshvidoubauri, dated 1810 
BC. Many scholars like to have metallurgical (and other) events dated as early as possible, so they prefer 
the higher dating. This provokes criticism from all sides.

It is interesting to explore the way in which knowledge of iron spread from one or more geographical 
centres of discovery, and several models for the process have been published. The following suggestions 
are worthy of investigation. Firstly, small ready-made artefacts (from ornaments and amulets to daggers) 
may have spread as exports and imports, i.e. as spoils of war or as gifts exchanged between prominent 
people (both are known from written sources); trade seems very unlikely in the initial period. Secondly, 
iron may have spread through the dissemination of knowledge itself. The latter is very complex because 
in certain circumstances knowledge of how to use and work iron was integrally associated with specific 
craftsmen (that is, metalworkers) who must have migrated; they could have gone as members of raiding 
parties or groups of emigrants, or even against the direction of such movements. In the early periods 
they would have worked mainly on behalf of their new masters (as “court craftsmen”). If iron was 
available they could have made iron copies of copper or bronze artefacts. This is closely connected with 
the third possible way of distributing knowledge of iron: the export and import of unworked metal, as 
spoils of war, “royal gifts” (later perhaps as tributes and taxes) and, finally, long distance trade. At that 
time, which post-dates the archaeological Bronze Age proper, contacts between metalworkers must be 
assumed (presumably after fundamental changes in the social organization of many cultural provinces). 
These potential means of dissemination might have occurred in various combinations.

Did the metal called iron spread from a single region, in which it had been invented, or was the secret 
of its smelting discovered in more than one place? Many archaeologists and archaeo-metallurgists would 
be happy to find evidence for independent development in the regions in which they are interested; these 
preferences lead to an exchange of opinions, which may eventually produce a consensus. In contrast 
to the recently promulgated views about the independent development in various foci of technological 
improvements in, for example, agriculture, pottery and textiles, metallurgy as a whole (especially that 
of copper and iron) presupposes an extremely long development in an area with specific and favourable 
conditions (not only access to ore and fuel but also social background); thus, the likelihood of such a 
process developing in a number of active foci is considerably reduced. If we acknowledge that new 
ideas follow routes of cultural influence, it is hardly to be expected that an identical technology could 
be invented independently.

A factor other than dating and the spread of artefacts must be considered: the fragmentary nature of 
both archaeological and written sources. The archaeological sources are extremely widely distributed 
spatially, and largely dependent on the amount of archaeological research undertaken. Written sources 
bring with them their own problems; for instance, their authors may have given distorted or erroneous 
data, interpretation of the sources is dependent on correct readings and the understanding of the termi
nology used, and they have to be dated. The earliest examples of iron have been found sporadically in 
the Near East since the 5th millennium BC, but the evolution of iron nomenclature dates from the late 
3rd millennium {an, an.na, ku.an, amutum, aśśiurń). This terminology has recently been the subject of 
criticism, and some interpretations of cuneiform texts leave these words untranslated. The unambiguous 
identification of iron first comes from texts dating from the early 2nd millennium (AN.BAR, parzillu, 
hapalki). Moreover, in regions where there are written sources, there is a discrepancy between them 
and archaeological finds. That is, some regions have abundant archaeological remains and other regions 
have few material objects but can be interpreted through historical texts. The written records enable the

178



The Introduction of Iron in Eurasia

use of iron to be regarded in a different light, that of quantity. In the Near East, precious and rare iron 
objects weighing only grams (or shekels, 16 g each) are present during the period before the middle 
of the 2nd millennium BC, but in the Late Hittite Period (1500-1200 BC) iron objects weighing minae 
(about 1 pound) are mentioned. In Central Europe two iron blooms have been discovered from c. 800 
BC; they each weighed c. 5 minae (2.5 kg). Iron daggers and sword blades of comparable weight have 
been discovered in the minae economy. In North Europe, however, quantities comparable with the 
shekel system continue until c. 500 BC. Two written records from the decline of the Hittite Period in 
the Near East (late 13th century BC) mention buns or loaves of iron (that is, blooms) up to 1 talent (c. 30 
kg) in weight. The subsequent centuries must have witnessed an enormous increase in iron production 
because, according to written sources, in the 9th century BC the princely urban units or states of East 
Anatolia, North Syria and Subcaucasia delivered thousands of talents of iron (up to 36 tonnes) as taxes 
and tributes to Assyria. These taxes and tributes continued during the early 8th century BC (by which 
time the Near East was experiencing the full technical Iron Age). There is an important archaeological 
equivalent in the form of Sargon II’s store in Khorsabad-Dur Sarrukén which contained 160 tonnes of 
iron in double-pointed ingots, chains and rings. These quantities provoke questions about the locations 
of the bloomeries that could have produced such amounts of iron. One bloom weighing 2.5 kg represents 
about 10 kg of bloomery slag; a bloom weighing 1 talent (25-30 kg) represents c. 100 kg. So the 160 
tonnes of iron discovered at Khorsabad must have produced about 500 tonnes of slag during smelting, 
and the 28 0000 tonnes of iron delivered to Assyria during the 9th century BC would have entailed 84 
000 tonnes of bloomery waste. (It is noteworthy that the weight of slag from contemporary Europe does 
not exceed grams or kilograms). But no slag, slag heaps or layers of slag are yet known in Anatolia and 
Assyria, perhaps because research programmes have concentrated on urban settlements and temples. 
This illustrates a classic discrepancy between archaeological and written sources.

Ancient Colchis in the Black Sea coastal district of Subcaucasia is the only region to have yielded 
archaeologically attested bloomery concentrations, arguably the earliest iron production areas so far dis
covered, although there are problems of dating. The pottery indicates 9th-7th centuries BC, but in certain 
cases the radiocarbon dates and their calibrations disagree with this, and they cannot be disregarded. 
The layout of the excavated bloomeries is practically identical: one or two furnaces and associated slag 
(20 to 100m2, layers 30cm up to 60cm, volumes 4-5m3) thrown down the slopes in front of them. The 
radiocarbon dates for the ironworks cover 1200 years, e.g. Mziani I is dated 720 BC and Mshvidobauri 
is dated 1810 BC. Moreover, there are several cases where a single furnace, which can only have been 
in production for only a few hours, gives conflicting dates. For example, in the furnace Mziani III 1, one 
charcoal sample gave 640 BC; another one taken 10 cm beneath it gave 1020 BC. Charcoal from the 
shaft of furnace Mziani II gave the dates 575/628 BC; 940/1072 BC (sample taken 20cm beneath it) and 
1280/1495 BC (from the very bottom). It is extremely difficult to disentangle such data.

These criticisms may provoke the reaction that it is hopeless to look for any single centre for the first 
smelting and working of iron and its residues. Nevertheless, a reasonable course of events may be at
tainable. Chronology and spatial distribution play a decisive role.

The picture is based principally on two parameters, the quantity of iron available and the (incomplete) 
number of early iron objects dating from the Bronze Age that have been discovered in different chrono
logical periods and regions. Quantity may be divided into three main categories.

1. Objects using minimal amounts of material (grammes or tens of grammes (shekels) of 
iron); for example, inlays, amulets, ornaments, knives and razors.

2. Larger objects such as sword blades, axe heads, chisels, bars, ingots, and even blooms 
using pounds or kilograms (minae) of iron. Two Late Bronze Age blooms are known 
at present. One from Safårikovo-Tornala in Slovakia, weighed 2.41 kg or about 5 
pounds or 5 minae; the weight of the second, found at Sincraieni in Rumania is not 
given. Such amounts presuppose a certain efficiency in iron making even though the 
production sites remain unknown. It is, therefore, important to define the periods and 
regions in which the minae economy was practised.

3. Amounts that are estimated in talents (a talent weighed c. 30 kg). Talents or even 
thousands of talents were present i n East Anatolia and adjacent regions during the 9th 
and 8th centuries BC, i.e. the Iron Age in those areas.
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Although the sources are very fragmentary, a general picture allowing some comparisons is emerg
ing. Other phenomena also need to be taken into consideration, for instance, the presence of iron slag, 
so-called working hearths, and artefacts displaying a higher than usual content of nickel (suspected to 
be of sideritic meteoritic origin).

The use of meteoritic iron deserves special attention. Briefly, there are now two points of view. The 
first is that fragments of sideritic meteorites were occasionally used for making extremely precious 
objects; this opinion is based on their nickel content (more than several mass percent), on the earliest 
descriptions of iron as “metal from heaven”, and on falls of meteorites recorded in cuneiform texts. It is 
no longer possible to check the early published analyses which showed high nickel-content in early iron 
objects from the Near East, but some artefacts from Russia and China with blades made of undisputedly 
meteoritic iron have been investigated recently. The second theory considers that the smelting of nickel
bearing iron ores, e.g. laterite in Greece, might have produced a metal with an increased nickel-content. 
Although iron with high nickel-content has been observed occasionally in later periods such as in the 
LaTéne Culture and in the Middle Ages, it is significant that the frequency of nickel-rich iron decreased 
substantially after the Bronze Age.

In summary, the view that making and using iron originated and developed in a single centre seems 
to be the more likely. The epicentre must have been somewhere in East Anatolia where over millennia 
metallurgists recognized that there was a new metal with properties very different from bronze. The art 
of smelting and working iron spread thence in all directions. According to Professor Wagner it even 
reached North-west China during the 8th century BC.

The earliest iron objects (fourteen in number) come from the Middle East and Egypt. The piece of iron, 
4.3 cm long, from Grave A in 5th millennium Samarra was apparently smelted. Another four objects are 
said to be of meteoritic origin, an opinion based on the Widmannstätten texture and high nickel content 
of the objects (one of the Egyptian beads had a nickel content of 7.5% Ni). The question is still open to 
discussion, especially concerning the probably smelted pieces and their geographical origin. As to their 
weight, all these objects would be classified in the category of grammes or, in Near Eastern metrical terms, 
shekels (16g each). Iron appeared in the Middle East and Egypt during a period when the inhabitants of 
neighbouring areas still pursued Late Neolithic or Chalcolithic cultures (Fig. 1).

Six artefacts with a significant nickel-content and dating from 3000 BC to 1800 BC have been found 
in the Middle East and Egypt. Three are known from 18th-century BC burials in the steppes north of the 
Caucasus; their iron is definitely meteoritic, with nickel, cobalt, camacite, and taenite inclusions. The 
graves also contained six smelted nickel-free artefacts; the remaining ten iron objects were not analysed. 
The first weapons are also recorded from this period, although a few earlier small fragments or rusty 
traces are known. The weapons include a display dagger from Grave K at Alaca, a sword from Dorak, a 
so-called mace-head from Troy (all in Anatolia), and a dagger with iron blade form Tell Asmar, Meso
potamia. Most were of the “shekel category”, but some may have reached the category of minae (about 
1 pound each). The iron artefacts were found mostly in rich, if not princely, graves indicating that iron 
was reserved for the upper strata of society. The “lumps of iron” recorded from several sites but not 
documented have been excluded from this discussion.

Special attention must be paid to a stratified piece of white cast-iron from Geoy Tepe at the lake Ur
mia in N Iran (3.5% C); it was presumably accidentally produced and discarded as unworkable waste. 
It may indicate, however, that experimental metallurgical activities were taking place in that part of the 
world.

The subject of iron terminology has already been touched on. From c. 2000 BC there are cuneiform 
texts containing descriptions of rites, oaths and other deeds of prominent people, which are still much 
discussed in relation to the origin of iron nomenclature (an.na, ku.an, amutum, aśśium). Unambiguous 
terms such as AN.BAR and bar-zil-lam begin to appear occasionally in the early 2nd millennium BC 
(Fig. 2).

The period between 1800 and 1200 BC seems to have been the most critical in terms of the begin
nings of iron working in the Near East and Greece. As many as 50 iron artefacts have been discovered in 
Anatolia, Syria and Egypt, and we can see the first signs of possible dispersal to the Aegean and Greece 
(more than 20 objects and iron slag from c. 1200 BC). In Egypt, written records indicate that iron artefacts 
were brought in as royal gifts. Weapons and the poorly attested hearths at Voronezh have been discovered
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Fig. 1.

Fig. 2.
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1800-1200 BC in
Number of objects:
< =less than, > = more than

>200
mu

500 km

Symbols:
s =shekels (16g each); 
m = minae (ca 1 pound each) 
T = talents (ca 30kg each) 
o = iron slag 
u = smelting hearth 
b = bloom, bar, ingot 
-L = cuneiform records 
/ = meteoritic iron

Fig. 3.

1200-1000 BC 

Number of objects:
< =less than, > = more than 

Symbols:
s =shekels (16g each); 
m = minae (ca 1 pound each) 
T = talents (ca 30kg each) 
o = iron slag 
u = smelting hearth 
b = bloom, bar, ingot 
-1 = cuneiform records 
/ = meteoritic iron

Fig. 4.
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in the area between the Dniepr and the Don in Russia and Ukraine. There are isolated finds of iron from 
the Balkans and Subcarpathian regions, Sicily and Sardinia and even The Netherlands, where an unusual 
awl was found at Baageroostervelde and dated dendrochronologically to the mid 14th century BC. As 
mentioned in the introduction, the dating of some of the iron smelting sites in the Subcaucasian Colchis 
is problematic. Nickel-poor as well as nickel-rich irons (the latter considered as of meteoritic metal: the 
Ugarit axe-head, some Egyptian findings, the iron parts of the rings from Greece and Crete, for instance). 
Cuneiform texts mentioning iron are more frequent in the Hittite territory of Anatolia; they describe ritual 
and non-ritual objects using the minae weight category. The first real evidence for the intentional smelting 
of iron is the well-known letter of Hatussil (KBo 14); this, however, shows that the process was rather 
exceptional and that at the time iron was still a precious and prestigious commodity (Fig. 3).

In the countries of the Near East, the 12th to 11th centuries BC are usually classified archaeologically 
as the Early Iron Age. Archaeological and written evidence show that the beginning of the Iron Age can 
be seen in the techniques used in Anatolia and northern Syria. The numbers of artefacts unearthed during 
archaeological excavations vary greatly, but may exceed 200 objects in some places. In addition there is 
iron slag, sometimes of an unspecified character, sometimes definitely from iron smelting sites equipped 
with bowl furnaces; the latter are attested among the earliest examples in Colchis. The quantities attain
ing the minae weight have to be considered in these regions. Metallographie investigations show that 
heterogeneously or homogeneously carburised steels, sometimes quenched or tempered, were used in 
Cyprus and Palestine, for instance. New foci of iron processing emerged, especially in the Balkans (where 
slag and bars have been found), Greece and Russia. Sporadic finds have been recorded from Central 
Europe, Scandinavia and Italy (Fig. 4). The earliest specimens of iron appeared in small quantities in 
India c. 1100-1000 BC, and there is much controversy about the independent origin of iron smelting in 
the subcontinent. More positive evidence comes about four centuries later; unambiguous iron and steel 
terminology dates from the end of the last millennium BC.

My final words will be devoted to the time when a part of the Old World adopted the fully-fledged

1000-800/700 BC

Number of objects:
< =less than, > = more than

Symbols:
s =shekels (16g each); 
m = minae (ca 1 pound each) 
T = talents (ca 30kg each) 
o = iron slag 
u = smelting hearth 
b = bloom, bar, ingot 
± = cuneiform records 
/ = meteoritic iron

Fig. 5.
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usage of iron. When the Iron Age began in some regions the rest of the world was still living in the Late 
Bronze Age, awaiting the arrival of cultural influences from the core areas. After the fall of the Hittite 
realm, Eastern Anatolia and Northern Syria produced iron in quantities weighed in talents (c. 30 kg each); 
Neo-Assyrian monumental inscriptions state that between two and 5000 talents were produced on vari
ous occasions. It may be that the rulers, boasting of spoils and tributes, exaggerated the quantities, but 
even were the figures to be divided by five, there must have been an enormous increase in production 
during the 8th century BC. It has been pointed out above that the quantities recorded in the inscriptions 
have been confirmed by Sargon II’s iron store at Khorsabad, which contained 160 tonnes (more than 
5000 talents).

When the Balkans entered the Early Iron Age, the rest of Europe was still in the final stage of the 
Bronze Age. Iron was known in practically all of Europe but it remained a precious metal, mostly re
garded as a prestige commodity. Thin iron wire used for inlaying, knives, daggers, swords, spearheads 
and even blooms have been discovered from the period, but in quantities indicating a shekel and, in 
certain regions, a minae economy. Iron slag from some of the regions can be classed in these weights. 
No bloomery ironworks have so far been revealed archaeologically, but the smelting process may be 
presupposed in several geographical regions. The situation changed during the subsequent centuries, but 
this falls outside the scope of my present contribution (Fig. 5).

The transition from bronze to iron is an interesting chapter in human history. Both metals and alloys 
were first used as prestige goods by the upper strata of the society and were secondarily introduced as 
technical materials used by the general populace.
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Chronology BC 5000- 3000- 1800- 1200- 1000-
Area 3000 1800 1200 1000 800/700

Anatolia, Syria 
Mesopotamia s 5 m >10 m <50 m >220 T
Subcaucasia /? /? /? • • • 0 u ••• o u b

Egypt s <5 s <5 m <10
/?

/? /?
Cyprus, Greece, 
Crete, Aegean s <5 s >20 m >140 m >250

/? OO

Balkans, Pannonia s <10 m >20 m <30 oo
Slovakia oo bb

Ukraine, Russia s <10
/ o u?

s >10
0 u?

m >50

Italy s 1 s <5 m >15
000

Central Europe s <10 m <50

Western Europe s 1 s <20

Scandinavia s <5? s <20 o? u?

Number of objects:
< =less than, > = more than

Symbols:
s=shekels (16g each); 
m = mime (ca 1 pound each) 
T = talents (ca 30kg each) 
o = iron slag 
u = smelting hearth 
b = bloom, bar, ingot 
• = cuneiform records 
/ = meteoritic iron
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Conference Programme

Thursday, October 4th
13.00-15.00 Registration and coffee

Opening session

15.00-15.30 Christina Risberg & Welcome

Eva Hjärthner-Holdar

15.30-16.00 Ola Kyhlberg Opening lecture

Session I, Scandinavia

16.15-16.45 Eva Hjärthner-Holdar Bronze Age Iron Production in Sweden

16.45-17.15 Lars-Erik Englund Bloomery Iron Working in Gästrikland, Sweden

17.15-17.45 Lars F. Stenvik The Introduction of Iron in Mid-Norway in Pre-Roman Iron Age

17.45-18.00 Discussion

18.30-21.00 Reception at Museum Gustavianum, including guided tour of 
the museum

Friday, October 5th

Session I, Scandinavia

9.00-9.30 Arne Espelund A Critical Examination of Successful Bloomery Iron Making 
in the Past, with Emphasis on Metallurgical Theory and Find 
Material

Session II, Britain and Central Europe

9.30-10.00 Gerry McDonnell
Steve Dockrill &
Julie Bond

The Evidence for the Adoption and Use of Iron in the Northern 
Isles, with Particular Reference to Old Scatness Broch, Shetland

10.00-10.30 Coffee

10.30-11.00 Peter Crew &
Susan Crew

Laxton, Northants - Large Scale Iron Production in the Early 
Roman Period

11.00-11.30 Matthijs van Nie Iron Production in a Clay Envelope (Elengelo, The
Netherlands)

11.30-12.00 Guntram Gassmann Actual Excavations at an Early Celtic Iron Smelting Settlement 
in the Swabian Mountains, Southern Germany

12.00-13.30 Lunch

13.30-14.00 Andreas Schäfer & 
Thomas Stöllner

Early Metal Production in the Central Lahn Valley, Hesse,
Central Germany
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Poster session

14.00-15.30 Poster session, including verbal presentation and coffee

Peter Crew &
Susan Crew

Innovation in Furnace Design and Technology - the Refractory 
Materials from Laxton

Peter Crew &
Susan Crew

Woodland Management and Charcoal Processing at a Late
14th Century Ironworks

Evelyne Godfrey, 
Matthijs van Nie & 
Gerry McDonnell

Early Evidence for the Use of Ultrahigh Carbon Steel in Europe

Henriette Lyngstrøm Early Iron Forging in Denmark

Donald B. Wagner The Earliest Use of Iron in China

15.30-16.00 Martha Goodway & 
Wayne L. Elban

Wrought Iron Bridge Cable

16.00-16.30 Discussion

18.30- Conference Dinner at Restaurant Sven Dufva

Saturday, October 6th

8.00-17.00 Excursion
Hämevi - Bronze Age Milieu, Rickeby - Rock Carvings,
Hällby - Bronze Age Milieu with early iron production,
Håga - Bronze Age Milieu, king Bjorn's mound,
Valsgärde - Iron Age settlement with boat graves,
Gamla Uppsala - Royal mounds from the Migration Period

Sunday, October 7th

Session III, Eastern Europe and Eurasia

9.30-10.00 Tamara A. Pushkina & Black Metal Processing in the Dnieper Basin Sites, Smolensk 
Liudmila S. Rozanova Region, in the 1st Millennium AD

10.00-10.30 Coffee

10.30-11.00 Ludmila Koryakova, 
Galina Beltikova & 
Sergei V. Kuzminykh

The Introduction of Iron Technology in Central-Northern
Eurasia

11.00—11.30 Sergei V. Kuzminykh Iron in the Bronze Age Cultures of North Eurasia

11.30-12.00 Natalia N. Terekhova The Earliest Tools of Meteorite Iron in the Territory of Russia

12.00-13.30 Lunch

13.30—14.00 L’ubomir Mihok Beginnings of Iron Production in the Central Carpathians region

14.00-14.30 Jonas Navasaitis,
Ausra Sveikausaite & 
Eimutis Matulionis

Examination of Pig Iron Lump Smelted in Bloomery Furnace
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14.30-15.00 Coffee

15.00-15.30 Michail Gurin The Introduction of Iron and the Development of Blacksmith’s 
Work in Belorussian Polesye

15.30-16.00 Discussion

16.00- Possibilty to visit the Geoarchaeological Labratory

Monday, October 8th

Session IV, Mediterranean Area

9.00-9.3 0 Eero Jarva Early Iron Working in Latium: the Case of Ficana

9.30-10.00 Christina Risberg Traces of Early Iron Production and Iron Working in
Mainland and Aegean Greece

10.00-10.30 Coffee

10.30-11.00 Maria Kostoglou Iron Production in Ancient Greece: a Re-evaluation Based on 
new Evidence from Aegean Thrace

11.00-11.30 Yannis Bassiakos & 
Lena Grandin

A Late Geometric Metal Working Centre in Asine, Argolid, 
Greece: Analysis and Provenance

Session V, The Introduction of Iron in Eurasia

11.30-12.00 Radomir Pleiner Iron in Eurasian Bronze Ages

12.00-12.45 Discussion and conclusion

12.45 Lunch
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TJL hehe research on the introduction-of 
iron in Eurasia has a long tradition and 
is still a vivid field of current research. 
The aim of this conference was to gather 
leading international scholars and sci
entists to a conference to exchange and 
discuss the introduction of iron techno
logy in Eurasia. The 16 articles in this 
volume, including poster sessions, have 
a wide geographical and chronological 
range covering work concerning exca
vation techniques of production remains 
from prehistoric iron metallurgy and the 
use and development of scientific analysis 
of metal finds, slag and furnace remains.


