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FOREWORD


The inspiration for this book was the desire to produce a single volume, which covered the whole Roman-iron making process, from the first stage of finding the ore right through to the completion of the artefact. Other books have been written focusing in great detail upon some aspect or another of iron production in antiquity, and these have provided valuable sources of information. In order to keep to a manageable size, I have chosen to focus on the British iron industry, although due reference is made to the influence of the rest of the Roman empire where appropriate. Similarly, I have adopted as a theme the production of the familiar arms and armour of a Roman soldier. The basic techniques used in the production of these items will however be the same for all iron artefacts.


This book does not claim to be the final word on its topic; many aspects of the Roman iron industry are the subject of current study by experimental archaeologists, archaeologists, archeometallurgists and classicists, and new information is becoming available all the time. This study probably raises as many questions as it answers. I have highlighted the huge amount that is not known, and discuss some alternative procedures to the traditionally held views of production. It is hoped that, as well as giving information and pleasure, this book may stimulate some readers to join the group who work on this fascinating subject, and so help provide answers to the many problems that remain unsolved.


It has been difficult to strike a balance between saturating the text with references, making it unreadable in the process, and giving due credit to the many other researchers. I have aimed to be thorough and comprehensive in my acknowledgement of both early and recent work in the field, but inevitably some errors or omissions may remain. For these I accept full responsibility.





David Sim


Reading


November 2011




PROLOGUE


On a warm summer afternoon in the year AD 128, just south of the great wall built by Hadrian, a Roman blacksmith is standing outside his workshop. He has just completed a full set of arms and armour, and is making a tally to check that everything he has been asked to make is accounted for. He is a legionary and a superb fighting man, but he is also proud of his skills as a blacksmith, and the sight of the equipment that he has made is a boost to his self-esteem. He has often thought that people never seem to understand either how much work goes into making things, or how important it is to be well-organised. For anything to be made, he has to make sure the iron, charcoal, tools and the other smiths are all in the same place at the same time. Nothing is left to chance; no one will ever say he forgot part of an order. On his wax tablet he marks off the following items: one helmet, one set of body armour, one shield boss, one sword, one dagger, two pila heads, one pick axe, total weight 20kg of iron. His gaze wanders over the camp and his eyes come to rest on the temple where the standard of the Legion is kept, and he remembers that day all those years ago when as a young man full of pride he swore his oath to the eagle of his Legion. His reverie is disturbed by the sight of several civilian men unloading from the mules the billets of iron he ordered. The billets are heavy, and most of the group can only manage to carry two or three at the most. One man calls out to him,


‘Blacksmith, what’s this lot for?’


And he replies: ‘It’s iron for the Eagles’


In this fictional account we meet the finished product of the blacksmith’s art, namely the weapons and armour that will be used by the soldiers. These items represent the end of a long story that involves large amounts of both natural resources and manpower expended to transform iron ore into the arms and armour of a Roman legionary. It is the purpose of this book to reveal the complicated and fascinating processes that have to be conducted to make such iron artefacts.


Our Roman blacksmith stands at the end of a long tradition of craftsmen, whose skills go back to the very start of man’s use of metal. The first metalworkers hammered the metal to change its shape. This is the process known as forging, and copper and later bronze were fashioned in the same way. For more than a thousand years before iron was discovered, the men who forged copper and bronze were highly skilled in their art; and it was these craftsmen who were the first to forge iron, once it became available in large enough quantities. The discovery of iron, and later steel, changed everything. Steel could be made harder than any other known metal, and thus could be used to cut almost every material; even very hard stone could not resist an edge made of hard steel.


By the time of the Romans, the blacksmith’s tools had reached their terminal stage of development; indeed they were in every respect almost identical to those used by blacksmiths today. Even the advent of electricity in the modern era has only meant that electric rotary fans have replaced traditional hand pumped bellows.


Quite often, iron artefacts from the archaeological record are no more than a fragile mass of corrosion products (rust), and in this condition they are neither attractive nor stimulating to those who are not enthusiasts. It is likely that this unappealing appearance has led to the importance of iron being underestimated. The lack of interest has also meant that little attention has been given to how iron artefacts came into being in the first place. Little thought has gone into considering the immense technical problems that had been overcome, and the huge amount of resources in terms of materials and man power needed to obtain a piece of iron ore (colour plate 1) and transform it into an item such as a sword (colour plate 2).


This book aims to take you back into that forgotten world through the different processes involved in the vast iron industry that, as we shall see, must have employed thousands of people. Although considering examples and drawing on information from throughout the Roman Empire, this book will deal mainly with the production of iron in Britain. In later chapters discussing the manufacture of artefacts I will consider a range of items that our Roman legionary would have created. However, the basic techniques that he would have employed would be the same for military and civilian blacksmith alike.
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AN OVERVIEW OF THE


ROMAN IRON INDUSTRY


I start with a tale from blacksmithing mythology. When the temple at Jerusalem was completed, King Solomon was so pleased with the work he decided to confer the title Father of craftsmen on one of the artisans who had helped to build it. All the craftsmen were summoned to appear before the King and give an account of why the honour should be theirs; this meeting was to be followed by a banquet with the chosen craftsman as the guest of honour.


Accordingly each man stated his case. The stonemason said, ‘If I had not cut the stone there would be no building’. The carpenter said, ‘If I had not carved the wood there would be no doors or fittings or furniture’. The tiler said, ‘Without me there would be no beautiful floors’, and the weaver said, ‘Without me there would be no wall hangings.’ So each in turn spoke, until last of all they came to the blacksmith, who said, ‘I am the Father of craftsmen, because I make all the tools for the others and without me none of them would be able to perform their skill’.


Solomon saw the truth of this and conferred the title Father of craftsmen on the blacksmith. (The King’s tailor was so outraged that he crawled under the banqueting table and snipped pieces out of the blacksmith’s apron with his scissors, which is why to this day all blacksmiths have a fringe at the bottom of their aprons.)


This tale helps us to understand how essential iron was to ancient societies. We will see later in this chapter both the huge variety of iron items which existed in Roman times, and which relied on the skill of the iron workers for their production, and the vast scale of the industry.


The Roman world


While it is not the place of this study to detail what life was like in the Roman world – and there are other excellent books on this very topic – it is important that the reader should have at least a general picture. In the past romantic ideals, or perhaps a wish not to cause offence, has restrained authors from portraying in lurid detail some aspects of Roman ‘culture’. However, in order to gain a correct appreciation of the way in which Roman life operated, it is necessary to make some fundamental observations. Rome existed for war; indeed it may be said that to the Romans, as to the Greeks, peace interfered with war (Hanson Davis 1989). Rome conquered with its military might and controlled its conquests with the same military machine. It was a society that was ruled by a small ruling elite, and their world was divided into two: those who lived within the empire, and the barbarians who were outside it, and therefore of no consequence.


The role of iron in the Roman world


The importance of iron in the Roman world cannot be over-emphasised. It can be equated with the dependence of the modern world on steel, and one would be hard-pressed to find any manufacturing activity in the ancient world that did not rely in some way on iron. Manning (1985), in the contents of his catalogue, classified the following iron artefacts:





Tradesmen’s tools embracing:





metalworking, (blacksmithing, copper and bronze-smithing, also jewellery making (goldsmithing and silversmithing))


the timber industry: woodland management, carpentry, fine cabinet making


stone working: quarrying, stone dressing, carving and sculpting


plasterers’ tools;


tools for processing wool and cloth, leather working (tanning, cobling);


agricultural tools


farriers’ tools


mining





Other equipment for daily activities such as:





transport: land, river and sea


surgical instruments


domestic equipment: knives, razors and cleavers, locks and keys, styli, toilet implements


structural fittings for both domestic and civil buildings


armour and military equipment, weapons, shackles





This is not a complete list, but it serves to show how vital iron was to the functioning of society in the Roman world.


Overview of the technical aspects of iron making


The production of iron artefacts is a complex task, dependent upon not only the raw materials, but also the skills of the craftsmen involved in all aspects of the iron industry. Figure 1 shows schematically an overview of the iron production process. Initially the iron ore must be found (prospected) and then mined, before being prepared for smelting by roasting. The activities of mining, roasting and smelting require considerable input from other resources: notably wood (for both fuel and structural purposes) but also manpower, with the attendant organisation. Once the ore has been mined, roasted and smelted to produce the bloom, it again requires considerable processing and support in terms of fuel and labour to refine the bloom to bar ready for the blacksmith to manufacture the final product. The various stages that are covered in detail in the following chapters in this book are identified here.


[image: Book title]


1 Overview of the Roman iron industry


Prospecting


The first stage in the production of an iron artefact was to find a source of iron ore. The prospector relied on the surface appearance of rocks and soil to indicate the presence of mineral ores. He had to be able to recognise the visual signs, such as the type of vegetation, which could be an indicator of the kinds of minerals present. With little in the way of scientific method available, experience was the prospector’s most valuable asset.


Mining


Mining, or the extraction of the ore, was a major undertaking. The Romans established a system of control on many mines to ensure that they were run for the benefit of the Empire. The simplest form of mine, open cast, was essentially a pit that was open to the elements. This type has many advantages over the more traditional image evoked (a shaft leading below ground from which various galleries and workings follow the ore seam), the most direct being the immediacy of return upon effort: the material could be dug from the ground straight away, with little or no preparation. There was also no need for lighting, ventilation, drainage and shoring (of the galleries and shafts), and it would have been easier to remove the ore from a pit.


Having said all this, the Romans did create mines accessed by shafts; but these tended to be reserved for high value (e.g. silver or gold) or high quality (yield) ores. An intermediate technique of mining was bell pitting, in which an access shaft was dug, and the seam excavated in a cylinder around the shaft until the roof became unsafe, at which point it was backfilled and another shaft dug nearby to repeat the process.


Preparation of the ore – washing and roasting


Once the ore had been removed from the ground it was first washed to remove any excess material such as clay. It was then roasted, which served several functions: it dried the ore and made it more porous, and also made it easier to break the ores into smaller pieces needed for smelting.


Fuel


The single most important fuel in the ancient world was charcoal, the residue obtained as a result of the incomplete combustion of either vegetable or animal materials, but most usually of wood. At the end of the process the material has lost both volume and weight and is almost pure carbon: for example if wood is used, the volume is reduced by one third and the weight is approximately one quarter of the original. Charcoal is capable of burning at a temperature of 900°C, but the use of an air blast will enable temperatures of 1600°C to be reached in a furnace. It was the principal fuel for the smelting of iron.


It should be noted that although the use of coal is recorded on many Roman sites, and was readily available in some locations, it is not suitable for smelting iron because the sulphur content makes the metal too brittle for forging. Coal was utilised however in other industrial processes, and certainly can be used for the forging of iron; as a superior fuel, there is no doubt the smiths exploited this. In fact, in most places where mineral coal outcrops it was mined by the Romans.


Smelting


Ancient iron production differs in many ways from its modern counterpart, and so the two basic processes are outlined here in order to avoid confusion between ancient and modern methods. The processes are called the direct method, or bloomery process, which was used in antiquity, and the modern indirect method employed today. The latter is a relatively modern process in which liquid iron is produced from the ore in a blast furnace at a high temperature, and then further processed into other ferrous products such as cast iron and steel. In the direct method, the ore is heated at a temperature below that at which iron melts, but high enough that the unwanted mineral content of the ore (termed slag) can become liquid and run out. The ore undergoes a chemical reaction with the gas produced by burning the charcoal, and this reduces the ore to iron. Thus the iron is extracted both physically and chemically, and a sponge-like bloom of iron is produced for further refining. This process was used in Europe from the time iron was first smelted until the fifteenth century.


Refining the bloom – bloomsmithing


The product of the smelting process is called a bloom, which is a mass of pure iron separated by slag. In this condition the iron is unworkable, and has to be refined to produce the material which can be forged into artefacts. The objective of the next stage in the cycle is therefore the removal of slag and the welding of the iron into a solid mass or billet.


For welding to occur, the surfaces to be joined must be clean and have as little oxide on them as possible; iron oxide has a higher melting point than iron and acts as a barrier between the pieces to be welded. The presence of slag between the particles of iron also prevents the iron from welding. However, the slag also binds the bloom together and keeps it as a solid mass, so needs to be removed in a way that prevents the bloom collapsing as a result. This process is called bloomsmithing – heating and hammering the bloom to expel the slag and consolidate the iron by welding the particles together.


Smithing a billet to a bar – barsmithing


A billet is often too large to be of any use for artefact production save when large objects such as hammers are to be made. For smaller items the iron billet would have been forged down to bars of various sizes and cross-sections (square, round, rectangular, etc.) depending on the type of work the smith was conducting. Semi-skilled workers or apprentices would have carried out this task, as it requires only basic skills.


The bars would have been of what is called in smithing jargon ‘a handling length’ – long enough to be held comfortably while working on the heated end. A smith only uses tongs when there is no alternative and it is always preferable to work on the end of a bar.
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