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PREFACE

I first met Radomir Pleiner at the Archaeological Institute of the Academy of Sciences in 1970
when, as a research student beginning the study of ironworking in Ireland, I made the first of
my visits to what was then that slightly mysterious (even, slightly menacing) "Iron Curtain’ city,
Prague. Even in the drab aftermath of the Russian invasion of 1968 and subsequent clamp-down
by the communist authorities, Prague was a city of beauty and, when not feeling threatened by
the presence of a westerner, the Czech people turned out to be a delight. In many repects, I have
found them over the years to be very close to the Irish in temperament and innate hospitality,
and none more so than Radomir Pleiner with his love of song, good conversation and, of course,
beer!

The encouragement that I received from Radomir on that first visit further stimulated my en-
thusiasm and I became a corresponding member of the grandly-titled Comité pour la Sidérurgie
Ancienne de ’Union des Sciences Préhistoriques et Protohistorique of UNESCO. This body was
founded at the session of the UISPP held in Prague in 1966, at which Radomir Pleiner was des-
ignated Secretary and to find myself named in the company of such as Ronnie Tylecote, Henry
Cleere, Kazimierz Bielenin, Elzbieta Nosek, Jerzy Piaskowski and Cyril Smith was indeed heady
encouragement for a novice.

Although we were in regular correspondence, I did not have the opportunity to meet Radomir
again until 1976 when I embarked on a Svejk-like research anabasis in central Europe. Typically,
he managed to provide me with brand-new information which had to be hurriedly inserted as a
post-script to my doctoral thesis which was to be examined on my return to the UK. We met
again frequently over the years at the conferences which were now being organized on a regular
basis by participating members of the Comité and at meetings of a small group set up within it
to try to co-ordinate activities. As always, his bubbling enthusiams led to long discussions and
ideas for new directions of research.

An indelible memory for me is late October 1989 when Radomir and I returned together
to Prague from the highly-successful Ameliéwka conference in Poland at a time when the first
‘escapees’ from the former DDR were taking sanctuary in the BDR embassy there. The city
was tense with a feeling that change of some form was in the air and I remember standing with
Radomir in front of the National Museum, looking down over a grey and misty Wenceslas Square.
Their opinion then was that there might be some political relaxation, maybe in five years, maybe
ten. Ileft Prague on the 2nd of November and, by the 20th, communist Czechoslovakia effectively
was no more!

Since then, I have returned regularly to what is now the Czech Republic and spent many
happy and instructive hours with Radomir, now professor at the Charles University, collab-
orating with him first on his major work *The Celtic Sword’ and most recently on ’Iron in
Archaeology’. Hopefully, although he absolved his 70th birthday, we will continue on with the
second volume dealing with metallography, since his archive of knowledge and information is
unparalleled and demands to be set down for others to use. As Secretary of the Comité, Radomir
has had the task of collating all of the new research publications and information passed on to
him by other members and of publishing it regularly in the Communications. Anyone who is
remotely interested in archaeometallurgy cannot but agree that this is probably the most useful
of its type and feel indebted to its compiler who, regularly, contributes significantly in terms of
his own research.

Radomir Pleiner has since the 1960’s made an invaluable contribution to the development of
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the study of early ironworking, not just as a scholar, but also as a teacher and as an organizer.
This book will be an invaluable resource for many years to come as a detailed and wide-ranging
description of the early production of iron, as well as for its comprehensive gathering together
of source materials. But I wish to offer a personal tribute also. For those entering the field and
wishing to develop their studies, along with those long-established (all of whom, I know will
agree with me), it is not possible to find either a more generous sharer of knowledge or a more
convivial companion with whom to enjoy it.

Killinchy, N. Ireland, Autumn 1998
Brian Scott



FOREWORD

The story of how this book came to be planned and written is a long one. As the reader will
find in the introductory chapter, post-war research began to yield an unusually large amount
of evidence for the earliest making of iron. In the 1960’s, the need to treat this material in
a systematic manner inspired Dr. Henry Cleere to plan the writing of a book entitled 'Iron
in Archaeology’ which would encompass all of the available sources for both the smelting and
smithing of iron. He kindly invited me to collaborate as a co-author and, having been actively
working in the field for many years, I agreed with pleasure. However, at that time, my country
lay behind the so-called ’Iron Curtain’ and it was not easy to co-operate with such a degree of
regularity with a western scientist without official permission. Fortunately, perhaps due to a
temporary thaw in cold-war relationships, the Academy of Sciences of the former Czechoslovakia
judged the project positively and T was not only allowed to begin writing with Henry, but was
also offered good wishes for success in my collaboration with a British scholar.

From this starting point, we compiled a summary of the proposed work and I began work
on individual chapters, at this time totally unaware of the volume of the future flow of research
results and publications. Such a flood of material did not materially alter the proposed form of
the book, but was such that, if ignored, would have deprived it of much valuable information
and, essentially, made it obsolete even before it was written. Thus, our work continually required
updating in the light of fresh work, and this process has continued right up to the time of final
setting of the text.

It happened that the initiator of the project, Henry Cleere, became fully involved first with
his work as Director of the Council for British Archaeology and subsequently for UNESCO.
The weight of his duties compelled him to withdraw from our collaboration, but was he who
encouraged me to continue by myself. I did so, and he kindly read and corrected twelve chapters
of the 'first generation’ of my English texts. Then, numerous supplements and additions were
systematically corrected by Dr. Peter Crew. Finally, I entered into a close co-operation with Dr.
Brian Scott (whose book "Early Irish Ironworking’ is among the best published recently in the
field) who was ready not only to correct my English text in its grammatical and stylistic content,
but who has been also a serious and critical reader, calling my attention to many inconsistencies
and imperfections which could be avoided. Without him, I do not think that this final version
could have been completed.

It eventually became apparent that it would be impossible to keep to the original concept
of Tron in Archaeology’ in its entirety. The second part, ideally comprising the work and tech-
niques of the blacksmith, so richly documented by archaeology and by metallographic research,
could not be included. For this reason, a sub-title has been added to this work - 'The Early
European Bloomery Smelters’ - a signal that the scope of the work has been reduced to the
field of the extraction of iron from its ores. A couple of words are needed here. The direct or
bloomery process produced in bulk malleable iron and steel (using these terms in their historical
meanings). This technology carried within its metallurgical principles, the germs of creation of
highly carburized and even liquid iron and the Middle Ages saw the gradual evolution of what
can be described as the predeccors of the charcoal-fired blast furnace, delivering cast iron and
secondarily-fined malleable ferrous alloys. Thus, when discussing bloomery technology, it was
unavoidable to touch on the earliest examples of the indirect process and its installations in
various chapters. But, taking the title into account, I decided against a special chapter on the
blast furnace, preferring to relegate the subject to a brief discussion in the concluding chapter.
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In my view it is also necessary to add something about the structure of the book. Despite
the title, it does not represent sensu stricto a proper history of ancient and early iron. However,
the first two chapters do deal with the discovery of iron smelting and its spread, especially to
Europe. Subsequent chapters are devoted to different areas of the archaeological evidence, not
overlooking the historical settings, relating to early ironmaking from its beginnings to the High
Middle Ages. But the topics are treated from different perspectives and in forms from general
outlines to detailed discussions, from the emergence of the first iron-producing regions, through
metallurgical installations operating the various stages of the direct process (roasters, smelting
furnaces, reheaters) to the products and wastes (blooms and slags). The historical development
is summarized, hopefully in an acceptably concise form, in the final chapter.

For all of these reasons, the same sites, regions, features and objects appear in various places,
even though appearing in earlier sections. Hopefully, the reader will not see these as unnecessary
duplications, but rather as treatment according to the context of each topic under discussion.
Nevertheless, I have attempted to keep the text as concise as possible, in the hope that it will
be understood as a guide to the numerous sources for the study of the early stages of European
iron production.

The field under discussion is what must be termed ’interdisciplinary’, treated from the point
of view not only of metallurgy, but also of archaeology and history. Because of this, I have added
a glossary of technological terms for the non-metallurgist, complemented by a brief glossary of
archaeological and historical terms for the non-archaeologist.

The completion of the present work was made possible by the support of the Grant Agency
of the Czech Republic (404/98/1564 and 404/00/0548) and by a kind donation on the occasion
of the 65th Birthday of Dr. D. Springorum, Verein Deutcher Eisenhiittenleute, Diisseldorf.

If the bibliography appears somewhat extensive, it is because it simply mirrors the steadily
growing size of the body of scientific, archaeological, literary and historical research publications.
It is incomplete in the time of the edition of the book, and much of new information already
has arrived in the meantime. This is good — it is a signal that the archaeometallurgy of iron is
advancing.

Prague, Autumn 1999
Radomir Pleiner



INTRODUCTION

The Archaeometallurgy of Iron: A Historiography

There comes a time in any field of human activity when scholars begin to examine its history.
The need was felt a century ago to know in detail the evolution of the history of iron which has
so deeply influenced the image of human civilization. Interestingly enough the historiography
of ironmaking began as a synthesis, a survey of all of the scattered historical, ethnological and
sporadic archaeological data which was presented in the broadly-conceived work by Beck (1884),
followed, later, by several editions of the history of iron by Johannsen (1924, 1925, 1953). Early
historical records referring to the use of iron in the Near East were discussed in several basic
papers published in the first half of the 20th century (Belck 1907/1910; Rickard 1939; Przeworski
1939; Witter 1942). The whole series of papers and books dealing with metals in antiquity was
crowned by the synthetizing volumes compiled by Forbes (1950; 1964). At the same time,
data on surviving methods of primitive iron smelting were being recorded (von Luschan 1909;
Klusemann 1924; Crawhall 1933; Hulme 1937; Wright 1939).

In early works, it was normal for the archaeological evidence for ironmaking to be treated
only marginally, while the systematic archaeological research on iron smelting sites began on a
regional basis. In this respect, we remember the names of J.W. Gilles, a metallurgist (1936)
and P. Reinecke, a celebrated archaeologist, the author of the chronological system for Central
Europe, who also published a list of ironworks bearing localities in Bavaria (1934/1935). Similar
treatises appeared elsewhere; apart from the paper by Gurlt (1884), the contributions by Schmid
(1932), Barb (1937), Nihlén (1939) and Hauge (1940) should be noted also.

The first critical review of various features of early ironmaking was presented by P. Weier-
shausen (1939) who tried to interpret correctly different finds of furnaces from Germany and
neighbouring countries as smelting devices used in the bloomery process.

Although a great deal of information was brought together in all of these works, the actual
trend toward the detailed examination of early ironmaking began during the post-war years.
Workers in the modern iron industry began to take an interest, so that in the pages of the
leading metallurgical periodicals, such as the Journal of the Iron and Steel Institute, London,
or Stahl und Eisen and Archiv fiir das Eisenhiittenwesen, Diisseldorf, papers dealing with early
iron making and working appeared regularly. New monographs, written partly by historians
and partly by metallurgists interested in the history of their special field emerged, as did also
those by archaeologists who revised corpora of old finds in various European regions and started
excavations, directed intentionally at smelting sites — Coghlan (1956), Schubert (1957) and
Tylecote (1962b) for the British Isles; Pleiner (1958) for Bohemia and Moravia; Rauhut (1957)
for Poland; Kolchin (1953) for early Russia. Excavations were undertaken (and subsequently
published) in Denmark (O. Voss), Sweden (I. Serning), Hungary (G. Vastdgh, G. Novéaki and
others), Austria (F. Hampl & R.J. Mayrhofer), Switzerland (W.U. Guyan; P.-L. Pelet). Some
projects developed into larger research programs. A special large-scale project was launched in
1955 in the area of the Holy Cross Mountains in central Poland, which is dotted with traces
of pre-industrial ironworks whose excavation began under K. Bielenin and whose metallurgi-
cal evaluation by M. Radwan. A similar project was developed, at almost the same time, in
the Sauerland and Mark in Germany (M. Sonnecken). These programs have continued to the
present day and have been followed by many other projects which have substantially enriched
our knowledge of ancient and early ironmaking centres over all of Europe.
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Another phenomenon that emerged during the fifties and sixties should be noted. The ma-
terials yielded by excavations such as ores, slags, charcoal residues and refractory linings started
to be submitted to scientific examination. Thus, chemical, mineralogical and palaeobotanical
analyses were regularly applied to the presentation of results. The value of primary sources as
evidence increased considerably, and, in addition, many specialists became involved in complex
research work.

Analytical methods came to be widely used in a new approach to the problems of under-
standing the mechanism of the bloomery process. Moreover experimental smelts imitating the
techniques of the ancient smelters in reconstructed furnaces entered the study. Not regarding the
first trials organized by Graf Wurmbrandt in Austria (1877), and by O’Kelly in Ireland (1952)
and Sadzot in Belgium (1956), experimental smelts have been carried out in the late fifties and
early sixties (and subsequently published) in Germany (Gilles 1958a), England (Wynne & Tyle-
cote 1958; Tylecote, Austin and Wraith 1971), Poland and Bohemia (Radwan & Pleiner 1963;
Pleiner 1969), Denmark (Thomsen 1964) and in Sweden (Hagfeldt 1966). In 1970, a specialized
symposium was held, devoted to the results and the value of evidence of these first campaigns
(Pleiner, Guyan & FabeSova 1973). In due course, experimental smelting of iron spread over
practically all of the European countries and took place even in America and Africa: in the
latter continent within specific programs of reconstruction the traditional practice having been
disappeared during the last decennia. The aim was to see at first hand how the bloomery process
would work under various conditions and, above all, to test the function of the different types of
furnaces which had been excavated and tentatively reconstructed. Then, metallurgists became
interested in such ‘living laboratories’ which offer a close look at the very principles of the re-
duction of iron ore. Finally, trials were directed to produce (in as authentic a way as possible)
slags, blooms, iron sponges, tuyeres, fired structures and refractory materials, comparable in
appearance and chemical and mineralogical composition to those found in excavations. These
were submitted to same analytical procedures so that calibrated data were obtainable. The
resulting information provided the basis for further reconstruction of features uncovered in the
field. Metallurgists then became interested in such ‘living laboratories’ which offer a close loo
at the very principles of the reduction of iron ore. In addition, basic data on time consumption
and optimal manning of primitive ironworks were yielded.

*

Scholars engaged in studying the archaeology and history of iron have been able to enjoy
the help of various associations, especially the GeschichtsausschuBides Vereines der Deutschen
Eisenhiittenleute in Diisseldorf which organized annual conferences, and the Historical Met-
allurgy Group, London, which began to publish a specialized Bulletin (Historical Metallurgy)
devoted to the historical problems of both non-ferrous and ferrous metallurgy. In France, the Re-
vue d’Histoire de la sidérurgie, edited by the Centre de Recherches de I’ Histoire de la Sidérurgie,
Musée du Fer, Jarville near Nancy, published articles on historical and archaeological research.

In the sixties, the activity of individual scholars and groups increased so much that the need
arose to record all of the scientific production and to foster contacts between those working
in the field which was, later, labelled ‘the archaeometallurgy of iron’. Thus, the opportunity
was used during the VIIth International Congress of the Prehistoric and Protohistoric Sciences
(Prague 1966) to establish the Comité pour la sidérurgie ancienne de 'UISPP as a consultative
board consisting of corresponding members, both individuals and groups working in various
countries of the World, with W.U. Guyan, Schaffhausen, being elected president and R. Pleiner,
Prague, as secretary. Since 1967 Communications of the Comité have appeared twice a year
in the periodical Archeologické Rozhledy, Prague (the Archaeological Institute in Prague is the
seat of the secretariat). The pages of the Communications inform all interested scholars (of
whom there are now about 180 registered) on the work in progress and, above all, of the current
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bibliography of books and papers dealing with research results on the early history if iron.
The rapid development of the field is clearly mirrored in these bibliographies, with around 80
specialized bibliographical items being recorded annually.

This establishment as well as other organizational activities encouraged further achievements
in work already in progress and also stimulated further research. Efforts were made to present
the results in front of relevant fora. A boom in conferences, symposia, tables rondes, workshops,
colloguia and seminars can be seen from the seventies, although the first session directed towards
the history of iron, took place as early as in 1955 (Le fer a travers les ages, Nancy, edited 1956).
But the main acceleration can be dated, approximately, to 1968. There are three levels of
meetings involving iron in their topic.

The first comprises archaeological, historical and methodological conferences or sessions deal-
ing with the history of technology and of crafts in general: among their contributions, the history
of iron appears in various forms. Apart from annual meetings and congresses, about 20 meetings
were organized between 1968 — 1990. The second category consists of conferences devoted to
early metallurgy. Increasing interest in the development of the metallurgical activities of the
past took in also the study of non-ferrous and precious metals and meetings were organized
which included, naturally, the making and working of iron. Sessions of the Historical Metallurgy
Society, London, are held every year, with themes covering the topic in general or focussing on
regional or broader geographical topics (Aspects of Early Metallurgy, London 1977; Journées
de la paléometallurgie, Compiégne 1983; Archaometallurgie von Kupfer und Eisen in Westeu-
ropa, Mainz 1986; Archeometallurgy in Central Europe, Her’any 1997). Prehistoric and early
mining has also received attention (Mines et fonderies de la Gaule, Toulouse 1980; Miniere et
metallurgia secoli XIII — XVIII, Prato; Mineria y metallurgia etc., Madrid 1985; Colloque inter-
national de la technique miniére, Strasbourg 1988; Montanarchiologie in Europa, Freiburg/Br.
1990). The problems of the Far East were covered in three conferences held in China (The
Beginnings of the Use of Metalls and Alloys I — III, Beijing 1981; Zhengzhou 1986; Sanmanxiu
1994). Specific questions have been addressed (e.g. Metals and armament, Paris 1994) and,
very important, educational projects have been organized on behalf of postgraduate students
and young archaeometallurgists (e.g. Intensive Course at Ravello 1989 and the Summer school
on Mining and Metallurgy Archaeology, Certosa di Pontignano and Campiglia Marittima 1991).

Finally, there are meetings and symposia devoted specifically to the metallurgy and working
of iron during its historical development. It should be stressed again that several institutions
hold meetings of this kind annually, such as the Geschichtsausschuss des Vereins der Deutschen
Eisenhiittenleute, Diisseldorf (the Sitzungen take place in various towns in Germany, in recent
years abroad as well) or the National Technical Museum in Prague (annual sessions on the history
of iron with emphasis on the post-medieval period). Nevertheless, since the seventies symposia
convened to discuss selected themes or to present results achieved in various geographical regions
have become part of scientific life. During the period 1970 — 1995 around 45 meetings with iron
as a central theme were held — in fact more than one per year. Several years like 1983 or 1993
saw three or even four such meetings.

Special topics have been highlighted, in, for example, conferences on experimental iron smelt-
ing (1970 Schaffhausen, Die Versuchsschmelzen und ihre Bedeutung etc., or as in 1993 in Eind-
hoven, a ‘jamboree’ of iron smelters working in several international or national teams). Special
meetings have been held on the principle of the bloomery process (Grangesberg 1972, Vordern-
berg 1978); on shaft furnaces (Prague 1973); on the transitions from the bloomery to the indirect
process, also ironmaking in its broad socio-economical context (Iron and Man in Society, Nor-
berg 1985 and Importance of Ironmaking in the same place 1995; Dal basso fuoco all’ altoforno,
Bienno 1987); on the earliest iron in Europe (Schaffhausen 1979, or on the craft of the blacksmith
(Belfast 1984); on Catalan forge (La Farga Catalana, Ripoll 1993) and on medieval ironmak-
ing (Schwébisch Gmiind 1994). The discoveries in Europe were discussed in several symposia
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(Eisenstadt 1975, Sankelmark 1980, Liblice 1987, Ameliéwka 1989, Belfort-Sevenans 1990, 1992)
but predominating regional themes have also been addressed (Polish discoveries were discussed
at Bochum 1978, the Mediteranean area in San Vincenzo 1983, Africa in Paris 1983, Germany
in a workshop at Giinzburg 1991, Scandinavia in Stavanger 1979 and Budalen near Trondheim
1991, eastern France in Besangon 1993, and the Carpathian region 1994 in Herl’any).

These symposia and colloquia started as small, round-table discussions normally with only
some 20 — 40 participants. Since the eighties. however, large meetings have taken place where up
to 50 scholars presented papers and 100 — 150 participants attended. Naturally, these symposia
mirror the relevant time in terms of results achieved and methods applied but they may be
considered as effective schools in every respect. All this shows the increasing interest in the
archaeometallurgy of iron. Universities, institutes and societies have been helped by sponsorship
in organizing meetings by many different institutions, including industry.

Two principal effects may be observed when looking back (and forward) over these symposia.
First, a significant number of fundamental works and hundreds of very valuable contributions
were presented which, after having been published, form a fund of knowledge in the public
domain. More than 65 % of meetings have been published within 1 — 5 years, and their volumes
contain an immense amount of information.

Second, the meetings were platforms for contact between scholars not only internationally
(because the majority were organized on international basis) but also interdisciplinary: study of
the early history of iron has not only involved archaeologists and metallurgists, but, in addition,
historians, archivists, miners, mineralogists, metallographers, geologists, botanists and chemists,
all of whom are frequently engaged in the work of research teams. In due time a group (almost
with the atmosphere of a club) arose among scholars from various countries throughout the
world; they meet regularly at many of the n)leetings referred to above and know problems of the
field intimately; and they make contacts with the majority of the newcomers who are gradually
gravitating toward working on solutions for the problems under discussion.

*

Several generations have now devoted much of their lives to the study of the earliest history
of iron. These ‘generations’ have to be seen not strictly in terms of physical age, but rather
when scholars began active participation in archaeometallurgical work. The early stage is linked
with names of senior masters like J.W. Gilles, B. Neumann, B. Osann, H. Vetters, W.U. Guyan,
P.-L. Pelet, E. Salin, M. Radwan, O. Arrhenius, A. France-Lanord, B.A. Kolchin, H. Hingst,
R.F. Tylecote, C.S. Smith. Many unfortunately have passed away in recent years although their
pioneering work lives on up to the present day.

Since the late fifties and sixties another, now ageing group of scholars began to work inten-
sively on the archaeometallurgy of iron. Coming from both technology and the humanities. The
list includes K. Bielenin, J. Piaskowski, Elzbieta, Nosek, R. Pleiner, M. Bartuska, J. Kofan; H.
Cleere, B.G. Scott, H. Straube, G. Sperl, O. Voss, R. Thomsen, B.A. Shramko, A.K. Anteins,
U. Zwicker, F.K. Naumann, M. Sénnecken , B. Gille, J.-R. Maréchal, R. Maddin, G. Novéki, G.
Vastagh; Inga Serning and Irmelin Martens.

These were followed by explorators like M. Mangin, A. Ploquin, C. Domergue, Ph. Andrieux,
Ph. Fluzin, C. Forriéres, R. Halleux, I Keesmann, D. Horstmann, A. Hauptmann, Rosemarie
Leineweber; Véra Souchopovi, K. Stransky, L’. Mihok, J. Gomoéri; A. R. Williams, Effie Photos,
P. Crew and Susan Crew, G. McDonnel, P. Craddock, R.M. Ehrenreich, C. Salter, G. Magnus-
son, P. Kresten, A. Espelund, L. Stanvik, M. van Nie, Nicole Echard; B. Prakash, M. F. Gurin;
N. van der Merwe, Rubin Han, T. Amano and many others. These workers come from many
countries in Europe, from America, Africa, India, Japan and China as well, who identified new
sources and introduced new methods and approaches. The trend continues up to the present
day and new personalities are emerging on the scene of the archaeometallurgical research (V.
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Serneels, L. Eschenlohr, M. van Nie, H.L. Knau, M. Kempa, Chr. Willms, H. Jons, U. Yalcin, S.
Orzechowski, A. Jockenhovel and others), some being archaeologists, some brilliant geologists,
mineralogists and metallurgists. In addition to many studies and articles this enlarged forum
produced a considerable number of monographs, dealing, for example, with the general devel-
opment of metallurgy and the principles of the bloomery process, and the detailed publication
of excavated bloomery works and regional surveys, from Ireland to Tuscany: it is not possible
to comment on all these volumes within this introduction, but they form an integral part of the
bibliography.

As an expression of focussed and systematically-organized research, we may note further spe-
cific projects, carried out by various institutions. Some have already been noted, but since the
late sixties new campaigns have been undertaken. These include study of the Romano-Barbarian
bloomery agglomerations which have been investigated in the Masovia region, near Warsaw in
Poland; of the early medieval bloomery concentrations in western Moravia and in northern
and western Hungary, of metallurgical centres in the Montaigne Noire area of southern France
and traces of ironworks of the Roman and medieval periods in Franche-Comté, the archaeol-
metallurgical discoveries in Sweden (Dalarna, Jimtland, Norberg) and in Norway (Mpgsstrond,
Trpndelag), and of Iron Age bloomeries in north Wales. In recent years, complex projects spon-
sored by the Volkswagen Stiftung and carried out by German universities, deserve our attention.
These include archaeological excavations and the evaluation of palaeobotanical evidence for the
environmental effects of ironmaking, as well as mineralogical and metallographic investigations
of metallurgical residues (the Joldelund project in northern Germany, the Schwabische Alb, the
Lahn-Dill region in western Germany; other projects are in planning and under preparation.

*

All of these activities have yielded a considerable fund of positive data, but have raised,
naturally, further questions. We do have a general image of the spread of the use of iron from
the Southeast to Europe. However, the details of this process, its mechanisms and the varying
pace in different areas still remain veiled by the uncertain dating of many of the relevant find
complexes.

Most of European countries may be considered, nowadays, as mapped in terms of inventories
of those monuments connected with the ancient and early metallurgy of iron. Among them are
some areas with scattered evidence, as well as regions with concentrations of bloomery ironworks,
some of them having been of short-lived prosperity, while others proved to iron-producers over
several historical periods, supplying the technical needs by a range of market iron. Modern
estimates of their effectiveness form calculations of production based on volumes of residues;
They are undoubtedly fraught with uncertainty, due to the fact that the data available are
incomplete, if not fragmentary. On the other hand, these calculations allow, nevertheless, a
certain imagination on the production in general, which can be critically treated at any time.
Certain European areas remain uninvestigated. There is lack of data on archaeometallurgy in
Spain and Portugal, in Balkans, and in the entire classical Near East.

Different types of furnaces came to light. In many instances they reflect technological and
cultural traditions, and even workshops layouts varied in different regions and between time
periods. We do know much of the resource bases, including the ore smelted, and the fuel
necessary for their reduction, or the structural materials used by different ancient ironworks. We
have collected much information about the products of smelting, iron and slag, the latter being
a passport to the deciphering of details of the process. From hundreds of practical trials we have
got the feeling that we are beginning to understand, very slowly, physical and chemical principles
of the bloomery method — the germ primeval ironmaking as such. However, detailed studies at
the heart of the metallurgical processes have shown that bloomery smelting very often involves
the seeds of cast iron formation. This is seen mainly from discarded pieces found by chance
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among the waste. Nevertheless there are hints which point to hypotheses that certain groups
were able to vary the conditions of smelting to favour their production of heavily carburized
metal. In fact, discussion continues on Roman cast iron production, stimulated by analyses of
certain raw products.

The recent archaeometallurgy of iron has contributed much to our knowledge of the origins
of the true indirect method of production, through to the regular making of cast iron and its
fining to malleable wrought iron and steel. Investigations into slag play an important role in
this respect, since they are directed to distinguishing between bloomery and finery waste (and,
moreover, between bloomery and reheating and smithing slags). The roots of the new technology
are being traced back as far as the 13th, or even 12th centuries AD.

In spite of apparent successes, the archaeometallurgy of iron was criticized by certain schol-
ars, tending to work on problems, connected with various forms of interrelations between men
and materials used and gained by them. The new branch of science is said to be rather intro-
vert, solving its own problems and being distant from efforts of recent archaeologists (Ehrenreich
1991a). I do not agree with this point of view. Certainly, archaeometallurgy is an interdisci-
plinary field where specific technological aspects are examined, but the bulk of topics is directed
to economic and social questions in which men were involved during their historical development.
It is sufficient to look at the bibliography. The archaeometallurgy of today cannot be considered
merely as a service for historians, but as a spring-well, open to be drawn for information by
anybody. And anybody is free to be inspired by needs of humanistic studies and to develop new
programs, involving archaeometallurgical aspects.

The presentation of the results achieved to date forms the theme of following chapters of this
book. It must be stressed that the other side of the technological cycle, the blacksmith’s work,
so much elucidated by contemporary archaeological and analytical research, has to be reserved
for another volume.



Chapter 1

THE BIRTH OF IRON SMELTING

When studying the origins and development of the production of iron, a metal which was
to have so profound an influence on technology as whole, answers must inevitably be sought to
certain fundamental questions, namely, how, when and where did the making of iron begin?

Any investigation of these questions must start with a critical study of the sources avail-
able, both literary and archaeological. The contribution made to this research by linguists is
in exploring the words and concepts relating to iron production found in ancient languages.
Archaeology supplies the dated objects which help to identify those geographical regions where
information about the earliest use of iron may be sought, and a variety of approaches are needed
in interpreting the data arising from all of these sources. We are, nevertheless, still far from a
definite solution to the basic problem, which is whether the discovery of iron can be ascribed to
a single region or whether the technology could have been discovered independently, perhaps at
different periods, in several regions. The key to the solution of this problem lies in establishing
absolute and relative chronologies for the earliest known iron producing areas.

The earliest finds of iron

The earliest evidence for iron-use so far available comes from the Near and Middle East —
ancient Mesopotamia, Anatolia, northern Syria, ancient Armenia, northern Iran, and, in respect
of a small number of very early iron artefacts, Egypt.

A survey of the earliest known finds (Waldbaum 1978, 1980) lists fourteen iron objects from
four sites which date to before 3000 BC. Grave A at Samarra in modern Iraq yielded a small
piece of terrestrial iron from around 5000 BC, while Layer Complex IT at Tepe Sialk in northern
Iran, dating to the second half of the 5th millennium BC, produced three small iron lumps,
apparently used as polishers. Iron beads, one rich in nickel, another nickel-free, were found at
El Gerzeh, while a small iron ring came from Armant, both in Egypt. All of these objects have
been analysed and, with the exception of the Samarra specimen and one of the beads from El
Gerzeh, have been shown to have high nickel contents, up to 7.5%. Despite the arguments by
some authors (Piaskowski 1980; Photos 1989) that ancient nickel-rich artefacts should be seen
as the products of the smelting of nickel-bearing iron ores, there are strong reasons for believing
that these early objects were made of meteoritic iron, which is high in nickel and would have
been a natural curiosity. A silent witness to this is the steady decrease in both the frequency
and proportion of high-nickel iron artefacts during subsequent periods.

Up to the present day, over twenty finds of iron which can be dated to the 3rd millennium BC
are known. These come mainly from Mesopotamia and Anatolia, with only four from Egypt.
Analyses of twelve objects show that six were rich in nickel, the remainder being apparently
made of smelted iron. They are mostly rusty fragments or indeterminate lumps, but also include
small amulets, pendants and inlays on non-ferrous objects. The corrosion products on the bronze
dagger hilt from a palace deposit at Tell Asmar (Eshnuna) show that it must have had an iron
blade (Frankfort 1950). Another important artefact in this group is a low-nickel iron dagger
with a gilded hilt from Royal Tomb K at Alaca Hiiyiik in northern Anatolia (Fig. 1:1) which is
dated to around 2300 BC (Kosay 1966). Iron pins and pendants, probably of meteoritic iron,
were found in at least four contemporary grave complexes from the same site. Other finds from
this period are listed in the literature (e.g. Forbes 1964, 175 — 276; Aitchison 1960, I, 76 — 110;
Waldbaum 1978; 1980).

A number of iron artefacts dated to the first half of the second millenium BC are known from
five sites in Anatolia, Cyprus, and Crete. Egypt is represented by a single object only, a large
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Fig. 1. Selected examples of ancient iron objects from southwest Asia, Egypt, Eastern Mediterranean
and eastern Europe. 1 Alaca Hoylik, Turkey, an iron dagger with gilted hilt and pommel parts, from a
royal tomb about 2300 BC; 2 Thebes, Egypt, the dagger from the Tutankhamen tomb, ca 1350 BC —
the hilt is gilded and ornamented with granulation, the pommel is of rock crystal, total length 42cm;
3 Thebes, Egypt. A miniature of a ceremonial headrest from the Tutankhamun tomb, length 5cm; 4
Har Adir, Palestine, iron pick from a settlement, heat treated steel, 12 century BC; 5 Dendra, Greece,
ceremonial ring I from a royal tomb. The hoop and the upper plate of the bezel are of iron, followed
by lead and silver bezel plates — the hoop light diameter ca 2cm, 14th century BC; 6 Perati, Greece,
iron knive with bronze rivets from a cemetery, length 11cm, 12th century BC; 7 Khorsabad, Iraq, a
bi-pyramidal iron bar from the store of the Sargon palace, 8th century BC — heterogeneous carbon steel,
length 32cm, weight 3.9kg; 8 Luristan, north-western Iran, bronze-hilted iron dagger, preserved length
16cm, 8th century BC; 9 Luristan, short sword with human heads on the pommel, length 38cm, 8th
century BC — homogeneous unhardened steel; 10 Boldyrevo, south foothills of Ural range area, Russia, a
meteoritic iron adze mounted in copper socket, length 11cm, 18th century BC. References: 1 Bittel 1950;
2 Archaeological Museum Cairo; 3 Aitchison 1960; 4 Maddin 1982; 5 and 6 Varoufakis 1981; 7 Oriental
Inst. Museum, University of Chicago, after Pleiner 1979; 8 Pleiner 1969a; 9 Deutsches Klingenmuseum
Solingen-Grafrath (Pleiner 1969d), 10 Terekhova et. al. 1997.

spearhead from the XXIIth Dynasty grave K3 at Buhen, the authenticity of which is, however,
somewhat dubious (Randall MacIver and Woolley 1911; Wainwright 1932). The circumstances of
deposition of amulets and ceremonial weapons in rich graves and temple precincts demonstrates
that the new metal was available only to the upper strata of society.

The beginnings of the terminology of iron

How 1is the arrival of this new metal, which joined copper and other non ferrous metals,
represented in language and writing? The earliest terms are to be found, again, in the Middle
East, in the Sumero-Akkadian cultural province. Akkadian ki#.an and Sumerian an (inflected
form an.na) occur in contexts which suggest symbolic iron objects, including daggers. The two



THE BIRTH OF IRON SMELTING 9

words are identical in meaning according to Sumerian and Akkadian versions of the Rimush
inscription which dates from 2300-2200 BC (Hirsch 1963). Legal texts of Shusin IV contain
references to the taking of an oath on ‘the iron dagger of the god Ningirsu’ (Falkenstein 1956,
No 205, 45). An axe is described as being made of ‘the precious metal which is iron’ in the
fragments of the so-called Lugalbanda epic which dates to shortly after 2000 BC (Wilcke 1969).

According to Limet (1976), k¢ means either meteoritic iron of heaven or ’a precious blue
metal’, an. This is the equivalent of two synonymous terms, asium and aemutum used in the
so-called Cappadocian tablets, a set of early Assyrian trade documents from Kanes-Kil Tepe
in the Near East, belonging to the period 1900-1600 BC (Garelli 1963, 274-276; Landsberger
1965, 290). This mysterious material, more expensive than silver and gold, was imported from
somewhere in Anatolia and, although controlled by the local rulers, was often traded clandes-
tinely. It seems likely that the term relates to meteoritic or smelted iron. In course of time,
according to Limet (op. cit.), an lost the attributes of rarity and high value (k) and acquired
a descriptive element bar. Interpretation of cuneiform texts suggests that this means ‘baked’
or ‘roasted’, in other words, transformed at high temperature. Limet sees this development as
reflecting the production of iron by smelting ore. In fact, strong semantic links can be found
between metallurgical terms and those for 'heating’, ‘baking’, ‘roasting’ and ‘boiling’ in con-
nection with non-ferrous as well as ferrous metals in the later Celtic and Germanic language
families, suggesting that terminology reflecting the use of high-temperatures dates at least from
the earliest smelting of non-ferrous metals (e.g. Scott 1990, 1741f.).

The Akkadian equivalent of the Sumerian AN.BAR, written syllabically as BAR.zl.li, bar-
zil-lu or pa-ar-zil- lu (Bilgig 1947, No C 33), is an unambiguous term for iron which survived
in several forms in various Semitic languages for some two millennia, and which is used for
the first time in the Cappadocian tablets. The logogram AN.BAR occurs frequently in Hittite
texts (alongside AN.BAR.GEg which is usually interpreted as meteoritic iron). Careful study
by Laroche (1957) and Kammenhuber (1969, 437) proved that this word was pronounced not as
parzillu but as hapalki, and was thus of pre-Hittite (presumably Hattian) and non Indo-European
origin. According to Melchert, one Indo-European word for iron was apparently kiklu (see Muhly
et al. 1985, 76).

Study of archaeological and linguistic data from the period 1600-1200 BC confirms two facts.
First, in spite of the fact that new provenances in Palestine, the Aegean and mainland Greece
have been identified, the frequency of occurrence of iron objects increased slightly, although not
more than a hundred are known from the whole region, including Egypt (Fig. 1: 2, 3). Second,
the circumstances of these finds and the documentary sources indicate that iron continued to
be a rare metal which remained under the direct control of ruling groups, whether religious or
secular.

During this period Anatolia was the centre of the Hittite confederation where the frequency
of occurrence of iron objects increased rapidly. Those found at Alaca Hiiyiik and in 14th century
levels at the capital, Boghazkdy, include what are indisputably tools — two trunnion axeheads
and some possible knife fragments. However, they throw less light on the subject than a number
of textual references to iron which demonstrate that by the 14th-13th centuries BC the metal
was relatively common. It continued, however, to be used principally in temples and royal
courts, and there are numerous temple inventories of the 13th century, compiled in the reign of
Tuthaliash IV, which mention symbolic iron objects and idols (Brandenstein 1943; Rost 1963;
Siegelova 1984) suggesting that iron also played a symbolic role in ritual.

References to objects made from iron or meteoritic iron (AN.BAR.GE;g) occur occasionally.
Sometimes the sources indicate substantial numbers of, for example, iron hairpins, vessels and
spears — for example, 10 knives and 56 dagger-blades. Certain tablets (e.g. KUB XLII, 21) refer
to from 22 to as high as 66 pieces of iron, presumably blooms or bars (Kosak 1982; Siegelovd
1986 1, 195). The weight of such objects is not known, but in other documents (e.g. KUB
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XXVI.66; KBo XVIII 162 + KBo VIIL. 24) reference is made to 23—-30 shekels (180-216 g) of
iron. Ten knives represent 16-40 shekels (120/300g), and a tribute of 56 dagger blades (KBo
XVIII. 158) must have represented several kilograms of iron.

Temple inventories, such as the list of seven small iron amulets and solar discs from the Nin
Egal temple of Mishrifé-Qatna on the Orontes also occur in northern Syria (Bottéro 1949). The
archaeological counterpart of this kind of list is the famous Ugarit -Ras Shamra find, an iron
(3.5% Ni) axehead with a bronze socket inlaid with silver and gold (Schaeffer 1939, 107 ff.). The
assemblage, which also contained bronze spearheads, dates from the 15th-14th centuries BC.
There are numerous comparable finds, among which high-nickel iron continues to figure.

Royal iron

Iron was also the object of royal gifts, as demonstrated by royal correspondence from the
Near East and adjacent regions, including a long list from the Tell el Amarna archives (14th
century BC), describing a collection of precious bridal gifts from the Mitanni king Tushratta
to the Egyptian Pharaoh Amenophis III, and subsequently to Amenophis IV, in the hope of
marrying off his daughter (Knudtzon 1915, Nos 22, 25). This assemblage included a number of
valuable goods, among them several iron blades and amulets, some of which are described as
habalkinnu. This word was at one time believed to apply to a special type of iron (or steel), but
recent philological research interprets it as a Hittite, Hattian or Hurrian reading of AN.BAR.
Hittite texts do, however, refer to different types of iron and differentiate between raw metal, as
smelted AN.BAR KI.NE and the best quality iron it AN.BAR SIG4 (Siegelova 1986 I, 139).

There is also the well-known letter from the Hittite king Hattusil III who reigned in the
first half of the 13th century BC to an unknown recipient, a copy of which was preserved in
the archives of Boghazkoy (KBo I 14; Cavaignac 1934; Goetze 1940). Lines 20-27 contain the
first reference to the deliberate, albeit difficult, production of good quality iron (parzillu damgqu)
daggers which are requested by one of the king’s neighbours. Hattusil pleads the lack of available
material, saying that he has given orders for their manufacture at a favourable time and that
in the meantime, he is sending one iron dagger. This section of the letter, which was at one
time the basis for the long-prevalent hypothesis of a Hittite monopoly over iron-production is,
in fact a conventional phrase which occurs in other royal documents of the time. It is used, for
example, in connection with silver vessels in another letter of Hattusil and about large quantities
of bronze nails in a letter from the early Assyrian king Shamshi Adad. The ‘strategic monopoly’
theory has been effectively refuted by Zaccagnini (1971). Nevertheless, iron and iron daggers
were counted as gifts appropriate to royalty. Another document from the palace of Ugarit refers
to the request of a certain Zulanni, apparently a local king, for an iron dagger and garments
(Nougayrol 1951).

The best example of the importation of iron as a prestige material from abroad into Egyptian
royal treasuries and tombs comes from the 14th century BC tomb of Tutankhamen at Thebes.
Among the magnificent grave goods are two superbly-crafted daggers, one of gold and the other,
with an equally-lavishly decorated hilt and an iron blade. The assemblage also included sixteen
minute iron chisels, interpreted as the mouth openers used in funerary rites (peshesh kefs), a
ceremonial iron headrest and an amulet in the shape of the Eye of Horus set in a gold bracelet
(Carter 1927/1933, 2, 105, 122, 135). These artefacts, which are believed to be made from high
nickel iron (Waldbaum 1980, 78 — 79, but see Aitchison for a contrary view, 1960, 94 — 97) are
evidence of the extraordinary importance and symbolic significance of iron (Fig. 1: 2 and 3).

Iron also occurs in early royal tombs in Crete and in Mycenaean tholo: such as those at
Archanes and Phaestus, as well as in the Peloponnese at Dendra, Kakovatos, and Volos. All
date to the 14th—13th centuries BC, except for the Arkhanes find, which is believed to be Minoan
from the 17th century BC. At these sites, rings have been found which have bezels made up
of superimposed plates of lead, silver, and iron (Fig. 1: 5). Chemical analyses by Varoufakis
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(1981) show that the iron is high in nickel (3-10%), contrasting with the two iron knives from
Perati (12th century BC, Fig. 1: 6), where the nickel content is no higher than 0.03-0.05%,
typical of bloomery iron. The iron parts of the rings, which appear to have had an apotropaic
or magical function, were apparently of meteoritic iron.

It may be said that between 5000 and 1200 BC (i.e. the Chalcolithic and Early and Middle
Bronze Ages in the Middle and Near East), iron was an extremely precious metal, occurring in
the form of artefacts either with high nickel (and cobalt) contents, or nickel-free. Some Hittite
iron smelters (or smelters living in the Hittite lands) continued to struggle against their lack of
experience. They tried to smelt various minerals, often unsuccessfully, as can be seen from an
unforgeable iron sulphide matte found in 14th century BC Boghazkdy, which resulted from an
attempt to smelt ferruginous arsenopyrite (Muhly et al. 1985). Successful smelts undoubtedly
resulted in the manufacture of various artefacts which, however, are rarely represented in ar-
chaeological assemblages, while those that have survived are usually badly corroded, rendering
them unsuitable for metallographic investigation.

During a period of great cultural development in the Near and Middle East, the terminology
relating to iron as a specific metal gradually became standardized, a process which culminated
around 1800 BC. This indicates that it was in that part of the ancient world that the new
member of the family of metals of antiquity was discovered and distinguished from the other
metals and, in due course, produced deliberately and on a regular basis.

The discovery of iron smelting

How was the metallurgy of iron discovered? From the work of scholars such as Wertime
(1964), C.S. Smith (1965), Tylecote (1976, 40), and Charles (1980) it is possible to establish the
following sequence.

During the Neolithic period (11th to 7th millennia BC in the Near and Middle East), the
possibility was slowly recognized for a replacement for traditional natural materials such as
stone and bone by another with superior mechanical properties, which could be made available
through the use of new technologies. The material which met this demand was copper, which
had already been identified and worked in its native form from copper ore veins. Once copper
became available in smelted form, it had a profound influence on technological development and
the division of labour, the process being admirably illustrated in the region.

Iron did not assume such a predominant role here. It appeared on the scene much later
and was slow to achieve a level of technological significance comparable to that of copper. Its
progress was especially slow in those regions which may, with some justification, be considered
to be its cradle.

The invention of iron smelting has recently been seen as closely associated with the smelting
of copper ores. Scientific opinion has rejected the hypothesis of the accidental discovery of the
smelting and melting of metals in the oxidizing conditions produced within bonfires or by forest
fires above ore outcrops. The two most likely conditions for the invention of metal smelting
technology seem to be associated with the reducing atmospheres inside pottery kilns or with
the use of charcoal-fed hearths to melt native copper in crucibles when fragments of copper ore,
present in the fuel charge, might have been reduced to reddish, shining copper prills.

Copper ore deposits are usually divided into two zones. The upper level, above the water
table, is the oxidation zone which contains easily reducible oxide or carbonate ores enriched
in copper, while the lower level, which constitutes the bulk of the deposit, is the cementation
zone, consisting of sulphide ores, principally of the chalcopyrite (CuFeSs) or chalcocite (CuzS)
type. The copper content of the non-oxidized ores is much lower that of the oxidized ores
(Tylecote 1986, 8). Native copper often occurs in the intermediate zone between the two levels,
as is certainly the case in the most important Near Eastern deposits, such as those at Ergani
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Ma’aden in eastern Anatolia and Anarak and the Kerman province in northern and southern
Iran, and also possibly in Cyprus and the Balkans.

Once the oxide and carbonate ores (the familiar malachites and cuprites) in the upper levels
of the major ore bodies had been exhausted, it became necessary to use the poorer sulphides.
These required a higher level of technology as the sulphur had first to be removed by repeated
roasting and subsequent smelting, resulting in the production of various types of matte and cakes
of black copper. These mattes required careful refining, a major difficulty being the removal
of non-metallic components by producing a slag. The silica gangue had a higher melting point
than copper, while the sulphides contributed further gangue material, and as a result the yield
of the process was diminished.

The early smelters appear to have found an empirical solution to this problem. They must
have observed that a reddish or brown material, if added (originally no doubt by accident) in
sufficient quantity to the ore charge, resulted in better slag production and a higher yield of
copper metal. Generations of experience would have shown that the addition of some 30% of
this material, iron ore in the form of haematite or limonite, the latter occurring naturally on
the exposed tops of chalcopyrite deposits (gossan, chapeau de fer), gave the best results. Pure
haematite and limonite were also regularly present in polymetallic deposits in the Near and
Middle East.

In metallurgical terms, the addition of iron ore was positively beneficial to the copper smelt-
ing process, and the iron ore would have been reduced at the same time as the copper ore. When
smelting iron bearing chalcopyrite, similar effects might been observed (Hauptmann 1985b). One
of the metallurgical phases that resulted was iron(I)oxide (FeO) or wiistite, which at the rela-
tively easily-attainable temperature of 1100°C, combined with part of the silica in the ore gangue
to form iron oxide orthosilicate or fayalite (2Fe.SiO3). In other words, the iron ore acted as a
flux and the method survived until the beginning of the 20th century in both traditional copper
and lead smelting.

This technique had important consequences in antiquity. Copper smelting slag was, in fact,
identical with that produced later by bloomery iron smelting, since it had the familiar fayalite
and wiistite phases, a high Fe content and contained no more than traces of copper, in the
form of remanent sulphides and oxides and occasional metallic grains. Under certain conditions,
however, other metallic phases were present — reduced iron particles or fibres of sponge iron.
Nevertheless, the conditions that allowed the production of metallic iron in that way were
limited, developing only when the oxygen pressure was accidentally low, as when the furnace
was blown with primitive bag bellows (Maddin 1982, 14, 16, fig.3). For this reason, iron was
slow to be recognized and it took many centuries before the new metal was distinguished, not
least because the metallic grains were buried within the slag mass and because they were, like
the slag, greyish-blue in colour. It was only as a result of their ductility that they could only be
separated from the brittle slag when this was crushed, allowing their silvery lustre to become
apparent.

Meteoritic iron appears to have played no part in the invention of iron smelting, although
occasional pieces could have been discovered, collected and worked. Falls of meteorites in the
Near East were observed in antiquity (Bjorkman 1973) and, despite some recent different views,
the use of minute fragments would have been feasible (Classen 1969), as demonstrated by the
regular exploitation of Greenland meteorites by the Inuit around 1900 (Buchwald and Mosdal
1985; Craddock in: Wayman et. al.1992). This could explain the strong symbolic, magical, even
cosmological significance inherent in the earliest terminology associated with iron. Thus, the
meteoritic iron could have contributed to the identification of man-made iron in copper slags.

Slags from prominent ancient copper smelting regions in northern Iran, Cyprus, Palestine,
and Oman have been shown by chemical analysis to have high iron contents (e.g. Tylecote 1967;
Steinberg and Koucky 1974, 152; Rothenberg 1978; Hauptmann 1985a). Recently, Chalcolithic
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copper slags from the 4th millennium BC have been published from site N3 at Timna, Israel,
which reveal high iron contents and fayalitic phases and are said to be the result of intentional
iron ore fluxes (Segal et al. 1998, 223, 233). Metallic crystals and conglomerates have, moreover,
been found in several copper artefacts and bronze castings from the eastern Mediterranean and
the Caucasus (Cooke and Aschenbrenner 1975; Kotovich 1977). Iron was also the principal
impurity in copper slags and cakes produced in smelting experiments (Tylecote and Boydell
1978). The number of analyses available is not high, with some samples examined and dating
from the 2nd millennium BC, and further data are needed. It should be noted that the iron
in the much discussed copper ’slag’ from Catal Hiytik (7th millennium BC) is in the form of
delafossite (CuFesO2) and so cannot be considered to be a normal smelting slag (Tylecote 1976,
5-6).

If the hypothesis that iron smelting began as a by-product of developed copper smelting
technology, one which seems to fit the available data best, were to be accepted, another question
must be posed. At what period did Old World smelters cease collecting iron from crushed copper
slags or by separating it from molten copper in crucibles and start to smelt iron ores proper for
the deliberate production of the black metal? In her discussion on the possible causes of the
accelerated introduction of iron, Waldbaum (1989) suggests that there was a shortage of fuel in
the Near East, caused not only by the firing of pottery but also by copper smelting, arguing that
the smelting of iron required a lower fuel consumption. However, this is a debatable point of
view. Georgia, adjacent to the presupposed focus of the earliest metallurgy of iron, has yielded
evidence of intentional and specialized ironmaking, before or around 1000 BC, in four districts
(Khakhutaishvili 1987). Unfortunately, no other smelting furnaces are known from Asia Minor
and the surrounding regions until the Middle Ages. We may, however, take into account the
above-quoted letter KBo I 14 from the 13th century BC, where the intentional (and apparently
difficult) making of iron is explicitly referred to. The first mention in classical literature seems
to be in Hesiod (Theogony, 861-866), a passage which may refer to the smelting of iron ore in
a form of bowl hearth. However, some translations use the word ‘melting’ in the context (West
1988, 28) so that it has also been suggested to refer to the decarburization of cast iron (Scott
1990, 182) which does not seem to be persuading.

It is well known that the bloomery process produces iron which is usually low in carbon or
heterogeneously carburized. This is due to the fact that the carbon absorbed by the iron during
reduction is completely or partially oxidized by the air flow at the tuyere level of the furnace (see
Chapter VIII). It was only much later that ironmakers learned how to take advantage of certain
factors which could be used to avoid the secondary decarburization of steel. It is therefore of
especial interest to find hard steel objects from early periods, including the 12th century BC
pick (Fig. 1: 4) from Mount Adir, Palestine (Davis et al. 1985), and blades from several other
sites such as Lapithos in Cyprus (Stech et al. 1985; Astrom it et al. 1986). The same has been
noted for Europe as, for example, with the 8th century BC Radzovce knife (Pleiner 1981).

It may be suggested that iron descended into the bath of molten copper where the conditions
were different, the iron being protected against re-oxidation, so retaining its steely component.
Steel treated in small quantities in this way could have been removed without being attacked by
the air stream from the bellows (see Chapter VIII). In the present state of our knowledge, this
can be no more than a tentative hypothesis, with the corollary that iron quality declined during
the Early Iron Age, since the smelting of iron in bowl hearths led mainly to the production of
soft wrought iron containing little or no carbon. This development is illustrated by the wrought
iron adzes and hoes from the developed Assyrian Iron Age civilization of the late 8th century BC
(Pleiner 1979; Curtis et al. 1979) and also by the preponderance of soft iron tools and weapons
in the European Hallstatt period (as will be discussed in Chapter II). This may well have been
the result of smelting of iron ore on its own. The transition to this technology must have been
stimulated by an increased demand for iron products, to replace copper and its alloys in the
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manufacture of everyday artefacts.

The spread of iron in south-west Asia and in Greece

It has been shown that the earliest evidence for the manufacture and use of iron comes from
eastern Anatolia which, along with adjacent areas of Armenia and Cilicia, formed the initial
focus for the technology. A number of very ancient iron objects, isolated both in space and
time, have also been found in neighbouring regions, such as ancient Mesopotamia. This region
and Egypt, neither of which possessed any iron ore, must have been the earliest consumers of
the rare new metal, which was imported from abroad.

Towards the end of the 2nd millennium BC, the situation changed and knowledge of iron-
making radiated outwards in all directions. In Syria, for example, where iron artefacts were rare
in previous centuries, the change is signalled by relatively numerous finds of iron weapons at
the cemetery of Hama (Riis 1948; 1958/59; 1960; 1961/62; 1963), which dates from the 12-10th
centuries. Later, during the 9th and 8th centuries BC, small Syrian city states such as Haianu,
Qué, Hattina, Carchemish and others, were obliged to deliver tribute to the kings of the New
Assyrian kingdom in the form of increasingly large quantities of iron, ranging up to hundreds of
talents (several tonnes) in weight (Pleiner and Bjorkman 1974, 292 —293). This is indirect evi-
dence for the development of iron in the Cilician region. At the same time, the natural economy
of Syria was distorted by the Assyrian conquest.

In Palestine, further to the south, urban centres suffered in the same way. Iron had been
introduced there a little later but on a larger scale, during the 11th to 10th centuries BC, when
bronze and copper tools were gradually replaced by iron (Waldbaum 1980, 85). It is apposite
here to refer to another widely reported hypothesis regarding a supposed monopoly, this time
exercised by the Philistines (Pelishti), one of the Sea Peoples who are credited with having
introduced iron into this area, and with having denied it to the pastoral Hebrew tribes, as
reflected in Old Testament stories. In fact, the pre-Philistine Canaanite population of Palestine
was already making limited use of iron. The conquering Philistines simply enjoyed easier access
to the prized new metal whose value in crafts and agriculture was beginning to be recognised.

The impact of iron technology further south was brought to a halt by the Egyptian civiliza-
tion, where a rather paradoxical situation developed. Egypt, which was one of the most ancient
and important consumers of prestige iron objects in earlier centuries, had a highly developed
copper industry, and as a result blocked the further penetration of iron until at least the 7th-6th
centuries BC (Leclant 1956). Amborn (1976) asserts that Egypt formed an effective barrier to
the spread of iron technology along the Nile into Africa.

The islands of the Aegean and Greece made the acquaintance of iron relatively early, probably
through Asia Minor and Cyprus (Pleiner 1969c, 12-13; Iakovidis 1970). Greece provides a model
for the natural evolution of iron usage from a symbolic use, with high-nickel iron set in rings
of precious metal, through its use for chieftains’ swords, spears and knives (Fig. 2: 1-2) in
the Dark Age cemeteries of the Protogeometric period in the 12-9th centuries BC (Pleiner
1969c; Snodgrass 1964; 1971, 213-286; 1980), through to the time when iron currency bars in
the form of stylized spits (obeloi) were used in internal trade transactions (Fig. 2: 4). Iron
production and trade were well organized in the Greek poleis of the Classical and Hellenistic
periods (Pleiner 1969c, 15 — 32). There are several interesting and coherent Greek literary
references, including a Hippocratic text On diseases IV 45 which contains an accurate description
of the bloomery process. Comments on the nature of metals in other works have still, however,
not been completely studied, as, for example, the problem of cast iron and fluxes in Aristotle
and Theophrastus (Halleux 1974, 189 — 198: cf. Scott 1990, 182 ff., see Capter VIII). Several
texts contain comments on blacksmith’s workshops and trade.

Moving eastwards from Asia Minor, the economic development of the Kingdom of Urartu is
not fully understood. Written sources mention iron as flowing down in the form of tribute into
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Fig. 2. Selected finds of Protogeometric, Geometric and
Archaic iron objects in Greece. 1 — 2 Athens Agora,
Late Protogeometric warrior grave: 1 flange-hilted iron
sword, length 87cm; 2 trunnion axe-head from the same
grave, lenth 18.5 c¢cm, both 9th century BC; 3 Lindos,
double-edged axe-head (dolabrys), length 28.5cm; 4 Ar-
gos, Heraion, votive hoard of premonetary currency spits
(obelod): 4a a bundle of ca 180 spits, lenth ca 117-120cm;
4b enlarged symbolical piece 120cm long, weight 73kg.
References: 1-2 Kimmig 1964; 3 Pleiner 1969¢ after
Blinkenberg; 4 Waldstein 1902.
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the treasuries of .the Assyrian rulers as early as the 9th century BC. Two centuries later, the
Urartian civilization, then at its zenith, introduced a developed form of ironworking and use
into all of the lands affected by its expansion, and particularly into Subcaucasia (Pleiner 1969a).
The beginning of this process is still obscure, since there is no evidence available. It may be that
a small piece of white cast-iron (3.51% C) from Geoy Tepe on Lake Urmia, dating possibly from
the end of the 3rd millennium BC (Burton-Brown 1950), is evidence of a metallurgical accident
in a region which later came under Urartian domination and which may have been involved in
the birth of iron metallurgy. In nearby western Georgia, the earliest dated iron artefacts begin
to appear at the end of the 2nd millennium BC, while bloomeries with bowl smelting furnaces
which have been investigated by Gzelishvili (1964) and Khakhutaishvili (1974; 1975; 1987; see
chapters III, IV, and IX), appear in the period around or before 1000 BC. On the other hand,
iron was still rare in eastern Subcaucasia in the 9th — 8th centuries BC (Pogrebova 1977; Pigott
1977). It seems to have been the power of Urartu which accelerated its use in this part of the
world.

In Assyria at the end of the 2nd millennium BC, iron was still reserved for the palace (Pleiner
and Bjorkman 1974). Assyrian kings such as Shalmaneser I and Tiglath Pileser I in the 11th
century BC owned iron objects such as daggers, while Ninurta Tukulti Asshur had a blacksmith
named Marduk bel Ushur at his court. The palace played a decisive role in the distribution of
iron for a long period. It would appear that the iron derived entirely from the booty collected
from Cilicia, eastern Anatolia and northern Syria in such enormous quantities that it distorted
the normal consumption patterns in these productive lands which were the involuntary providers.
The 160 tonnes of iron in the form of double-pointed bars (Fig. 1: 7), chains and other artifacts,
found in the 19th century by Place in the royal stores at Khorsabad, can be interpreted in this
way. The hoard belonged to Sargon II in the late 8th century BC. Metallographic examination
of some of these bars and of some implements from Khorsabad has shown that the quality of the
iron was in no way exceptional. The bars were made of heterogeneously-carburized steel while
the tools were of soft wrought iron (Pleiner 1979; Curtis et al. 1979).

Media and Persia had little iron, especially in the south and east, until the 8th century
BC. In western Luristan, a famous centre for skilled bronze casting, there was a flourishing
industry in the 9th-7th centuries BC producing mace heads, halberd blades and iron daggers
with typical zoomorphic pommels which are known almost exclusively from isolated finds (Fig.
1: 8-9). Metallographic examinations on some Luristan blades and mace heads by Smith (1971)
showed them to have been made of soft wrought iron with areas of heterogeneous carburization.
Although the the daggers show elaborate and skilful jointing of hilt, pommel and blade, there
is no trace of heat treatment. The Achaemenid period brought a sudden rise in iron production
in the 6th century BC. Persian soldiers started to wear coats of mail, while structural iron
clamps began to be used in large quantities in the monumental stone architecture of the Persian
kings, as at Pasargadae and Persepolis. This rapid increase in iron production and use may be
ascribed to influences from the Assyrian, Urartian, and Manaean cultures lying to the west of
Persia (Pleiner 1969a; Pigott 1977).

The Indian sub-continent is separated from Persia by a mountainous region that has not been
well investigated, something which led to the formulation of hypotheses based on questionable
arguments about the independent invention of iron metallurgy in India (Chakrabarti 1976; 1977)
for which there is no solid evidence. They rely on a very loose interpretation of the narrative
sources in the Rig Veda. The chronology and the direction from which iron spread into India
are, however, incontestable. The earliest specimens of iron in India cannot be dated before
about 1000 or 1100 BC (Souvenir 1991). Like other cultural influences, iron and it’s working
technology penetrated India across the Punjab from Persia.

Iron objects occur more frequently in cultural layers associated with NBP pottery on sites in
the north of India which date to the 6th—3rd centuries BC. The main centres were the prosperous
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city states in the doab of the Ganges and Jamuna rivers such as Hastinapura, Atranjikhera, anc
Alamgirpur. A flow of knowledge of iron towards the south of the sub-continent can be observed
around 300 BC. It is interesting to note, however, that bone and copper continued to play ar
important role alongside iron (Banerjee 1965; Pleiner 1971b).

This situation is reflected in the terminology used for pure copper, copper alloys, and iror
in the early Indian languages which remains confused until the later centuries BC. The shifts ir
the meanings of words like ayas and loha in the Vedic texts and later in the Pali canon, whick
denote copper alloys or — in certain contexts and with special attributes, also iron - document
this slow stabilization of meaning (Pleiner 1971b).

The contribution of Indian metallurgists in the form of the high carbon crucible steel knowr
as wootz which later became famous as a material for making damascened blades, remains &
problem. High carbon (> 1%) steel artefacts have been found in Graeco-Indian contexts at
Taxila in northern India, while over a hundred cylindrical iron bars have been recovered from
sites such as Sirkap and Taxila. It is to be regretted that these have not yet been subjectec
to metallographic examination. In the early centuries AD, Indian steel became famous in the
Roman world as ‘Seric’ iron. Nevertheless, wootz is considered to be a relatively late innovation o:
the early medieval period, at several centres in India and Sri Lanka (Bronson 1986). However.
views emerged which try to open the problem of an early and independent invention of the
wootz-type steel in southern India (summarized by Toussaint 1999). New reliable facts woulc
be needed.

There are more problems in the recognition of the spread of iron and of the knowledge o:
how to make and use it into other parts of the Old World. Some are discussed briefly in Chapte
IT which considers the coming of iron to Europe, but we must note here the introduction o
the new metal to the far North-East and East. Sporadic occurrences of iron objects dating tc
the 2nd millenium BC have been recorded in regions north of the Caucusus as far as to the
southern foothills of the Urals where artefacts even of meteoric iron (Fig. 1: 10) occur (as
at Bichkin Buluk and Boldyrevo — see Shramko 1981; Terekhova et al. 1997, 33-37). There
are major problems in the precise dating of these scattered objects, but there is little doubt
that nomadic steppe tribes of Indo-European stock such as the Cimmerians and Scythians anc
related groups, knew of iron and used it during the 9th-7th centuries BC, primarily for display
weapons, spreading knowledge of it relatively rapidly, via Altay, to the Far East.

It is clear that all metallurgy, whether ferrous or non-ferrous, arose later in the Far East thar
elsewhere. Rare and isolated objects such as the spearhead with iron blade from Banchiang ir
Thailand began to appear in the first half of the 1st millenium BC. In this connection, recent
results must be noted regarding the situation in China, a region which has been much-discussec
in terms of the introduction or independently-developeed technology of iron smelting. New
sources reveal that in north-western China in Xinjiang, the first iron artifacts appeared during
the 8th century BC, having been brought from the West by Scythian nomads. They are slightly
later than a group of bronze axes with cutting-edges made from meteoric iron, some of whicl
have been found in the same contexts as the bloomery iron specimens (Li Chung 1979; Wagne
1993; 1997; 1999). Well investigated meteoritic iron blades of an axe and a dagger-axe in bronze
shafts were published by Gettens, Clarke and Chase 1971. They date from the time around 100(
BC.

Rapid development of iron production began around the middle of the 1st millenium BC
and is noteworthy for several reasons. In the south and south-eastern regions, the State of Wu
large furnaces of the type used for copper smelting consumed ores containing iron and begar
to produce carburized iron in the liquid state (Wagner 1993, 1997; see Barnard and Tamotst
1975). Fined iron and steel were then used for the making of weapons, and malleable cast iror
was formed into tools, especially agricultural implements the shapes of which followed that o
bronze models (Wagner 1997). During the subsequent period of the Han dynasty (206 BC tc
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AD 263), all production was run on a large scale and fully monopolized by the state.

In terms of the spread of iron technology, a reference to the continent of Africa is desir-
able. Unfortunately the situation is veiled by a heavy curtain of chronological problems, with
traditional ‘Iron Age cultures’ producing little or no iron on the one hand, and collections of
radiocarbon dates revealing different values on the other. For example, Holl (1997) claims that
four regions in Africa — the territory of the Nsukka-Nok culture in Niger, Egypt, Sudan and
Urewe in the Great Lakes — show, relatively speaking, very early iron production said to begin
in the 9th—8th centuries BC. This hypothesis is based on unspecified radiocarbon data; no details
have been presented. Based on other published material and interpretations (e.g. Tylecote 1968;
1975; 1977; Arkell, Fagan, Summers et al. 1966; 1971; van der Merwe 1980), one is inclined to
accept the following rough model for the spread of iron technology to the African continent.

After a long period during which mighty bronze-using Egypt imported splendid iron gifts
from Asia Minor, it was much later that the region reached the verge of an Iron Age as the result
of the influences of Assyrian and Greek cultures (7th-5th centuries BC). The first impressive
iron production emerged a little to the south, in Sudan, within the Meroitic culture which was
contemporary, in its earlier phase, with the Hellenistic period in the eastern Mediterranean (4th—
3rd centuries BC). The 12 huge slag heaps at Meroé date from the 2nd century BC onwards
(Tylecote 1977) and it is hard to believe that this developed industry, which reached its peak
during the 1st and 2nd centuries AD (Roman Empire period) was not implanted from the north.
Thus, Sudan was either a gate for the channelling of the knowledge of ironmaking south into
eastern Africa, or else this industry represents an episode before the activities of the Arabs,
moving across the Red Sea in the early Middle Ages. Influences could have been transmitted
by another group, the Phoenicians or Carthaginians, who, by about 1000 BC, were firmly
established in north Africa and the western Mediterranean and who were using iron by at least
800 BC.

The trans-Saharan Nok culture in Nigeria must have been affected by caravan traffic from
the north, with the seeds of iron metallurgy being implanted there during the 4th — 2nd centuries
BC, as shown by the slag pit furnaces at Taruga (Tylecote 1968; 1975). To the east, in the region
of Agadez, the use of iron is believed to have commenced in the 5th century BC, and slag-pit
in Ghana within a broad chronological range from 500 BC to AD 500 AD. The further spread
of the technology is obscure. With the exception of episodes of copper mining in certain areas,
Africa had no Bronze Age in the proper sense and iron-using populations directly succeeded
Stone Age cultures. Sub-Saharan Africa mainly adopted iron during the 8th —19th centuries
AD. An enormous research effort must be devoted to the resolution of the history of iron in
Africa, the continent which has yielded so much information about traditional, possibly late,
bloomery iron smelting.

Thus the most likely birthplace of iron metallurgy would appear to be the Near and Middle
East, the technology arising from repeated observations and empirical trials by skilled metallur-
gical craftsmen working under the favourable geological conditions of the regions that encircled
the Fertile Crescent of antiquity. Here, the evolution was a very long one, and one which could
hardly have been duplicated elsewhere over a shorter period (Fig. 3).

The stages in the development of iron-use

Initially the art of ironmaking was restricted to a handful of workshops whose masters jeal-
ously guarded the secrets of their craft. Metalworking daemons such as Daktyloi and Telchines,
whose names are preserved in ancient Greek mythology, may reflect the early existence of highly
specialized metalworkers. In addition, the traditions surrounding the iron smelting Tibarenoi
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Fig. 3. Tron in ancient south-west Asia, Egypt and eastern Mediterranean in the period 4000-1400 BC.
Fourth-third millennia: 1 Samarra, 2 Tepe Sialk, 3 El Gerzeh, 4 Armant, 5 Troy, 6 Dorak, 7 Alaca, 8
Tarsus, 9 Tell Chagar Bazar, 10 Geoy Tepe, 11 Mari, 12 Tell Asmar, 13 Kish, 14 Uruk, 15 Ur, 16 Ubaid.
Second millennium: 17 Abydos, 18 Thebes, 19 Archanes, 20 Hagia Triada, 21 Phaestus, 22 Kakovatos,
23 Dendra, 14 Asine, 25 Boghazkéy, 26 Kusura, 27 Purukshanda, 28 Kanes, 29 Lapithos, 30 Kourion,
31 Alalakh, 32 Ugarit, 33 Byblos, 34 Qatna, 35 Mari, 36 Nuzi, 37 Susa. Symbols: a — the 4th and 3rd
millennia iron objects, b — 2nd millennium iron objects (up to about 1200 BC), ¢ — iron as mentioned
in written records (2nd millenium BC).

and especially the Chalybes could well be of great antiquity. Such a monopoly among craft-
specialists would have facilitated control by local ruling groups related to the Palace and Temple.
The alleged monopolies of this period would have been motivated more by the desire to keep
secret the production of a rare material endowed with supernatural powers, rather than by any
political or military strategy of the kind attributed to the Hittites.

How did the mechanisms of diffusion of the knowledge of iron technology operate? Some
are explicitly set out in written sources, including the royal gift as a form of export and the
clandestine trade in iron. In practice, the product of any successful attempt to smelt iron ore
would have been whisked away for trading, often to distant lands. During the second half of
the 2nd millennium BC, rare iron artefacts began to turn up in regions as distant as Europe
and India. It may be suggested that there was a succession of stages in the development of the
transport of iron, whether in the form of blooms or artefacts, although it is difficult to believe
that this was the only method. In spite of close supervision by the ruling classes, there must
have been some movement of specialists. After the destruction around 1200 BC of the Hittite
Empire which encompassed most of the iron producing foci of the period, skilled metalworkers,
who had mastered ironmaking, would have been able to move about more freely. Despite the
tendency to keep their technology secret, experienced craftsmen in iron could have begun to
communicate with one another and exchange ideas, giving rise to the spread of technology, as
outlined above. The new metal gradually came to form part of the range of crafts in the eastern
Mediterranean, the islands of the Aegean, Greece, and the countries of the Middle East.
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The following stages in the process of the introduction of iron can be identified as being
common to the regions under consideration, although its chronology varied from region to region.

The first phase comprises that long period when iron made only sporadic appearances on
the human cultural scene and had symbolic and ritual, rather than technological significance.
The ownership of this new metal, more expensive than gold and many times more valuable than
silver, quickly passed into the hands of the ruling strata of society. Metal from some of the
meteorites which were recorded in ancient Mesopotamian literature as having fallen (Bjorkman
1973) was occasionally combined with iron that had accidentally been produced during the
smelting of copper ores, and occasional rare specimens might have been transferred to distant
regions. This phase lasted three millennia and more in Anatolia and Mesopotamia (5000-1300
BC), but was substantially briefer in neighbouring regions, and in India lasted only from about
1100 to about 700 BC. Theoretically, two sub-phases can be distinguished. In the first iron
was available accidentally as a result of the simultaneous smelting of copper and iron ores. The
slight increase in the frequency of iron objects in the archaeological record and in written sources
indicates that iron was being intentionally made, although as a by product of copper metallurgy.
This later sub-phase began in Anatolia perhaps before 1500 BC. The amounts of iron used to
make minute artefacts did not exceed a few grams (Pleiner 1966). ‘

The second phase saw iron being produced on a limited scale but on a regular basis, though
still as a high-prestige material under the aegis of Palace or Temple. A relatively small number
of specialist metal workers and their families or clans were responsible for its production, and
the supply to non iron- producing lands was extremely irregular. Iron was offered as royal
gifts, and was only made available to the upper strata of society. Its use for technological
purposes was very limited, although most ceremonial weapons were capable of practical use.
The few metallographic examinations that have been carried out on material from this period
provide evidence of the production of steel. It is still debatable, however, whether iron was being
produced from the smelting of iron ore on its own. This was the era when iron was measured in
shekels (quantities in tens or multiples of ten grams) and, in its final phase, iron circulated in
minae, (1mina, man.na, mnd = about 0.4kg).

This period could be well described as an Initial or Proto-Iron Age, although not, archae-
ologically, in strict chronological terms since it coincides with Late or Final Bronze Age. In
Anatolia it covers the period 1300-1100/1000 BC when shekels of iron, about 16g each, and ms-
nae, less than 0.5kg each, are recorded in contemporary cuneiform documents. For Mesopotamia
and Syria it is dated to around 1400 — 1200/1100 BC, in Cyprus, Greece and Urartu to 1200
- 900/800 BC, in Transcaucasia 1000 — 800 BC, in Persia 900 ~ 700 BC, and in India 700 -
400/200 BC. It is considerably shorter than the preceding phase.

The third phase is the Early Iron Age proper in the technological and socio-economic sense.
The technological applications of iron are obvious, with the appearance of four basic types of
implement, knives, axes, chisels, and sickles. This does not mean, however, that control of
iron by the ruling classes ceased. In places it may have been relaxed to some extent, but the
distribution of iron continued to be regulated by palace and temple rather than by the free
market. It was mainly the ruling classes who profited from iron in this phase, and they armed
their soldiers and made use of iron as a means of applying social and political pressures. It is
likely that this explains the demotion of iron from being the metal of heaven to a symbol of
fear and evil. The phrase patar parzilli Sa sarri (King’s iron dagger) became a synonym for the
royal army in 9th — 8th century Assyria and the phrase 'to put into iron fetters’ occurs on many
monumental inscriptions of the period (Pleiner and Bjorkman 1974, 288, 298 — 300). It was
an impure metal in Hebrew tradition, while the Indo-European world viewed it equally harshly,
despite the fact that it alleviated daily toil. The Persians and Indians saw it as a gleaming metal
of torture and painful purification while, for Hesiod, (8th— 7th centuries BC) the Iron Age, the
fifth age of mankind, was inferior to all those which had preceded it. This identification of bad
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Fig. 4. Stages in the development of the use of iron in anient south-west Asia, Egypt, eastern Mediter-
ranean, and Europe. Symbols: 1 iron objects with elevated nickel content; 2 iron objects, terrestric or
unidentified; 3 fully-fledged civilization of iron, 4 the beginning or early Iron Age; 5 sporadical occurence
of iron in the Bronze Age; 6 iron slag; 7 smelting hearth/furnace; 8 forge, blacksmith’s tools; 9 tributes
in iron; 10 iron ingots or bars (of any shape); 11 structural iron in the architecture.
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times with iron is consonant with similar pejorative views of the metal and its associations in
other cultural regions.

Apparently, iron was no longer being smelted in association with copper by this time, as is
indirectly demonstrated by the greater amount which was available, counted in tens to thousands
of talents of iron, 26 to 30kg each, i.e. tonnes to hundreds of tonnes and exemplified by the
mass found in the palace of Khorsabad. Wrought iron was being used for implements and
bloomeries have been discovered in eastern Georgia at sites such as Choga, Charnali, Legva and
others (Khakhutaishvili 1974; 1987). Of importance from the technological point of view is the
extension of iron working into the forging of wire and sheet and the use of iron rivets. Plastic
hot-forming had already reached a high level of virtuosity, as shown by the swage-forging, cutting
and jointing of ornamental elements on Luristan short swords (Pleiner 1969d; Smith 1971). The
western areas of the Near East have also provided evidence of secondary carburization and
quench hardening.

The rise in mass-production (talents to thousands of talents, tonnes to hundreds of tonnes)
in certain regions had an influence on the economy. Iron was used for the payment of tribute
and taxes in Assyria and became the means of exchange, as in premonetary currency such as
the famous Greek obeloi and drachma: which was used in domestic transactions (Pleiner 1969c,
15-17). These were stylized tools — ritual iron spits, often in bundles (Fig. 2: 4). Metal
currency of this kind was characteristic of many areas just before the advent of struck silver
coins, and underlines the increased economic and technological importance of the metal.

The Early Iron Age thus dates approximately to 1000/900 — 700/600 BC in Anatolia, Syria,
Palestine,. Greece and Urartu, 700~ 600 BC in Persia, 700 — 500/400 BC in Egypt and Tran-
scaucasia, and 400/200-100 BC in India.

The fourth phase is represented by the fully-fledged iron-using civilizations. Mass-production
was the rule in smelting centres, which must have been located in areas with sufficient supplies
of fuel and ore. Tools were manufactured using sophisticated techniques, such as the deliberate
combination of wrought iron and steel in blades, martquenching and the introduction of tem-
pering. The range of artefacts available increased to between 60 — 100 or more types, including
ploughing implements, while large quantities of structural iron began to be used in monumental
buildings. Blacksmiths began to specialize as toolmakers, armourers, swordsmiths and cutlers.
Certain types of steel, such as Chalybean, Lacedaemonian, Tarsian, Cilicjan, and Syrian, became
renowned for their quality and were traded over long distances at different prices (Oppenheim
1967). Iron had by now become 240-360 times cheaper than silver.

The chronology of the four phases of the geographical spread of the use of iron (which can
be extended to the evolution in Europe) represents the most serious evidence for the initial
epicentre of iron smelting having been situated somewhere between the eastern Pontus, eastern
Anatolia and Cilicia in the Near East (Figs. 3 and 4).



Chapter 11

THE COMING OF IRON TO EUROPE

When considering the spread of ironmaking technology, it can be seen that Europe lagged
behind the Near and Middle East by more than a millennium. Technological progress had been
accelerated there by the availability of copper and bronze, and it was the Bronze Age with its
economic achievements which witnessed highly significant developments in social organization
— the evolution of early states. Tron was slow to replace non-ferrous alloys and remained in a
subordinate role, possibly until a shortage of tin (and/or fuel) provided the impetus for it to
play a more important part.

In Europe, by contrast, iron was introduced before the advent of more highly-developed
systems of social organization. The natural environment of Europe laid stress on the significant
contribution which iron and steel tools could make in deforestation and the associated processes
of woodworking. In the initial phases of European iron use, as in the Near and Middle East,
it was reserved for the ruling classes. But it much more quickly exerted considerable influence
on industrial production and thus made gave a major impulse to the creation of more advanced
social and economic structures.

From Greece to the Baltic

Iron made its initial impact upon Europe in the form of high value artefacts, widely dis-
tributed in space and time, in the eastern regions of central Europe — the Balkans, the Carpathian
basin, and then, via Bohemia as far as Scandinavia. It is not impossible that from the western
Balkan area, another route branched off towards Russia. An example of a stray and, by any
standard, isolated find is that of a beak-shaped iron dagger hilt from G&énovce, in northern
Slovakia, which was found stratified in a ritual well of the Early Bronze Age Otomani culture
(Vlcek and Hajek 1963). Archaeological association indicates a 15th century BC date, whilst
the subsequent '*C measurements gave a date as early as the 17th century BC. Analysis showed
that the rust contained no nickel, while the three coniform rivets possibly resemble Mycenaean
style (Fig. 5). This is the earliest iron object so far found in central Europe and dates from a
period when iron was still a precious metal even in the Near and Middle East.

In fact, the early iron-using civilizations of Late Mycenaean and Geometric Greece referred
to in Chapter I might provide the starting point for the iron bearing routes northwards. One
of these seems to have followed the Vardar valley where the fortified settlement at Vardaroftsa
in Macedonia yielded iron slags which have been dated to the 12th—11th centuries BC (Davies
1926/1927). Unfortunately, the published analyses do not permit their identification either as
bloomery slags or smithing waste.

Early finds from eastern Romania such as the socketed axehead from Lapus, an iron knife
from the third Rozavlea hoard, a flange-hilted sword from Banat, a dagger from Tirol and the
iron bracelet from Bobda, all of which date from the period 13th-11th centuries BC, deserve
attention (Laszlé 1977; Boroffka 1991). An unidentified and poorly-stratified slag find reported
from Susani, cannot be included with these pieces with any certainty. There are a few finds of
the same date-range from eastern Romania which have been claimed to be linked with another
possible transmission route for iron, directly via the Bosporus from Anatolia (Boroffka, op. cit.,
29). These include the knives from Meri and Cindesti but, above all, slags from the settlement
at Peteni and from Cernat. The 11th century BC find complex from Cernat, interpreted as a
metalworker’s smithy, was made up of a bronze spearhead, a founder’s ladle, several iron tools
and 12 rod-shaped iron bars.
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Another early group of iron objects from
northern Bulgaria comprises the flange-hilted
iron swords from Popovo, Topéii, Omaréevo and
Kruseto (Toncheva 1980), and a knife, pin and
pair of tweezers, all of iron, from a tumulus grave
at Vajze in eastern Albania (Fig. 6:4).

Further northwards, in the Alpine zone,
small awls and rings have been reported from
Hotting and Vo6ls. From Bohemia come some
iron rings, chisels and fragments from the period
HA-HB,, the most important of which is the
iron rod, sticking in a copper cake which forms
part of the HA bronze hoard from Suchdol, near
Prague (Pleiner 1981, 116). Unfortunately, the
analysis of this curious and important artefact
(Fig. 6: 2) is so far not available.

Among iron finds from Saxony, a 1kg piece

of iron from Heegermiihle near Eberswalde de-
serves attention. This used to be identified as
a large chisel but recently has been interpreted
as a form of iron bar (Bukowski 1981a). Its
date has also been revised from HC to Mon-
telius IIT (11th century BC) which might be
considere(‘i somewhat of a surprise., alt.hough (15th century BC). The rivets are plated with
t_he find circumstances are Chargeq with difficul- bronze, length 9 cm. No nickel content. After
ties. More to the west, a small iron awl from Vicek and Hajek 1963.
Baageroosterelde, Netherlands, was found on a
timber trackway in a peat bog, and is dated to
the mid-14th century BC, on the basis of den-
drochronology (Charles 1984).

In northern Europe, the earliest Danish iron objects are apparently represented by the knife
fragment from Grodeby and by what were reported to be ornamental, as thought, iron inlays
on bronze razors from Arnitlund and Kjoldbymagle (Stjernqvist 1961, 77-84). However, the
recent analytical work has revealed that both of these inlays are, in fact, of pure copper (Voss,
pers. comm. 1998). Apart from the well-known piece of iron from Simris, several iron fragments
from Bronze Age graves and stone settings in southern and central Sweden have been reported
recently (Hjarthner-Holdar 1993, 32). Some are dated by radiocarbon, while three are dated by
the typology of accompanying objects to Montelius III-IV (end of the 2nd millennium BC), the
others into the wide span of Montelius IV-V.

Fig. 5. The earliest iron object in Central Eu-
rope: Ganovce, Slovakia, an iron dagger hilt

The spread of occurrences of iron along the geographical axis from the Balkans to Scandi-
navia constitutes the next phase of introduction around or after 1000 BC, during the HB period
of the European Bronze Age. Further Romanian evidence seems to support the idea of a direct
Anatolian influence (Sandars 1971; Boroffka 1991). Sites such as Babadag II, Hirman, Sintim-
bru, Mediag, Galita Dervent and Hirgova in the eastern part of the country have all yielded iron
slags (unfortunately not analysed). Babadag even produced an iron bar, while from Sincraieni
comes an iron bloom. The number of iron objects from various Bronze Age contexts (Fig.6: 3)
has now reached about 20 (Székély 1966; Olteanu 1971; Boroffka 1991).

It seems that traffic bearing iron by routes situated to the west was less frequent, although

the situation is not very clear. Occasional finds of iron have come from Albania, the north-west
Balkans (Covi¢ 1980) and the Caput Adriae region of northern Croatia and Slovenia and include
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the flange-hilted sword from Skocjan-St. Kanzian (Fig. 6: 1), and items from Ruse Maria-Rast,
Sisak and Sarengrad (Rieth 1942, 12-15; Alexander 1972, 99-101). A single iron knife was found
in an Urnfield context at Ginzheim, near Mainz, while a spherical object made of iron sheet has
been reported from a cremation grave near Dortmund (Brink-Kloke 1994, 23, 84).

In spite of territorial gaps, it can be asserted with reasonable justification that it was influ-
ences from the south-east which brought knowledge of the working of the new metal into the
regions both south and north of the Balkans which were, at that time, inhabited largely by
Indo-European Dorians, Venetians and Illyrians.

The subsequent decline of the Bronze Age (Hallstatt B3) marks a critical stage in this process
(Kimmig 1964; Pleiner 1981). In central Europe, this was the period when ornamental iron inlays
on bronze sword hilts were in favour (Fig. 6: 11-12) and when iron bracelets, knives and sword
blades made entirely of iron appear (Fig. 6: 13). At the same time, objects made entirely
of iron began to occur alongside bronze artefacts of the same type. We must take particular
note of the iron knives, spear heads and pins dispersed throughout the Urnfield cultures which
are characteristic for central and eastern Europe. Although more than 100 iron objects are
known from Hallstatt B complexes (Kimmig 1964; Pleiner 1981, 1982; Patek 1984), this did
not, however, constitute an Early Iron Age as these objects continued to be associated with the
upper echelons of society, as prestige goods.

The question of ironmaking sites belonging to this early period arises. To date, none have
been found in central Europe, but the possibility of iron having been made on a very small scale
somewhere in the south-eastern foot hills of the Alpine massif or in the northern periphery of
the Carpathian basin cannot be ruled out. Indeed, some scholars believe that metal workshops
or bronze foundries using iron and steel chisels for engraving non-ferrous castings existed at this
time (Bouzek 1978). An indisputable loaf-shaped iron bloom weighing 2.43kg was discovered by
Furméanek at Safirikovo-Tornal’a in southern Slovakia (Pleiner 1981, 121; Furmének 1988), in
a HBj3 pit at a settlement of the Kyjatice culture. The relatively large amount of metal would
have been sufficient for the manufacture of at least three sword blades, several axes or about a
hundred knives. Furmanek suggests that some production of iron took place in Slovakia before
800 BC, although there is no direct evidence for this at present.

In contrast, in the Méleren area of Sweden, there are at least three sites which are claimed to
be bronze foundries and iron smelting works. Héllby has produced three stone-set bowl hearths
some 20-40cm in diameter, with associated wiistite-fayalite slags and a highly carburized bloom
fragment. At Hallunda, a rather large hearth, 60-80 cm in diameter yielded 450g of iron-rich
slag, as well as copper slag-containing metallic prills, while there was a small heap of fayalite-
wustite waste with embedded, partly carburized iron particles and a hearth also containing slag
at Linga. The Hallunda site is interpreted as showing occasional ironmaking by multi-skilled
metalworkers familiar with bronze and copper work (Hjarthner-Holdar 1993, 62 — 99). While
radiocarbon dates indicate an overall time-span for these sites from the Bronze Age to the Middle
Ages, those calculated on samples related to the ironmaking belong to the period 1500-380 BC
for Hallby, 1071-400 BC for Hallunda and 968-357 BC for Linga; Hjarthner-Holdar prefers the
earlier dates, although Zimmermann (1998) is inclined to ciriticize the interpretation of the
above dating. It is thus fairly difficult to ascribe those installations only to Montelius IV as
the author wanted, to the subsequent Montelius V-VI, or even to the Nordic Early Iron Age
which includes the period between the 7th and 4th centuries BC. Nonetheless, it is clear that
the traffic from the Balkans and central Europe continued throughout the entire Bronze Age.

To the eastern steppes and beyond

Studies suggest that iron first emerged in the eastern steppes and forests to the north of the
Black Sea and Caucasus during the 2nd millennium BC (Grakov 1958; Shramko, Solncev and
Fomin 1965; #idem 1977; Shramko 1981), but the dating of monuments is less precise than for
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Fig. 6. Selected Late Bronze Age iron objects from Europe. 1 Skocjan — St. Kanzian, Slovenia, flange-
hilted sword, length about 50 cm. 2 Prague-Suchdol, bronze cake with a sticking fragment of an iron
rod, from a hoard. Dia. 10 cm. 3 Birlad, Roumania, trunnion axe-head, length 18 cm. 4 Vajze, Albania,
knife, from a grave, length 8 cm. 5 Bichkin-Buluk, Russia, a point with elevated nickel content from a
tumulus tomb, length 15cm. 6 — 7 Quéroy, France, arrowpoint and knife-blade from a cave. 8 Radzovce,
Slovakia, knife from a settlement, hypereutectoid steel, length 21cm. 9 Gaméw, Poland, bronze-hilted
iron dagger from a hoard, length 22 cm. 10 St. Aubin, Switzerland, iron knife with bronze mounting,
length 18.5cm. 11 — 12 Bronze swords with iron inlays inhilts: 11 Unterkrumbach, Germany; 12 Mdrigen,
Switzerland. 13 Morigen, bronze-hilted sword. Approximate chronology: 5 18th century BC, 2 12th
century BC, 1 about 900 BC, 3, 6 — 7 about 800 BC, 8 — 13 8th century BC. After various authors, see
Friihes Eisen in Europa 1981.



THE COMING OF IRON TO EUROPE 27

central Europe. The blade from Bichkin Buluk in the Kalmyk steppe (found in a grave, accom-
panied by a copper axe, Fig 6: 5), which contains 3.65% Ni and 0.1% Co, is dated to about
1800 BC. It is thought to have been made from meteoritic iron, the origin of which is naturally
unknown. A similar date is proposed for two iron objects — a ’chisel’ and the cutting-edge of
an adze (Fig. 1: 10) — from Boldyrevo I, a site of the Chalcolithic early Pit Grave culture
in the Orenburg region at the southern foothills of the Ural (Terekhova et al. 1997, 33-39).
Examination has shown that the handle of the adze was made of pure copper, while the iron
cutting-edge, which contained kamacite and taenite (5.3-5.5% Ni and 0.52% Co) but no slag
inclusions, must be identified as being meteoric iron, as well as the chisel with 9.45% Ni and
0.67% Co.

Curiously enough, the earliest objects made from smelted iron occur well to the north, in
the area of the upper river Don. A primitive copper and iron knife or dagger formed part of the
burial assemblage in a tumulus grave at Gerasimovka, dated by radiocarbon to the 18th century
BC. Moreover, there are some iron awls from the Voronezh region at Voronezh and Semidvorki
which are ascribed to the early Timber Grave culture (14th century BC). Iron slags dated to the
same period, were claimed to have been found in a hearth-like installation in Voronezh, but no
details are available. The cemetery of Tchastyye Kurgany, near Voronezh, yielded another awl,
dated to the period 11th to 10th centuries BC and the same chronological span is suggested for
some small iron objects (awls, blades) from a burial at Volosovo, near Murom, further to the
north in the lower Oka river valley.

The southern area of the lower Dniepr river has also yielded early iron. At Lyubovka, an
iron knife in a tumulus grave of the Sabatinovo period dates to the 14th—12th centuries BC and
iron daggers with bronze hilts from sites at Stepnoye and Malaya Lepetikha-Shirokaya mogila
belong to the 10th-9th centuries BC. At Krasnopolskaya, Uman’, iron-rich slags containing 58%
Fe were found in an open smelting hearth. When considering the geographical distribution of
these isolated finds (about 20 in number) it must be noted that they form a pattern which links
up with the western Black Sea coast, following the rivers Dniepr, Psyol and Vorskla towards
the upper Don and lower Oka regions and, possibly further north-east, to lake Galitch and the
Vychegda valley. This geographical tract which crosses the territories of the Ochre grave and
Timber grave cultures must have been active during the whole of the 2nd millennium BC.

Surprisingly, finds of early slag finds have been reported from far to the north of Russia,
in the regions of the Kostroma and Vychegda rivers. The most important of these is at the
8th century BC site of Umileniye on the northern shore of lake Galitch where sunken-floored
huts IT and IIT and several fireplaces yielded ‘slagged crucibles and bloomery iron’ (Foss 1948,
59, 61). This, and a similar find from Vanvizdinskaya, is regularly quoted in the literature but
unfortunately, no analyses have been presented.

During the 9th-7th centuries BC the regions adjacent to the northern coast of the Black
Sea were inhabited by Cimmerians, an Iranian folk, who were the predecessors of the Scythians.
Later, they came under pressure from the Scythians and expanded to the south-west, forming
the Thraco-Cimmerian family of Indo-Europeans. One group, however, invaded Anatolia and
brought about the fall of the Lydian kingdom. It has been claimed that the Cimmerians were
skilled ironworkers who produced iron and steel blades (some of them with bronze hilts, Fig.6:
9), axes and spearheads. A group of Late Bronze Age bronze-hilted daggers with cruciform
hilts have been found scattered throughout Hungary, Silesia, Moravia, Austria and Romania in
HBj3 contexts (Podborsky 1970, 153ff and figs. 25-26). These were at one time related to the
‘Cimmerian iron route’, to which considerable importance was attributed (Berciu 1963) but are
now believed to be merely occasional enrichments of the Central European iron inventory (Fig.
6: 9). It seems now that these steppe populations played a more important role in the spread
of iron to inner Asia and the Far East (Wagner 1997; 1999).

The Cimmerian and subsequent Scythian periods from the 8th to 5th centuries BC, saw a
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Fig. 7: Examples of the earliest iron objects
from Tarquinia in Etruria. 1 Sopra, spearhead
from grave 165, length 15 cm. 2 Selciatello
Sopra, iron fibula from grave 99, length 9cm.

3 Impiccato, iron fibula with bronze needle
from grave 74, length 10cm. 4 Impiccato,
iron dagger blade from the sane grave, length
24 c¢cm. 5 Monterozzi, short iron sword with
bronze sheat from the grave with bronze
helmet, length 39 cm. Chronology: 2 10th
century BC, 1 and 5 10th- 8th centuries BC,
4 and 9 8th century BC. Reference: Pleiner
1981, after Hencken.

rise in the numbers of working iron tools and weapons in the steppes and woodlands of Ukraine
and Russia.

Italy and the western Mediterranean

The route by which iron technology was brought to Italy was a slightly later development.
There is lack of 2nd millennium BC finds, except for an iron ring from the 14th century BC grave
23 at Castelluccio near Syracuse, Sicily and an iron rod-shaped object with steatite pommel from
a collective burial at Montrox, Sardinia (Delpino 1988). In fact, there is little evidence for iron
in Ttaly before 1000 BC, when it was introduced to the southern part of the penninsula, although
the picture is by no means clear. Apart from several isolated objects, attention should be given
to small iron rings found at Mullino della Badia in a site of the 10th century BC Pantalica Sud
ITI culture. On the coastal mainland, the earliest iron objects are roughly a century later, while
in Campania and Basilicata, it was not until the 8th century that artefacts such as the swords,
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knives and spearheads from Torre Galli, Torre di Mordillo, Canale, and Santa Maria d’Anglona
(Malnati 1984) and the few iron fibulae from the cemetery of Sala Consilina (de la Geniere 1968)
make an appearance. In none of these cases is the origin of the metal known, and although we
can note old finds of iron slags and/or furnace remains from Coppa Nevigata-Manfredonia in
southern Italy, the suggested chronology of 10th to 8th centuries BC for the site-has not been
firmly established.

Chronologically, some of these Italian finds are pre-Greek, whilst others must be attributed
to the direct influence of the Greek colonization that began in the 8th century, by which time an
iron-using civilization had been definitely established in Greece. Excavations of an 8th century
settlement on the Euboean island of Pithekoussai (Ischia) produced evidence of ironworking in
the form of a smithy with iron slags and tuyeres, whilst another phase, dating from the 7th
century BC, also produced specimens of Elban haematite which indicates that bloomery iron
smelting may have begun (Buchner 1969; Snodgrass 1980, 369).

The iron ore of Elba is associated with Etruscan ironmaking on the west coast of Italy.
Firmly dated evidence for this industry comes from a later period, but it is significant that the
sporadic use of iron is attested in the Etruscan area as early as the 10th century BC. Phase IA of
the Tarquinia Selciatello cemetery produced iron rivets in a bronze sword hilt (grave 73) and iron
fibulae (grave 99, Fig. 7: 2; Hencken 1968). Iron objects continue to increase in number from
that time onwards, when influences from Greece and Asia Minor can be identified, as shown by
the Tarquinia Monterozzi and Impiccato cemeteries (Fig. 7). By the 8th century BC, iron was
being used for swords, lance and spear heads, ornaments and harness in Umbria and Picenum,
to the east of Etruscan territory and the 8th-7th centuries BC warrior graves from Novilara
are noteworthy for their iron falcatae and other types of dagger. However, certain regions to
the south of Etruria remained somewhat backward. In Latium, for example, iron ornament is
very rare indeed before the 7th century and iron did not replace bronze until as late as the 6th
century.

One fact should not be overlooked. At the same time as the Etruscans on Elba were devel-
oping the large-scale exploitation of iron ore, the shore of the Bay of Baratti close to Populonia,
Tuscany, began to be covered by layers of iron slag which buried earlier Etruscan tombs of the
7th century BC (see chapter III).

The widespread use of iron appears to have been brought to Italy above all by the Greeks
and Etruscans, although it is difficult to determine the extent to which the Etruscans can be
held responsible for bringing it from Asia Minor. It should be noted that the Latin word for
iron, ferrum, is not of Indo-European origin, originating presumably in Akkadian and Semitic
roots (parzillu, barzel, ferzom) which might provide a link with Etruscan origins, if the Eastern
theory is accepted. In archaeological terms, however, whatever the origins of the Etruscans,
it was from their lands in Italy that the knowledge and practice of ironmaking and working
radiated out in all directions, including to the northern regions, which became familiar with
the new metal during the 8th century BC in the Bologna II and Este cultures. The question
remains as to whether iron technology also crossed the Alps at this time since the metal had
already been introduced all over central Europe. Nevertheless, the passage from the south to
north played an important role in the spread of innovation centuries later.

During the 8th century BC, which constitutes a remarkable turning point, there was some
levelling-up in the use of iron between south-eastern, eastern, southern, and central Europe. This
resulted from several basic technological stimuli which can be related to migrations of artisans
and the supply of metal. The transmission of knowledge often operated in the opposite direction
to the ethnic movements, southwards to the Carpathian basin, Balkans, and Apennines.
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It was in the same third phase of the Hallstatt B period that iron reached western Europe, not
only by overland Continental routes. Greek and Phoenician traders had brought iron artefacts
and technology as early as the 8th century BC to the west coast of the Iberian penninsula and
to the Golfe du Lion. Iron production spread to the interior in the 7th to 5th centuries BC,
as shown, for example, by the remains of bloomeries (unfortunately not published in detail)
from Cortes de Navarra in the Ebro valley (Maluquer de Mottes 1971). Iron did not reach the
north-west of the penninsula until Celtic raiding began, although it did spread along the coast
to the eastern and north-eastern foothills of the Pyrenees. There, as well as in southern France,
Mediterranean and continental influences might have joined during the 8th-7th centuries BC
(Mohen 1980; Rovira; Janin and Chardenon in Recherches sur I'économie du fer, 45-64). At
that time, Late Bronze Age groups began to adopt iron sporadically at that period (Fig. 6:
6-7).

From that time onwards iron technology spread to cover the whole of France, including
Brittany, supported by influences from the regions north of the Alps. By the 7th and 6th
centuries BC, iron artefacts begin to appear in Britain (Alexander 1981; Tylecote 1986) and
even further to the west, in Ireland (Scott 1990, 41) which, like most of Britain, was to be settled
by Celtic peoples. It is worth noting here that the Celtic language family shares a root for the
name for ‘iron’ with the Germanic languages — Celt. *isarno, Germ. *isarna which stands in
contrast to Slavic Zelezo and Greek sideros and others, evidence of the complexities surrounding
the introduction of iron to Europe (Scott 1983; 1990, 180). Tentative reconstructions of the
routes and directions of the spread of iron and its technology are shown in Figs. 8 and 9.

The European Early Iron Age

Thus, in the lands to the north of the Alpine massif, the Hallstatt C and D and the early
La Téne chronological phases in central Europe may be classified as the Early Iron Age proper.
The archaeological evidence still shows the majority of the iron available being used by the
upper classes of society. Nevertheless, from that period, weapons and tools, such as axes, knives,
punches, chisels and sickles were made entirely and exclusively of iron. New artefact types began
to emerge, including components of of horse trappings, wagon mountings, and spits and the first
blacksmith’s tools, such as heavy hammers, anvils and pincer-tongs, such as those from the cave
at By¢i skala in Moravia, from Yablonovka in Russia and Wicina in Silesia (Pleiner 1962, Fig.
10; Shramko 1969; Bukowski 1981a, 72; 1981b), appear in the archaeological inventory of metal
objects. In fact, in Central Europe during the Hallstatt C and D phases, some 30 kinds of iron
artefacts were manufactured, and the first double-pointed iron ingots (dating to the end of this
period, about the 5th century BC — Pleiner 1980, 391-392) such as those from Biskupin, Witow
and Maszkowice in Poland, By¢i skdla cave in Moravia, Leipzig -Wahren in Saxony, Heuneburg
in Wiirttemberg and Mont Lassois in eastern France began to circulate.

Fig. 8. The spread of the use of iron to Europe. Above: from the Early up to the Late Bronze
Age. Symbols: a — the area of the beginning Iron Age in the Near East (15th - 11th centuries BC); b
— objects with attested elevated nickel content; ¢ — finds of the 15th — 13th centuries BC; d — finds of
the Late Bronze Age (beginning of the 1st millennium BC); e — presumed directions of the spread of the
earliest iron objects. Bottom: Directions of the spread of iron and the knowledge of iron metallurgy at
the decline of the Bronze Age. Symbols: a — areas with a developed civilization of iron; b — evidence of
iron smelting; ¢ — the most important iron objects of the 8th century BC; d - Bronze Age irons of eastern
types; e — presupposed Thraco-Venetian route; f — Cimmerian route; g — Greek and Phoenitian routes.
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At this time, traces of the first bloomery works emerge among the archaeological assemblages
of the central European Urnfield and Tumulus complexes. In the past, numerous sites have been
claimed as Hallstatt period bloomeries, but the chronological and functional evidence does not
stand up to critical examination. There are, however, three sites — Smolenice Molpir, Cetejovce
and Krélova — of the HC/HD periods, situated in the eastern Urnfield province, which may be
interpreted as ironworks, but the evidence is still questionable.

Slags (unfortunately not analysed) were found at a place excavated inside the fortified area
of the 7th century BC site at Smolenice-Molpir in western Slovakia. Heterogeneously-carburized
iron blooms (Fig. 62: 2), iron scrap, socketed and trunnion axes and semi-finished knives were
found close by (Pleiner, unpublished; Dusek 1966). A red-burnt hearth, found nearby, was
apparently not associated with these finds, as originally considered, since analogous features
appeared within the settlement area, without any slag finds. The unfortified site of Cecejovce
in eastern Slovakia is also interpreted as a smelting site, in spite of the absence of any hearths
or furnaces in situ. However, the occurrence of bloomery slags with a characteristic fayalite- -
wistite texture, of outcrops of limonitic ore and of a piece of heterogeneously-carburized iron
bloom (0.01 up to 0.8/0.9% C) 0.587kg in weight seems to constitute sufficiently good evidence
(Mihok 1994).

An iron smelting hearth lined with lumps of bloomery slag found in the corner of a sunken-
floored hut, was reported from Kralova, northern Moravia, in 1930. No documentation has
survived but charcoal is known to have been found in the hearth and, close by, pieces of high
grade haematite of the Lahn-Dill type, deposits of which occur nearby. This site, an open
settlement of the local Hallstatt cultural member of the Urnfield family, is dated by pottery to
the HD period (5th century BC, see Pleiner 1958, 81-82).

The site of Waschenberg in Lower Austria belongs to the transition zone between western
and eastern Urnfield cultures. Five open bloomery hearths, a charcoal pit, an area for ore-
roasting and two features which were interpreted as smithies were excavated within a fortified
area (Pertlwieser 1970; see chapter IV below). An iron sponge found in one of the hearths shows
an area carburized to 0.4% C. As at Kralova, the rich HD pottery assemblage dates to the 5th
century BC. There is, again, the question of the Swedish sites at Halby, Hallunda, and Linga,
discussed above with their stone set hearths and slags, claimed to be from the period before
1000 BC. In fact they could be dated, by aid of other quoten radiocarbon measurements, to
later centuries, up to the 4th.

It should not be overlooked that at the same time the Etruscans on Elba developed a large-
scale exploitation of iron ore and the shore of the Baratti bay close to Populonia, Tuscany, began
to be covered by layers of iron slag (see chapter III).

One point worthy of note is that in contrast to the Swedish sites, the few central European
bloomeries or ironworks seem from their contexts to have been fully engaged in ironmaking, and
not combining ferrous and nonferrous operations. There is also an interesting phenomenon to
be registered from metallographic studies of artefacts of the period, namely that the quality of
iron produced decreased through time. Among the earliest iron products from the Near East to
Ireland, all-steel blades very often come to light. As but one example, we can cite the 8th century
BC knife from Radzovce in southern Slovakia (Fig. 6: 8) which was made of homogeneously-
carburized steel with 0.8— 0.9 % C and 0.494 % Cu (see Pleiner 1986, with further references to
steel artefacts of the period).

Theoretically, advanced copper smelting with the regular use of iron ore fluxes might have
yielded some carburized iron, not only in the slag but also in the copper cake, where it would have
been perfectly protected against secondary decarburization. However, recent metallographic re-
search on some 200 specimens dating from the HC-HD periods shows that the majority (over
61%) were made from ferritic wrought iron or heterogeneously-carburized metal. All-steel arte-
facts are rare (about 15%) and the subsequent carburization of cutting edges can hardly be
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Fig. 9. Summary map of distribution of iron from about 4000 up to about 1000 BC in South-west Asia
and Europe. Symbols: a — iron objects and places with written records concerning iron; b — sites with
larger assemblages of iron objects or evidence of systematical use of iron; ¢ — iron objects with elevated
nickel content; d — Kizzuwatna, the area with the earliest written evidence of iron smelting; e — tradition
related to the beginning of ironmaking; Hittite area with numerous written documents concerning the
use of iron (after about 1500 BC).

described as systematic (about 15%). One explanation, namely that smelters of that period op-
erated exclusively with iron ores, seems obvious. Under the conditions of the primitive bloomery
process the quality of the iron produced and worked was not easily controlled and in the main,
a decarburized metal resulted. Further experience was necessary to allow for the deliberate
making of steel and its separation from the uncarburized areas of the bloom. This was a task
for the next generations of iron-smelting folk.

Iron and the early Celts

Somewhat surprisingly, it was the technological approach and practice of southern Europe
which had a very strong influence on the Celtic peoples on their early sites on the upper Danube
and in eastern France. As a result of the establishment of close contacts with the rapidly-
developing civilizations of the Etruscan and Italic peoples, the Celtic world became the most
progressive in terms of European iron technology. It is relevant to comment here on the use of
iron by Celtic peoples between the 5th and 3rd centuries BC.
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Direct evidence in the form of smelting furnaces and bloomeries is very scarce for the earliest
period. There is a find from Hillesheim in western Germany of the stone-set base of a feature
which, when reconstructed, can be interpreted as the predecessor of a domed furnace more than
100cm in diameter with an opening, possibly the traces of an arch on the south-eastern side.
The furnace, which produced much iron rich slag (over 50% iron), had been destroyed and was
overlaid stratigraphically by a tumulus of the Hunsriick Eifel culture IT A1 (Haffner 1971), so
that the remains must belong to the HD period (about 500 BC). There are no further indications
of ironmaking in the wider vicinity and thus, this one site seems inadequate support for the idea
of contemporary large-scale iron production in the 6th and 5th centuries BC, controlled by rich
Celtic princes who supplied Greek and Etruscan consumers with iron and received luxury goods
in return.

This hypothesis results from the conflation of two separate groups of data, on the one hand
the occurrence of high-grade iron ore deposits in Celtic lands north of modern Mainz and on
the other, the occurrence of 6th-5th century BC rich princely graves containing luxury goods
from the Mediterranean, including a group on the Middle Rhine associated with high-grade
haematites (Driehaus 1965). Similarly, the Saar cemeteries, near the outcrops of minette ores
should, but do not show an iron inventory resulting from striking local metallurgical activity
(Pittioni 1966). There is no direct evidence to justify the view that groups on the periphery of
the Celtic world at that time owed their temporary prosperity to iron production. In the mid-1st
millennium BC, the southern world had no need to look northwards to distant barbarian rulers
for its iron, even though that the situation was to change shortly afterwards.

It seems likely that the enormous growth which we see in Celtic iron production came after
the collapse of the princely society represented by these rich burials, in other words during the
late 5th to 2nd centuries BC. Until now, the evidence remains indirect but eloquent, and two
observations support this assertion. First, there is the relatively sudden appearance of thou-
sands of double-edged iron swords in Celtic inhumation cemeteries, accompanied by spearheads,
shield fittings and other iron gear. The number of these finds has no equal, either in the pre-
ceding periods or in contemporary societies elsewhere. It seems that these weapons are closely
associated with the historical expansion of Celtic raiding groups. Their quality was variable as
metallographic examination has demonstrated, but they were formidable in battle. The fact that
a significant proportion of the swords were of good-quality metal suggests that the celebrated
comment by Polybius (I1.33) concerning the bending of swords of Celtic warriors during the 3rd
century battles in northern Italy was somewhat of an exaggeration (Pleiner 1993a).

The second observation relates to the occurrence and distribution of hoards of double-pointed
iron bars or ingots forged together from smaller pieces or blooms of heterogeneously-carburized
metal, each weighing several kilograms. In Germany, the Bechtheim hoard, for example, con-
sisted of 60 ingots, the Sauggart hoard of 24 (151kg), and the Rodalben hoard of nine (42kg).
Most of these hoards have not been dated, but some of the associated finds provide a chrono-
logical framework. Those found at Heuneburg and Mont Lassois came from 6th-5th century
contexts, whilst those from the oppidum of Manching in Bavaria were discovered in early 1st
century cultural deposits (Pleiner 1980, 392-393, Fig. 7). This would indicate, contrary to some
earlier views (Kleemann 1961), that the majority of these ingots, along with comparable mate-
rials such as sword-shaped ingots or ’currency bars’ from both Continental and British hoards,
belong to the La Téne period. And we should not overlook the huge amounts of iron that went
into the production of the large iron nails which held together the timber components of muri
gallici (Pleiner 1980, 462).

The early history of iron in Europe shows how it was gradually adopted and assimilated into
the material culture over some ten to twelve centuries until it became, in the fullest sense, the
base for a fully-fledged material technology. The process gathered pace in the 8th century BC,
then in the 5-4th centuries BC, and again at the end of the 2nd century BC, by which date,
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the period of the Celtic oppida, a fully-developed iron-using civilization can be observed for the
first time. The specific environment and historical development in Europe provided the right
conditions for iron metallurgy to evolve very quickly, in an unusual if not unique way, stimulated
both by fruitful influences from the south and by the creative potentional of the Celtic and other
folks. As a result, the technology had a profound effect on economic and social structures.



Chapter III

THE PRINCIPAL IRON-PRODUCING REGIONS OF EARLY EUROPE

The economic and technological evolution of societies which resulted in a growth in demand
for iron as an idustrial metal, with a resulting increase in iron output, took place largely among
those peoples who had already progressed to a full, technological Iron Age. In addition to the
early pattern of scattered smelting sites catering for the needs of individual communities, new
regional ironmaking centres, capable of outputs of iron that were more than sufficient for local
requirements, appeared in those regions with abundant resources of good ore and fuel. In the
course of time, some became famous throughout the ancient world.

It is not always easy to recognize such regions in the field. The main indicator is a concen-
tration of evidence for early smelting, in the form of slag heaps or furnace groups, in clearly
defined geographical areas. These operations may have taken place over a relatively long pe-
riod, so that a time factor must be taken into account. However, chance isolated discoveries of
furnace remains or smelting debris may eventually prove to be indicators of hitherto unknown
concentrations of such sites.

A note of caution needs to be sounded about the compiling of distribution maps of ironmaking
sites. A number of sites plotted on a large scale map may give the impression of a region where
concentrated iron production took place when, in fact, they were localized, small scale operations
supplying strictly local markets and subordinate to an overall farming economy over a long
period. This was the situation in Bohemia in the Romano-Barbarian period, and probably also
applies to the sites of the Jurassic ridge of east-central England in the Roman period.

So far as Europe is concerned, over thirty major regions have been identified, characterized
by their high outputs of iron which was distributed over a wide market area. The largest of these
have been known since the 18th and 19th centuries, their immense slag deposits often having
been quarried away for recycling in order to exploit the high iron contents in contemporary blast
furnaces, or for the metalling of roads, a process which continued up to the middle of the 20th
century. The archaeological evidence in such regions has largely disappeared, creating problems
of interpretation for present-day investigators. In some cases, however, extensive campaigns
of fieldwork, involving survey and recording of slag deposits and mines and the excavation of
ironmaking settlements, have allowed estimates to be made of production tonnages for entire
regions. .

In this chapter we propose to present some basic information on the main iron-producing
regions of early Europe in roughly chronological and geographical order.

The earliest iron smelting regions

There is a lack of smelting sites relating to the beginnings of iron metallurgy in the Near and
Middle East. Nevertheless, important information has come to light in modern western Georgia,
ancient Colchis, on the edge of Asia Minor. It is possible that the ironworks there had a close
relationship with those on the Pontic coast (with their ‘Chalybean’ tradition) and with those of
eastern Anatolia, a region which saw the unfolding of crucial events in the birth of ironmaking.

Four groups of bloomery works have been discovered in the Black Sea coast region of Georgia,
the ancient Colchis. They are called according to river valleys: Chorokha region near Batumi,
typified by the site at Charnali, the Choloko-Okhamuri district with type sites at Zjikhandjuri
and Tseckhlauri, the Supsa-Gubazeul bloomery concentration centred on Askana, Mziani and
Nagomari, and the Khobi-Okhomuri group comprising the sites of Choga type (Gzelishvili 1964;
Khakhutaishvili 1974; 1987). Within these four areas, 28 bloomeries (Fig.10: 4), equipped either
with a single furnace or with twin units have been excavated (Fig. 11). Most are attributed to
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Fig. 10. Major producing regions of antiquity and the European Iron Age. 1 Cilicia - an area including
the Hittite Kizzuwatna; 2 traditional Chalybean area; 3 Peloponnese - the source of Lacedaemonian
iron; 4 Western Georgia (Colchis) — groups of smelting sites of the period around 1000 BC; 5 Elba —
Populonia, 2nd half of the 1st millennium BC. La Téne period production: 6 Hérault and Montagne
Noire, the beginnings; 6a Yonne, the pre-Gallo-Roman beginnings; 7 Noricum; 8 Burgenland; 9 Weald
of Sussex, the pre-Roman beginnings; 10 Kelheim; 11 Siegerland; 12 central Bohemia; 13 Holy-Cross-
Mountains, the La Téne period beginnings; 14 Masovia, the La Teéne period beginnings; 15 Novoklinove.
The dots represent the approximate geographical position of the producing region, not the exact extent
of the area; places with question mark indicate incloplete sources or indirect evidence concerning the
production of iron.

the early 1st millennium BC on the basis of archaeological finds, radiocarbon dates, and archaeo-
magnetic measurements. The Supsa group exceeds, however, the above chronology in physical
dates: Askana 15th — 12th centuries BC, Mziani II 15th — 6th centuries BC, Mshvidobauri 14th
— 12th centuries BC, and Nagomari 18th — 9th centuries BC (for problems, concerned with the
dating of individual ironworks and furnaces see Chapters IV an IX respectively). Nonetheless,
western Georgia is one of the earliest iron-smelting regions of antiquity yet identified. Produc-
tion was based on local haematites and coastal magnetite sands which are relatively poor in iron
and required careful dressing by flotation.

The Mediterranean upsurge

One of the most impressive centres of iron production is located in the central Mediterranean
region, on the island of Elba (ancient Aithalia and Ilva) and in the area around ancient Populonia
on the Etruscan mainland. Large slag heaps have been recorded, especially in the northern and
eastern coastal parts of the island at Procchio, Rio Marino, Capo Paro and at Porto Azzuro
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Fig. 11. Ancient Colchis, the earliest extensive iron producing region (centuries around 1000 BC). Left:
Types of ironworks excavated — 1 Legva, 2 Charnali II, 3 Mziani I, hatched: smithing platforms. Map:
I-1V, principal concentrations of the iron smelting evidence (dotted). After Khakhutaishvili 1987.

where very high-quality haematites have been mined presumably since the Greek colonization
of the 8th — 7th centuries BC. Samples of Elban ore are also said to have been found at an iron
working site on the island of Pithecusae (Buchner 1969; Ridgway 1973). According to Diodorus
(5. 33), a shortage of fuel eventually obliged the ironmakers, Etruscans at that time, to transfer
their smelting activities to Populonia, on the mainland opposite Elba. There, a layer of slag
varying from 2m to 20m thick covered an area of some 2km square around the Bay of Baratti.
Between 1920 and 1925, also later, these slags, estimated at 2 million tonnes, were exploited on
an industrial scale for resmelting in the blast furnaces at Piombino, and as a result only a few
traces still remain, notably on the beach at Baratti.

The rare fragments of furnace lining or slagged stones that remain in the surviving debris on
the beach area have yielded charcoal which has been submitted to radiocarbon dating which has
suggested a wide time-span. The accumulations of slag buried earlier Etruscan domed tombs of
the 7th century BC. Among the relatively abundant literature on this region, we may note the
works of Simonin (1858) and Minto (1943) and, more recently, Sperl (1981) and Voss (1988).
On the beach at Baratti Bay, Voss excavated the remains of a smelting furnace which may be
reconstructed as of slag-pit type (see Chapter IX, PL. I: top). Its position within a massive slag
layer is dated by radiocarbon to the period around 170 + 70 BC. The bottom of the layer, some
140cm below, dated to 465 £ 100 BC and thus falls into the Etruscan period (between the 5th
and 2nd centuries BC). In addition, stray furnace fragments indicate the presence of another
type of smelting device, stone walled and producing tap-slag, which may be later, relating to
production in the Roman period (Voss 1988).

Ancient historians such as Diodorus (5.33), Livy (28.45), Strabo (5.2.6) and Pliny (34.51), as
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well as various commentaries (e. g. Servius ad Aeneidem 10,174) refer to large-scale production
on Elba and in Populonia, and it is evident that the Greek communities of the central Mediter-
ranean, the Etruscans, and the Romans were all heavily dependent upon this region for their
iron. Voss (op.cit.) estimates that about 2 million tonnes of slag were deposited at Baratti bay
near Populonia over some five centuries of the pre-Christian era and that around 500,000 tonnes
of iron had been produced. Recently, Crew (1991b) has questioned both these calculations and
the limited dating evidence, arguing that some of the slags may be of mediaeval (Pisan) date
and that some result from copper smelting. However, large Roman slag heaps occur around
the bays of Elba (Coretti 1991), while the mediaeval bloomeries so far excavated indicate only
a rather small scale of production. At the Bay of Follonica, to the south of the Baratti area,
abundant traces of iron smelting have been found (Francovich 1990; Tizzoni and Tizzoni 1992),
with more than 20 sites dating to pre-Roman or Roman times. Thus, Elba, Populonia and their
hinterland formed a prominent production region in classical antiquity.

Metallurgical activity in Tuscany decreased in the 1st century AD, but Italic negotiatores
organized large-scale production in the near vicinity of Narbonensis in France, on Celtic territory.
The large bloomery slag heaps (Pl. II) of the Montagne Noire, north of Carcassonne, so much
damaged by modern industrial exploitation, have yielded undisturbed debris at Les Martys.
Recent excavations there uncovered between 24 and 72 thousand of tonnes dating to the second
half of the 1st century BC. Pottery associated with the slag indicates Mediterranean connections,
and large capacity shaft furnaces were in operation from the very beginnings of this activity
(Domergue et al. 1993). The question remains as to whether the local Celtic inhabitants
participated in any way in that industry, given the fact that the Celts developed their own iron
technology in Europe.

Little is known about the archaeology of the ancient Greek iron production both on the
Aegean islands and mainland. Unexplored huge bloomery slag heaps, some of them showing
traces of radioactivity, are situated in several places close to the Thracian coast. They date
from the Late Hellenistic period (2nd century BC, after Bassiakos, Jutland Conference 1999).

The Celtic ‘ferriers’

La Téne period ironmaking of the later European Iron Age, primarily that of the Celtic
population, is attested by many bloomery sites found over the whole Continent and in the
south-east of Britain. A significant number have been found in regions which later developed
into major production centres in the Roman and mediaeval periods (Fig. 10).

Foremost among these was Noricum (Pliny 34.51) where a number of inscriptions relating to
commercial transactions from the walls of the tabernae of Magdalensberg in Carinthia (Egger
1961) testify to the long-distance trade and export of iron and steel products, mainly in four
characteristic forms, incudes (anvils), unci (hooks), anuli (rings) and secures (axes), the possible
equivalents of ingots or semi-products. The market covered the whole of Italy and reached as
far as north Africa. The names of the traders are Roman, but some Celtic forms appear also.
The metallurgical activity, however, was apparently carried out by the Celtic Norici. On the
evidence from rescue excavations in the Gortschitz valley, in the vicinity of the Magdalensberg
oppidum, slightly domed or shaft furnaces with 3 — 5 air inlets were in use (Glaser 1995). Several
sites have been discovered accompanied with large and voluminous slag heaps. The high-grade
manganiferous limonites of the region were smelted and contributed to production of highly
carburized metal of excellent quality of Noric steel, so famous throughout the Roman world
(Horstmann 1995).

Immediately to the east of Noricum lies the modern Burgenland, where considerable evidence
of ancient ironmaking has come to light. In recent years, large domed furnaces of the La Téne
period have been excavated at several sites, including Unterpullendorf 1 and 2, Weppersdorf and
Klostermarienberg (Pl. III; Bielenin 1977a). It has been postulated that several hundred sites
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which have produced ancient slag are of La Téne date (Kaus 1977) and that this area formed a
part of the Noric iron producing region, although the evidence is somewhat sketchy.

Our knowledge of the character of iron metallurgy in Gaul is not well developed, despite
classical references to the Bituriges and Petrocorii, tribes renowned for their ironworks (Caesar
BG 3.21; 7.22). Iron slags and mines have been reported from the Massif Central (Roumilhac
and Roumilhac 1969), but no details have been published. Some other vestiges were noted in the
work of de Tryon-Montalembert (1955/56) but without any systematic evaluation. Of greater
importance are the recent results of rescue excavations in the Yonne valley around Clérimois,
which proved that relatively large-scale production, later to become well- known in the Gallo-
Roman period, began in this region long before the Roman occupation, some time after 200 BC
(Dunikowski and Cabboi 1995).

In his Commentarii de bello Gallico, Caesar makes reference to the economic and ethno-
graphic characteristics of the lands and peoples of his campaign. He showed his awareness of the
wealth of iron of the Weald of south-east England in a well known passage (5.12). Like Noricum,
this became an important iron-producing region in the Roman period. Excavations and field
work in the Weald have so far identified eleven pre-Roman ironmaking settlements, some of
which, like Cow Park, Minepit Wood, Pippingford Park and Broadfields, were equipped with
domed furnaces (Cleere and Crossley 1985, 41, 54). In other parts of southern England, iron
production was developed to a limited extent only (Ehrenreich 1991b). According to a prelimi-
narily announced report by Halkon (1997) there were discovered about 50 archaeometallurgical
sites in Yorkshire, north of the river Humber estuary (Home-a-Spalding Moor) comprising slag
heaps, tap slag, blooms and furnace hearth bottoms of a surprisingly early date, achieved, how-
ever, by radiocarbon (450 — 230 and 600 — 380 BC). Any comments would be premature at the
present stage of investigation.

At the northernmost limit of the territory later incorporated into the Roman Empire as the
province of Raetia, there was a flourishing Celtic iron producing centre at the confluence of the
Danube and Altmiihl rivers in Bavaria, within and in the vicinity of the Michelsberg oppidum
at Kelheim. Remarkable fields of pits, associated with the exploitation of the local brown ores
and dating to the La Téne period, have been discovered there (see chapter V), and enlarged
domed furnaces have also been excavated (see chapter IX; Schwarz et al. 1965/1966; Behaghel
1939; Burger and Geisler 1983). Iron production did not continue into the Roman period, but
was subsequently revived in the early Middle Ages.

On the northern Celtic periphery, far from the Roman limes, other iron producing regions
began to evolve early. The most important of these was the Siegerland, along the river Sieg, a
tributary on the right bank of the Rhine. About half of the known sites, some 200 in all, have
been dated to the La Téne period (Gilles 1957). Bloomeries equipped with large domed furnaces
have been excavated at Obersetzen, Gosenbach, Engsbach (which produced in the region of 40
furnaces), Minnerbach, Trupbach, Alchen and Silberquelle (Stieren 1936; Behaghel 1939; Gilles
1936). The ores being smelted were good quality manganiferous limonites and siderites.

It was suggested by Driehaus (1969) that the ore deposits on the opposite bank of the Rhine
near Waldalgesheim were of considerable importance in this period. In his view the great richness
of the Early and Middle La Téne chieftans’ burials in this area must have been connected with
the production of and long distance trade in iron. It must be said, however, that to date there
has been no direct support for this theory in the form of dated field evidence. Instead, traces
of early iron-making actvities, apparently of Celtic origin, are being stated in south-western
Germany, in the Schwarzwald region. Surveys and excavations are in progress (Gassmann and
Hibner 1998).

Much smaller in extent but nonetheless distinct in terms of La Téne settlement is the small
group of ironmaking sites in western central Bohemia, near the town of Nové Straseci, to the
west of Prague. Seven sites have been identified in an area of 4km? and slag-pit and bowl
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furnaces were excavated at Mgecké Zehrovice (Pleiner 1958, 101 — 103). In the late eighties,
part of a La Tene period settlement, earlier than the known Viereckschanze was excavated at
the same site. Although layers of bloomery slag were discovered in several areas, no smelting
furnaces came to light (Pleiner 1998). At Msec, a complete workshop with a arrangement of
slag-pit furnace hearths was discovered (Pleiner and Princ 1984). The ore source has not been
clearly identified, though it may have been pelosiderites or limonitic geodes from sandstone and
sapropelite deposits. The production of sapropelite bracelets, a commodity exported over the
whole of central Europe and which characterizes the La Téne period in this area, coupled with
ironmaking, suggest that this may have been one of the first ‘industrial’ regions of prehistoric
Bohemia. A geographic concentration of sites with unidentified iron slag has recently been
identified in north-west Bohemia (Sala¢ 1990) but evidence for smelting remains scarce and the
existence of a bloomery production district is not proven so far.

In the Carpathians, to the south east of Mukachevo in Ukraine, a concentration of thirteen
early ironmaking sites has been identified, although the ores exploited are unknown. One site,
near the village of Novoklinove, has produced three groups of slag-pit furnaces (with 59, 32, and
42 units respectively) which indicates substantial iron production intended to supply a wider
area (Bidzilya 1970). The dating covers a wide range in the centuries before and after 0 AD,
and the site has yielded pottery from the late La Téne period (2nd to 1st centuries BC). It is
possible that this activity may be attributable to Celto-Dacian smelting groups.

Roman iron smelting industries

At the beginning of the Christian era, with the establishment of the Roman military border
along the rivers Rhine and Danube separating Roman territory from that occupied by Germanic
tribes, the Celtic world was partitioned into two spheres, each at different stages of development
(Fig. 12).

Roman iron metallurgy continued from the earlier period to be organized on a large scale,
either by senior Imperial officers known as ‘procuratores ferrariarum’ in the principal produc-
tion districts, or supervised on their behalf by major strategic units, such as the Roman Navy
in Britain. Some of the ironworks were leased to private enterpreneurs, entitled ‘conductores
ferrariarum’, who employed their own personnel.

During the Early Empire (st — 2th centuries AD), Roman iron production was transferred
from mainland Italy to the provinces. In some cases the existing nuclei there were further
developed, while in others ironmaking began as a new industry.

*

Noricum continued to flourish during the Roman Imperial period and its outstanding steel,
smelted from manganiferous limonites or siderites became renowned throughout the ancient
world. It is celebrated by classical authors in technical treatises and geographical works (Pliny
34.51; Strabo 5.1.8; Antonine Itinerary) and in poetry (Ovid, Metamorphoses 14. 711 — 712;
Horace, Carmina 1.16; Tristes et irae quas neque Noricus deterret ensis; Martial, Spect., 23.1;
Epigr. lib. 4.55 and 11 - 13; Rutilius Namatianus, De reditu suo 1. 351 — 353). In archaeological
terms, it is the heartland of Noricum around the Hiittenberg of Carinthia, that is best known
for its traces of Roman underground mining (also epigraphically attested in inscriptions). There
are also reports of many slag heaps, although not described in detail, near Lélling, Semlach, and
Hiittenberg itself (Schmid 1932). At the end of the 19th century, furnace remains were found
at Huttenberg-Preisenhof and Lolling (Schmid 1932; Malzacher 1965; Sperl 1985), but were not
closely dated. :

The managment of the Roman iron industry in Noricum was closely parallelled by that in
Pannonia and in Dalmatia where an area in western Bosnia, in the valleys of the Japra and Sana
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Fig. 12. Prominent iron production districts of the Roman period. Roman centres: 1 Elba — Populonia;
2 Noricum; 3 Dalmatia - Japra and Sana valleys; 4 Vaud; 5 Montagne Noire; 6 Hérault; 7 Périgord; &8
Yonne; 9 Meurthe-et-Moselle; 10 Namur — Dinant; 11 Weald of Sussex; 12 Forest of Dean; the sites of
the Jurassic Ridge are situated northwards. Barbarian extensive producing regions: 13 Varin; 14 Holy-
Cross-Mountains; 15 Masovia; 16 Silesian smelting agglomerations; 17 Lusatia; 18 West Mecklenburg;
19 Schleswig-Holstein and West Jutland; 20 Trgndelag ; 21 Jimtland; 22 Volynhia and Zhitomir region.
Symbols: A Roman, Gallo-Roman and Romano-British districts; B the Roman military border (as in the
1st millenniun AD); C Barbarian extensive ironmaking regions (scattered ironworks are not presented).
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rivers near Prijedor, is worthy of note. A rather imprecise description of the slag deposits in this
area suggests that they may contain some 2 million tonnes (Pasali¢ 1965). There were probably
major producing areas elsewhere in this part of the Empire, such as in Dacia at Sarmizegetusa,
but little field evidence is available. According to the epigraphic evidence, the works were
managed by fiscal officers, the procuratores ferrariarum or by private tenants, the conductores
ferrariarum, in all of these regions.

There is a very well-explored iron-producing region known from north-west Switzerland, in
the in the Canton of Vaud (Pelet 1973; 1993). It is not extensive, only covering some 2km?
between Vallorbe and Sarraz, north of Lake Geneva, but contains some fifty slag heaps, varying
in size from 80 to 400 m3. Fourteen ironworks with 24 furnaces (two of .them dated to the La
Téne period) were excavated at Bellaires, Prins Bois, and Bossena. Their combined output of
iron is estimated to have been in the region of 922 tonnes.

Roman smelters were also very active in Spain. Two large slag heaps at Los Roqillas in
Zamora Province in the Sierra de la Culebra range, one 90m in diameter and 5 ~ 6m high and
the other 40m in diameter and 3m high, have been investigated and published (Larrazabal 1996).
They include Roman pottery and tiles and date from the 2nd to 4th centuries AD.

The Roman Empire was supplied with a considerable quantity of iron by Gaul, and this is
reflected in a number of inscriptions relating to the organisation of the industry. The adminis-
trative centre was apparently at Lugdunum (Lyon), the seat of a procurator of ironworkers. In
addition to his area of responsibility, there was another level of iron production activity, that
of the local Celtic nobility, represented by the arca ferrariarum (Sablayrolles 1989a). There are
a number of districts known as ferriéres, where early iron slag has been heavily exploited for
resmelting from the 19th up to the mid-20th centuries. As a result, the archaeological remains
have been almost completely obliterated and so provide only fragmentary data.

An example already introduced is the Montagne Noire in southern France, with its 27 huge
Gallo-Roman slag heaps, including Les Martys and Les Forges (de Tryon-Montalembert 1955 /56;
Sablayrolles 1982). Nonetheless, recent surveys have revealed huge intact slag heaps of Roman
date (2nd to 3rd centuries AD) at Col d’Espérou and Carreleit with several satellite ferriers.
The slag debris at Les Martys and Leprade Basse comprise as much as 1.5 million tonnes, dating
from the period 50 BC - AD 270. Early sites such as Camp Naout and Fargues commenced
operations at the beginning of our era (Sablayrolles 1989b; Rebiscoul 1989).

Bloomeries such as Vélieux, Roc de la Balme, Mailhac and Aigues Vives, all in the Massif
Central, used to be dated primarily to the Gallo-Roman period, but little supporting evidence
is available (Roumilhac and Roumilhac 1969).

Other centres of mining and ironmaking are known from Périgord and the Bourges region,
the ancient civitas of the Bituriges and the Petrocorii (Strabo 4.2.2). Lying roughly within the
triangle formed by Limoges-Périgucux-Angouléme, they consist of slag heaps and the remains of
shaft furnaces, several of which have been excavated, as at Mesnardes, Mérigaud and Busserolless
(Barriérre 1972), with another 60 Roman smelting sites having been recorded within an area of
90km?. At least 150,000 tonnes of slag from the original territory of the Bituriges Cubi were
exported in modern times to modern blast-furnace plants (Dumasy 1994; Dieudonné-Glad 1994).

Extensive sites of this kind are known from further to the north-east, in the Yonne region
and in the adjacent region of Niévre, around Vézelay (de Tryon-Montalembert 1955/56; Lacroix
1963; Monot 1964; Bouthier 1982). Traces of ore mining and some 54 slag heaps, up to 15m high,
have been recorded at Tannerre en Puysaye, Joigny, Vieille Ferté, Vézelay, and elsewhere. These
heaps would originally have contained around 300,000 tonnes of slag before they were mined
for resmelting in blast furnaces. This is the equivalent of 75,000 tonnes of iron which would
have been available for distribution to the markets of the Roman world. The recently excavated
ironworks at Clérimois (Dunikowski and Cabboi 1995) show that when the large domed furnaces
were in operation there in the earlier Gallo-Roman period (1st — 2nd centuries AD according to
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pottery and coins) with claimed beginnings in the late La Téne period according to radiocarbon
analyses (see Chapters IV and IX). When the large domed furnaces were in operation one
complex produced around 419 tonnes of iron, leaving behind more than 6000 tonnes of slag.

Systematic surveys in nearby Morvan have revealed an iron-producing region said to be of
medium size and comprising several hundred sites of which only some can be dated to the Roman
and Mediaeval periods. It includes ferriers or smelting sites as well as areas where mining and
dressing was carried out. Activity is classified into four types according to the geomorphology
of the locations where it occurred. It is suggested that bloomery units concentrate in 11 zones,
each with 10 — 20 worskhops, within three production districts: Auxois, the Thoste plateau,
and central Morvan. However, only two sites have been excavated and little can be said about
the character and size of individual localities, known only from field survey. In Thoste, the site
of La Comme Philippe 08 revealed the remains of four furnaces whose walls were built from
slag blocks, while at Lécussy were found Mediaeval stone-reinforced smelting units of the 13th
century AD. The bulk of the mining and metallurgical evidence seems to be date to the Roman
period, with production presumably directed by the Civitas Haeduorum. It is possible that this
activity was a part of that of the larger production centre of the Sennones in the Yonne valley
(Mangin et al. 1992).

There is evidence in north-eastern France for Gallo-Roman iron mining and production in the
tribal territory of the Celtic Leuci in the département of Meurthe et Moselle, between Bar le Duc
and Nancy. It was formerly believed that this included some pre-Roman ironmaking, as at the
Camp d’Affrique although a mediaeval date for this site is now thought more likely. Some fifteen
sites produting bloomery slag are reported at Neuves Maisons, Tone, Pont & Mousson, and the
surrounding areas (Deroche 1982). Leroy (1997) presents a list of 255 sites in the Lorraine, with
two concentrations between Nancy and Thionville where unspecified iron slags and/or ores were
found. They are mostly undated, although there are 52 sites of the Gallo-Roman period where
slags were found in association with villae rusticae and 26 mediaeval sites of the 6th — 14th
centuries.

Although to a large extent destroyed to obtain material for modern blast furnaces at Charleroi,
the enormous slag heaps between Dinant and Namur in south-west Belgium are worthy of men-
tion. It is reported that one large slag heap near Namur contained 8500 m? (equivalent to
about 1 million tonnes) of waste material dating to the Roman period. The local ore deposit,
principally limonite, was easily accessible, since it lay just below the surface (Voigt 1959; van
Doorselaer 1971).

Across the English Channel, the iron-producing region of the Weald is one of the most
thoroughly-investigated in recent years. A boom in iron production began there immediately
after the Roman invasion of AD 43 and continued at a high level until the mid-3rd century.
Some sixty sites (including thirteen Iron Age and seventeen Mediaeval) have been recorded as a
result of recent research in a region encompassing some 1560km?. Waste material, of which at
least 60 % was bloomery slag, was usually deposited in banks along the many small rivers in the
region, as at Bardown and Beauport Park, the largest site so far identified, where most of the
material was removed for road metalling in the 19th century. Successive layers of materials from
different stages of the ironmaking process indicate that activity was cyclic, probably seasonal
(Cleere 1971a; 1976; 1983). It has been estimated that some 89,000m® (equivalent to 278,000
tonnes) of slag from the six main sites represents 89,000 tonnes of iron produced, in other words,
an average annual output of 550 tonnes (Cleere 1976; Cleere and Crossley 1985). Tiles bearing
the stamp of the Classis Britannica suggest that the fleet was responsible for supervising the
work of the Wealden industry, on behalf of the Imperial procurator, since the Weald was in all
probability an Imperial estate.

There is less precise information about the Forest of Dean on the border between England and
Wales, where mining and ironmaking began on a large scale later than in the Weald, probably
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in the early 2nd century AD, but continued until the end of the Roman period in Britain, in the
early 5th century. The region is known for its mining (see chapter V) and for its slag deposits,
in beds often up to 4m thick, as at Peterstow, Bridstow, and Whitchurch. Some sixteen sites,
on which limonitic ores were being smelted, have been identified spread over an area of about
100 km2. A Roman road, metalled with iron slag, leads from the mine at Wigpool towards
Wedston-under-Penyard, the ancient Ariconium (Schubert 1957; Bridgewater 1968; Bick 1990).
Ironmaking began again in the mediaeval period and continued until relatively recent times
(Bick 1990). Much of the Roman slag was quarried away in the 16th and 17th centuries, being
taken north up the river Severn for resmelting in Shropshire and Worcestershire.

The third area, where scattered Iron Age (La Téne) and Roman smelting occurred, is the
Jurassic ridge, a region in the western part of the east Midlands, south of the Nene river. It is
being studied in detail by recent programmes (Schriifer-Kolb 1999).

The barbarian ironmaking areas

In contrast to the large scale of Roman production, the Germanic tribes, living in a rural
civilization, adopted east Celtic or even earlier slag-pit furnace types which they used in small-
scale, decentralized smelting operations. In Bohemia, for example, virtually all of the larger
villages had their own family of smelters who provided the population with basic tools and
weapons. According to Tacitus (Germania 6) there was no surplus of iron, even for military
purposes (ne ferrum quidem superest sicut ex genere telorum colligitur).

An exception was to be found to the north of the great bend of the Danube river, where a
Celtic-speaking tribe of ironmakers, the Cotini, lived to the rear of the Marcomani and Quadi.
They did not escape the attention of ancient writers such as Tacitus (Germania 43: Cotini,
quo magis pudeat, et ferrum effodiunt), and paid tributes both to the Germans and Sarma-
tians. Ptolemy of Alexandria in his Geography (2.11) drew particular attention to iron mines
(siderorucheia) which he located somewhere in the lands of the Quadi.

In relation to this, a relatively small area, still only partially investigated, at Varin, east
of Zilina in northern Slovakia should be noted. The smelting of haematite ores resulted in the
accumulation of seven heaps of slag and furnace debris heaps measuring up to 10 — 20m in
diameter. In addition, a number of banks of slag on forested slopes in this area have been
identified, although they have not as yet been studied (Pieta nad Moravcik 1983; Pleiner 1985).
Excavations revealed that the furnaces had been totally destroyed, perhaps intentionally, but the
numerous furnace fragments and tap slags permitted the reconstruction of large shaft furnaces,
built out of brick-like blocks standing to well over 1m in height. These are somewhat unusual
among Romano-Barbarian contexts, differing from the Barbarian slag-pit furnaces which appear
everywhere else in the in surrounding territories. Pottery finds belong to the Pichov culture of
the 1st — 2nd centuries AD, which was much affected by Celtic influences, or even immigrants.
It is possible that these establishments, which also occur further to the east on promontories of
the High Tatra range, may be identified with the Cotini.

With the exception of the Cotini, decentralized Germanic iron metallurgy began, in some
cases, to concentrate in several regions within ‘Germania Libera’, presumably in an effort to
increase production and was achieved simply by deploying ever-larger assemblages of traditional
slag-pit furnaces which were designed to be used for one smelt only. Such a way of working may
be described as ‘extensive’, as distinct from the ‘intensive’ work in the Roman world which was
based on large, long-lived shaft furnaces. Fields of tens and even hundreds of hearths appeared
in those areas, filled with characteristic slag blocks, which were not removed after the smelting
was completed, but left in situ. Ironworks of this kind have been discovered in various parts of
Germany, such as at Westerholz, with 118 hearths (Dehnke 1968), Merzdorf near Uhyst, with 55
hearths (Wetzel 1982, 1986, 1996; Schneeweiss 1996), and Wolkenberg in the Lausitz (Spazier
1996; 1997; 1999), where many other clusters have recently been under excavation. Scattered
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ironmaking sites appear in the same area in Altmark, Brandenburg, Pommern and Usedom
(Leube 1992). In south-west Mecklenburg, slag-pit furnace concentrations have been discovered
on at least 93 sites. At Gohlen, between 15 and 17 clusters with more than 600 slag-pit furnaces
have been excavated, while others have been identified through geophysical survey. In Moravia,
excavations at the site of Sudice revealed three furnace groups comprising a total of 76 hearths
(Ludikovsky and Souchopova 1978).

The largest region of this type is the Holy Cross Mountains, to the east of Kielce in central
Poland where around 6000 ironworks have been recorded in an area of some 600km?, comprising
at least 300,000 individual smelting hearths containing slag blocks (for slag-pit furnaces, see
chapter IX). Of course, no slag heaps would have built up, but it is known that some 100,000
tonnes of these blocks were re-smelted at the Bytom ironworks in the years before 1939. Sys-
tematic research started in 1955 under the direction of Radwan and Bielenin. In addition to
many sites with between 4 and 50 hearths, a number of much larger ones, such as Slupia Stara
2 and 4 (PLVIII) and Stupia Nowa 2 and 6 and Jeleniéw 1 each with 100 — 130 hearths, have
been investigated. The largest found to date is at Swietomarz, which had 231 furnaces. The
larger furnace groups were arranged deliberately in planned layouts, with two separate banks
laid out in three or four rows (Figs. 17 and 18). In many cases, furnaces cut through each other
stratigraphically, indicating an effort to maintain the focus of operations in small batteries which
were gradually shifted in a particular direction. Such features strongly indicate organized work-
ing and more than forty such sites have been excavated. This industry was based on haematite
and limonite ores (the underground mine at Rudki is discussed in Chapter V). Bielenin (1974,
1992) has estimated that the region produced 8100 tonnes of iron over about four centuries,
although the majority of these ‘organized’ sites seems to date to the 2nd — 3rd centuries AD (for
chronological problems, related to archaeological and radiocarbon dating see Chapter IV and
IX). Tt is'not out of the question that they delivered iron to customers in the south, while the
smelters who created the smaller, irregular clusters supplied Germanic groups over a wide area
(Bielenin 1992; Orzechowski 1991). It seems that the region of the plain of Sandomierz, east of
the Holy Cross Mountains was the settlement hinterland of the production areas which yielded
among others Roman imports including hoards of coins, dating mostly from the 2nd century
AD (Orzechowski 1999).

In Masovia, to the west of Warsaw, lies another vast and contemporary ironmaking region
which was discovered in 1967 and has been under investigation since then. About 70 ironmaking
sites have been identified in an area of 300km? and some, such as Biskupice with 917 dispersed
hearths, Pruszkéw and Pecice have been excavated. The total number of furnaces so far located
is around 1300 and it is estimated that the total in the region probably numbered 100,000 -
150,000 (Woyda 1977; Bielenin and Woyda 1978). The slag-pit furnaces were fed with bog ores
and date from the Late La Téne to the 3rd century AD, with maximum production having been
achieved in the Romano-Barbarian period (1st to 2nd centuries AD — Pazdur et. al. 1981;
Orzechowski 1991). So far there is no detailed publication of this work.

There were other concentrations of Romano-Barbarian ironworks in Lower Silesia, around
the confluence of the Odra and Barycz rivers. Some sixty sites with slag-pit furnaces have been
found over an area of about 800km?. The main sites were at Tarchalice (formerly Tarxdorf),
with 73 hearths discovered to date, and Psary, with a similar number (Holubowicz 1956; Rézycka,
1971; Mamzer 1984). Further to the east, contemporary ironworks operated in the vicinity of
Opole (Dobrzeri Maly: Pawlowski 1979).

The Schleswig-Holstein area of northern Germany, from Jutland in the north to Hamburg in
the south, represents a special example of early ironmaking activity. It is difficult to describe this
as a discrete ironmaking region, since the 200 known sites (of which 40 have been investigated)
are scattered with varying intensity over a very wide area. Nevertheless, in comparison with other
parts of Germany, the relative abundance of ironmaking remains in this region demonstrates a
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more resolute approach on the part of the inhabitants towards the production of iron from local
deposits of bog ore. The results of many years of research (Hingst 1952; 1955; 1957; Hinz 1952)
show that about 25 % of the predominant slag-pit furnace type belong to the pre-Roman Iron
Age, 50 % to the Romano-Barbarian period (for example, Padenstedt, Joldelund, Goldebek and
Husum), and 17 % to the Middle Ages. The later furnaces are characterized by the crescent-
shaped slag heaps surrounding them, as at Stitz which dates to the 10th — 12th centuries AD.
All of the slag-producing sites are closely linked with small bog ore deposits near streams,
although slag has also been found in graves in cemeteries of the period. Since 1990, research has
been directed at some of the iron-smelting areas in Schleswig-Holstein in a broad-based project.
Preliminary reports have been produced on some groups of slag-pit furnaces at Joldelund which
were located by geophysical survey. However, the intensity of production relating to the 4th
— 5th centuries AD has to be analysed with care because of suggested relationships of furnace
groups with individual farms that seem to indicate rather small-scale local operation (J6ns 1992;
Backer et. al. 1992).

Special mention should be made of the Danish sites. Drengsted yielded 47 slag-pit fur-
naces of the late Romano-Barbarian period (Voss 1964; Abrahamsen 1965), but the largest
iron-producing area in Jutland seems to have been the region of Snorup near Varde (Pl X).
Geomagnetic survey located numerous clusters of the remains of slag-pit furnaces over an area
of some 35 hectares, one consisting of 800 slag pits with many cases of stratigraphical superim-
position. A total of 3000 furnaces has been estimated for the area, of which some 1000 have been
excavated. Radiocarbon dating spreads over a wide range between the 1st and 7th centuries AD
(Voss 1995; Zimmermann 1998), the bulk apparently having been in operation during the 2th -
4th centuries AD.

At present, a late Romano-Barbarian site from the beginning of the 4th century AD is
under examination at Heeten in the Netherlands, just north of the old Roman frontier. Rescue
excavations brought to light a cluster of 17 slag-pit furnaces, but careful geological core sampling
within an area of some 5.5 hectares leads to a preliminary estimate of some 45 — 50 tonnes of
slag blocks and a production of 9 — 17 tonnes of iron blooms, one of which, weighing 11.5 kg,
was found in the well of the settlement. The reheating and working of the blooms is considered
to have taken place at the site of Wesepe some 4km away (Groenewoudt and van Nie 1995;
Joosten et. al. 1998). ‘

Thus, the major barbarian iron producing regions would obviously have yielded impressive
quantities of iron. However, even the most prolific barely achieved 10% of Roman production
levels. Moreover, practically no technological ideas crossed the barrier created by the Roman
frontier.

The Migration Period disintegration

The decline of the Roman Empire paralysed its iron industry. Some large production districts
such as the Montagne Noire and the Weald ceased to operate after the late 3rd century AD,
although activity continued in others. Noricum was still producing good steel during the 5th
century and supplied the fabricae armorum in northern Italy (Nerger 1992), while smelting was
still carried on in the Forest of Dean (Bick 1990). In certain regions, often after a hiatus, large-
scale operations were replaced by smaller ironworks as, for example, at Yonne and the last phase
of activity in the 3rd — 4th centuries AD at Clérimois (Dunikowski and Cabboi 1995).

The fall of Roman power resulted in the disruption of social and economic networks. Some
groups survived although living poorly, while others simply disappeared. Whole populations
moved and society returned temporarily to much more simple patterns of civilization, sometimes
having been reduced to basic nuclei. Much iron was buried in hoards, especially by the Romans
as they abandoned their military borders. Much of this was never recovered for re-use, as was
the case of the Roman fort at Inchtuthill in Perthshire, Scotland, where several tons of iron nails
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were buried by the departing garrison (Angus et al. 1962). Non-Roman ironworks of the time
produced iron only to meet basic requirements and the Romans aimed to deprive the local and
newly coming inhabitants of such valuable sources of raw material.

The interlude of the Migration (5th to 6th centuries AD) and Merovingian (7th century)
periods in western Europe and the British Isles can, in general, be termed a ‘Dark Age’ in
terms of our detailed knowledge of contemporary ironworking. In the former Roman provinces,
smelting was continued in minor ironworks. In Switzerland, at Bellaires, Bossena and Prins-Bois
several pairs of furnaces dating from the 6th to 7th centuries, yielded less than about 30 tonnes
of iron (Pelet 1993), while the two contemporary furnaces at Boécourt would have prodiced
about 1 tonne (Eschenlohr and Serneels 1991). At Montcherand, nine furnaces operated during
the 5th — 8th centuries AD (Abetel 1992) and at Frouard in northern France, a small ironworks
with two furnaces operated in the 5th — 6th centuries AD, and another with five furnaces, datmg
to the 8th — 9th centuries, has been discovered at Ludres (Leroy 1988, 1997).

In the European Barbaricum, the situation is very unclear. The extensive production areas
in the centre of the Continent also declined gradually, although interesting individual features
can be noted. At Bfezno in north-west Bohemia, where total excavation of an area of 7 hectares
revealed a complete Migration Period village of the 6th century, a single slag-pit furnace was
found in the central area, possibly the remains of one smelt performed by an itinerant or guest
smelter who delivered just a few kilograms of iron to the community (Pleiner 1995b).

Nevertheless, the north of Europe, Scandinavia, began its rise to pre-eminence in iron making
at this time. Recent research in Norway (around (Trgndelag), relatively far to the north, has
shown that concentrations of ironworks with slag-pit or bowl furnaces formed the foundations for
subsequently-productive regions, with clear evidence of a ‘boom’ during late Romano-Barbarian
times (cf. Espelund 1987; Stenvik 1991). In Jamtland, in central Sweden, iron production during
the 3rd - 5th centuries AD possibly reached as high as several thousand tonnes (Magnusson
1986).

The advance in the Middle Ages

During this turbulent period, small, scattered ironworks continued to supply local commu-
nities with their basic technical needs, although they were at the time of only limited capacity.
Gradually, new political and economic groupings appeared and, with them, the new structures
which allowed iron production to increase to meet the growing needs of the emerging Medi-
aeval civilization. Economic forces powered the recovery or establishment of ironworking in
those regions which offered the best conditions, namely abundant and good quality ore, wood
for charcoal and access to markets. In many cases, the potential of regions which had been
abandoned, was rediscovered, while that of many others was newly discovered. A large number
remained at the level of minor suppliers of iron, while others grew in importance, increasing
their productivity and thus helping to shape the development of the European iron industry
(Fig. 13).

The study of Mediaeval iron producing districts is only patchily developed, and our knowl-
edge is based predominantly on written sources supplemented by some recent archaeological
projects of field survey and excavation, often broadly based.

Taking into account the fragmentary nature of the sources, we may offer the following broad
description of developments. The most significant source of iron in early antiquity, the island of
Elba, seems to have been abandoned for about 1200 years. In the 11th — 12th centuries, the city
of Pisa revived iron smelting there and extended it to the region around the bay of Follonica on
the coast of Tuscany. In comparison to ancient times, exploitation proceeded in a rather limited
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Fig. 13. Fig. 13. Major pre-industrial iron-producing districts in Europe during the early Middle Ages.
1 Styria, since the 10th century AD; 2 West and North Moravia; 3 Hirschwang-Prein, 11th — 12th centuries
AD; 3 Burgenland and Western Hungary; 4 Biikk, 11th — 12 Centuries; 6 Upper Palatinate (Oberpfalz);
6a Schwibische Alb; 7 Westerwald, Lahn-Dill, Siegerland, Markisches Sauerland, 8th — 13th centuries; 8
Wietze; 9 Harz; 10 Pyrenees (Arieges); 11 Western Alpes (Allevard); 12 Bourgogne and Champagne; 13
Weald of Sussex, 7th — 13th centuries; 14 Forest of Dean; 15 Jurassic Ridge sites in England; 16 Rannoch,
Scotland; 17 Halland, Sweden; 18 Skane; 19 Central Swedish districts (Norberg, Jamtland, Dalarna
etc.) and adjacent eastern Trgndelag in Norway; 20 Gudbrandsdalen, 21 Hardangervidda, Waldres;
20 Elba under Pisan hegemony, 13th century and onwards. Mediaeval iron producing regions known
so far principally from written sources (white symbols): A Spanish iron from the Basque countries; B
Normandy; C Italian Alpine regions (Brescia, Bergamo etc.); D Bohemian centres based on the Ordovician
ore deposits; E Upper Silesia; F Slovenské Rudohorie (Hungarian iron).
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fashion. Some 22 sites, situated in the hills of the island, have been registered and some of them
excavated (Coretti 1991). Survey and field work has also located mediaeval sites on the coast of
Tuscany, south of Populonia (Francovich 1990; Tizzoni and Tizzoni 1992), where open hearths
resembling the post Mediaeval Corsican type were in operation, with production estimated at
some 16,000 tonnes of iron. Apart from this, exploitation and smelting of iron ores began in
northern Italy in Subalpine valleys such as Monte Scalfi in the 11th century and in the areas
round Bergamo, Brescia and Bellona. New archaeological record comes from the environment
of Bienno (Tizzoni 1999).

Gaul had been the most flourishing of the Roman provinces, but the renaissance of more
intensive ironmaking seems to have come about later there than in other areas. In certain parts
of the country, such as Normandy, there were peasant communities (ferrons) specializing in
the art of making iron, who survived until the 14th century. But as a rule, the capacity for
the manufacture of iron passed under the control of feudal landlords, who often donated such
property to the church, in particular to monastic foundations. Chief among the beneficiaries
were the Cistercians who, from the 11th century, took the lead in developing the industry
(Verna 1995). Cistercian production was concentrated in Champagne, in the forest of Othe, and
at Chaume and Wassy amongst others, but they also promoted ironmaking at their daughter
establishments in other regions.

Small excavations have been carried out in the Veluwe region of the Netherlands which
yielded more than 50 sites of the Tth — 9th centuries AD, with slag heaps in forrested areas and
mining pits on their periphery (Joosten and van Nie 1996). It seems to exceed the small-scale
local production.

In the south-east of France, in the Dauphiné, the Carthusian order played a similar role as,
for example, at Grenoble and Allevard. Little archaeological information is available to date,
although in Morvan, ironworks of the 13th century have been excavated at Lécussy (Mangin et
al. 1992). Further south, Ariége, beside the Pyrenees, grew to be an iron producing region. On
the other side of the mountains, important districts were developing around the Bay of Biscay
in Guipuzkoa and the Basque region (see Gorrochategui et al. 1995), forming the basis for the
later, celebrated Spanish production of iron, so well-represented in custom documents of the
western ports.

Britain was abandoned by the Romans in the early years of the 5th century and production
of iron decreased in quantity during the Anglo-Saxon and early Norman periods. There was
an upturn after AD 1000, as a result of monastic activity, principally that of the Cistercians,
as well as promotion by the Crown. The Forest of Dean was the major iron smelting district
although operations there increased only slightly in the 11th century. From AD 1244, however,
the granting of royal privileges stimulated the development of ironworks significantly (Hart
1968), while the Weald of Sussex began once more to produce on a larger scale during the 13th
century to supply the important market of London (Schubert 1957, 108 — 109).

Ironworks of the 13th century have been excavated at Alsted and of the 14th century at
Minepit Wood (Cleere and Crossley 1985, 100 — 104). New concentrations of ironmaking ca-
pacity emerged in Wales, and in the Midlands, especially around Leeds, Sheflield, and Furness.
Archaeological research has discovered a smaller iron-producing region of the late Mediaeval
period (13th — 16th centuries) in Perthshire in Scotland (Aitken 1971). Some 24 sites with over
140 slag heaps (from 7 to 12m in diameter) have been recorded around Loch Rannoch and traces
of furnaces are reported from Grund na Darachan, Upper Hill, Bridge of Gaur and elsewhere.

Despite these developments, however, the demand for iron in Britain could not be satisfied
and imported iron Swedish, Spanish and other Continental sources flowed in through the North
Sea ports.



THE PRINCIPAL IRON-PRODUCING REGIONS 51

The European iron industry shows dynamic developments in Germany, in other words, East
Franconia, which, in AD 962, became the centre of the ‘Holy Roman Empire’. In certain regions,
striking levels of activity become evident, in some cases as early as the 7th -- 10th centuries.
Let us consider first the broad geographical tract whose axis constitutes the river Rhine and its
tributaries, including the headwaters of the Danube.

A complex research project being conducted in Wiirttemberg is now yielding quite new
data on the Schwibische Alb region (Széke 1990). About 130 smelting sites of the so-called
Frickenhausen-Linsenhofen type have been identified, producing small clay shaft furnaces (50cm
in diameter) supplied by forced draught through tuyeres. Slag is located close to numerous
mining pits which are 3 or more meters in depth. These ironworks, which are dated to the 7th
— 8th centuries, exploited high-grade ores and, apparently for the first time, also lime fluxes.
A later group of the so-called ‘Metzingen’ type sites of the 11th — 12th centuries, is very im-
portant due to the fact that they have produced blast-furnace slag and pieces of cast iron.
At Metzingen-Kurleshau, an ironworking complex has been uncovered by excavation (Haupt-
mann 1993; Kempa and Yalgin 1995; Beitrage 1995). South of this area, in Switzerland, is the
monastery of St. Gallen, which, according to numerous 9th century documents, collected taxes
in iron (tremissae ferri) from the surrounding area. There is no evidence in the vicinity for
any related ironworks, but later, in the 11th — 12th centuries, concentrations of iron-producing
workshops, called ‘ Eisentaler’ (iron making valleys) emerged in northern valleys such that of the
Durach river (Guyan 1991).

To the north of the upper Rhine and the Danube, lies the Siegerland, so important in the
La Téne period and the Westerwald where, in the Nister valley near Lautenbrick, 64 slag heaps
have been recorded in an area of 76km? (Weiershausen 1939). The resources of these regions
continued to be exploited into the Middle Ages, the ores used being manganiferous limonites
and siderites (Gilles 1957). Around a hundred localities, with mediaeval slag heaps standing up
to 2.5 m high, including sites at Plittershagen, Nauholz and Obernau, have been reported.

A third important region was that of the Lahn-Dill river basin where the remains of ironmak-
ing form two distinct groups, one along the Mottbach near Dietenhausen, and the other centred
around Dillenburg and Weilmiinster. The iron-masters there were known as Waldschmiede,
since, between the 11th and 14th centuries, they operated in forested areas, away from the river
valleys with their sources of power. Written sources attest to the payment of taxes in the form of
iron as early as the 10 — 12th centuries, as was the case for the monasteries of Fulda, in the west,
with a reference for 912 and Lorsch in the south with one for 1187. There is also a 13th century
reference to fora ferri or ‘iron markets’ (Heymann 1951; 1954; 1955; 1958; Herwig 1951; 1958).
Some of the Lahn-Dill slag heaps (later subjected to modern exploitation) are crescent-shaped
(16m in diameter and over 1m high) and arranged around the furnaces.

The Lahn-Dill region has been the subject of a long-term research program, the survey phase
of which has revealed 325 bloomery sites, with partially-destroyed slag heaps, located around
the Dietzholz valley. The remains of shaft furnaces with provision for slag-tapping, surrounded
by slag heaps (e.g. site B 88) and a smithy (B 85) have been reported (Jockenh6vel 1992; 1995;
Willms 1992). It was suggested by Willms that the individual smelting places migrated in due
time in a cycle system which was caused by local deforestation from charcoal making (the same
idea was expressed by Souchopova considering the 9th century AD ironworks in the Moravian
Karst). Most of the monuments in the Lahn-Dill area date to the Middle Ages (7th to the 14th
centuries).

Further to the north lies one of the most carefully-studied mediaeval iron-producing regions,
that of the so-called Markisches Sauerland, lying around the towns of Ludenscheid, Kierspe,
and Olpe, extending as far as Altena and reaching the southern part of the modern Ruhrgebiet
industrial centre. Thanks to the indefatigable field work and excavation of Sénnecken (1971
for summary), some 500 groups of slag heaps have been recorded in an area of over 1000km?.



52 IRON IN ARCHAEOLOGY

These heaps, of which over 1100 are known, are 10 — 12 m in diameter and 60 — 70cm high, each
containing 60 — 70 tonnes of slag, and occur in groups along the banks of streams. Excavation
has uncovered many ironmaking establishments with smelting furnaces, roasting and reheating
hearths, and charcoal deposits. They date to two main periods, the minority from the 8th —
9th centuries and the majority from the 10th — 13th centuries. In the Bergisches Land region,
new surveys have revealed at least 6 smelting sites near Asmannskotten, as well as minepits
and charcoal stores (Tutlies and Stapel 1992). The region has deposits of excellent specular
haematites (FEisenglanz) and limonites and the iron produced was traded through markets at
Dortmund and Cologne and the Hanseatic ports.

The successors of these local bloomery establishments in this region were known as Massenhdit-
ten, to which has been attributed the capability of producing blooms or cast iron pigs although
the latter is held to be more likely in the light of recent studies. The sites of these ironworks
shifted from the hills and slopes down to the stream valleys in order to take advantage of water
flow to power bellows, grindstones and hammers. A large establishment of this kind has been
investigated at Haus Rhade (Sonnecken 1977). Some Massenhiitten have been recorded in the
Agger valley, the earliest so far being Agger 10 from the 13th century (Knau and Sénnecken 1986;
Knau 1992). Other similar plants, revealing furnaces which should be properly be labelled as
Flossdfen, predecessors of the blast furnace, are still coming to light. These are proving to have
been stable operations which were conducted over several generations during the 13th — 15th
centuries and include the sites of Wehe, Wippertal, Hemecke, Jubach near Kierspe (Sénnecken
and Knau 1994), and at Kerspe (Jockenh6vel and Willms 1998).

A smaller and, in the view of Schulz (1972), less important ironmaking district has been
surveyed further to the north-east of the Markisches Sauerland, between Hannover and Celle,
in the basin of the river Wietze. It covers about 3.5km? and includes 359 sites with slag, in
heaps measuring 7 — 15m in diameter {in rare cases up to 30 m) or beds. Smelting was based
principally on bog ores, but so far no intact furnaces have been found. The remains are dated to
the 13th — 16th centuries, and the output was apparently all consumed by the city of Hannover.

*

Iron was produced on a large scale in several regions north of the Alps. The output of the
Styrian Erzberg in Austria (Erzberg, Admont) was of comparable importance to that of the
Middle Ages. Somewhere in this area may have been located the renowned ‘fossa ruderis in
monte Gamanara’ which was put at the disposal of the archbishops of Salzburg by local rulers
in AD 931 and again in AD 972 and, later, by the emperor Otto IT in AD 982. Excavations are
in progress at a number of bloomery sites, but no detailed information has yet been published.

Considerable evidence has been recorded at Kelheim (7th century) and near Augsburg (9th
century), where iron ore was mined extensively (see chapter V). Reference is made to slags in
the various reports (Frei 1977; Geisler 1991; 1995).

The Oberpfalz region of southern Germany is an area of 30 — 90km ? between Bayreuth and
Regensburg with deposits of cretaceous limonites with iron contents of 50 % Fe and more. It was
one of the most important iron mining and production districts of the Middle Ages, having its
main centres in the neighbourhood of Amberg and Sulzbach. Iron is known to have been made
at the Erzberg, near Amberg, at the beginning of the 10th century, but the main activity was in
the High Middle Ages (14th — 16th centuries). It is estimated that eleven mines had an output
of 121,000 tonnes of iron ore in the single year of 1596. Many hammer-mills associated with
bloomeries are known to have been working on the banks of streams in the area (Ress 1950),
but there is as yet no information on slag heaps and furnace sites as any form of systematic field
research is lacking.

In any survey of early European iron producing regions, one cannot overlook the Harz,
renowned primarily for its silver and copper mining, but where ironmaking is also known to have
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taken place, as at Diina, Werla and Osterode (Kolb et al. 1986). Unfortunately, the present
state of research precludes the compilation of any form of concise survey of sites or production
parameters. It is, however, known that ironmaking was being carried out by Cistercian and
Dominican monastic establishments as early as the 13th century.

The progressive centres of the North

As already noted, Scandinavia was, from the mid-1st millennium AD, among the most active
areas of iron production. The Skane, Halland, the hinterland of Kalmar and the Taberg and
Kind areas of southern Sweden have all produced many finds of slag and furnaces (mainly open
smelting hearths). These are concentrated largerly to the south east of Laholm, where more
than 130 sites were recorded originally (Nihlén 1939), the number having increased in recent
years to 600. Two types of slag heap have been observed, the smaller being 5 — 8m in diameter
and 50cm in height, the larger 10 — 15m in diameter and 1 — 1.5m in height. The larger heaps
are thought to be later in date, although there is no precise dating evidence. Written sources
refer to iron production in 1197 at Tvaaker where the ores used were bog and lake limonites.

More clearly-defined iron producing regions developed further north in Vastergotland with
400 known sites, in Vastmanland, Jamtland and Harjedalen with 1000 known sites (Magnusson
1977, 1986, 1995), and Nirke (Hansson 1989). Activity ranges in date from pre-Viking times
up to the Middle Ages, the dominant area having been Dalarna, the Jarnbdraland described
by Sverre Sigurdsson in 1177. Most of the 1000 iron-producing sites known to date lie to the
west of Lake Siljan (Hyenstrand 1974), where limonite ores and magnetite sands were extracted
from from lake and river margins. Some thirty sites have been investigated archaeologically,
and all have produced evidence of smelting hearths and slag heaps of varying dimensions. The
latter are classified into three groups — 10 — 12 m diameter and up to 1.5 m high, 3m x
4m and 40cm in height and 7m diameter and 30cm in height. The best known districts are
Sunnanang which is perhaps the most important, Dysdalen, Gryssen and Dykmyra (Serning
1973). Activity, mostly dated by radicarbon, centres on the period AD 700 — 1000, with a few
earlier and later establishments. The shaft furnace at Dysdalen, which was encased in a wooden
superstructure, has been dated to 1200 - 1500. The finds in Dalarna as well as in adjoining
Gastrikland, Hilsingland and Jamtland may be connected with a group of mediaeval sites in
the east Trgndelag in Norway (Stenvik 1991).

Just to the south of Dalarna, some 100km from Stockholm, is the Norberg region, which
became one of the most important iron producing regions of the High Middle Ages and early
modern period. It is mentioned in a document of 1354 in connection with taxes imposed upon
the iron industry. In archaeological terms, the beginning of its rapid rise is admirably illustrated
by one of the earliest Massendfen or Flossdfen, with associated installations for the production of
cast iron, which was excavated by Magnusson (1985) at Lapphyttan, north of Norberg. The site
has been dated by radiocarbon, thermoluminiscence, and pottery to the 12th — 14th centuries.

Iron-producing regions also developed in the Mediaeval period in Norway where research
activity has recently focused on the Hardangervidda region in the centre of the country (Martens
1972; 1981; 1988). About 200 sites have been recorded in an area of 8 — 9km? and nineteen have
been excavated. The excavator makes reference to heaps containing up to 5.2 tonnes of slag
(equivalent to an iron production of 1.8 tonnes) and estimates that about 4 tonnes of iron (i.e.
400 blooms) must have been produced annually in this region in the 6th — 8th centuries and again
in the 10th — 11th centuries. It would appear that this iron, which was made in open hearths as
well as in low shaft furnaces lined with stone slabs (Pl. XX), was exported to the lowland areas.
Another region in Norway where iron production developed at around the same time (although
the dating of the remains is very uncertain) lay further to the east, in the upper valleys of
Valdres and in Gudbrandsdalen, in the so-called ‘iron valleys’ where chains of bloomeries used
open hearths for smelting bog ore. Hauge (1940; 1946) has recorded over 100 sites including those
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