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CHAPTER ONE

A NOTE TO THE READER

“Whate’er my craft can promise, whatso'er
Is wrought with iron, copper or iead,
Fanned with the blast, or molten in the bed,
Thine be it all.” .

(VireiL, Aeneid VI, 471-475)

This will be a book of facts and fancies. The facts are about ores,
metals and their properties, how they were won and worked in Antiq-
uity in the Near East. But the facts which can be gathered from
archzological, historical, philological and technical documents and
books are not sufficient to form a continuous story. Therefore, let
the facts be the warp and fancy the woof of this story.

For the facts, though far from complete, are abundant. They can
be found in magical and religious texts, the economic documents
of Antiquity abound with them, historical and geographical hand-
books contain them® and even ancient scientific and technological
texts of some importgnce can be found. And just as maps shall
supplement the dryasdust lists of ancient deposits of ores, so the
texts shall be given in full to show the metallurgical facts in the
context in which the ancients saw them. “Let the texts speak!” should
and shall be our motto, for only too often the story of metallurgy,
that important factor in ancient material civilisation, has been neg-
lected. Which of our large handbooks either archzological or tech-
nical contains more than generalities on this subject, and only too
often wrong facts that are taken over from one handbook into another?
How few are the books on ancient history whose table of contents
contains references to metals or metallurgical products, as if these
never played a part in political history in those times as they do now!
And again, why is not the proper technical and scientific informa-
tion available to the archaologist and are his data not presented
in the proper context to the technologist, who is usually put off with
old, superannuated facts?

If we will try to undo these wrongs, at least partly, we must
warn the reader that repetition of certain facts was found necessary.
For wrong facts are the most tenacious things to destroy and the
only remedy is frappez towjours! Then repetition was necessary too

ForBES, Metallurgy 1
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25 A NOTE TO THE READER

to avoid those horrible cross-references which make the reader run
through the whole of the book before he has finished one chapter.
We have tried to present every chapter of the story of metallurgy
as a whole in itself and to treat every aspect of a certain fact in its
proper place. But the main purpose of this repetition remained bring-
ing out the importance of certain vital facts which dominate ancient
metaljurgy and which ate, alas, only too often forgotten.

Our path was often difficult to find for there is a sore lack of
proper information on many details. No good, up-to-date geological
handbooks or maps on the Near East exist and the maps of the
deposits of different ores had to be compiled from publications varying
greatly in trustworthiness. There is no uniformity in the spelling of
geographical and historical names and many archzological publica-
tions lack proper indexes or do not mention metals in their table of
contents and force the reader to run through the entire text! Analyt-
ical data on ancient metals and alloys are spread over many technical
and archazological journals and books and often published in journals
which can only be obtained with the greatest difficulty, The very im-
portant data collected by the Sumerian Copptr Committee and its
successor, the Ancient Metal Objects Committee, have not yet been
properly published in detail. Archzologists have until now given little
attention to such important metallusgical finds as furnaces, slags and
ores and often their descriptions are non-committal or misleading, only
too often experts should have been called in to examine and describe
these and other details. Even the description of museum objects can
not always be trusted as long as they have not yet been properly
analysed. But even the registration of those points on which proper
information is lacking may be helpful to future students of this
subject.

The reader should also be warned of the perils of chronology. The
chronology of the Ancient Near East and in fact that of prehistoric
Europe which is linked up with it, remains very uncertain before
1500 B.Cc. We have followed the chronology used by most handbooks
until very recently which is based on a date for the reign of king
Hammurabi of Babylon of 1955-1912, that is about 1900 B.C., but of
late documents have been found that force us to bring this date back
to 1792-1749 B.c.! This means that the whole of the earlier chronology
will have to be telescoped back accordingly and even our estimate
of prchistoric periods will have to be shortened considerably. The
reader, therefore, should use the dates previous to 1500 B.C. as
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relative dates only, which are given to present a frame of reference
‘for the technical data. This holds good even more for the tentative
dates of prehistoric events, which may be 500 years wrong or even
more! These early historical and prehistorical dates shall therefore
be used and quoted with the greatest care so that no one should
misunderstand their relative value!

For the correct interpretation and translation of the technical terms
occuring in these chapters or in other publications we can refer the
reader to two useful and rather unknown publications, viz. ALBERT
H. FAY's Glossary of the Mining and Mineral Industry (Washington,
Govt. Printing Office, 1920) and SCHLOMANN-OLDENBOURG's Eisen-
hbiittenwesen (Illustrierte Technische Worterbiicher in sechs Sprachen,
Oldenbourg, Berlin).

Acknowledgements should be made to the pumerous friends who
helped the author over his archzological and etymological difficulties.
If they are not mentioned here individually, his thanks are no less
sincere. Thanks are also due to Prof. GORDON CHILDE, the late Prof.
CamPBELL THOMPSON, the late Dr. Lucas and Dr. CLINE whose
writings have ofteneinspired the author, as the careful reader will
notice, and who thus ynwittingly find him their ‘grateful pupil.

The main purpose of this book was to bring the archzologist and
the technologist in contact with each others results, to help them
over the gulf that still separates them from cooperating in the study
of a fascinating aspect of ancient civilisation. If this object were only
partly achieved by these notes the author will find himself amply
rewarded. For after all, the compilation of these notes was in itself
a delightful task and without drawing immodest parallels with
that eminent ancient historian, the author should like to say with
Livy in the Preface to his A6 Urbe Condita:

“l, on the other hand, shall look for a further reward of my
labours in being able to close my eyes to the evils which our
generation has witnessed for so many years; so long, at least, as
I am devoting all my thoughts in retracing those pristine records,
free from all the anxiety which can disturb the historian of his
own times even if it cannot warp him from the truth.”

Amsterdam, 1942,
Nore: The printing of this book, completed during the Second World War, was

delayed for~ various reasons. The author has refrained from incorporating the latest
evidence which is not yet completely at his disposal,



CHAPTER TWO

SYNOPSIS OF EARLY METALLURGY

“We cannot but marvel at the fact that fire is necessary
for almost every operation. By fire minerals are dis-
integrated and copper produced, in fire is iron born
and by fire it 15 subdued, by fire gold is purified!”
(PLINY, Nat. History 36.200)

In tradition and in reality the Mesal Ages play a large part. The
idea of dividing the history of the world in different periods named
after metals is probably of Iranian origin. The same sequence of
“Metal Ages” as given in Dan. 2.31-45 is found in the Avesta and it
recurs in Buddhist doctrines. Greek poets and philosophers have taken
up the idea, HESIOD mentions it in his Works and Days (109-201)
though he inserts a Heroic Age between the Bronze and the Iron Age.
But generally the series consists of a Golden, Silver, Bronze and Iron
Age from PLATO's Republic onwards upto CLAUDIANOS (400 A.D.).
Still often one of the metals is missing, as in the writings of ARATOS,
CICERO, JUVENAL, FESTUS or OVID (Metamorphoses 1. 89-150). But
in these writings the Metal Ages are used to depict the progress or
often the decline of mankind, they are used to illustrate the loss of
primeval simplicity and bliss by the achievements of material civili-
sation and the moral sins of mankind.

Gradually as Christian writers take over this idea they use it to
describe the coming of the Last Judgement. Slowly the division of
the history of mankind into four Metal Ages is given up and we
find a division into four World Empires, which idea is to dominate
medieval historiography and even philosophy of history for many
more centuries.

But the idea of the four Mectal Ages as the progress of material
civilisation, each metal more or less characterizing the period called
after it is a far later one though we find the earlier stages of this con-
ception in PLATO's Protagoras (322) and LUCRETIUS' De rerum natura
(V. 925).

These early philosophers have quite correctly realised that the advent
of metallurgy meant a great step in the history of mankind. Still we
must not exaggerate and pronounce metallurgy to be the prame factor
in the transition from Stone to Metal Age.
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For the rise of metallurgy forms only part of that “prelude to urban
revolution” as GORDON CHILDE has so “aptly called the transition of
Stone to Metal Age. The moving force of this Tevolution is the
invention of the plough and the great change from food-gathering to
food-production and the enlargment of diet which accompany it. In
the wake of this raising of the standard of living and the production
of surplus food to feed 2 minority of the population no longer bound
to agriculture follow many achievements that belong to the necessities
of modern life. There are the invention of the wheel with its conse-
quences, wheeled carriages and wheel-turned pottery. The invention
of the sun-dried and the baked brick and the production of quarried
natural stone lead to architecture. Wheeled cart and sailing craft go to
establish long-distance communications. For many ages already semi-
precious and precious stones and native metals had been sought for
their magical properties and in other branches of mining we can
also prove that there were centres of production in the Neolithic or
Stone Age whose products were the objects of ntemational trade if
perhaps only passed from tribe to tribe. But the new means of com-
munication break ddtn the isolation of settled groups, they establish
lasting contacts with the nomads and the direct transmission of trade
goods over long distances. The growing knowledge of the physical
and chemical properties of metals and ores, the conquest of new
smelting and working processes stimulate this trade. As most ores
are far from common their demand leads to a revolution of neolithic
economy. The surplus of agricultural products of the peasant civili-
sations in the river-valleys is bartered for the mineral products of
the mountain dwellers. Alrecady the small region of the Aunjetitz
civilisation has yielded more than 600 Kgrs. of metal finds which
surely represent only a fraction of what existed in this era formerly!

The centres of production are either the mining districts, the metal-
lurgical centres (smelting sites and forges) but the ittnerant smiths
must also have played a part. Once the magical transsubstantiation
of copper ores with carbon and fire was achieved and had become
common knowledge, similar experiments with other stones led to the
discover of more metals.

The smith more and more becomes an important factor in inter-
national trade. In the earlier stages of the history of metallurgy mainly
finished products were exported from the great producing centres but
by the Ifon Age either raw materials or semi-manufactured articles
become the trade stock and tie itinerant smith became more important
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to local needs than the producer. Since the Bronze Age ever growing
specialisation leads to the formation of different types of smiths, the
growth of a factory system of manufacture is already noticeable in
the period of the New Kingdom of Egypt when standard types of
metal objects become more common at the cost of style. Still this
process cannot be stopped and it is developed by the Roman capitalists
to something very near our factory-systems.

It would be important to study the routes of early metal trade. Very
valuable material would be got by the study of the depot finds. From
the four types of depots of metal objects two are of no use to this
subjects for either domestic or votive hoards have nothing to do with
metal trade, but founder's hoards (made up of old implements, broken
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Fig 1 The oak sample-casc of a Bronze Age itinerant smuth found 1 Pommena
(Germany) after FRANZ, JAGER, etc)

objects, cakes and ingots) and commercial hoards (raw and half-
finushed tools, weapons, and ingots, but often very like the show-
collection of a commercial traveller') would certaimly yield valuable
clues.

Again one must not exaggerate the importance of metallurgy in
these early societies. The progress of metallurgy was slow, for no
doubt not all metals were better than stone and it took a long schooling
of generations of smuths and smelters to produce something like bronze
which was definitely better than flint or polished stone. Still in the
long run metallurgy had profound influence on early economy. For
metallurgy accompanies the rise of urban civilisation and the formation
of the first empires in history. Many of these empires were imposed
on the original peasant civilisation of Neolithic times by invading
warrior tribes and the rise of metallurgy enabled the dominating
classes to assemble riches 1n the form of metal rings, bars, etc. What
had been hardly possible in Neolithic ¥imes, the formation of social
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classes based on relative riches, became a possibility now. Metals
traded by the weight, served as the earliest form of money after corn,
cattle or hides had failed as 2 means of barter for long-distance trade.
We find that ingots of metals acquire standard shapes and weights
though only many centuries afterwards the bankers of Lydia hit on the
idea of coining precious metals, that is to say to ensure the user
constant value by purity of metal, constant weight and a guarantee-
sign stamped on the coin. Still the lumps of metal served well in
international trade and the réle of metals as a means of the accu-
mulation of wealth in the hands of few cannot be denied by any
serious student of Antiquity. And indeed much of ancient history

Fig 2 A typiwcal Bronze Age hoard found in Brandenburg (Germany)
(after FRANZ, JAGER, ctc.)

could be rewritten as a struggle for the domination of quarries and
ore-deposits or metal-supplies!

But as we have pointed out, important as it may be, metallurgy was
neither the prime nor the most important factor in the rise of urban
civilisation. It is also accompanied and stimulated by the evolution of
the calendar, writing, arithmetic and measurement, which guided and
controlled by the primitive mind and its belief in the harmonious
cosmos, formed the foundations of modern science. The doctrines of
pre-Greek science had a profound influence on everything which we
call applied science, and therefore on the evolution of mining and
metallurgy too. It accounts for the eagerness of the early Sumerians
to study nature and its products, to apply the “fire test” and many
other experimental means of discrimination to ores, etc. and to arrange
the resuits in their lists with the clear nomenclature which is sach 2
help to our understanding ob these ancient texts. N
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Thus metallurgy can be said to be one of the important factors
in the rise of urban civilisation, which in its turn profoundly affected
it. The historian of metallurgy cannot afford to ignore the social,
economic, religious and material aspects of the civilisation in which
metallurgy played a part of growing importance. He will then find
that these factors account for the seemingly illogical developments of
metal technique which are strewn on his path and that they impart
a sudden and unexpected meaning on seemingly dull facts.

If then the use of such terms as “Bronze Age” and “‘Iron Age” has
become common among archzologists and others, we must realize

SOCIAL
BULES AND ORDER

DENSITY OF

/ POPULATION
zu orm TYoL of MATCRAL WORLD OF
...J‘.‘.:‘.fu TERAITORY CULTURE N = THE ST

Fig 3 Important factors in pnmitive society

that they were nothing but names for certain contexts of archzological
finds, prompted by the impression which metal objects make over
pottery and other excavated objects. Indeed, these terms as applied to
certain periods of civilisation have become paradoxes as our knowledge
of Antiquity grew. For one can truly say that at present the Bronze
Age is the period in which bronze gradually ousts copper from its
prominent place in metallurgy and when at the end of the Bronze
Age bronze has come into general use, the first signs of its younger
rival, iron, are found. Thus the poet’s words that “each age is a dream
that is dying or one that is coming to birth” is made true even in the
story of the material equipment of mankind.

Even their sequence did not prove to hold good everywhere in the
world. The series Copper Age, Bronze Age and Iron Age was origin-
ally built up on the evidence of European prehistory and as the
excavations of the Near East yielded their masses of material this idea
was found to hold good there too. We know that this was because we
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are quite near the original centre of metallurgy here and that the
theoretical sequence holds good for primary and secondary centres
and some of the further ones, but that we must be very careful of pit-
falls. African metallurgy remained a puzzle until it was realised that
here the Iron Age preceded the Bronze Age. Again in other parts of
the world there was no Bronze Age at all. Neolithic tribes of Assam
and Burma came into contact with our modern Steel Age before they
had known any copper or bronze, and it would be easy to multiply
these examples.

As long as we remember well that these terms are only convenient
names for certain aspects of civilisation characterised by many more

I Native metal as stones

I  Native metal stage (hammering cutting etc)

(copper gold silver meteoric iron)

I Ore stage (from ore to metal. alloys
° composition as primary factor)
(lead silver copper antimony tin bronze brass)

]
IY Iron stage (processing ss primary factor)
(cast iron wrought iron steet)

Fig 4. Evolution of Metallurgy

things than just the use of bronze or iron, we may go on using them
for the lack of better ones.

But we must also remember that they are no indication of the
evolution of metallurgy in that particular region or anywhere because
they do not represent the true stages of metallurgy. These stages are
characterised not by any particular metal but by many processes and
methods going hand in hand, by a complex of discoveries and in-
ventions guided by some leading ideas.

The earliest metals collected by man were native metals (copper,
gold, silver and meteoric iron) which occur as such in nature. During
a long time they were not recognised as a special kind of stone, but
simply treated as the common steck of raw materials then used, viz.
stone, bone or wood. By and by it was realised that these “strange
stones” had some very individual properties, that they could be
reshaped by heating and hold thetr shape when cooled. Some of the
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eatlier processes applied to native metals remained in use, others were
modified to suit the new way of treating them. Thus arose 2 complex
of which hammering, tempering, cutting and grinding are typical
methods. This must be considered to be the earliest stage metaliurgy
which we might call the native metal stage. As we will have occasion
to prove a new step was the discovery of the reduction of ores followed
by the discovery that metals could be melted and cast. This led to 2
total change of the methods of metallurgy and the rise of what we
should lik to call the ore stage. Its methods are casting, welding,
soldering and many other new processes together with the reduction
of ores and the manufacture of alloys. At this stage mining and metal-
lurgy go their own way and are no longer in one hand. Now a series
of new metals are discovered (lead, silver, antimony, etc.) and the
manufacture of alloys are taken in hand either by working ores ot
smelting a metar with an ore, later on by mixing two metals. In the
latter case a distinct improvement was achieved, as it was now possible
to make alloys of a composition wavering only within close limits,
which advantage was, however, to become valuable only as the use
of certain alloys for certain very specific purpddes came to the fore.
In earlier times bronze in general was already a sufficient improvement
on copper, and keeping the composition of bronze within certain limits
would not have impressed itself as a necessity. Generally :peaking
the alloys and their manufacture are characteristic for this “ore stage’}.

The next stage is the “#1on stage” which practically coincides with
the “Iron Age” of tradition. But though the wrought iron and steel
(and perhaps also the chance cast iron!) were in reality alloys of iron
and carbon their properties were much less dependent on their com-
position but generally speaking determined by their treatment. Here
hammering, tempering, quenching and annealing were far more im-
portant than variations in the composition. Therefore the “iron stage”
means the discovery and mastering of quite a new complex of pro-
cesses and treatments, the details of which will be discussed later on.
Once we start using the metal technique of a certain period as a
criterion and no longer the kind of metal or alloy, we see that the
development in every region becomes a succession of stages or phases
each of which are complete in themselves. Seeing that each of these
stages has its own complex of processes and techniques we need not
wonder that the transition from one period to another is much less
smooth than generally supposed.

Before we go on discussing discoveries and inventions and the
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evolution of material culture we must state quite clearly what we mean
by these terms which are often so loosely employed. To this end we
can do no better than reproduce the gist of HARrisSON's brilliant
essay on this subject (Report Brit. Assoc. Advanc. Sci. 1930, pp. 137-
159). By the aid of methods. often dependent upon extraneous means,
man employs materials for the achievement of reswits. many but by
no means all of which persist as artefacts or other products. Food was
the only material which man had always to seek, but apart from this
only the obtrusive materials attracted him, being under no compulsion
to consider them. Therefore metal made its first impression as a
fascinating Juxury, from which evolved a need.

Now the idea of human progress is a fairly recent one, it became
popular in the X VIIIth century only. But in reality man’s progress is
hardly that slowly rising line which lurks in the back of our mind
when ‘we talk of it. Man invents his ways as well as his means, but
means are far older than man; they may be called “pure methods™ in-
deed. Substance is the static warp, method the dynamic woof of man's
material culture. But aims and ends as well as ways and means were
and are the product 8f evolution.

Now we can define evolution as due to action and reaction in a
developing brain and versatile hands in an expanding environement
if we do not forget that this is just a statement but not an explanation!

For unconditioned foresight does not happen and directed research
is apt to be overrun by invention, though the inventor only appears to
be looking ahead! Artefacts then arose out of the rough and tumble
of environement growing with knowledge and the accumulation of
knowledge and artefacts. Chemically speaking the endproduct of the
reaction is a catalyst, which enhances the speed of reaction and causes
the formation of still more endproduct. In other words once the process
of manufacture of artefacts started, the ball went on rolling quicker
and quicker. The invention of script and the use of human speech
have greatly enhanced the process by linking up the future and the
past. In many cases we do not know how certain inventions took place.
For instance there is still a gap between the discoveries of two prop-
erties of clay (plasticity and baking properties) and the production
of the first earthenware pot, which is only more or less bridged by
our “plastered pot” theory. In treating discovery very seriously we are
often prone to forget that human mind is very prone to skid on
trifles. Products of discovery are all artificially extracted, prepared
and compounded materials which have no significant form impressed
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on them but which are merely the raw materials for future production.
But jnventions are all shaped or constructed artefacts. Many simple
types therefore are merely products of discovery, a subjective event
which may be applied to objective application. But invention which
is really applied discovery is always objective.

In metallurgy we often have quite a series of discoveries. For in-
stance the use of bronze for tools and weapons starts with the discovery
of the hammering of copper and ends at the discovery of the casting
of bronze. The discovery of the new alloy is followed by the directional
effort towards repetition, than a search is made for the ameliorating
impurity in the copper, once this cause has been established, which
again provides the basis for experimental smelting or directed research.

Then the transfer of ideas in technique is analogous to cross-
mutation. The discovery of the cire-perdue process of casting bronze
not only presupposes knowledge of bronze and casting methods but
also the behaviour of waxes and fats when melted and cooled again.
This brings up the old question of diffusion of achievements of
material culture or the possibility of invention of the same process
in different kinds of the world. Simple primaty discoveries such as
plasticity and malleability may be repeated sbut every artefact that
consists of a series of discoveries is more likely to have been diffused
than reinvented! We must not forget that not need but prosperity is
the mother of invention and that the early metal worker was not
pushed along the path of progress because he had no idea that it was
a path at all. Such an achievement as the production of bronze is
already sufficiently surprizing and if we would be led to suppose that
it evolved independently in the New and the Old World our wonder-
ment would be simply doubled!

Thus there is no progress by small changes but a rather spasmodic
evolution directed by creative invention, by the presence of the motives
of intention and insight in the utilisation of the material world. Even
the word metal still holds something of this directed research. Though
older philologists like RENAN and RIEDENAUER have looked for a
Semitic root for this word, CURTIUS and BEZZENBERGER have searched
rather for an Indo-European root, but SCHRADER believed in
neither. It is now, however, held with LiDDELL-ScOTT that this word
is connected with the Greek melallao: to search (after other things),
thence metalleia: searching for metals, mining and metallon: mine,
quarry (originally probably meaning “place of searching”). It is
curious to notice that HOMER never uses,the word metallon but always
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metallao instead! When speaking of gold ores, PLINY has a somewhat
similar explanation of the word, saying (Nat. Hist. 33.96): “Wher-
ever one vein is found another is not far to seek”. This is the case also
with many other ores and seems to be the source of the Greek name
metalla thus giving this word (mef'alla) the literal meaning “one
after another.”

The loose way of thinking in the past led to many a difficulty.
Once a certain term like Copper Age or Bronze Age is used forgetful
of the fact that it is (or at least should be) used to denote a specified
complex of metal techniques, but not just the common use of a
certain metal, inconsistencies are apt to occu.

For instance the term Copper Age or Chalcolithic is often used to
denote the period between Neolithic Age and the “advent of Bronze",
or if a true neolithic is absent, the gap between Mesolithic and the
“Bronze Age”. But the term Copper Age is also very often used in
cases where the influence of the knowledge of metal is suspected only
from the other archaological remains of the period. Just as PEAKE
complained more than ten years ago, the Neolithic seemed to grow
to be a Metal Agc® without metal. Even areas into which metal
objects have been cared by trade need not themselves be in the
Metal Age. Unless smiths are imported to work there, the Stone Age
must be said to continue.

Now SIMONS (Caesurae in the history of Megiddo in Oudtestamen-
tische Studién vol. I, 1941, p. 32) has proposed to use the term
Chalcolithic for “a culture which without exhibiting the character of
a true neolithic still precedes the first knowledge of metallurgy™.
Thereby he separated the term and its original meaning. FRANKFORT
has already stated that if the term Copper Age was to have any
force at all, it must indicate a period when tools and weapons were
generally made of copper. Not only should these early metallurgists
possess the knowledge of reducing ore, but also that of remelting,
casting and hammering this metal, all manipulations to be discovered.
Unless these new possibilities were used, copper implements wou!d
hardly be better than stone ones and could not come into general use.
But the first copper implements which were better than stone ones are
limited to certain shapes implied by these techniques and the properties
of the metal. He further stated that we find a true Copper Age in
Hissarlik I, Anau and Yortan, Susa I and Egypt (before SD. 63) and
everywhere here the metal types go back to bone prototypes. Shortly
afterwards Cyprus, Early Minoan I and Early Cycladic I show the
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presence of coppet, probably all of them colonisations radiating from
Southwest Asia Minor. But as regards the first series of centres
mentioned by FRANKFORT we think that his “Copper Age” is better
covered by our term “native metal stage”, though in the case of the
islands around Asia Minor analyses have shown that the earliest
settlers had already entered our “ore stage.

Now SiMONs' definition covers our “native metal stage’” as well
as kindred civilisations where few copper or none at all have yet
been found, but where their influence is suspected. But in the “native
metal stage”, though this represents the first steps on the path of
metallurgy, metal products are still few and their influence is still
small. Hence it might be clearer to add our definition of the material
side to the “‘archzological” definition of the term Chalcolithic given
by SiMONs.

For it is even better to use this term than to fall back upon the
old “Copper Age”. Not only is the gap between the earliest use of
copper and that of bronze widely different for every region, but as
we have seen the classical sequence Copper-Bronze-Iron holds good
only for certain well-defined areas like the*® Ancient Near East.
Metallurgically speaking there is no gap at all for ore-extracted copper
is to bronze what iron is to steel. They represent sequent phases of
one stage of metallurgy. Though bronze is in fact a new material, a
new “artificially produced copper”, as the ancient inventor would have
called it, it merely represents a succesful sideline in the development
of copper metallurgy, which again forms part of the “ore stage” of
metallurgy.

Now MONTELIUS suggested long ago to drop the terms Copper Age
and Bronze Age and to adopt the word “Erzzeitalter”, but as the word
“Erz” can not be replaced by a similar term in English or any other
language, it might be better to use the term Metal Age for the period
between mesolithic (and/or neolithic) and the Iron Age, in which the
regional civilisation shows the existence and influence of copper
metallurgy or any other non-ferrous metal. If necessary a **Chalcolithic”
could be intercalated. This “Metal Age” would show, metallurgically
speaking, all the aspects we have ascribed to the “ore stage” discussed
above, being the stage between the use of native metal and the
introduction of iron metallurgy.

vwm‘%\«Bl!t whatever term we use, whether we say “Metal Age” or continue
*;ﬂ) use the older “Bronze Age’’ we must never forget that the alloy
+bronze is only part-aspect of a type of civilisation which we try to
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describe with this term, The archzological complex which we call
Bronze Age is not defined when we know where and when copper
and tin were mined and worked or whether bronze was in general
use. For a long time during this period the use of bronze was not, as
SPENGLER aptly remarked, common practice. Only the rich and the
craftsmen would possess bronze and copper tools and weapons, the
majority of the population being quite content with stone or wooden
tools and implements which as the result of a long series of experi-
ments were often quite good. A few tons of copper must have been
quite sufficient to meet the world’s demand every year. Copper imple-
ments are not always decidedly better than stone ones and only bronze
is decidedly superior but it had to prove its worth first, before it was
universally accepted it was tested in the hands of several critical
generations. The older Neolithic materials survived for quite a long
time and copper remained like gold and silver an object of trade in
luxuries. Its rarity in the earlier periods may even account for its rapid
spread in small quantities. As SPENGLER put it: “If a chieftain in
Spain ‘possessed a copper sword or dagger, this would be the talk
of ten villages!” Again as technique improved the older copper and
bronze objects may havg been recast and reworked as many obsolete
and broken pieces in depot finds (founder’'s hoards) prove. There-
fore as DE MORGAN says, many chalcolithic stations have been classed
as neolithic simply because copper was absent, as the metal was ex-
tremely precious and handled with the greatest care. The features of
a Bronze (or Metal) Age are thus not marked by the presence of metal
only; many other characteristics may be found in the type and form of
the pottery, architecture, etc.

We have already mentioned that metallurgy can not be spread by
trade only but that the possibilities of diffusion are associated with
the spread of the craftsmen themselves. We have also brought for-
ward strong arguments for the diffusion of metallurgy and this
brings us to the question whether we can fix or at any rate guess
the original centre the birthplace of metallurgy with some reasonable
certainty.

For the Near East this problem has often been discussed and many
suggestions have been made. MONTELIUS ascribed the invention of
copper metallurgy to the Sumerians, NAVILLE to the Hamites of
Southern Arabia, O’LEARY to the Armenoid race round Mount
Ararat, whence it spread to Mesopotamia and Egypt. HALL suggests
that copper came from Asia and reached Egypt and Cyprus by the
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Syrian coast, but ELLIOT SMITH claims that Egypt knew copper far
earlier than Cyprus, that it was in fact invented in Egypt in Wadi
Alaqi and that all the stages of its evolution can be found in Egypt.
SiDNEY SMITH thinks that both Egypt and Mesopotamia derived their
knowledge of copper metallurgy from Cappadocia but that each devel-
oped it independently. RosTOVTZEV pointed out the importance of the
‘Transcaucasian mines both for Sumer and Caucasia. He considers
copper industry to have arisen simultaneously in Turkestan, Elam,
Caucasia, Mesopotamia and Egypt and maintains that the -“animal
decoration” is characteristic for this early metallurgical period.
FRANKFORT is one of the most fervent exponents of the “Armenian-
Transcaucasian” centre, whence the early copper types spread to
Europe over Hissarlik I or occasionally by the way of the Russian
steppes. He is even inclined to see its influence radiating by the way
of south-western Persia to China following the “painted pottery’ belt.
In a later publication he says: “All stylistic evidence suggest quite
clearly that there existed already an important centre of metallurgy
well before 3000 B.C. somewhere south of the Caucasian mountains
with which the Sumemians were in contact. (To FRANKFORT the bearers
of the highland civilisgtion were Sumerians.) CHILDE rightly distin-
guishes between reactive regions where discoveries were made and shapes
evolved and the¢ mining regions in later use. The first movement
from Asia to bring copper to the Aegean started in South-West Asia
Minor. The Caucasian region or at least some region of the southern
or eastern littoral of the Black Sea was exporting copper objects and
not metal only. Forms found in China suggest that the knowledge of
copper working spread from the Persian-Caucasian province”,
CHILDE also believes in this ancient centre in the highlands of
Armenia, Transcaucasia and Persia. As the river-valleys lack the
necessary ores, the early invention of the production of copper, etc.
led to trade relation with the 18ss regions and river valleys, Incidentally
this trade led to urban civilisation in Asia Minor, Anatolia and Cyprus
being drawn into the process around 3000 B.C., then somewhat later
Troy I, the Cyclades and Crete. But by 3000 B.c. Egypt and Meso-
potamia already possessed separate schools of metallurgy, the early
Sumerian school being certainly superior to the Egyptian as it knew
bronze and used core casting! Again the majority of European metal
forms go back to early prehistoric or Sumerian models which numerical
preponderence of diffused Sumerian types considerably weakens the
theory of Egyptian origin of metallurgy (ELLIOT SMITH, PERRY, etc.).

Forees, Metallurgy S 2
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The main evidence on the original centre of metallurgy, however,
depends on the prehistoric relations of Egypt and Mesopotamia and
their relative dates. At any rate the barbarians north of the Balkans
do not start to use metals much before 2000 B.C.

On the other hand a specialist on Caucasian archzology, HANCAR,
is of the opinion that copper industry in these regions is not as old
as supposed by FRANKFORT and others. He considers the Copper Age
of Kuban, Egypt and Mesopotamia individual growths on a common
base, but connects Kuban with Tureng Tepe and more closely with
Tepe Hissar III. He admits that FRANKFORT's metallurgical centre in
Armenia and Transcaucasia is proved by weapons, ornaments and other
influences in Sumer, Northern Syria, Crete, Egypt and even Europe
for early dynastic times (2900-2500 B.C.) but at the same time we
should not forget that we must look east for the sources of Sumerian
copper!

And this is what DE MORGAN said already many years earlier: *“Only
Chaldea, Susa, Egypt and the Aegean islands are entitled by their
antiquity to harbour the country of the origin of copper. But only
Elam and the Iranian plateau have yielded tn.ces of pure neolithic
civilisation (at that time!) not Mesopotamia. Neither in Chaldea nor
Iran were the first metallurgical essays made, nevertheless, it is highly
probable that Western Asia is at least one of the principal secondary
centres where the knowledge of metal was propagated.”

But early metal traffic was not effected by caravans but the metal
went from hand to hand. This trade was very active from Mesopo-
tamia to the Phoenician coast. The earhest settlers in Crete and Cyprus
were metallurgists introducing copper in the fourth millennium B.C.
and bronze in the third.

Even WITTER, who stoutly upholds his theory of a separate Middle
European metallurgical school of independent growth and even one
of the same date as those in the Ancient East, points to the east for
the sources of Sumerian metallurgy and stresses the necessity of
further excavations in Baluchistan and the Makran to investigate the
common source of Sumerian and Indus civilisation.

It would then seem to us that the results of the excavations of the
last ten years go far to prove the origin of metallurgy. Of course the
chronology of early Western Asia is far from settled nor is the relative
dating Egypt-Mesopotamia fixed beyond doubt, but the general lines
“séem clear and we are more concerned with relative dates here as there
'is no sense in giving exact dates for the different stages of metal-
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lurgy, trdnsitions existing though probably of rather short duration.

Long before the Al Obaid culture of Mesopotamia the inhabitants of
Anau Ia possessed copper, especially borers. The description of these
copper tools does not permnt us to decide whether they had already
reached the “ore stage”, but they certainly could work native copper.

Copper is more frequent in Anau Ib and the contemporaneous Chisme
Ali 1. At Tepe Hissar Ia (Chisme Ali 1I) we have reached the
Al Obaid culture, which continues at Tepe Hissar upto IlIa and is
found at Susa I and I bis, Ur pit below 5.20 M, Uruk 18-15, Niniveh
IIb and I ¢, Arpachiyah 5-10, Tepe Gawra 25-15, Chagar Bazar
16-14, Tell Halaf 6-10, Karkemis 18-20 M, Ugarit IV and which
corresponds roughly with the Tasian, Badari and Naqada I of Upper
Egypt and the Merimde and Maadi of Lower Egypt.

At Susa we immediately find true “metal” forms, copper seems to
have been prepared from very pure malachite and “teemed” in open
moulds after melting. In the North Tepe Hissar Ib, Chisme Ali III,
Syalk yielded copper daggers, knives, nails and needles as well as
copper seals. The true Sumerian peasant civilisation (see VAN DER
MEER, The Al Obeidgulture and its relations to the Uruk and Djemdet
Nasr periods, JEOL, 1242, pp. 708-721) spreads from Southern Iran
into Mesopotamia penetrating far north as it seems from this evidence.

Tholoi-shaped pottery kilns found by WoOLLEY at Karkemi$ seem
to belong to this period as well as a cast axe found by MALLOWAN at
Arpachiyah, though many consider this picce to belong to the Uruk
period. At Tell Halaf an axe, a lance-head and an arrow-point of
copper are said to belong to this period. It is remarkable that up to
this moment no copper objects have been found in the south, for
instance at Ur, Uruk and Al Obeid itself. CHILDE has suggested that
most of the copper has been reused and recast in later periods, which
seems quite possible. Beyond doubt we have found only a fraction
of the copper that existed formerly; its presence is noticeable in many
other features of the Al Obeid culture. At Badari we find the earliest
copper which seems to be all native hammered copper. In Egypt no
progress is made in the production of copper, whilst at Susa chisels,
needles, and mirrors are manufactured and in the North the art seems
to have penetrated along the mountain ranges.

In the following Uruk period we find invaders of Armenoid type
from the mountains of the North and the North-West dominating
Mesopotamia, but soon the powerful substratum of Al Obeid
population seems to reassert itself in the Al Obeid phase of Uruk
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civilisation. Though tools and weapons are still mainly made of flint
and obsidian we find many new copper types; needles and seals abound
and every aspects points to a strong growth of the copper industry.
In the North Tepe Hissar IIa and Tureng Tepe show this stronger
position of copper. New forms such as rings, arm- and footbangles,
pins, seals, etc. abound. In Susa Ic and Id we find such intricate
castings as the socketed transverse axe!

The Uruk period is represented by Ur pit 8.30-5.20 M, Uruk 14-6,
Tel Barsip 13-303 cm, Niniveh III, Tell Arpachiyah 1-4, Tepe Gawra
14-11, Chagar Bazar 10-12, Tell Halaf 1-6, Ugarit III b, Alishar
Hiijiik 19-12 Megiddo 7-4, and Tell Beit Mirsim “J"". The Uruk period
roughly corresponds with Naqada II and Gerzean in Egypt.

In Northern Mesopotamia copper is now in regular use, apart from
the objects from Arpachiyah and Tell Halaf, which may belong to
this period instead of being Al Obeid, we must mention a copper pin
found at Niniveh. In the south finds at Uruk and Ur prove the same.

The subsequent Sumerian Renaissance of the Djemdet Nasr period
corresponds to Amri and the earlier remains of the Indus civilisation,
it is found at Tepe Hissar III, at Susa II, Uruk 4-3, the lower strata
of Chafadje and Eshnuna, Niniveh IV, Ugagit Illa to mention but a
few places. It corresponds roughly with the Predynastic period of
Egypt (SD 60-82), when we find the earliest copper made from ore
in that country.

In this period copper implements come in increasing numbers and
forms as do gold and silver utensils and ornaments. At Tepe Hissar
moulds were found and intricate castings in animal form in copper,
silver and gold. Seals of lead and copper have parallels in India and
Mesopotamia. Copper picks, double-axes (such as we mect in Crete
much later), bowls, rings, tubes, mirrors and many other forms were
found. This is also true for Northern Mesopotamia where most objects
seem to consist of pure copper, whilst in Southern Mesopotamia as
alloy with about 10 9% of lead is also fairly common. There we find
more techniques that in the North, forging, casting, soldering are
well-known. Cups, axes, fishhooks, forks, and socketed axes are
common types. The Indus civilisation has less specialised and more
primitive tools and weapons, but both copper and bronze are very
common at Mohenjo Daro at a slightly later date.

The Early Dynastic period corresponding with the Mohenjo Daro
finds shows that Sumerian metallurgy around 3000 B.C. was well
developed. Not only are both copper and bronze in use, but the
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Sumerians know filigrain-, granulation- and incision-technique, they
use forging, engraving and inlay-techniques, they solder and practise
different forms of casting such as core casting, cire-perdue, open and
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Fig. 6. The diffusion of early metallurgy

closed mould casting, etc. It is decidedly superior to contemporary
Egyptian technique and the Egyptians do not yet use bronze for many
a generation. It is also more advanced than the Indus civilisation
metallurgy.
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Though we must deplore the lack of proper analyses of early metal
objects in this region and these future results may shift our conclusions
a bit, it would seem on archzological grounds (and ethnological
proofs strengthen our argument) that the Sumerians brought their
copper indusity in the early “‘ore stage” from their original home in
Southern"Iran and Baluchistan which must have been near to the
original centre of metallurgy of which Anau may have been but one
of the most western outposts.

From this centre along the northern slopes of the mountains between
Caspian and Baikal Sea, which abound with the necessary native
metals, minerals and ores, fuel and water and where the earliest
metal remains were found, metallurgy has spread to secondary centres,
perhaps to the north to the Ural mountains (where the yet insuf-
ficiently explored mines of the mysterious Chudes are known to
abound), to the south to Baluchistan and Central India and to the
West to the Armenian-Caucasian-Persian highlands. This latter
secondary centre became an important focus because of its position
with regard to the ancient civilisations of Mesopotamia and Egypt.
Possibly metallurgical knowledge went from thert: to Egypt, it certainly
went north to the Caucasys and also to other important tertiary centres
such as Cyprus, Troy, the Danube Valley and Central Europe. From
Central Europe and by the way of the Meditcrranean many further
centres such as Spain were formed. The Far East probably received its
knowledge directly from the birthplace of metallurgy.

The metal industries of Mitanni, Northern Syria, Western Iran,
Phrygia, Lydia and Argolis are tertiary centres which may have partly
depended for their metal supply on the richer secondary centre. But
by then mining ores and smelting them were no longer in one hand
and the trade in metal ingots or cakes had already partly supplanted
the earlier supplies in the form of finished metal objects.

The search for the birthplace of metallurgy is, this seems clear,
mainly an archaological-chronological problem. The same can be
said for the problem of Ceniral Euvopean metallurgy.

This problem often put forward under the guide of the priority of
Asia over Europa or vice-versa is a chronological problem too. Only
too often authors forget that European prehistorical chronology which
must be used to arrange the metallurgical data, is a framework of
relative dates, some of which can be linked up with absolute or relative
dates of the chronological frame of the Ancient Near East. It is
#bsolutely impossible to separate these European and Near Eastern
«<hrbnologies, which are interdependent and it is also impossible to
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antedate events of cultures in Europe without taking any notice of
the links with Near Eastern dates! We can not discus the question
here as it falls outside the scope of this book, but we should like to
give 2 few remarks for the benefit of the reader.

WITTER has proved in a series of brilliant analyses that Central
European metallurgy grew up independently and found its own
methods in working s specific ores. His collaborators have tried to
fix the date of the origin of this Central Eutopean metallurgy in the
period of “the Copper Age in the Near East” and to prove that this
industry was an original growth not founded by knowledge diffused
from the Near East. But many of his countrymen (FRANZ, QUIRING,
and many others) do not believe in this antedating fixed on the dates
given by KossINNA and they agree with the many publications by
GorDON CHILDE in deriving this Central European industry from
the Near East. There is no doubt as CHILDE proved repeatedly that
at least five of the earliest European metal types go back to Sumerian
originals and WITTER has not succeeded in proving that no trade
routes could have been used from the Near East to Central Europec
either by the way of #he south, west or south-east, because he uses the
inflated dates of KossiNa's chronology which stand without proof.
The archeological arguments for early Near Eastern and European
chronology have again been expounded by GORDON CHILDE in a
masterly essay on the Orient and Europe (Report Brit. Assoc. Advanc.
Sci. 1938, p. 182). The fact of imports of early metal types from the
East and such secondary arguments as the existence of an Aryan word
for copper derived from the Sumerian URUDU (a substance known very
early to the Sumerians as they wrote it with a simple ideogram!)
go to prove CHILDE's contention that Central European metallurgy was
founded somewhat before 2000 B.C., by influences penetrating by the
way of Anatolia, Troy II and the Danube valley and occasionally by
the way of the Russian steppes from Caucasia. The Central European
bronze industry of Elbe and Saale starts in Danubian IV and though
Aunjetitz traditions form its base, Britannico-Hibernian models from
the West and perhaps even immigration of Irish craftsmen played
their part. The bell-beaker folk were tradesmen and craftsmen who
as bands of armed merchants and prospectors did much to spread
metallurgical knowledge in Europe. Though there is a general but far
from exact correlation between the distribution of metals and the foci
of megalithic architecture the extreme rarity of metals in megalithic
tombs is a fatal objection to the theory of PERRY and the Manchester
school that these megalith- bulldmg people were Egyptian metallurgists
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spreading the knowledge when prospecting in prehistoric Europe.
Though the details are not yet absolutely certain, yet it can no longer
be doubted that metallurgy, at least its elements, was brought to
Central Europe along the lines sketched by CHILDE. That Central
Europe subsequently formed an independent centre with its own
growth can no longer be doubted either after reading WITTER's
books and papers. If he doubts CHILDE's results because he doubts
the results of the typological method in general, he falls in the same
pit and uses typological proofs with a wrong frame of relative dates,
drawing in such arguments as the antiquated theory of the similarity
of early European axes and Egyptian axes once put forward by
FLINDERS PETRIE, but never accepted by other archzologists. Again
he has not proved his contention that CHILDE's arguments would
hold for simple ores only but not for the complex ores of Central
Europe.

We have gone into these chronological problems to some length
because they form a pitfall for the unwitting reader who would try
to find his way in these variable and seemingly disconnected dates
and chronologies. .

We must now needs return to metallurgy and discuss some details
of the three stages which we have given in outline.

The “native metal stage” is an interesting phase which has not
yst been studied sufficiently.

The advantages of metal over stone were obvious. There were
"not only the colour and gloss, more important to primitive man than
to us, but also its malleability, its permanency as compared with stone
or wood or bone and the faculty of keeping its sharp edge better.
Its malleability when hot was an important factor and when its
fusibility was discovered and the subsequent solidification after
cooling the metal acquired some of the merits of potter’s clay, there
was no longer any restriction to shape or size and it could be remelted
for reuse.

But casting was an achievement of the true metallurgy of the
“ore stage”. This phase meant a widening range and better utilisation
of the four essential elements of metallurgy: 1) ores, 2) fuel and
fire-making, 3) the production of blast air by draught and 4) the
necessary tools, furnaces and crucibles. All of these elements wanted
careful adapting to the new conditions or discovery if still unknown.
Only then could the discoveries of the smelting of ores and the
melting of metals be followed up. Orzly then could the discoveries



SYNOPSIS OF EARLY METALLURGY 25

of new metals and alloys be achieved. Even the most important tech-
nique of these days, casting, is so intricate a process that we may
well wonder at its early inception. With this technique which uses
the most typical characteristic of metals true metallurgy is born. Then
the alloys were inventions which possessed some outstanding feature.
Not only was their gloss generally more constant but they had a
lower melting point than the components which meant easier casting,
especially valuable in regions like the Ancient Near East where fuel
was expensive from the earliest times onwards at least in the river-
valleys. Again the extreme hardness of bronze was constant as it was
not achieved by hammering of the cutting edge as in the case of
copper and therefore was not a property that was lost during use
of the implement. As soon as the composition of the alloys was well
controlled by the smelter he could count on a range of constant
properties just as in the case of pure metals, but very often this was
not an essential as long as the variation was limited.

But the characteristics of the “native metal stage” and the “ore
stage”™ can be far better illustrated in discussing the early metallurgy
of copper, though the details are not yet always clear. We choose
copper for though/goLd is the earliest metal discovered and used
by mankind in many countries as far as evidence goes,/xts production
entails 'sc little difficulties that we can not expect that it had any
stimulating effects on the development of the very earliest metal-
lurgical methods. For gold occurs either as nuggets of native metal
in the detritus of goldbearing -ocks or else gold-bearing minerals
enclose these small particles of comparatively pure metal and not
compounds of gold to be smelted. The production of gold, therefore,
boils down to the collection of this goldbearing ore, its crushing,
separation of the gold particles from the fragments of enclosing
rocky material by washing or panning and melting the gold dust or
nuggets together into a workable lump. Gold production could never
lead to that most important discovery in metallurgy, the working of
ores for the production of metals!

But copper apart from comparatively widely scattered deposits of
native copper, occurs mainly in the form of sores, e.g. of compounds
of copper and other substances, partly chemically bound, partly a
physical mixture. We can divide the copper ores intd two groups.
First of all come the easily reducible oxyde and carbonate ores (in-
cluding the silicate chrysocolla) then the moge complex ores of the
sulphide type, all compounds of sulphur and copper mixed with
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varying quantities of sulphides of such other metals as iron, anti-
mony, arsenic, etc., the working of which entails more manipulations
than the first group demand.

We distinguish the following phases of copper metallurgy:

I — Shaping native copper.
II — Annealing native zopper.
HI — Smelting oxyde and :arbonate ores.
IV — Melting and refining copper.
V — Smelting sulphide ores.

Technical details of the processes will be discussed when we deal
with the metallurgy of copper in the Ancient Near East (Chapter X).
We must, therefore, leave the proofs until later and content our-
selves with a summary of the more important features of these phases.

I—Copper metallurgy started when primitive man noticed large
lumps of dark stone in the gold-bearing river-beds which when
hammered looked like gold. He soon tried too work the malleable
metal by hammering, cutting, bending, grinding and polishing g¢.g.
by applying all those processes which he used when working Tbne,
stone or fibres. This phase which can not be %alled more than an
introductory phase of copper metallurgy, entaiys no special ingenuity,
it simply is the discovery of a new natural material [This phase wa$
never left behind by the pre-Columbian Indians, who though working
and knowing copper must be said to be truly Neolithic people. There
is no sense in talking of a Copper Age in America as long as the
specific qualities of copper are not shown to have been appreciated
and used by the Indians before their contact with the whites. It seems
that this discovery of copper was made among the cattle-raising in-
habitants of the plains and mountain ranges east of the Caspian,
who perhaps also dominated Turkestan and Tibet. MENGHIN gives
a tentative date, the sixth and fifth millenntum B.C., which must
remain until further excavations in these regions have proved this
hypothesis and furnished a closer date. It should be remembered
that these regions are rich in mineral deposits and that native gold,
silver, copper and iron are known to occur rather frequently.

II-—The phase of amealing native copper was the first phase
of true metallurgy. WiTTER and others have supposed that this new
property of copper was discovered when copper borers were heated
in a fire to facilitate penetration or by the accidental dropping of a
&i%lp of copper in a fire by a primitive smith. It then appeared to him
that copper when hot was much more mglleable and easy to shape and
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thenceforwards tempering or annealing of copper followed by ham-
mering was common practice. It had the advantage over hammering
without heating, that the copper remained tough and did not become
brittle. Also more forms of native copper, which hitherto resisted
working because of their natural brittleness, could be worked with
good results.

This discovery must have been made around 5000 B.C. for the
technique was common knowledge of the peasant culture that had
spread over South-Western Asia and North Africa by the fourth
millennium B.C. After studying the early copper axes of these regions
Marples states expressily that the early agricultural squatters had
trifling quantities of copper but did not know how to fuse of
melt them.

III—Recent experiments by COGHLAN have proved that the
discovery of the melting of copper was preceded by the discovery
of the production of copper from oxyde ores. Until recently most
authors, even WITTER, thought that melting and with it that know-
ledge of casting came first. Putting the reduction of copper ores
first might seem an iflogical link in the chain of rcasoning. COGHLAN,
however, proved that ¢he favourite camp fire, which was thought
to be linked so intimately with the discovery of casting copper
and the reduction of copper ores, could not possibly be used for
any production or melting of copper on a larger scale./The
temperature of a wood fire is hardly higher than 600-700° C,
whilst oxydes and carbonates of copper can not be reduced below
700-800° C and copper does not melt below 1085° C. The only
thing that could be achieved in a camp fire would be the heating of
copper lumps before hammering or the heating of several smaller
nuggets to be forged together into a larger piece. Primitive pot-bowl
or “hole-in-the-ground” furnaces of the type advocated by GOWLAND
for Bronze Age copper smiths will not give the necessary high tem-
peratures unless aided by the blowpipe or bellows, natural draught
being insufficient. COGHLAN made it most probable that the reduc-
tion of copper ores was discovered by the reduction of blue copper
frit or glaze in a pottery kiln, the only primitive furnace, which
yields the requisite high temperatures as experiments proved. After-
wards the pottery furnace was used to melt copper. Both technical
conditions and kiln constructions suitable to produce the reducing
atmosphere point towards the pottery kiln as the instrument in which

the first ores were smelted and the first copper melted. These two
@
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steps (phases Il and IV) must have followed in rapid succession,
for the earliest remains in Iran already yield cast copper objects.

A large variety of theories have been brought forward to explain
the first reduction experiments of copper ores. It is often said that
malachite was a pigment used in Neolithic times long before even
native copper came into use. WITTER claims that the presence of
blue and green stones was noticed near the native copper and some
early smith hit on the idea of submitting these brightly coloured
stones to the “fite test”. ELLIOT SMITH and many others locate this
invention in the eastern desert of Egypt (where no early copper
mining was ever proved!) and he supposes that a lump of malachite
chanced to fall into a camp fire and was reduced to the glittering
red metal! Apart from the infrequency of such occurences as RICKARD

Fig. 7. Seal from Susa said to depict smiths using the blowpipe to smelt
metals (after ScHEIL)

already noticed from the observations of ethnologists studying
African metallurgy, we have had occasion to point out the extreme
improbability of this theory, seeing that the technical conditions for
the reduction of ores are hardly ever reached in camp fires. SPIEL-
MANN who holds with PETRIE that the ancient Egyptians came from
a region in the Caucasus between the rivers Iora and Kura and that
they brought their knowledge of copper with them, thinks that it
was discovered by the natural action of burning petroleum or petro-
leum gases!

GsELL, quoting MucH (Dise Kupferzeit, p. 298) tries to prove
that copper was discovered when pyrites were heated to make gold
in early times. It is true that under special conditions copper pyrites
mixed with charcoal may when heated in an air blast give copper
in one stage only, but this does not seem to be a natural result as
such a smelting will usually yield a crude copper still rich in sulphur,
which has to be retreated. Indeed it is considered most probable
that the primitive smiths were not able to smelt sulphides in one
stage, no single example of such smelting having been ever found
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Therefore, GSELL's further claim that crucible melting and casting
were used as soon as pottery making was discovered is false too. As
long as no counterproof is brought forward, it would seem to us
that COGHLAN’s experiments and exact temperature measurements
have proved beyond doubt that the reduction of copper ores of the
oxidic type was discovered in the pottery kiln when applying the
blue frits of copper ore and that the idea of casting copper followed
rapidly.

CHILDE has very aptly called this discovery of the transmutation
of the blue, green, red or grey ores to tough red metal one of the
most dramatic leaps in history. Now the primitive smith who had
discovered the annealing of mative copper was confronted with a
complex of processes connected with the reduction of ores and the
production of copper in a molten form. Had annealing copper allowed
him to fashion this metal better than by the application of neolithic
methods, now he found in casting a process that relieved him of a
warge part of this fashioning job. Again it allowed him to evolve
torms that were more natural to metal, that used the inherent
properties of the me#al more efficiently and deviated from the earlier
shapes of metal objects which were hardly more than crude imita-
tions in metal of Neolithic stone implements and weapons.

Again WITTER pointed out that the discovery of reduction and
casting is intimately linked with the evolution of smithing as a job,
the earliest craft in human history that became a full time job and
led to the recognition of the smith as the earliest craftsman, as we
shall see. It is important to remember the intimate connection between
this phase of metallurgy and the pottery kiln. Only a civilisation
that made well-baked pottery requiring a high baking temperature
would possess the technical equipment that made the reduction of
ores possible, We find the people of Al Obeid and kindred cultures
in possession of this knowledge and even in the earlier Anau I
culture not only a coarse type of pottery akin to that on earlier
generations of inventors of this craft occurs, but also a well-baked,
finely decorated type which shows that the Anau people possessed
from the first good pottery kilns. Among these early agriculturists
the earliest clans of smiths must have grown out of the earlier
workers of native copper, as free men honoured and feared as the
master-magicians of a new craft gradually acquiring that peculiar
social and religious state which we shall have occasion to discuss
later on. The intricacy of tReir craft forced them to devote their
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entire time to their job, being left to be fed and clothed by their
kinsmen, a departure indeed from the ordinary life of a neolithic
self-supporting peasantry, which goes far to explain their peculiar
social status in later ages.

IV—The reduction of oxyde and carbonate ores like malachite,
lazurite and the like had been the discovery of a new process, a new
way of obtaining a substance already known. The knowledge of
melting copper which followed it so closely being linked to the same
technical apparatus, proved a new way of fashioning melal objects.
Molten copper could be cast into forms hitherto undreamt of and
practical tests very soon led .o those specific “metal” types which
contrast very much with the earlier metal imitations of stone tools.
Henceforwards the way of the smith deviated from that of the flint-
worker and stonecutter. His became a new dramatic and mysterious
cycle of melting, casting and solidifying. This art not only required
a high temperaturc like the reduction of ores but also a knowledge
and ability to manufacture crucibles, tongs and means of developing
blast air (Blowpipe, bellows).

When we study archzology we find that béth stages had already
been reached in early Near Eastern prehistory, the first traces having
been found in the Al Obeid culture, full development was certainly
reached at the end of the Uruk period. We may roughly speaking, date
their discovery about 4000-3500 B.C.

V—The last stage, the reduction of sulphide ores, certainly falls
in historic times, though its exact beginning is still obscure. It is
quite possible, as WITTER suggested, that the early metallurgists were
started in this line because the blue and green copper ores which they
worked unfil then occured in close association with the yellow, grey
and black sulphides, which generally occupy the deeper strata in
the same mines. Submitting them to the “fire test”” would be a logical
consequence of their curiosity of the secrets of nature. Heating
experiments figure largely in the “chemical” texts of the Assyrians
for instance. Heating these sulphides would yield a black glassy
“matte”, that was fusible, contained small particles of copper and
turned green when attacked by humidity. A second smelting with
charcoal would yield copper. The two stages of roasting and smelting
could not be combined in ancient technology, though a similar result
might be reached under very special circumstances as discussed above.
However, the two-stage way of producing copper in the different
types of furnaces each suited to one of the stages, was the common
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way of the ancient metallurgists. Finds of such specialised furnaces
and lumps of semi-refined and pure copper both in the Near Edst
and such European metallurgical centres as Mitterberg, etc. prove this.

The easily workable oxyde ores gradually gave out and though
we must reckon with many widely distributed small deposits of
poor quality ore, many of them must have been finished early in
historical times so that we can no longer locate them. The difficulty
of fixing the period of transition of oxyde to sulphide ores lies in
the lack of proper analytical data of ancient copper objects. RICKARD
very correctly remarked that each copper relic should be subjected
to microscopic (and we would add spectrographic) examination to
ascertain its texture and to conclude from the inclusion of particles
of oxyde or slag whether the metal has gone through the fire or
whether it is native metal. Thus not only the transition from phase
II to IIT could be fixed correctly for every region and the results
linked up chronologically to prove the spread of this new technique,
but we would be able to fix the transition from phase III to V too.
Now we can only say for certain that the Romans treated sulphide
ores as in their time8 the simpler ores has given out, but as far as
the scanty evidence gogs the transition of phase III to V must be
pushed back to the Late Bronze Age and perhaps earlier. Technical
skill and equipment of the Amarna Age would certainly permit the
working of copper pyrites.

QUIRING connects the working of pyrites with the invention of
bellows, which he dates around 1580 B.C., as that is the date of
the earliest picture (on Egyptian monuments). His conclusions are,
however, based on the analyses of early copper objects and they
too lead him to fix a date around 1500 B.C. for this transition.

The rough estimates of other authors are not very different from
the tentative and relative dates given above. ROLFE thinks that the
Copper Age begins around 6000 B.C. (our phase I). MONTELIUS
held that the earliest copper was produced from ores or melted from
native copper around 4000 B.C. in the Near East as well as in India
(our phases III' and IV). RICKARD holds that thcre was between
the Stone Age and the Metal Age a twilight zone when the metals
were used as stones, a period which he would like to call chalcolithic
and which might have lasted two or three millennia. Then there comes
another interval of one millennium before copper or any other metal
was reduced from its ores. This critical event appears to have happened
between 4000 and 3500 B.G. according to RICKARD.
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Such dates as well as those given above should be handled with
care. They have no absolute validity and ate given just to show the
relative duration of the different phases. Exact absolute dates can
hatdly be given for prehistory whether in the Near East or anywhere
and even these relative dates depend on certain key-dates and have
but orientating value. Now that the key-date of Hammurabi’'s reign
is under discussion because of new evidence, it is quite possible that
this date will have to be fixed several centuries later and therefore
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Fig 8 A Batak goldsmuth using the blowpipe (photo K.V Iadisch Iastituut,
photograph taken by TassiLo Apam)

the whole of the chronological scheme given above should be con-
densed accordingly!

The iron stage of metallurgy is another important revolution. The
Iron Age of the Near East is rung in by the migrations of about
1200 B.C. accompanied by the rise of the prices of corn and general
articles. Gradually, however, the prices fall back as the cheaper and
better iron implements are used more generally. Iron ores are widely
distributed and as soon as they could be smelted and the iron pro-
duced showed properties at least equal to those of bronze, everybody
could afford and would buy iron tools. Economically speaking iron-
smelting first made metal tools soo cheap that they could be universally
used for clearing forests and draining marshes and other heavy work.
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It is certain that the advent of iron changed the face of the world
not only as a new material for arms but also by equiping man better
in his struggle with nature.

It may seem strange that copper should be the oldest metal produced
from ores for though the melting point of copper is only 1085° and
that of pure iron is 1530° C, the reduction temperature of copper
oxides is higher than that of iron oxides, which means in plain
language that it is easier in principle to produce iron from iron ores
than copper from its ores when smelting with charcoal as the primi-
tive smelters did.

For this reason many archxologists and even technologists like
Beck have supposed that iron was produced and known earlier than
copper but for several reasons did not become popular and had to
wait its turn. However, we now have overwhelming archzological
and other evidence that iron came later than copper in the near
East and in prehistoric Europe, though in Africa iron preceded both
copper and bronze. The smithing (and mostly the smelting too!)
of iron is found nearly everywhere 1n the Old World among both
agricultural and past8ral peoples, but it lacks among those in the
New World and in Ocyania. Its production and working spread far
beyond the region in which copper and bronze were used when iron
was invented and it ousted these two as the main material of the
metal worker.

At first sight there seems no reason for the developments of
copper metallurgy. Iron ores are more abundant and more widespread
than copper ores and far more so than tin orcs. Iron, at least its
“steely”” form, has many obvious advantages over bronze, it is stronger
and more elastic and will both take and keep a finer cutting edge.
The reason is undoubtedly that the working of iron awaited a quite
new series of experiments and discoveries generally distinct from
those habitually employed in the smelting of copper and tin. To
understand this it is imperative to view the process of iron-smelting
from the point of view of a copper-smith, thus ForDE, whose excellent
reasoning we follow in these lines.

Throughout two or more millennia the burning of certain kinds
of coloured stones in a furnace to produce a flow of reddish metal
had become a fixed pattern. Experiments with other stones must
have been made, but they yielded no flow of metal. From the point
of view of a copper-smith the smelting of iron ore would appear
a complete failure, it would gesult in a bloom, a spongy mass of

[ ]
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fused stone full of air-holes and as unmetallic a product as can be
imagined, for the pasty small globules of iron would be embedded
and concealed in the mass of slag and cinders. When hammered cold
the bloom would be of no use, when hammered hot it would give
no quick result, that could be appreciated!

The great centres of the bronze working of the Ancient East with
their specialized smelting and smithing methods offered neither good
chances for lucky accidents with iron ore, nor rewards to deliberate
experiments along traditional line evertheless iron objects were
made and used during these timef, The number may be quite small,
but it is definite! Nearly all the early objects that were recovered were
ornaments not tools! Both the rarity and the ornamental use indicates
fairly clearly that there was not at this time any established technique
for smelting the abundant ores of iron. The meteoric origin of these
early finds has been established beyond doubt in most of these cases.

But from the fourteenth century onwards iron rapidely becomes
more abundant throughout the Ancient East, more especially between
1200 and 1000 B.C. Tools and weapons are now made of it and within
a few centuries important centres of manufactusing spring up in many
cities. Shortly before this time the essential djscovery must, therefore,
have been made. It does not demand a hotter furnace but it does
require a larger and more continuous body of heat and a suitable flux
with which the impurities of the ore can combine. A larger furnace
and a more powerful blast are therefore essential to maintain the
smelting process. Furthermore the product must be subjected to a
far more prolonged hammering at red-heat than was customary among
copper workers in order to beat out the slag and cinders and to consol-
idate the metallic mass. Greck traditions coincide with the fact that
iron working was invented in the mountains between Taurus and
Black Sea, or as the legends have it, by the Chalybes. By 1200 local
smelting was developed in Anatolia, Phrygia, Syria and perhaps
Cyprus. By 800 it had reached Assyria, Persia, India, Egypt, Crete,
Greece and Central Europe and Italy. It had remained inferior to
bronze as long as the furnaces were not hot enough or the forging
and reheating was not intense enough to cause some of the carbon
of the charcoal to combine with the iron and produce a low carbon
steel which could be hardened by forging and quenching in water.
Quenching alone would have had no effect unless the iron had been
carburised (or forced to take up carbon) in the forge-fire. Though
this seemns to have been understood Ly some primitive smiths since
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about 1400 B.C., the device was often used with ordinary wrought
iron, such as was produced directly from the ore, without any effect
of course. Even in the Dark Ages this principle of carburizing does not
seem to have been generally understood and swords often bent in
battle and had to be straightened underfoot! To produce iron (read:
steel!) objects as tough as bronze required either knowledge of the
carburizing-quenching technique or an ore, that contained certain
impurities, which might give the iron the properties of steel such as
a manganiferous ote. This was the main advantage of the ores of
Noricum, which yielded a “natural steel” and thus made the Hallstatt
civilisation famous!

Though some have tried to prove the opposite, iron is certainly not
an original African invention. The earlier iron-wotkings of the
Egyptian provincial town of Mero€ in Nubia are hardly older than
700 B.C. From this point the craft of the African smith seems to have
spread slowly southwards to the Sudan and further. The use of copper
and bronze appears never to have crossed the Sahara in pre-iron days.

Thus the iron production of Africa and the Old World almost
certainly derive from a single Near Eastern centre, in which the
essential discoveries and inventions were made during the period of
1400-1200 B.C. Essential for the development of the Iron Age were
the following technical achievements, each of which embraces a
number of methods and receipes:

a) The correct slagging of the iron ore. Every ore contains gangue,
that is the ore contains non-metalliferous or non-valuable metalliferous
minerals, which endanger the efficiency of the smelting and the purity
of the iron produced. For ores are always smelted, that is they are
radically transformed by means of heat, air and charcoal and produce
a (fairly pure) metal from a metallic compound, the ore. This process
should never be called melting which is just liquefaction and nothing
else. Therefore, we melt metals if we want to cast them, but we smelt
ores (even though we could melt them in some cases) if we want to
obtain the metals enclosed therein. But to smelt ores efficiently we
must get rid of the gangue. This may be done in some cases by
pounding and washing the ore, but generally the mixture is so intimate,
that we must add a substance that binds the gangue in some way to
form the slag. Sometimes the gangue slags easily, that is it separates
from the metal produced and the main part is liquified and drops away
from the metal and the rest of the slag and cinders which together
form the mass we call a b/oom. But often the molten slag is too viscuous
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to separate readily from the metal and this would endanger the
economy or even the succes of the process. This is why a proper flux
is selected that is a salt or other mineral added in smelting to assist
fusion of the gangue by forming more fusible compounds. Thus for
instance we add lime to iron ores containing siliceous gangue. The
flux differs with the gangue of the ore and as there are a large variety
of iron ores, each ore differing in gangue according to the deposit, the
selection of the correct flux is an important item in iron-working.
It is true that the ancients often smelted iron ore without a flux at
the expensc of a large part of the iron, so that later generations could

Fig. 9. Primitive 1ron-smelters at Bijapath (India). Note the furnace with hole for

withdrawing the slag. The old smith works the bellows and supports himself on a

stick, in front of him is a diggingstick, near the bellows two pairs of tongs, behind

him a fourth man is breaking up lumps of ore with a hammer. To the right of the

furnace a van used for filling the furnace, a hack used in digging ore and a basket
full of charcoal (after JOHANNSEN)

be quite content to resmelt the old slags! But a large part of the
ancient iron-smelters did use a flux and this selection entailed a good
deal of skill and experience.

b) The handling of the bloom. The bloom had to be reheated and
rehammered to get rid of the enclosed slag and cinders and to con-
solidate the mass of iron globules. This was not only a tedious work
and cost a lot of fuel, but it meant the development of tools to handle
such large, heavy and red-hot masses, tools which were entitely differ-
ent from those used for copper or bronze, where casting was the most
important way of turning finished products.

c) The technique of carburising, quenching and tempering. To
turn the soft ductile wrought iron intq the hard, tough steel, which
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alone was really superiot to bronze, the iron had to be reheated and
_reforged, followed by quenching. The first operation, reheating and
reforging, led involuntarily to carburising, It is still an open question
whether the ancients really grasped what happened, but the practical
result could be achieved and was achieved first by chance, then by
experience, until carburising and giving the wrought iron a widely
varying carbon content was a common technique. Then quenching was
discovered, the importance grasped of cooling quickly (and not very
slowly in the air) after carburising at high temperatures. Then in

Fig. 10. The Greek smith at work (after BLUMNER, Technologie, etc.)

Roman times a further nicety was added to the list of discoveries, the
effect of annealing or tempering, which enabled the smith to soften
the hardening effects of quenching, to take away some of the brittleness
(and some of the hardness!) of hard steel and to give it some of the
toughness required for its work. The regulation and the interplay of
the three techniques determined the succes of the ancient smith and
devoid as he was of modern apparatus and above all of modern
temperature control, we need not wonder that he often failed.

It is, however, clear that iron-working embraced three groups of
technical niceties, which demanded 2 new set of experiments before
they were sufficiently appreciated and a different skill and expetience
than that which the ancient copper smiths had accumulated in the
course of age. The Iron Age is 2 new metallurgical stage, a technical
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world of its own. In the Copper Age the stress lies on the composition
of alloy (or impurities in the metal) but in the Iron Age the properties
of the iron are much less determined by its carbon content or acci-
dental or natural impurities but far more by its bandling, by the
temperature to which it has been heated, by the way and speed of
quenching, the time and temperature of tempering or annealing. It
is the true age of the smith!

But we must avoid getting ahead of our story and enter here into
details of the particular metals, lest our reader should cry out like the
companion of a long-winded smelter on an old Egyptian relief:

“Air for my brother and beer for Sokaris, o, King!”
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CHAPTER THREE

SHORT HISTORICAL SURVEY OF EARLY MINING

He putteth forth his hands upon the rock,
he overturneth the mountains by the roots;
He cutteth out rivers among the rocks;
and his eye seeth every prectous thing.
He bindeth the floods from overflowing;
and the thing that 1s hid bringeth he forth to hght.
(Job 289-11)

We shall have to review early mining for a better understanding of
the facts of early metallurgy and though we are of course concerned
with the mining of ores in particular we can not avoid touching some
of the broader aspects of mining.

The terms “mine, mining and mineral” and similar words in French,
Italian, Spanish, etc. are said to have been derived from the Celtic
méin, mainach (meaning crude metal) and the Cymnc mwyn.
The classical word for a mine was metallon or metallum, the origin
of which we have already discussed. )

Early mining is so complicated a matter that it should form the
subject of a special study as most of the earlier works are out of date
i the light of modern evidence. It is a regrettable fact that the
technical details of ancient mining have been sorely neglected by
modern excavation reports. In general our knowledge of the subject is
small when compared even with the meagre facts on early metallurgy.
This pertains particularly to the details of the evolution of special
forms of mining and their tools and methods, but enough is known
to allow us to survey the general outline.

Ancient texts dealing with the subject are very scarce, they give few
details on mining methods and are generally limited to the description
of some deposits or mines and a few details on the ores or minerals
mined, their outward appearance and characteristics and their use.
These few facts are mostly given by philosophers, historians or
geographers like ARISTOTLE, HERODOTUS, STRABO, AGATARCHIDES
and DI0DOR, or compilators like PLINY, who seldom have any inside
knowledge of mining and mining technique.

We have a good but small essay by THEOPHRASTUS, On the Stones,
and further fragments of ancient petrology by Nicias and others.
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A few passages in the Bible, more particularly Job 28, 1-11, betray
practical knowledge of mining but there are, unfortunately, few
details, The finds as they are embodied in museum exhibits and
excavation reports suffer from the lack of proper nomenclature and
determination of the nature of the specimen found, which makes the
discussion of the subject very difficult and is apt to lead to wrong
ideas about the distribution and use of certain minerals and precious
stones in Antiquity. A notable example is the history of the pearl
which was recently investigated by BOLMAN (The Mystery of the
Pearl, Leiden, 1941), who succeeded in doing away with many wrong
notions on the subject. The writings of BECK have also done much
to prepare the field for further studies. We also directly need better
descriptions of the mines themselves and of ancient mining technique,
on which subject the works of DaviEs and Sacul should be recognised
as pioneer essays.

But apart from the fragments of ancient writers we possess vatuable
evidence in the German textbooks on mining of the carly sixteenth
century such as AGRICOLA’s de re Metallica, which though giving a
description of the mining methods of their period, supply us with
details of many classical and even pre-classical methods which survived
upto that period and even longer. Thus we are able to piece together
and to supplement the ancient texts and to get at least an idea of
angjent mining technique.

he earliest traces of mining date from Palaeolithic times, though
we can not speak of a mining industry before the Neolithic period.
The rise of this industry belongs to the earlier phase of the “urban
revolution” which we discussed in the preceding chapter and its
foundations were firmly established by the end of the fourth millen-
nium B.C.

The object of the earliest mining was twofold, firstly the
mining of stomes for tools, such as quartzite, flint, jadeit and nephrite
and precious and semi-precions stones, earth colours, eatable earth,
eic., the latter aspect of mining being prompted by the beliefs and
habits of primitive man.

Among the second category of stones there were certain glittering,
malleable stones, the native metals, which after man had been attracted
by their outward appearance only gradually grew important for other
characteristics. When their special nature was recognised and metal-
lurgy slowly grew to be a new art, the gathering of these native
metals and their “parents”, Ehe rocks and stones from which they
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could be isolated with the help of fire and chatcoal, was the beginning
of a new branch of mining, the mining of ores. Though later than
the other branches of mining it quickly grew to achieve at least the
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Fig. 11. Map of the deposits of building stones in the Near East

same importance as the older ones stimulated as it was by the achieve-
ments and methods of these two.

For the mining of stones for tools had already gone a long way.
These stones such as flint and quartzite had originally been selected
for their hardness, or their flaking and polishing properties as the
best materials for the production of tools and implements. Already
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in Palaeolithic times certain centres produced flint and exported it
over wide areas, a trade which materially increased in Neolithic times
and abrasives for use with these stones were an object of trade too.
It would seem that the erection of megalithic monuments in dif-
ferent part of the world had a profound influence on the choice
of building materials of mankind in general. He learnt to apply the
lessons learnt in fashioning stone tools to the production of stones
from quarries. His technique of flaking and boring and the use of
wedges was now applied to the production of stones for graves,
hearths and offering tables. With these seemingly primitive means
and the use of abrasives the Egyptians had already produced well
before 3000 B.C. wonderful art objects in natural stone such as vases
and monuments in hard materials such as granite and alabaster. As
the technique of producing quarried stone improved it was applied
more and more in the construction of the mastaba’s or bankgraves
of the early dynasties of Egypt until the Egyptians took the initiative
to build monuments entirely of natural stone. This was probably
due to the pharaoh Zoser or more probably to his vizier and chief
architect Imhotep, worshipped many centuries later as the god of
medicine and identified with Asklepios by the Greeks. In the temple-
complex round the step-pyramid of Sakkarah we see the first waver-
ing efforts to use the natural stone to imitate the ancient architecture
which knew only wood, reedbundles and sun-dried bricks as materials
and natural stone as a facing or floor material only. Gradually the
architect finds his way to the forms that are inherent to natural
stone and achieves colonnades and other building which might be
mistaken for classical Greek forms at first sight. The Egyptians had
a lead in this matter over the Sumerians who did not possess such
magnificient materials in their alluvial plain and who never did
become prominent architects in natural stone. But the Egyptians used
their quarries in the desert-valleys along the Nile to erect the many
monuments which we still admire.

It is wrong to suppose that the coming of metal did stop the evolu-
tion of the stone tool. Far from this the stone implements continued
to be used side by side with metal tools for many centuries. For the
stone tool had a long history behind it, the technique of its production
was far advanced and HERIG and KRAFT have proved that there existed
quite a lore of selection of proper material for every type of tool.
For each implement requires a stone of certain properties well adapted
to the morphology of the tool and its handling. The earlier metal tool
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had not yet found its true “metal” form and for many centuries stone
tools were both better and cheaper for many purposes. Even as late
as the seventh century B.C. stone arrow-tips were still in general use
in the ancient Egyptian army and practical tests have shown that they
penetrated the defensive armour of those times as well and often
better than metal tips, made of bronze. Then again for other reasons
stone implements continued to be used in many religious ceremonies,
where the use of “later” materials was often strictly forbidden (cir-
cumcision). The search for and the mining of precious stones may
have had less influence on the mining technique or ores but it was
certainly important for the development of theoretical petrology. Of
course the precious and semi-precious stones were collected from sur-
face deposits in the earliest phases, then perhaps from quarries or
mines, But at the earliest stage there was no knowledge of the genesis
of the stones or the morphology of the strata in which they occur to
guide the primitive prospector. Still this search played a large part
in his life as most of these stones werc not sought for their aesthetical
charms but because of their supposed magical properties. It is well
known that this belief is far from dead evenenowadays and super-
stitious people will still repeat the ageless fables of the mysterious
powers of the stones. Still even at the time when they were believed
more fully than at present man must have noticed certain outward
appearances and properties, certain characteristics of the strata in
which they were found, observations which were the foundations of
the later sciences of geology and mineralogy. Roman prospectors
cerlainly knew several minerals and rocks which might lead them
to the deposits of minerals they looked for.

But the precious stones were already an object of trade in Neo-
lithic times and they were carried over enormous distances, probably
handed on from tribe to tribe to distant countries where there was
a demand prompted either by the needs or may be the greed of
primitive man. The most important of these precious stones were lapis
lazuli, callais, turquoise and amber. There was of course a large dif-
ference between our knowledge of precious stones and those known
to the ancients. At present the diamond accounts for 95 % of the
money value of the gems produced, but even in the last half of the
cighteenth century this percentage was only 50 9% and before our
era it was nil. In the history of the production of precious stones
Hellenism was a very important era for by establishing direct trade with
India the classical world came into contact with the very important
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deposits of gems in North-Eastern Iran, Afghanistan, India and Cey-
lon, which meant that its sources of supplies were doubled or trebled!
This does not mean, however, that the knowledge of gems in earlier
times was not considerable. It is certain, for instance, that the gem

Fig. 12. Map of deposits of gems in the Ancient Near East

trade had a profound influence on the mineralogical knowledge of
Sumerians and Assyrians. It will be one of the important tasks of
future research to pursue the researches which BECK and BoLMAN
have started, to re-determine the objects now resting in our musea
and to reconstruct the history of gems in Antiquity.

Their mining had little influence on the development of miniag
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technique as most of them were collected from placers or surface
deposits and as far as we know turquoise and a few others were the
only gems to be mined or to be collected in copper-mines and the like.

As we have stated the most important achievement on scientific
lines started by the collecting of gems was the study of minerals. We
know from the writings of the ancient Sumerians that they attempted
to classify the minerals and stones which they mined or imported from
the mountain regions far outside their river valley. It is certainly not
true that pre-classical science is nothing but a mess and a medley of
phantasy and defective observations. The more we get to know of it
the better we observe that it was a model of precision and practical
classification as far as the means of those days went. Pre-classical
science was a-logical, it did not want to explain things or to under-
stand- their structure and mechanism. A careful description and no-
menclature was sufficient, it would clearly define the place of every-
thing in the cosmos and the rdle it was to play. This was the aim
of pre-classical scientist: to place everything in its proper place in the
web of life and thereby to perceive its meaning in the cosmos. Logic
was first applied to science by the Greeks and thenceforwards the
methods of science turned away from the magico-religous systems of
preclassical antiquity to the world of science that is ours. This break
was not as easy at it seemed and for several centuries Neo-Platonism,
Gnosticism and the philosophy of many Arabian authors seemed
to revive the power of the old magico-religious science but the spirit
of classical science held and conquered in the long run (R. J. FORBEs,
Acchives Int. d’Histoire des Sciences No. 4, 1948, p. 570).

In the light of this pre-classical science we must read the lists of
minerals, drugs, etc. which the Sumerians compiled, arranging every-
thing they met in nature according to its outward appearance and
properties such as hardness, colour or substance and the metal which
it was thought to contain. Each member of such a group was named
after the main characteristic of its group, but to this group-name there
was added a determinative depending upon the individual character-
istics of the member itself. Thus was obtained a cumulative nomen-
clature which is closely related to that of modern organic chemistry.

We find the word ZA (rock, stone) or another group name combined
with GIN (blue), GUG (red), Tu (white), SUH or SIG (yellow and
green) or with IM-KAL (sublimate), A$ (hard), A3-AS (very hard),
aZA-TU (efferverscent with acid, vinegar). In the case of gems we
often find determinatives which classify according to form such as
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iGI (round bead), NUNUZ (oval stone), TAG-GAZ (cut stone). CAMP-
BELL THOMPSON to whom honour is due for having unravelled this
system of nomenclature and identified many of the minerals indicated
found that the Sumerians knew no less than 180 different minerals
120 of which occur in medical and magical texts too, thus permitting
their closer identification because in these texts further details of
these compounds are given. As an example we quote here the list of
iron ores which CAMPBELL THOMPSON identified:

Sumerian Accadian Modern
ZID . ZID - AN . BAR powder of iron
AN . BAR parzillu iron
2AN . BAR iron stone, iron ore
aKA iron ore, ochre (esp. red
chre)
aKA - GIG black ochre
aKA - SIG; yellow ochre
2K A - PAR white ochre, spathic iron
ore
aKA - GI. NA afadanu hard (heavy) iron ore,
haematite
AKA . GI.NA .DIB - BA afargubba magnetic iron ore
2KA-GI-NA - TIL-LA apindu ferrum vivum
aBIL <ladanu ballx  pyrites (iron), fire stone
a$AR - GUB - BA «taddnu sabitu  iron pyrites and its decom-
(aZUR - 8AR - GUB . BA; position products
aGI- RIM - 3AR - GUB - BA)
amarliafi marcasite

When centuries later the Semitic Assyrians and Babylonians reigned
the old Sumerian substratum they translated these lists in their own
Semitic language, the Accadian, and these bilingual lists often with
a third column giving the correct pronounciation of the Sumerian
word or notes on its use form dictionaries which are immensely
valuable to us. Of the 25.000 tablets of the Royal Library of Niniveh
now mainly in ‘the possession of the British Museum no less than 8 %
consist of these sign-lists, thus classifying the Sumerian knowledge of
natural phenomena for us. Many of these ancient terms survived in
our modern languages as there was contact between the Greeks and
the Mesopotamian world between 750 and 300 B.C. and after the
conquests of Alexander the Great the library of Alexandria and the
foundation of the university of Seleucia in Syria by Seleucus Nicator
were centres of the revival and study of the ancient Sumerian gnd
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Assyrian knowledge. We should also remember that the last cunei-
form tablets were written in the last decade of the first century B.C.
and that the Neo-Babylonian civilisation stood in close contact with
Hellenistic centres. Thus it was possible that the old term kibaliu
survives in our cobalt, marhain in our marcasite, etc. CAMPBELL
THOMPSON gives many more examples of this kind.

But however matter of fact and logical these classifications may
seem &t first sight, we never should forget that they had magici-
religious meaning for the user. This is obvious in the case of colours,
but even such terms as “male”’ and “female” kinds of a certain
mineral, though they may have indicated a hard and a soft quality only
in later times, certainly had a magical meaning earlier. For a time,
however, the Greek mineralogists applied strict logic to their observa-
tions, especially ARISTOTLE's pupil THEOPHRASTUS (371-300? B.C.)
who left us an cssay On the Stones. Here he groups the stones ac-
cording to colour, lustre, hardness and fracture, mentioning such
groups as “stones of a metal nature”, “stones that burn by themselves”,
“natural earths”, “stones that colour water”. His descriptions are
mostly clear and comprehensive, but it is stranje that however good
mathematicians the Greeks were, they never used the crystalline form
of the minerals to group them scientifically. To other Greek philos-
ophers the stones and minerals or the metals were not objects for
clear and cool observation but they were more or less considered to be
the bearers of certain inner, abstract ideas which were fitted into the
theories which they enunciated. In the science of later Hellenism
there was a strong current of magico-religious speculation which came
to overlay these foundations of obscrvation and enquiry into nature.
The Romans took no part in the development of geological science,
their authors compiled from Greek works, but theirs was the practical
work of surveyors, prospectors and mining engineers. Most of the
Arabic commentators of THEGPHRASTUS were not able to improve on
his observations and the field that had been conquered would have
been lost had it not been for men like LEONARDO DA VINGI and above
all the bishop STENO (1631-1687). The magical trend of Byzantine
and Medieval lapidaries therefore is due to the examples from later
Hellenism, though a few examples of the kind could be found in
late Babylonian texts. In the older texts there seems to have existed a
clear distinction between the observational facts and the magical
speculations which theorists attached to them and which are not men-
tioned in the lists we quoted but which are to be found in quite
distinct texts.
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Before we proceed in giving a few glimpses of ancient mining
technique we must first define the words rock, mineral and ore which
have cropped up frequently in our story and which ate so often used
in a very loose way in books on our subject.

A rock or stone is strictly speaking any naturally formed aggregate
or mass of mineral matter, whether coherent or not, constituing an
essential and appreciable part of the earth’s crust. The vast majority
of rocks consist of two or more minerals. Such a mineral is a body
produced by the processes of inorganic nature and, if formed under
favourable conditions, a certain characteristic molecular structure is
exhibited in its crystalline form and other physical properties. A
mineral must be a homogeneous substance, even when subjected to
minute examination by the microscope; further it must have a definite
chemical composition, capable of being expressed by a chemical formula
(DANA).

Not all minerals are ofres, though all ores are minerals. For an ore
is a mineral (or a mineral aggregate) containing precious or useful
metals or metalloids (such as antimony, sulphur) and which
occurs in such quantity, grade, and chemical combination as to make
extraction commercially profitable. Seeing that profitable extraction is
the main point in the definition of an ore, it will be clear that it
depends on the refining technique of a certain period whether some
mineral will be considered to be an ore or not. There were certain
minerals like zinc ores which were not ores to the ancients as they
did not possess the means of extracting the zinc from it, in other
cases such as iron pyrites, neither in Antiquity nor now it is profitable
‘to extract the iron from them and they are not iron ores in ‘the strict
sense of the word.

From the definitions given above it will be clear that the cupri-
ferous sandstone mined by the ancient Egyptians in Sinai is a rock
containing several minerals such as the nodules of malachite, chryso-
colla and turquoise which they extracted. The malachite and the
chrysocolla which were used to produce the copper were the copper
ores; the turquoise used as a precious stone was simply a mineral to
the Egyptians.

The first step in mining is prospecting. Guided by his knowledge
of the ores and minerals, perhaps also by some knowledge of the
morphology of the strata in which they occur or some theory of their
8enesis the prospector has to locate deposits of the ores, It is certain
that from the earliest times prospectors have searched distant countries

Forpes, Metallurgy *4
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for flint, precious stones or ores. But we have no clear record of their

guiding principles. We are fairly certain that much observational lore

was lost if we look at details of ancient mines. A few examples can
be found in classical texts. PLINY speaks of the red colour that leads
to iron ores and he knows of the concentration of precious metals in

the oxidised outcrops of copper ores in Spain (Nat. Hist. 33. 98).

AEeTHICUS (Cosmog. XXVI) mentions white pebbles (probably vein

material) which are sure guides for goid placers at least in Britain,

It is certain that the Roman prospector did not leave the field until
after a careful field survey and the taking of samples. We possess
part of a Egyptian map of goldmines in ‘the eastern desert on which
the deposits are clearly marked. Trenching and stripping the rocks and
in later Republican times driving adits into the rocky formation were
part of the prospector’s work. Both Romans and Etruscans had clear
notions of the structure of certain mines and could follow up the local
strata quite well, though such complications as faulting often left
them dumb-founded. Still at Laurium they looked with prospecting
shafts for certain contacts and in Italy the boundaries of the under-
ground copper deposits were thus fixed in many places.

After this preliminary work the actual mining could be started. We
can divide mines in two types:

A. Open-cut mining (with or without stripping) which embraced a)
quarrying and b) placer mining with such methods as panning,
washing, hand sluicing, dredging and hydraulicking.

B. Underground mining embracing a) breast stoping (tabular depos-
its), b) underhand stoping (veins and larger masses), c) over-
hand stoping (steep dipping veins), d) top slicing (wide veins
and masses) and ¢) caving (large masses).

In modern mines both categories of mining are often combined to
attack very large masses, but such methods were of course unknown
in Antiquity. We have not yet obtained sufficient evidence to discuss
the occurence and evolution of all the different forms of mining
enumerated above, but we are sure that many of them were known
to the miners of classical Antiquity.

In the case of underground mining the ore could be attacked by
driving vertical shafts into the soil and tunneling the horizontal levels,
drifts and galleries into the strata bearing the ore. The ancient
prefered to drive horizontal adits into the rocky slopes of a valley over
the digging of shafts, it made drainage and haulage much easier.

The earliest method of underground mining was pisting, exploration
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of the ore-bodies with shafts at iptervals which were abandoned one
after the other as the ore was extracted from the bottom of the shaft.
Such was the method of the early flint miners, but the Romans gener-
ally avoided pitting and prefered regular workings. Placer-mining
in its different forms was quite familiar to the ancients and the
Romans even attacked large ore-bodies by hushing that is by breaking
down the softer beds by a strong current of water directed upon i,
leading the water and the debris into settling tanks. Such was the
method in the case of the gold mines of Spain, the arrugiae, described
so graphically by PuNY (Nat. Hzst. 33.70). Harder stones and rocks
were certainly washed and worked at the pit head to avoid transport
difficulties.

Fig 13 Entrance of the copper mine at Umm el
’Amad (after N. GLUECK, Lxplorations i Eastern
Palestine)

It is not yet possible to write the story of underground mining as
too many links fail us, mostly because of the lack of reports on these
mines by proper experts. It seems, however, certain that the exploita-
tion of ore deposits by different levels did not occur until the classical
period. In Roman mines two to four levels are quite common, though
we should not expect the careful vertical-horizontal arrangement of
shafts and levels as we meet in modern mines. This arrangement
seems first found in the writings of AGRICOLA and his contemporaries.
Ancient mines had no wheeled haulage and only drainage adits
required to be level.

Descriptions of different forms of underground mining can be
gleaned from PLINY’s Natural History (33.66-77).

The section of ancient shafts has been the subject of speculation.
Quiring thought that he could distinguish some historical sequence in
the different forms and he correlates each with architectural details
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of the period such as the current form of houses, etc. He claimed that
low and broad galleries were Neolithic forms, that high and narrow
forms come in at the beginning of the Iron Age and that the classical
form is square. It is certain that the common Roman section of levels is
square, but the form of level and shaft does depend on the type of
rocks they cut, on the casing material available (rectangular forms in
the case of wood and round forms for stone) and no dating can
be taken from their section at ail. On the other hand Egyptian and
Greek shafts were usually rectangular, Etruscan and Roman shafts
square, but the Romans also built trapezoidal levels! The shafts at
Laurium vary from 1.25-1.4 m by 1.5-1.9 m but on the other hand

Fig. 14. Firesetting in a mine
(after G. AGRICOLA, de Re Metallica)

shafts of 1.9 to 2 m diameter occur too. The depth of these shafts is
usually no greater than 50 m though depths of 100 m and more are
known to occur. Levels branch from this shaft at depths usually
varying from 10 to 25 m. The galleries of Laurium are mostly 2-3’
by 2.2-2.5’ or smaller, the Roman galleries were generally wider 4’ by
8’ but smaller ones of the ancient Greek dimensions occur too. The
shafts usually show beam-holes with wooden baulks used for ladders,
sometimes fixed at one side of the shaft to leave the rest of the space
clear for the buckets with ore. Windlasses and other hauling apparatus
were used. Sometimes there are no ladders but simply grooves used
as foot-rests when climbing up and down the shaft by the aid of
a rope.
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The number of shafts dug in a certain mine is often considerable,
at Laurion no less than 2000 shafts have been counted and the total
length of the combined levels amounts to 140.000 m.!

The rock was attacked by cutting grooves with iron tools and
hacking away the stone, wedges, perhaps often wooden wedges, being
used to split them. There were of course other methodes of breaking
rocks such as fire-sesting and chipping which were much cheaper.
There ate traces of fires in many old mines, the adits being often so
shaped as to draw away the smoke. If there was no draught this
method could hardly be used, also fuél should be abundant. And
again “the miners meet with flinty rocks which they break up by
heating them and pouring vinegar on them or more often (for the

Fig. 15. Egyptian stonecutters at work
(after QuIBELL, Hicrakonpolis)

steam and smoke make the air in the galleries unbreathable) they hew
them out with shattering-machines fitted with iron rams weighing
one hundred and fifty pounds and they bear out the debris on their
shoulders” (PLINY, Nar. Hist. 33.71). Often the effect of the fire
was enhanced by cooling the heated rock with water. Waterpipes are
already existent in the prehistoric galleries at Mitterberg. The vinegar
was added probably in the belief that a substance that itself cooled (by
evaporation'!) would enhance the cold of the water.

As PLINY indicates in the passage cited, vemtilation was a serious
problem of the ancient miner. Sometimes it was possible to obtain
proper ventilation by driving adits at different levels, and another
possibility was the cutting of parallel shafts, with a fire in one of
which a good draught could be obtained. ViTrRUV (VIIL.6.13) devotes
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a chapter to the ‘testing of air in shafts and the construction of venti-
lation shafts. Then again “if the air at great depth begins to act
injuriously, they try to improve it by the constant waving of cloth
flaps” (PLINY, Na?. Hist. 31.28) and indeed even machines working
on this principle seem to have been constructed by the Romans, but
only too often as in the case of the arsenic mines not far from Pinolisa
in Pontus “the air in the mines is both deadly and hard to endure on
account of the grievous odour of the ore, so that the workmen are
doomed to a quick death’” (STRABO 12.3.40).

But the most important problem of ancient mining was the drgin-
age as the inefficiency of drainage machinery made it costly for the

Fig. 16. View of the Aswan Obelisk, showing the drilled holes
made to separate this bfock of stone (after ENGELBACH,
The problem of the obeliske)

ancients to work below the ground-water line and they generally
avaided this if possible. This meant that their mines were never deeper
than about 100 m with a maximum of 300 m. Though unnecessary
in Egypt and at Laurion drainage adits were a common feature of
Roman mines, sometimes a special cross-cut at a deep level (Rio Tinto)
served for this purpose. The water was collected in the shaft.

The machinery available to the ancient miner was manifold. Pails
of different materials have been found ranging from esparto buckets
soaked in tar as used at Cartagena to copper pails. Then there was
the Archimedan screw or cochlea described in detail by Vitruv (X.6.
1-4) which did not raise the water but a few feet. They had been
used for many centuries in Egyptian irrigation and many specimen
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were found in Spain. They are still in use in some Japanese mines.

There were still other machines to be adapted from irrigation to
drainage purposes (R. J. FORBES, Over bervloeiing in de Oudbheid,
JEOL, vol. 1, 1933-1937, p. 443). There was not only the shadoof,
butt also the different types of water-wheels. The tympanum of VITRUV
(X.4.1-2) is nothing but the ancient compartiment wheel or tabat
of the Egyptians and the other wheel described by him (X.4.3-4) is
the Persian whceel or siqija. It is not certain whether waterdriven
wheels were used in mines, VITRUV gives some details on theit con-
struction (X. 5). But many examples of the other types have been
found in Roman mines especially in Spain, their diameter varies from
3.65 m to 4.90 m. They are often arranged to raisc the water by
degrees to the pit head or to a drainage adit. The section of the levels
did not allow them to be animaldriven and most of them were worked
as trcadmills or they were moved by man-power in some other way.

Something more like our modern pumping machinery was available
to the Romans. They knew bellow-pumps and the Heron fountain
method 'was certainly used in some cases according to Sagui.

Finally there was the “water-machine of Ctesibius”, a double-acting
pump described by ViTrRuv (X.7) which could have been applied
and examples of which have been found Bolsena, etc.) though not in
mines. Propping was used in dangerous ground only. Mostly “on
account of these dangers (the roof caving in) arched supports are
left at frequent intervals to bear the weight of the mountain” (PLINY,
Nat. Hist. 33.70). These natural pillars called hormoi or mesokrineis
by the Greeks were mined last starting from those farthest from the
entrance and the rock was left to subside. However, filling was often
resorted to and this was often necessary as sometimes areas of 70-80
m by 2000 m were entirely emptied! Therefore, as STRABO says
(5.2.6), “diggings in Paros, Rhodes and in India which have been
mined are in time filled up again”. Supports were often of a more
simple nature, baulks between the hanging wall and the foot ground
are fairly common and mortised olive-wood props are found occasion-
ally at Laurium.

Haulage was usually fairly simple, wooden or wicker trays drawn
along the gallery floor to the shaft served for underground transport
and baskets or leather sacks were used to haul the ores up to the pit-
head. Sometimes porters carried leather sacks with a strap to be
fastened over the forehead. Esparto buckets have also been found and
in many mines relays of porters handed their baskets with ore onwards
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towards the daylight. In some cases such as mines at Paros remains of
hoisting machinery have been found. As to the lighting problem
“lamps serve to measure the spells of work and for many months
together the toilers are without the light of day (PLINY, Nat. Hist.
33.70)". Earlier resinous torches or pieces of skin soaked in fat may
have been used. Later earthenware or metal lamps were placed in
lamp-niches cut in the rock. Their forms can be studied in F. W.
ROBINS’ interesting book on the Story of the Lamp (London, 1939),
who does not show the famps fastened to the fore-head so common
in modern mining which have also been claimed for Egyptian miners.
There is now evidence that lamps were hung from the roof of the
gallery.

Fig. 17 Greek miners at work, from a vase
(after RICKARD, Mar and Metals)

Underground sazrveymmg was a difficult job even for the Roman
experts. They never achieved anything like the accurate tunneling or
piercing a mountain for the course of an aquaduct, an art in which
the Greeks as well as the Romans excelled even with their simple
instruments like the dioptra, etc. Even the ingenious surveying table
which Sagui pieced together from finds at the mines of Pangaeum
seems to have availed them little. Though the resuits in decper levels
are fairly accurate sometimes the ends of tunnels failed to meet and
caused great extra work. In higher levels the tunneling was often
guided by shafts let down at intervals of 30 M. following the vailey
and the probable course of the vein to be mined.

Little exact information is available on the evolution of mining
tools. In general the Greeks and the Romans used iron tools and
earlier miners stone ones. Bronze tools were hardly better in mining
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than stone ones. The single bladed pick generally used is hardly larger
than the modern geological hammer. Harder rocks were attacked with
gad and hammer, the gad usually having a square cross-section. The
earlier hammers are either pounding stones or stones drilled to receive
a shaft, but the most common fonm is the ancient rilled stone hammer,
which was used not only in extracting the ore but also in pounding.
This stone tool was so efficient that it continued in be used at least
upto the first century B.C. in Spain, some 200 years longer in the
Danube region and it survived still longer in Northern Europe. Flint
tools disappeared in the Iron Age just as stone picks, but picks and
rakes of horn continued in use very long. The shovels and rakes for
the collection of the ores were generally made of wood like the
notched trunks often used as Jadders. Stone wedges formed like neo-
lithic cclts were used simultaneously with metal and wooden ones, and
it seems that the boring and wedging methods used in the Egyptian
quarries (R. ENGELBACH, The Problem of the Obelisks, London,
1923) had a profound influence on later mining technique. Another
important tool was the saw with a blade of copper or iron without
teeth, which was used with abrasive materials.

These few facts and definitions will help us to discuss the problems
of carly metallurgy. We will have occasion to discuss in the relevant
chapters further details as well as the methods of crushing, washing
and pulverising the ores.

A few words remain to be said on the organisation and economics
of ancient mining, morc details of which will be found in the works
of Davies and Tackholm. Ancient mines were seldom private enterpri-
ses or perhaps controlled by rings of bankers as in the early Roman
occupation of Spain. In most Hellenistic states and in the Roman
Empire the mines were state owned though often complicated ques-
tions of ownership arose when new deposits were discovered. Such
stories as the gold rush to Hymettus (SuiDAs, s.v. chrysochoein) are
rare. By the third century A.D. when many state-owned Roman mines
failed, more initiative was given to private persons. In medieval times
mineral mines were mostly state-owned but quarrics and iron-deposits
generally belong to the proprietor of the soil, the latter custom prob-
ably a reminiscence of the old German private exploitation of bog
ores. But ancient economy did not favour private enterprise in mining
as the markets were far more limited then at present and the working
of veins or lodes required machinery, centralisation and capital, factors
not only inconsistent with free miners but also beyond the control of
practically every private Roman or Greek banker. *
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Period

Mining methods

Mining tools

Palaeclithic Age

Neolithic Age
(-3500 B.C.)

Predynastic Age
(3500-3000 B.C.)

Metal Age 1
(3000-2200 B.C.)

Metal Age II
(2200-1200 B.C.}

Early Tron Age
(1200-500 B.C.)

Late Iron Age
(500-50 B.c.)

Roman Empire
(50 B.C.-300 A.D.)

|

}

Search for boulders, etc.
Open workings, conical pits

Quarrics, stone slabs
Open workings, sloping shafts
Gradually galleries

Development of square and round
shafts with galleries

Ventilation and chimneys

Pro;:ping

Systematic stripping of outcrops
Shafts with staircase (?)
Filling of old galleries with gangue

Timbering of shafts(?)
Drainage with pails, etc.
Wider gallerics

Drainage adits
Large quarries

Mechanical drainage, transport and
ventilation

Water-wheels, waterscrews, ctc. more
common, deeper mines and large

open workings

-

Wooden or bone digging stick, horn |
pick '
First stone tools such as hand-axe, etc. :

- I

| Stons picks and hammers, chisels and
i celts
l
|

Stone picks and first copper tools

General use of fire-setting

Copyer tools become more general

|
|
|

Iron tools gradually supersede stone
and copper tools

|
|

Fig 18. Outline of the evolution of mining,
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Stones, Precious and semi-
precious

Otes and natural stone

Metallurgical methods

Chalcedon, quartz, rockerys-
tal, serpentine, obsidian, jas-
pis, steatite, amber, jadeite,
calcite

Amethyst, fluorspar, nephrite,
je:, turquoise, lapis laz,
jade, agate

Haematite, albaster, catneol,
chrysocolla, malachite, beryl,

+ feldspar

Onyx,  sardonyx,
azunite, callafs

Bloodstone, emerald, magne-
site, topaze, chrysoprase,

Sapphure, blue chalcedony, rose
quatte, spinels

Ruby, moss-agate, zircon, opal,
aquamarine, meerschaum,
diamond( ?)

Aventurine, moon-stone, blue
spinel, spinel-ruby, pearl.

amazonite,

Flint and obsidian later ochrc>
and other natural pigments,
emery

Gnanite, diorite
Limsstone
Sandstone |

Native metals (gold, silver,
iron (meteoric), copper)

Copper ores from outcroys

Albaster, marble, rocksalt

Oxydic and carbonatic copper
ores

Galeny, stibnite, cassiterite

Obsidian, emery

}Gold-bearing quartz
Oxydic 1ron ores
Copper sulphides

Limonite, haematite
Copyer pyrites

|
Magnetite and spathic iron
Tron pyrites(?)

Hammering native metals

Melting and casting of me-
tals, first reduction of copper
oxides.

Silver from galena

Oxidation and reduction with
natural blast

Wrought iron from magnetite

Copper alloyed with lead, anti-
mony and tin.

Short shaft-furnaces

Use of bellows

Roasting of sulphidic ores more
general

Wrought iron “steeled” by
case-hardening  and  quen-
ching and tempering

Brass from copper and calamine
Higher shaft-furnaces

“Stiickofen”
Mercury produced

» touls, its methods and its products
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On the other hand the cost of mining was considerably less in
Antiquity. At present labour forms no less than 65 ¢ of the total
costs of a mine, but ancient mines were worked with slaves and
criminals and the overhead costs were few as the mines were smaller.
Though many ores could not be worked by the ancients which are now
considered to be rich and though they rejected many ores now
worked profitably, they could on the other hand work small deposits
which we could not work with any profit. The unfree miners were
not only controlled by state officials but sometimes the military author-
ities seem to have been in control which does not mean that the
soldiers were cver used as miners.

We still know little on the evolution of many aspects of the econo-
my and organisation of ancient mining such as claims, ownership of
mining rights, etc. Still less is known about the earlier stages, about
the Egyptian and Hittite mines and their organisation and the same
holds true of the mining technique of pre-classical days. A compara-
tive study of the dctails so far available would at least clear the way
for further research, and show us how the gradual mechanization and
specialisation which we begin to discern took place.

Another great story that still remains to be written is the part which
ancient mines and deposits of ores played in the political history of
their times. It is cJear that their réle was as important then as it is
nowadays and the ancients knew it, for is it not written. (1. Macca-
bees 8.3) “Now Judas had heard what the Romans had done n the
country of Spain for the winning of the silver and gold which is
there?”
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CHAPTER FOUR

THE EVOLUTION OF THE SMITH, HIS SOCIAL AND
SACRED STATUS

“God gave them no sheep but cleverness instead
1f they were rich, they would but lie a-bed”
(Suk saying)

Before turning to the tools of the metal-worker and the history of
the separate metals we must pause a few moments on the figure of
the smith. For since the first smiths started their craft in the Late
Stone Age and since the first metals were used by mankind, this
mysterious trade, which was so different from the other Neolithic atts
and crafts, formed the centre of a wealth of myths and legends and
the smith grew to form a special social type encumbered with religious
tites and taboos, endowed by popular feeling with magical potencies
in many directions.

The stoty of the smith and his religious and social aspects has never
been written. ANDREE (4) bas collected a lot of valuable ethnograph-
ical material but the archaeological and historical evidence was never
published. May be the interlocking of technical, archaeological and
philological factors has discouraged work in this line, but the few
notes collected below will show the reader that a rich harvest awaits
him, who will dare to attack the complicated question, which could
easily form the subject of a separate monograph. We can do no more
than glance over the "Promised Land”, and while spying the iand we
hope to be as lucky as the smith’s dog “so well used to the sparks
that he’ll not burn”.

1

Before discussing some of the factors that made the smith the
important figure he is in primitive societies, let us survey the status
of the smith with some tribes m Africa, Asia and Euvope.

As great differences are obvious in Africa, it is difficult to group
the different complexes of social favours and taboos geographically.
In the grass-lands of North-East Africa the caste of the smiths is
generally despised, their work is not attended by any ritual. Guilds,
magic, bonds with the secret societies and club-houses are features of
the West African smith. In the Congo region and surrounding coun-
tries to the East and the South the smiths form no clans but guilds,
t.hey are considered the equals or sometimes identified with priests
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and chiefs, their work is regulated by a ponderous ceremonial, in which
“medicines” and “spirits” play a large part. But on the other hand
such features as trade-secrets, taboos, personification of the tools,
transmission of the crafts from father to son are spread all over
Africa and it is difficult to find their country of origin or even the
way along which they penetrated Africa. Let us therefore take a few
examples at random.

In North-East Africa the smiths of the Masai and the Bari are
slaves and pariahs (37), often remnants of subjugated aboriginals.
Thus the Tumalods are the slaves of the Somalis and the Watta are
subjects of the Galla. Their status with the Nandi is somewhat better,
here they are not forced to intermarry. But the Somali will never
enter a smithy, does not shake hands with a smith or marries his
daughter (35). Among the Tibbu (51) they form a pariah-caste with
rigid taboos, their craft is handed from father to son, though they do
not differ anthropologically from their tribesmen! The word *smith”
is considered to be a term of abuse, though it is also unwise to curse
or insult a smith. Even the fellahin of Eastern Egypt and the Oases
hold the smith in awe, he is a tramp whom one respects but
avoids (45). '

Among the WaChagga (33) the smiths form a separate clan, which
seems to have been adopted long ago by the tribe. The smith is
honoured as the maker of deadly weapons, because he knows how
to join iron and iron and because he possesses tools of great power.
Though he is not considered to be a magician, it is dangerous to bleed
him and it is unusual to marry his daughters. The smiths do not join
the warriors, they make their weapons using iron, which is, however,
taboo in many ceremonies.

Among other tribes in West Africa every familygroup has a smith,
for whom corn and other agricultural products are cultivated and for
whom the community builds a smithy. The tools of this smith have
great power, they are considered to do the work, not the smith and
they would kill the smith, who gave up his craft, or they would at
least smite him with a fever lasting a year (75). The Fans make no
difference between the chief, the medicineman and the smith, because
the smithcraft is so higly honoured that only chiefs and their kin
are allowed ply it (28). In Benin a smith can be enobled, he is
generally considered to be a magician (81). On the Loango coast
the ritual nails are forged by a priest-smith (44). In the Congo
or Ogowe regions, where there is no smith, bellows or smith-tools
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hang in the fetish-houses. In the Congo region and in West Atrica
the smith is generally a honoured and rich man, who inherites his
craft. He is potent magician, his fire is holy, his social position is
high in proportion (27). This in great contrast to the pariah-smiths
of the Masai, though this tribe acknowledges some magical power to
the smith’s products. Swords will spill biood, therefore they shall be
cleaned before use with butter or fat. Among the Baghirmi Arabs of
Lake Tchad (8) there are many groups and sub-groups, but the Had-
didin, the smiths, form an undivided clan and a separate caste as
with so many other African tribes. Neither are they Arabs, but prob-
ably of Hamitic-Negritic stock.

CLNE (15) gives many other examples in detail and finally he
draws this conclusion: “Hunting is ritualized as much as metal-
working, both require considerable ;skill and occupation excluding
most of the cattle-raising or agricultural population. The smith pro-
vides weapons and tools necessary for life but his trade asks for a long
and arduous practice, tending to isolate him seasonally or throughout
the year. It may effect his position with people who identify cattle-
raising or agriculture with everything that is noble or with people who
despise 'manual labour. The smith has the most elevated position in
the Congo and West Africa where the arts and crafts were well
developed. Both ritual and caste are conditioned by the cultural frame
rather than by the wonderment of primitive man at processes which
he failed to understand.”

And we must add, that the present situation has of course been
changed and often very drastically by imports of cheap European
industrial products. For the Negro smiths are very ingenious craftsmen
in inventing and using new tools, types of bellows but now they
often work with imported iron (46).

Apart from the guilds or clans of smiths we find many irinerant
smiths or tinkers, who are very special considered to be powerful
magicians (58). Africa is still a field in which the primitive smith
can be studied from many aspects, as there is hardly another region
in the world where we find a so well developed smithcraft, which
reached such a height before the advent of modern industrial products
and here types and forms are far better developed here than in
Oceania or America.

In Asia the situation is far less clear, because many strata of higher
civilisation overlay the more primitive strata and the archaetypes break
through only now and then.
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4*"

The posi'tion& the smith in Java or Bali is most interesting. Under
the empire of Modjopahit Java counted no less than 800 smith-
families in the eleventh century. When this empire was dissolved four
centuries later many of them flew to Bali. The ironsmith was honoured
as a wise expert, but only he, for the Cheribon lawbook ruled the
copper-, gold- and silver-smiths out of court and admits only the
pande or iron-smith.

The armourer or empx is greatly honoured in Bali. He fulfils a
very special duty in the kampong, for is not all metal ‘charged’ and

Fig 19 Making the holy kns (Java) (courtesy of the
Indisch Instituut)
therefore dangerous to everyone but to him who knows how to handle
it? He has the magical power to work the dangerous metal. But the
close bond between the smith is not only formed by their trade-secrets,
but also by the magical rites of their craft and the initiation of their
pupils. Special mantra’s are recited before the use of every tool. These
pande-wési (ironsmiths or foremen) have a written tradition which
claims their creation through the intercession of Brahma (who takes
the place of the fire-god Agni!), who gave them their sakti or magical
power. This guild embraces not only the iron-smiths but also the
tinkers, gold- and silver-smiths, carpenters, draughtsmen and painters,
it allows them certain rights, they are freed for certain imposts and

ForBgs, Metallurgy 5
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communal tasks. This written tradition would make them form part
of the Triwangsa and therefore elevate them above the common people
though the members of the Triwangsa doubt this (30) (39). We shall
revert to some aspects of the Javanese smith later on.

In other parts of the Dutch East Indies we find the same peculiar
position of the smith. The Batak smith worships his tools in particular
and gives them mysterious names (56). For the tools are supposed to
do the work and the spirits of these tools protect the smith and his
family. The smith himself is a priest, by whose power the weapons are
imbued with a mighty spirit, but then this applies to the armourer or
ironsmith only. The son shall take up the trade of his father lest “the

Fig. 20. Javanese court goldsmith (Jokjakarta) (courtesy of the Indisch
Instituut; photograph J. HuYsFR)

tools lay snares for him". Most operations are preceded by an offering,
whilst the tribesmen pour out libations in the smithy in case of illness
thus using it as a temple! In general it seems that the smithy is regarded
as a temple of the spirits of the earth, whose power resides in the tools
and products of the smith. Among the Bahau and Kenya Dajaks every
village has a smith or two, whosc smithy stands ncar the “long house”
£53). This professional smith is imbued by a special spirit called
1o temne (smith-spirit) without whom he would lack his expert know-
ledge. But a civilian can also call upon this spirit to possess him and
to deliver him of his ailments. The smith must propitiate this spirit
by regular offerings in the smithy. Many of these old customs have
disappeared because the Dajak smiths now work import iron and no
longer smelt the ores themselves.

The smiths of Doré (New-Guinea) form a special caste, during
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Fig. 21. Smuthy of the Papuas at Manokwuari, New Guinea (courtesy of the
Indisch Instituut; Mamberamo expedition)
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their initiation they swallow special “medicines” and avoid pork. The
Buginese have a smith-caste, that keeps its trade secret just like the
smiths of the Igorotes of Central Luzon (4). In Madagascar the smiths
occupy a position like those of Java, from whom they seem to have
adopted tools and bellows, which differ entirely from the types used
in the African continent.

On the continent of Asia the Baris live as pariah-smiths with the
agricultural and pastoral Shiaposh of the Eastern Hindu-Kush (3).
In Nepal too the smiths are pariahs, but they are highly honoured
by the hill-tribes of Assam, where every village has a smith, who,
however, only works scrap bronze from Tibet or iron bars from
Assam (19). This degeneration of the craft of the smith is striking
ail over Asia. The Kazak tinkers are much less skilful and self-reliant
than formerly, often they are itinerant smiths.

Kalmuck smiths no longer attempt to make any complicated imple-
ment. No Siberian smith smelts iron any longer, but the Tungus
smiths forge iron tools from bars and scrap iron (27). Still Tartar
and Siberian smiths produced iron from local ores when the Russians
occupied the country, mostly working ores from rivers and mountain
streams.

Around no craftsman in Japan has mythical legend and ancient
story thrown such a halo as around the smith. In remote Antiquity
his ancestors are numbered among the Gods of the Divine Age and
in Jater times his astounding feats form the themes of innumerable
tales. His profession, notwithstanding the manual labour it involved,
was deemed an honourable one and men of noble birth were not
debarred from pursuing it (31).

In America metallurgy was introduced either by the Aztecs and
Incas or by the European, except perhaps with the pre-Columbian
Indians of Colombia and Peru. But here again we lack proper in-
formation as hardly anything is known about pre-Columbian metal
lurgy and the position of the smith among Indian tribes. The Navajos
seem to have possessed intinerant smiths, who not only worked iron,
but also copper, silver, etc. (MATTHEWS, Sec. Ann. Rep. Bur. of
Ethnol. Washington, 1883, pp. 171-178).

The smith of prehistoric Europe occupied an honourcd position.
Had not the gods themselves forged metals according to the Voluspi?
In Scandinavia and England the smiths were considered the equals
of the bards or priests and no slave could profess their craft without
seeking permission to do so. The famous smiths of Wales, who made
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their own iron, were by the laws of that country allowed to sit near
the priest of the household in the king's presence (61). They had
mysterious powers, for were not the maxims of Druids, smiths and
wise women dreaded by the Celts? (71). And though we do not
know much from direct tradition, the great part which the smith-
craft plays in legend and myth (Wieland, Mimir), figures like the
giants, dwarfs, elves and fairies, who forge metals and watch their
accumulated treasures in mountain recesses, the “super-smiths” of
the Kalewala, Kawelipoeg and the myths of the Esthonians, these all
tell us something about the lost glory of the prehistoric smith.

Sometimes we are allowed a glimpse of the status of the prehistoric
smith from archaeology. Thus, for instance in the Transcaucasia of
the Middle Kuban period when local metallurgy developed strongly
on Mesopotamian and Anatolian lines, smiths were admitted to the
ranks of the barrowbuilders, as is proved by the moulds and tools
found in their tombs from that period onwards (14).

We shall revert to the gods and heroes of the smith later on.

i1

But before discussing the characteristics of the primitive smith we
must follow up this somewhat dry summary of ethnological and
historical examples by a discussion of the diffusion of metallurgy
from the point of view of the smith. Still we can not pretend to be
“the little smith of Nottingham who doth the work that no man can”,
our evidence is far too mcagre for that and we can give no more
than a working hypothesss.

In discussing the archacological material on the evolution of metal-
lurgy we saw that metallurgy came to the Near East from the East
and the North. The oldest metal objects have been found along the
mountain range that reaches from the Caspian Sea and the Elburz to
the Hindu Kush and the T’ien Shan mountains towards Lake Baikal.
In these mountains there are many places where copper and iron ores
occur, while the mountain streams contain alluvial gold, magnctite
and cassiterite. There is an old practically forgotten suggestion of
Lenormant, who contended that the discovery of metallurgy should
be ascribed to the Turamians and Ugro-Finns. ANDREE (4) has
elaborated this thesis by saying that the northern slopes of these
mountains were originally occupied by tribes akin to the Chudes or
Chudaki, who had invented metallurgy and who were the ancestors
of the Finns! WaITZ (81) even proposed to consider the Finns as



70 THE EVOLUTION OF THE SMITH

the aborigines of prehistoric Europe, who had brought metallurgy
from their Asiatic home and transmitted this knowledge to the Indo-
Europeans and other tribes inhabiting Europe later on. Of course
this no longer holds true in the light of modern archaeology, however
strong the evidence of metallurgy may be in the Kalewala and the
myths of the Latts and Esthonians. It is highly improbable that these
West-Finns came to Europe before the rise of the Danubian I civilisa-
tion which marks the rise of metallurgy in Central Europe.

Much more light could be thrown on the question by an exhaustive
study of the primitive smiths of Asia, a subject that never received
that same attention as the study of African metallurgy. Still here and
there evidence crops up. Thus RUBEN (67) published a remarkable
study of the Asfr, a primitive tribe of smiths living in the mountains
of Chota Nagpur in India. Nowadays they no longer smelt ores but
forge iron bars which they buy. Originally they were half-nomads,
who remained between a few months to three years on spots where
there were ores and fuel until they had exhausted them. They formed
a community of specialists, divided in totemclans, who hunted a little
and kept cattle, though they did not raise them. They did not know
agriculture and gathered fruits and nuts. The single smith was
honoured by the surrounding tribes, though he be from a totally
different anthropological stock, but as a mass the smiths were despised
and hated though feared. RUBEN has proved that we have to do with
a tribe that originally belonged to a cattle-raising culture, which tribe
specialised in metallurgy and which was driven by the Aryan invaders
from their original homes to the hinterlands of Dekhan. The Astr
originally lived north of the mountains of the Punjab, where the
cattleraising culture is at home and where the carliest metal objects
were found. This culture 1s certainly connected with early metallurgy
also by the fact that they were the first to possess good pottery. We
have already pointed out that metallurgy and the possession of proper
fusnaces are intimately linked and that it is impossible to smelt ores
in a camp fire. COGHLAN in his interesting experiments at the Royal
School of Mines (London) in 1938 proved beyond doubt that the only
primitive furnace that would smelt ores was the pottery kiln, which
later on led to special metallurgical furnaces as metal technique im-
proved. But reverting to the ethnological evidence there are many
signs that the iron workers of many jungle tribes of southern India
are immigrants and form a sort of alien guild or craft, just as much
of the practice of iron working in Africa has been spread by the guild
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of artisans (68). It would then seem from archaeological, mineralog-
ical and ethnological evidence that the cattle-raising cultures of the
northern slopes of the Altai and Paropamisos discovered metallurgy
after evolving the art of the potter, probably discovering native metals
(gold, copper and meteoric iron) when tending their herds in their
summerquarters on the mountain-slopes both in the hills and the
mountain-streams. Possibly they had even discovered the working of
some ores, for the smelting of copper is already in possession of the
prehistoric peasant culture when it spreads from these quarters over
the whole of the Near East and North-Africa. The oldest settlements
of Anau yield quite good copper instruments made from copper ores!
From this home of metallurgy the craft spread with the peasants to
secondary centres like Caucasia, Elam, Armenia and Pontus, whence is
migrated to tertiary centres like Phrygia, Lydia, Cyprus, the Balkans
znd the Danube valley to spread beyond.

With the coming of these primitive smiths there arose among the
non-metalworking tribes around them the many legends and myths
about gnomes, dwarfs, kobolds, Dactyloi, Kuretes, Korybantes, Tel-
chines, Hephaistos and others that tell us of the smiths and their fire-
god, their mysterious rites and their craft.

Even the history of iron, that late-comer among the metals, seems to
point to the original working of magnetite and other iron ores of the
mountain streams. The civilisations of the alluvial river-valleys, which
possessed no ores worth mentioning always regarded metalcraft as a
highly mysterious job, though the smiths living amongst them grad-
ually lost their original traits and we find only smith-guilds with little
or no special traditions or rites to remind us of their ancestors.

But “often a full dexterous smith forges a very weak knife” and
the suggestions given above remain to be proved by excavations both
in the Armenian highlands and the regions of Afghanistan and Balu-
chistan which are so desirable from many another point of view.

But whatever future excavations may tell, it has been proved be-
yond doubt that the smith occupied a special position in primitive
society. He can but excercise his own craft, whereas the primitive
potter would not be hindered in his agricultural occupations and many
other crafts of prehistoric man simply filled up his spare time. We
must admit that the smith must dispose of a formidable body of
industrial lore. Craft traditions embodied the results of long experience
and of many deliberate experiments. It may seem to us no more than
applied science with a tangle of magic, but science it was that was
handed down from generation to generation of smiths. *
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It is certain that the effective utilisation of metal discoveries involved
the elaboration of a highly complicated technique through series of
inventions. These form a range of discoveries and inventions so ab-
struse and complex that independent origin in parts of the Old World
must be considered fantastically improbable, at least in the early mil-
lenia of the history of mankind. As to the links between Old and New
World metallurgy no discussion is possible at the present stage as we
possess insufficient data and analyses from the American continent.
From what we know it seems that the foundations of metallurgy
penetrated into the New World and there were developed on original
lines best suited to local circumstances.

In the Old World mining and metallurgy were originally practised
by a caste or clan of few members, the membership of which implied
initiation in the tangle of technical traditions, but which conferred
upon the members some degree of immunity from the bondage of
tribal customs and duties. We must never forget that the number of
smiths in primitive society was small. A tribe of a few thousand mem-
bers would not use more than 1 Ton of metal a year, that is less than
the production of ten smiths, who even now produce with ease three
to five Kgrs. of metal a day with very primitive means (15).

The diffusion of the special lore of these craftsmen is of course asso-
ciated with the spread of the craftsmen themselves, for instance pros-
pecting, sometimes not only in quest of ore but as perambulating
smiths seeking fortunes by plying their trade among barbarians, some-
times as slaves captured in warfare, often as smiths who had secured
initiation and returned home.

Naturally the pupils were not always as clever as the masters, those
who had learnt a new technique were apt to apply it very clumsily,
the proficiency of the trade was only acquired by generations of
practice and discipline. Thus the early Minoan and Cyprian metal
tools are much more clumsy than the Sumerian originals.

However, a true Metal Age arises only when there are permanent
settlements of smiths in a certain region. Itinerant smiths or prospectors
in quest of ore may produce a “Chalcolithic Age” by importing a few
metal objects which are used side by side with the aboriginal stone and
bone tools, or they may give instructions as to the shaping of metal
objects. But a true Metal Age can only arise with the settling of the
smith. The diffusion of metallurgy need not differ from that of the
potter’s lore, where new types often herald the settling of new inhabi-
tants. Archaeology affords us definite proof of the continuity of dif-
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fusion of metallurgy from a certain centre. GORDON CHILDE pointed
out that the same hammer made of a grooved stone lashed to a forked
stick heralds early mining in Sinai, Caucasia, the Alps, Spain and
Cornwall and that the oldest metal tools and weapons are very similar
both in Mesopotamia and Egypt and tend to differentiate from pro-
todynastic times only. Still certain common tools remain identical for
a very long time over vast areas.

It would appear from archaeological data that the oldest smiths
moved about quite freely in prehistoric Europe. But this is not strange
2s we have many historical examples to prove the same. Thus we
remind the reader of the stimulating influence of Bohemian and
Bavarian coppersmiths on the bronze-craft of Benin. Manipuri workers
were carried off to Burma in 1760 where they became responsible
for many crafts (68). For Chingiz Khan's successors worked Chinese,
Persian and even German miners and a French jeweller!

Of course the itinerant specialist occurs less frequently among
primitive peoples and tends to be restricted by the deposits of ore and
fuel to the country of his tribe. But their wanderings may be prompted
by pressing needs or social conditions and warfare. There seems no
reason to doubt the diffusion of metallurgy at least in its primitive
stage. Later and especially in developing the metallurgy of iron there
are indications that we must be careful in applying the diffusion prin-
ciple. We must not fall into the mistakes of de Mortillet who con-
tended that iron metallurgy was discovered in Africa, or Bataillard
who thought that the gipsies were the initiators of the Bronze Age.

Il

Before discussing the characteristics of the primitive smith another
problem must needs occupy us for some time. We mean the technical
background of the primitive smith.

We have already discussed the difficulty of applying the well-
known series of Copper-, Bronze and Iron-Ages to certain tertiary
and fourthly centres of metallurgy, but the sequence propagated of
old holds true for the Near East. However, these Ages can hardly
be said to characterize true stages of metallurgy, these stages are fat
better characterised by modifications of metal technique.

The study of material things has helped to illustrate man’s efforts
to utilize his environment, but not only this, his tools and implements
are the outward signs of peculiar ideas in his mind. Materially speaking
there is a close interrelation between tools, processes, raw materiaﬂls



4 THE EVOLUTION OF THE SMITH

and finished products, but above these there is the presence of motive
and insight of the creator (68). In his gradual conquest of the metals
man has not proceeded by small variations to a gradual change of
metal technique, but there are certain periods in which inventions have
created new paths and technique advances in leaps along lines drawn
by experiment and practical science. Each of these stages creates its
own means and processes. Thus the Bronze Ages smiths elaborate
i;sting methods, the Iron Age smiths of La Téne develop rivetting.

e have already sketched the three stages of metallurgy.

The earliest stage, the “native metal stage” is the transition from
Stone Age to the Metal Age. Man had already learnt to use the native
metals gold and copper (and also silver and meteoric iron), but he
had only treated them as he worked bone, stone and wood. But now
he learnt to appreciate their true metal character by heat-treatment
and discovered that the “mysterious stone” could be shaped by tem-
pering, hammering, cutting and grinding. Soon, and this phase of the
use of native metals already falls within the second stage of metal-
lurgy, casting and shaping the metal when hot, joins these treatment
to complete the cycle of operations. The new possibilities of casting
and heat-treatment have impressed themselves so deeply in the mind
of early mankind, that some of the stone objects of the Late Stone Age
take the form of metal objects in regions that border upon others
where metallurgy has already become a regular trade (19).

But true metallurgy begins with the “ore stage”, with the discovery
that certain stones, which we call ores, could be reduced to metals
(first copper, then lead and silver, etc.) and that metals could be
beated until they could be cast when molten. Here again we have
another, but completely different cycle of operations and processes, of
discoveries and inventions/Here the smiths have struck an entirely
new line and several generations of experimenting and trials must
have preceded a long line of masters in the “new art” and their
pupils. It is practically certain that this new stage of metallurgy
brought along specialisation. Especially when the surface deposits of
certain ores grew rare and the smith had to work deeper strata and
start vein mining, he could no longer dig the ore and produce the
metal object from it. There arose the craft of the msmer who did the
prospecting and mining side of the job and the metallurgist who
reduced the ore and worked the metal. The new element in this stage
of metallurgy is not so much the metal as the processes, the many
phases of working and reducing the ores, the preparation of new
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metals and of alloys (bronze) and the gradual insight in the proper
field of application for which each of these metals and alloys were
destined by their nature,

The preparation of alloys was no mean task. They could be prepared
by the smelting of two different ores, by smelting a metal with another
ore or by melting certain metals in the appropriate proportions. The
first two methods were the oldest, the last was not used until the end
of the Bronze Age. Therefore alloys vary greatly in composition in the
Early Bronze Age and only late their composition could be kept within
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Fig 22 The evolution of the smith

a close range. But this meant no disadvantage for the alloys in their
early stage were far less differentiated for their applications than they
are nowadays and their composition could vary within wide limits
without decreasing their usefulness to the carly metallurgist. Neither
was the purity of the metals of great importance at this stage, though
the practical and unscientific (and therefore uneconomical) prepara-
tion with primitive apparatus and methods often yielded remarkably
pure products.

The formidable growth of the mysteries connected with the extrac-
tion of metals led to further specialisation. Graduaily three different
types of metallurgists are evolved. The first of these is the smelter,
whose task it was to produce the crude metal or the alloy from the
ores. Then there arose the blacksmith, who manufactured mass prod-
ucts from crude metals, first copper objects (copper-smith) then
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mostly those of iron, a task which we have come to identify with the
name “blacksmith” though the metal-workers of the early Assyrian
and Babylonian texts were certainly copper- and bronze-smiths of mass
products. Finally there were the metal-workers, who produced the
smaller objects, art objects and who repaired or decorated metal ob-
jects. As such we find gold-, silver-, tin-, white- and copper-smiths.
It is quite probable that the earliest specialists of this type were the
gold- and silver-smiths, who very early in the history of metallurgy
reached a skill that is hardly less than that of his modern colleague.
Thus fer instance the gold objects from Dashur in Egypt show us that
the Egyptian goldsmith was a master of many a technique which is still
practised in the same form (at least in principle) as so many centuries
ago. The value of his experiments for the development of copper
metallurgy remains to be studie%

A third and most important €tep was the discovery of iron metal-
lurgy and the preparation of iron from its ores. The “iron stage”
meant a new series of discoveries and inventions again. For here the
composition of the metal or alloy is of secondary importance. The
ancients could prepare wrought iron and steel, though cast iron was
probably beyond their pale and produced incidentally now and then.
The different forms of iron which we know are essentially alloys of
jiron and carbon. By introducing a small percentage of carbon in the
practically pure wrought iron we obtain an alloy which by appropriate
heat-treatment can be transformed into steel. This introduction of a
small percentage of carbon was achicved in Antiquity by frequent
re-heating of the wrought iron in a charcoal fire between the ham-
merings. But the essential factors for the properties of the resuitant
iron or steel lay in the quenching, tempering, forging and re-heating,
in short in the working of the material. The 1ron stage therefore means
a completely new cycle of processes and operations, mainly centered
on the working of the metal. The new smith of this iron stage is
the smith whom the word always evokes in our mind. His stock of
trade is different from that of the older smith of the “ore stage”
though he has of course built up his world of knowledge on the foun-
dations of practice and experience of the earlier type. In the Iron Age
the specialisation at which we have already hinted was completed. In
classical times there is a fairly complete differentiation between the
miner and prospector, the smelter, who prepared the crude metal and
the alloys, the work of the blacksmith (Grobschmied), which con-
sisted in the making of large pieces and mass-products and the metal-
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worker (Feinschmied) who shapes the crude metal to small objects,
art objects and who effects small repairs.

In Homeric and classical Greece the metalleus, chalkeas or sidéreus
was still one who worked his own ores and produced finished metal
objects. But in Roman times the differentation had already proceeded
very far. Mining is conducted on truly industrial scale, metallurgy is
a real industry, that produces metal in bars and blocks; the blacksmith
and the different types of metalworkers are common figures in Ro-
man public life.

Apart from the different types of smiths already mentioned we
meet the itinerant smith or tinker (Wanderschmied). He is sometimes
a blacksmith, but more often shows the characteristics of the metal-
worker and is either a copper-smith or a white-smith or both. The few
examples of tinkers or smith-tribes, that are nomads and who still
work their own ore, may go to show that this type of smith existed
before the Iron Age. That the type became general with the coming
of the Iron Age is clear from many data. The typical tinker is the
gypsy, whose history is full of curious sidelights on the history of
metals. The Hungarians say ‘‘there are as many smiths as there are
gypsies”. They seem to have come from India and indeed their
language is intimately related with Sanskrit. Their word for metal or
iron is saster (compare the Sanskrit fastral), copper is called lolo(red)
saster, brass dscheldo saster (yellow iron), a typical nomenclature of
a people that was originally a tribe of iron-smiths, now the typical
tinker and copper-smith! We remind the reader of a similar feature
in Negro nomenclature, which also shows the precedence of iron to
copper in Africa! The gypsy is the typical tinker who carries his smithy,
anvil, firehearth and tools along and who works sitting, a position
quite impossible for a black-smith. At the same time he is the fortune-
teller and the musician, a combination that is a regular feature of
itinerant smiths in other regions. The Roumanians call him calderars
or tinker, and spoftors or white-smith and this again illustrates the
evolution of a people that left India as a tribe of iron-smiths. Still this
original occupation is extremely useful for the explanation of many of
the features of gypsy technique and this again shows the extreme
importance of the technical background of the smith.

SCHRADER had pointed out, that there is no general Indo-European
term for smith (71), but that terms were formed in the languages
belonging to this family after their separation and that the introduc-
tion of metallurgy among several of these peoples occurred at a stage
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when differentiation of the smith’s craft had already proceeded quite
far. Some of the terms for smith are connected with certain metals
(chalkeus, sidéreus, smith (from smida. metal?)), others point to
certain operations (£ovaci, compare the Latin cudere: cutting, a word
that was taken over by the Magyar, the Latts and the Ethonians) and
finally some which simply mean a worker, one who fashions (Lat.
faber). The same holds true for the names of the smith’s tools. The
identity formerly claimed for the Negto terms for smith and shaman
seems incorrect (15). Thus for instance the Bantu word ngangs
means skill, cunning, art, and applies to the smith as the shaman as
well!

The material given above will have convinced the reader that even
the most primitive smith must have been a very skilled person and
therefore CHILDE is quite correct in calling him the first expert (11)
whose work was a “full time job”. Though he works for the com-
munity of his tribesmen, he is unable to help them in producing food,
but they have to feed him in return for the goods produced by him.
The coming of the smith is therefore a social revolution, the effect of
which is still visible in the regard which both parties have for each
other among primitive people. It is true that the technical background
on which his trade was built up has changed considerably in the
course of many centuries, but it remained a factor which cannot be
disregarded if we want to discuss the social and religious status of the
primitive smith, There may be something in the saying that “the
smith has always a spark in his throat”, but his thirst was not always
materialistic and he acquired a wealth of knowledge and applied
science which were of the greatest importance to the evolution of
mankind.

v

Apart from the materialistic factors and the technical background
of the smith, which emerge clearly from the archaeological data, there
is little to help us in describing the social and religrous status of the
primitive smith. Still the ethnographical material of which we gave 2
summary will help us to determine the main characteristics.

1—First of all the place of the smith in primitive society wavers
between extremes. He is either honoured or despised, but always held
in awe. We cited CLINE's opinion which is essentially true. The smith
is bound to the place where he finds his ore and fuel (wood or chat-
coal), often for long, though he may wander away after a short time,
when the surface ores are exhausted as in the case of the Asur.
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Among nomads or pastoralists he is a social outcast, there he is
despised most because of his manual labour and the nomad treats him
with contempt and fear, because he does not understand his trade and
never will. There he belongs to the lowest castes or is simply a pariah,
this name is a term of abuse. Still they suffer him, for he is useful, he
forges the weapons which they use in warfare, which he is not allowed
to join. If his wives and daughters practice a little agriculture or col-
lect fruits, berries and the like, they despise them the more. But his
share is a honourable one with the agriculturalists, who as a matter of
course lead a sedentary life too. He forges their implements and he is
the wise friend of his villagers, who come to his smithy to study him
at work: he is their councillor, because he is clever, an expert who
often is an important trader and go-between, often chief, village-head
or councillor of kings, often priest or even a prince of the blood. Here
where social life is differentiated in the extreme he is at home and the
tan display his influence to its limits.

This of course holds true for the sedentary smith only, for the
tinker is truly despised everywhere though feared, just as the modern
peasant still identifies every gipsy with a thief.

Before proceeding let us survey the interesting details of the Java-
nese smith given in two publications by RASSERs (62) (63).

Nowadays the smith in Java is a poor-humble man, but all the same
he is still a special and honoured person. From the way in which he
is treated and also from his own behaviour it is clear that the belief
that his profession brings him into contact with supernatural powers
has not yet entirely disappeared. The word for smith is pande (expert),
a word used expecially for the black-smith, and empn or kyai (Lord,
master) as used for the armourer.

Gold-, silver- nor copper-smiths were called empu, but this term
was formerly used in Java to denote the iron-smuth in general though
it came to mean armourer later. In Bali not every armourer is called
empu but only those who forge superior weapons of magical power
or those destined to be used by princes.

In ancient Java forging was veiled in mystery and since the intro-
duction of the Javanese kris, the dirk of ancient fava, in the Iron Age
(between the fourth and seventh century A.D.) a whole literature arose
around the mysterious figure of the kris-smith, who often was
honoured like a prince of the blood. Under the government of the
princes they are said to occupy honoured positions at the court. The
smith could under certain circumstances represent the entire com-
munity. :
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In ancient Java the rdles of smith and prince more or less overlap,
sometimes their relationship is compared to that of brothers. Their
genealogy like that of the princes goes back to the gods. In Bali the
bar.gsa pande or guild of the smiths was originally a clan or genealog-
ical group.

Even nowadays when a kris will be manufactured the shabby smithy
is decorated to become a kayon, the stage for the performance of a
masked play or sacred ground. The smith is obliged to hand the small
model of a tent (taroeb) under the eaves outside, thereby making his
smithy a faroeb or sacral ground and a meeting place of the com-
munity. Originally the taroeb was the primitive tribal temple dedicated
to Banispati, the canibalistic Lord-of-the-Forest who is also Panji, the
tribal hero.

The pandjag is not only the smith’s assistent, but the assistent of the
gamelan or sacred band is also called pandjag!

The sacred offerings before starting the work on a kris are exactly
the same as those of other “rites de passage”, such as circumcision and
wedding ceremonics. Not only are the regulations of the decoration
of the smithy very strict, but the details of the fashioning of the kris
and the ornamentation of the weapon are carefully fixed in tradition.
The smithy is more or less the space in which the adventures of the
tribal hero Panji are enacted and the decoration of the kris inevitably
recalls the picture of the kayon, the triangular screen used in wayang,
which represents Panji or Banispati. Shape and motifs used for
damascening the weapon have acquired special significance and so
every wearer of a kris has chosen his weapon a shape and pamor most
suitable and auspicious!

2—1t is clear that the early smiths were organized either in castes
or guilds. Among nomads and pastoralists we mostly find smith-castes
which are always endogamous. The smith-caste lives apart in semi-
nomad tribes in a special quarter. They are often members of abori-
ginal subjects or strangers without rights but often members of the
same tribes without any anthropological or ethnological distinction.
Among the agriculturalists the stress lies on the guild-form of organi-
sation, but the smiths often retain traits of their original clan otganisa-
tion. Even here they often form a proud endogamous line of families
with long genealogies who ply their trade from father to son. The
pupils are initiated, a rite sometimes even applied to strangers and
strong links bind masters and pupils. Their pride often culminates in
their claim of royal blood. The trade secrets are jealously guarded,
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ethics are very strict among the guild-brethern and their number is
often limited. Gradually the guilds of gold- and silver-smiths, copper-
and bronze-smiths separate from the iron-smiths, who are generally
held in higher esteem as they forge the weapons and implements. Even
hete the iron-smith is seldom at the same time a warrior, he remains
at home to look after the supply and repair of arms. Sometimes the
smith-clan also embraces members who are leather-workers, wood-
carvers or who ply any other trade.

3—The smith is always a mysterious figure, whose work apart from
being a continous soutce of wonderment to the primitive tribesman,
is generally bound by traditional rites and ceremonies. The ritual of
the smith’s craft is generally determined by the religious systems of
their fellowtribesmen. The primitive societies hold that many pro-
cesses can not be carried out by anyone, at any time or in any circum-
stance. The operatives should be in a state of ritual purity and as it is
essential to ensure this various ceremonies and abstinences may
be necessary. The Bambala iron workers consider it impossible to
smelt iron without the medicine which they say transforms iron ore
into iron. The principal person therefore is the “iron doctor”, who
has jealously guarded knowledge of the different medicines. The work
is carried out in spring only! During the work the smelters live in
temporary shelters in a state of strict taboos. They may not enter their
own home, nor shall their wives wash, annoint themselves or put on
ornaments that would attract the attention of men, e.g. they are to
remain in the same state as bereaved widows. The men moulding the
kiln for smelting the ores are not allowed to drink any water (68)!
This example is typical for many other taboos and rites. Practically
every operation such as the lighting of a kiln, the starting of a new
piece of smithing, etc are carefully regulated and they should be
accompanied by certain offerings or ceremonies. This even covers the
digging of the ores. Especially sexual taboos are prescribed all over
the world. The smith has to avoid the company of women; no woman,
more particularly pregnant woman shall enter the smithy; the workers
often work naked. The fire shall be kept pure, for does not the god
who gives the smith power reside in it? The earth-fire is his assistent
and the invisible power that helps him to smelt the stones and trans-
form them into metals. The fire shall always be kept burning and
shall by purified by regular offerings. Religious hymns are sung
during the work, and the connection between the smith and music is
one of the most interesting themes of the many legends and myths.

»
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4—The smith is often identified with the magician or priest as is
evident from the examples which we have cited; even the nomad who
despises and fears the smith always considers the power of the smith
awe-inspiring. Does he not posses the power of the medicine-man as
he transforms the ores into metals? He must posses “strong medi-
cines”, often he is considered to be the only one, who should be
allowed to touch and work the ““dangerous stones”. The power of the
expert is soon expanded in different directions in the mind of the
primitive tribesman. He is often depicted as a great warrior, a magi-
cian, a robber, a merchant and he acquires important social functions
such as magician, master of the ceremonies in secret societies, etc. His
power is derived from the spirit-world with which he is in constant
contact. In European legends he learns his craft from higher beings,
dwarfs help him, the gods visit him or his power comes from the
“swarze Meister”’, the devil, and he takes part in the “wild hunt” of
the spirits of the dead!

His power is also evident outside his craft. According to Philon of
Byblos the ancient Phoenician author Sanchuniaton says that his coun-
trymen called the iron-smith chorosh which also meant ‘‘magician”,
probably because of the intricacies of iron metallurgy and his know-
ledge of the secret manipulations and necessary rites to purify the
“new, unclean metal”. In ancient Java (10) the smith bears the same
title as a priest.One of the most renowned magicians of ancient Java,
who floated on a leaf from India to Java and who understood the art
of making gold, was called Loh-Gawé, that is the Sanskrit lobakara
(metal-worker) rendered in Javanese. And nowadays the Protestant
minister is often honoured with a title closely related etymologically
to the Javanese word for smith. Javanese literature abounds with
wonder-tales of the smith, whose sakti(mana) is considered to be
£normous.

His curse is very effective and biting. “It is expensive to buy off the
curse of a smith” as the Negro saying goes. He has special powers to
detect thieves and to ban the devil. Because of his relations with the
spirit world he can see into the future and he often prophesies from
the slags of his furnace or the charcoal. He has healing powers,
especially if his line has practised the craft for generations, he can
prevent illness by hardening men like his iron! A special trait is the
power of the blood of the smith. This plays a large part in several
rites, for instance in the special ablutions necessary when one marries
the daughter of a smith. Spilling the blood of a smith is a2 dangerous
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thing, it is followed by a curse which only blood can wipe out, and
killing a smith can only be attempted by one who possesses considera-
ble mana.

But often his personal power is not considered sufficient for the
work. The Ba-Ila say that the efficiency of smelting operations depends
on the ritual purity of the smith, the power of the fore-man of he
smith or iron doctor and his medicines; the Pangwe ascribe the success
of these operation to the power of the ancestors, the spirits of the fire,
the magic of the plants and herbs, that are often added to the furnace
for reasons of the “sympathetic magic” type and the strictness with
which the sexual taboos have been observed. The smith is also con-
sidered to be dependent on the power of the metal and his tools.

Fig. 23. Smithy in ancient Egypt. Simple furnaces heated with bellows,

with baskets of charcoal. Removing crucibles with molten metal. Part

of a casting mould in the righthand corner, 1400 B¢ (from the grave
of Rechmire; WRESZINSKY, Atlar, 1, 316)

5—The power ascribed to the smith's tools is considerable. An old
Dutch rthyme says that “to touch something in the smithy, to taste
something in the chemist’s shop, and to read in a book of legends
and ghost stories, can be dangerous”. As we saw, it is often said that
the tools do the work, not the smith. This applies especially to the
smith’s hammer, which is often “loosened” by special rites. When
making the hammer, it should not be touched before it is ready. In
Angola the hammer is worshipped because it is connected with the
earth-spirit, as it forges the adze and other agricultural implements.
It is treated as a prince and fondled like a baby. The hammer is wot-
shipped all over the world, it is the symbol or implement “par excel-
lence” of the thunder- or fire-god, viz. Thor's hammer. The Evhe
smith of Togo talks of his tools as “the hammer and his family”. The
bellows are often worshipped, even by tribes who have no smiths, and
hung in the fetish-house. The anvil plays a large part too, for are not
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powerful medicine and curative mixtures “forged” on the anvilp An
oath on the anvil is considered to be particularly binding and many 5
magical rite of the smith is connected with the anvil. The furnace also
plays a part. The building is often accompanied by imitative rites. Two
children are placed in the new furnace and crack beans to imitate the
crackling fire, so that the furnace shall burn well later on. When
building it special taboos are observed.

Below it ate buried medicine or some sacrifice (often an embtyo!)
to make it more efficient. The smith shall never give his tools away,
lest he die!

6—Still more powerful is the metal itself. This belief dates back to
tne period before the smith when mankind learnt to know the native
metals gold, copper and meteoric iron. The awe for these “special
stones’” only grew when the smith learnt to smelt, melt and cast them.

Fig. 24. Metalworkers at work in the grave of Ipu-im.re, 1400 B.C.
Note the use of the blowpipe (WRESZINSKY, Atlas, I, 153)
In this respect we consider the awe for the power of the metal primary
and the belief, that metals were endowed with a particular power
because of the miraculous transformations that attended their manu-
facture, as a secondary factor in the wealth of beliefs.

The Negroes thought that the metals possess inherent mysterious
qualities either by virtue of their hardness and brightness when found
native or by the effects of the smelting operations. This latter belief
in the power of the metal as a “‘condensate’ of the power of the smith
is later. A very general belief is that fashioning a new metal may
bring along an epidemic to man and beast or a failure of crops (15).

The power of the metal is ascribed to its connection with the earth,
it is produced from a stone by fire. The metal is no less than a piece
of earth purified by fire, a piece of earth charged with mana, earth of
great potency. They who produce or handle these stones charged
with mana should possess mana themselves lest they incur all kinds
of dangers. The spirits of the earth and protectors of the metals
should be propitiated when digging the ores, a belief that is still
strong in fifteenth century mining and later. These charged stones
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from heaven (meteorites) and earth carry along part of the power of

the element from which they sprang. This is why both mining and
metallurgy have always had strong religious traits until very recently.
The fire plays a large part in these beliefs, especially the earth-fire,
that brings forth the metal in the womb of the easth. These charged
stones have the regenerating powers of the earth, they are less tran-
sitory than other stones. They are born from the earth and are still born
everyday! The legend of the growing metal is a very persistent one,
which lived until recently and played a large part in the world of the
alchemists. Just like everything that came forth from the earth the
metals possess the qualities of regeneration, growth and propagation.

The sexuality of the metals is a very early belief that is not yet dead.

By “marrying” male and female ores metals are born, these too have a

gender and the “marriage of the metals” is a special feature of medie-

val alchemy. This belief in the gender of ore and metal reaches back to

Babylonian times and possibly earlier, it created an organic cosmos,

which was generally reshaped by the reasoning of modern science into

a world of laws and mechanical processes.

Metals like the earth from which they sprang were subject to the
cosmic laws of birth, growth and death. We read in a Chinese book,
that when the people were ordered to dig for gold in the T'ung-t'ing
mountains, the metal assumed the shape of a cow which fled over the
crest of the range (32). Death and resurrection was their fate and the
smith, who worked these “charged stones”, performed a rite full of
secret dangers. As he conjured the metal out of its ore with the help
of the fire-god, his patron, he interfered with the harmonious growth
of the metals in the earth. Perhaps the sacrifice of an embryo when
building a furnace has the meaning of an expiatory offering, giving
one life for the other, or should we read in it the “charging” of the
metal with the budding life of the embryo? Purification and sacrifice
were necessary when interfering with the processes of Mother Earth,
abstinences and purity of the officiant necessary. The smithy was a
temple of the spirits of the earth and the fire; the smith a priest who
by certain rites could accelerate or cause the birth of the metals, the
furnace an altar on which the rite was enacted, The belief in the
growth of the metals led to the idea of their transmutation, inherent
in our mind to the doctrines of alchemy. Every metal was gradually
transfered to the highest state of perfection, gold, by the care of its

‘ mother, the earth. Men could accelerate this process under certain
circumstances. But the idea of transmutation is a late one and even
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the doctrines of the gender and growth of ores and metals may not
be as old as they are sometimes believed to be. But it is certain that
the belief that metals were bearers of power, earth charged with mana,
was very old. The rarer the metals were the more powerful (43)!

Later these doctrines were extended by connecting certain metals
with planets and gods and colour symbolism was introduced into the
theories. The astrological theory of metals is probably not older than
Neo-Babylonian times, though the connection of certain metals with
gods may be older. The theories about colours connected with certain
metals are older too, at least in part. This may be due to the fact that
ancient nomenclature was often devised on the colour of the metal
or alloy as we shall have occasion to point out. Gold for instance is
of old the metal of the sun, it has the power and life-giving properties
of the sun. Masks for the dead are made of gold and the Egyptian
king rewards his faithful subjects with the “gold of victory”.

Fig. 25. Smiths in the grave of Ipu.im-.re, 1400 B.C. Use of the blow-
pipe and the bellows. A crucible of molten metal 1s hifted from the fire
(WRESZINSKY, AHas, 1, 153)

But the field of study of this subject still lies fallow, at least for
the objective student. A mass of literature exists on the subject that
is written in a spirit of enthousiasm, bias and ignorance rather than
in a cool and critical state of mind. These questions of symbolism
especially the interpretation of pre-Hellenistic texts belong to the
most intricate problems of the history of religion and only a thorough
knowledge of the texts and the world in which they were written, in
which these beliefs grew and flourished, will really help us. It will
be seen, that many of these magical beliefs and rites go back to the
times when primeval man believed that by following the example
of the cosmos he could attain more power and become perfect. But
there are also traits that go back to the technical facts behind the craft
of the primitive smith. In different beliefs in the power of smith
and metal we retrace the struggle between the world of the Stone
Age and the new world of the Metal Age. We think of the part
played by the different metals in magic, especially in the taboo of
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several metals in certain rites and ceremonies (for instance the unhewn
altar of Jos. 8 : 31 or the circumcision rite). We also see the struggle
between the worlds of bronze and iron, especially in the strange réle
of iron in certain rites. It should not be used for certain magical
ceremonies, or it is expressily mentioned to give protection over other
metals. It bans devil and witch, horse-shoes are used against evil
spirits, a knive thrown into a whirlwind will strike the demon who
inhabits it; iron may give protection or even invulnerability against
rain, illness or even abortion. In short, iron protects against the demons
and spirits of the Bronze Age, but it should never be used when
evoking these powers.

Thus the use of certain metals in magical rites is a sure proof of
their antiquity, the frequency with which a metal occurs in these
rites an indication of their relative age. “'Late” metals like tin and
zinc are practically absent from magical precepts. But this leads us
from our subject and lest the reader becomes like “the smith’'s dog
that sleeps at the noise of the hammer and wakes at the crunching
of teeth” we must revert to our original theme.

\'%

This survey of the powers of the smith should be completed by a
summary of the gods and heroes of the smith though it belongs rather
to the domain of the history of religion. Many decades ago Ros-
SIGNOL (66) collected much evidence in a rather forgotten but excel-
lent book which gives much information on semi-mythical smiths-
tribes, demi-gods and gods of the smith and though much of his intet-
pretation will no longer stand in the light of modern evidence, we
at least owe it to him to have pointed out and studied this very im-
portant material which is not yet exhausted by far!

Among the historical smith-tribes the Chalybes, the classical smiths
of Pontus are prominent. The discovery of iron is ascribed to them
(AISCH. Prometheus 714; STRABO XII c. 549; PSEUDO ARIST. De
mirab. auscul. 481). They are said to descend from Ares (HEROD.
1. 28) and live in the region south of Trebizond, Sinope and Amisus,
in the country of the iron-ores. Probably they are the tribes that make
iron for their Hittite masters and later for their new masters the
Mossynoeci and Chaldaioi (XENOPHON Anab. IV. 3. 4; V. 5. 17,
Cyrop. III. 2. 7).

The Tibaren: (Tabareni) ate probably identical with the Tubal of
the Bible (69). This people comes together with the Mossynoeci as
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a Thacian-Phrygian tribe from the Balkans, but whether there is any
historical evidence to prove that they were smiths is still an open
question. Probably their fame was partly due to the Chalybes who
were their subjects. This is certainly the case with the Mossynoecs
«Muski), the later masters of the Chalybes. There is nothing of the
smith about the Tibateni as the classical authors describe them, on
the contrary they are said to be a care-free and gay people (HEROD.
III. 94; XENOPHON Anab. V. 5. 2; DIoDOR 14. 30. 7) that lived
partly in the Pontic plain, partly remained like the Muski, their kins-
men, in Cilicia after the Cimmerian migrations, which broke their
power as the heriditary enemy of the Assyrian kings.

Semi-mythical and partly historical are the legends about the Tel-
chines. They consist of seemingly historical traditions of smiths that
peopled Crete, Rhodos and Cyprus (from the continent of Asia
Minor?), but these traditions have been greatly overgrown by traits
of demon-smiths, powerful magicians with the “evil eye”, who could
change their shape at will and who were not always the friends of
mankind. They were often connected with the sea in later time. Four
namen are often given, Aktaios, Megalesios, Hormenos and Lykos,
who are said to have been born from the blood of Uranos. They
belong to the sphere of Rhea, the mother of the Cretan Zeus. Crete
is often called Telchinia! But it is very doubtful whether these pre-
Greek figures belonging to the sphere of Rhea and Zeus, really hail
from Crete; it is more probable that their original home was Phrygia
or at least the continent of Asia Minot. For the historical part played
by Crete in the evolution of metallurgy is far less important than the
legends of Greece would have us believe, they may be founded on
the fact that many metallurgical achievements may have come to that
country from Crete. According to Wissowa the words “chalkos” and
“telchein” go back to the same root, that is probably of Asiatic origin
(50) and connected with the Old Norse dfelch, dwarf. It may be
that the Telchines represent old gods or spirits of the Bronze Age
pushed back from prominence by the Olympians.

Prominent among the mythical figures are the Darctylo; who were
the first discover and forge the iron of the mountain-valleys. They
too seem to belong to the sphere of the Cretan Rhea (Diopor
V. 64-65), though there are other traditions that bring them from
Phrygia (PLIN. Nat. Hist. 7. 57). Mostly five male and five female
figures are mentioned. They come from Crete to Samothrace and
Olympia, in which latter place they are worshipped together with
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Heracles. They are not only skilful smiths but also musicians (PLurt.
de musica c. 5, 8. 3). They have many traits of the European dwarfs
and elves, who protect and watch their treasures in the mountain-
caves, work gold and silver and forge iron into steel. They serve
mankind by forging implements for house and field. But the European
dwarfs seem more than the Dactyloi, for are they not imbued of the
characteristics of the old nature-, earth- and death-demons and at the
same time half-buried memories of older cavedwellers who forged
and raised cattle, of aborigines, nomads, Finns, Celts and Gypsies?

The Curetes are their kinsmen, whom HOMER described as a tribe
of Aetolia. Later they are said to be the children of the Dactyloi.
They belong to the followers of the young Zeus and are also said
to have accompanied the child Dionysos in Phrygia. The myth of
their shield-dance which saved the life of the child Zeus is well-
known. Later they are said to have discovered the manufacture of
arms, especially in Euboeia. They were also worshipped in Ephesos
and Priene, but they are soon absorbed by the Corybantes, who came
from Eastern Asia Minor as their orgiastic traits show.

In close connection with the smith stand the Cyclopes, thunder-
storm- and fire-demons, often connected with volcanoes, smiths and
metalworkers of great skill. They were worshipped in the Peleponcse,
Corinth, Argos, Thrace, Rhodos and Asia Minor, some legends tell
that they were killed by Apollo who is also said to have killed the
Telchines. They are the smithing assistents of Hephaistos, who
are afterwards located with him in the Etna. They are often pictured
with traits of satyrs (pointed ears, etc.).

As in primitive times all craft is sacred, the evolution of smithcraft
had great influence on creation myths and we find smith-gods or
fire-gods among all peoples of Antiquity. Everyone will recall Agni,
Vulcan and Hephaistos and perhaps also the Babylonian Girru.
Brahma as a blacksmith creates man and the Michoacans of Mexico
believed that they were created from metal by a smith-god. The-
Toradja’s of Celebes have a subterranean smith-god, called Langkoda
(“the Lame"), who tests the souls of the Toradjas as to their “quality”
and the Smith of the Upper World (Proe¢ m Palaburs, the Lord
Creator and at the same time the Great Physician) reforges the souls
that have failed (7)! In the Rgveda Indra is the smith of the gods
and the Avesta recognizes the Ameneshpent Kshatra Vairya as the
genius of the metals. But the god of the smith, often the god of the
earth-fire is a typical example of an ambivalent god, both a saviour
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and a demon. Loki guides the hand of the blind Hodur when he
kills Baldur, just as the smith Kedalion guides the blind Orion and
a Jewish legend says that Tubal-Cain guided the hand of the blind
Lamech when he murdered Cain, Adam’s son.

Valcan is the most debated of the two classical smith-gods (2)
(65) (78). The French school of CARCOPINO and TOUTAIN make him
the god of the Tiber who later on inherits traits of Hephaistos, others
see him as an old Roman god of the fire as the destroying and puri-
fying element, who later on becomes the god of the smith-fire. But
he is also the god of the earth-fire (PLINY Nat. Hist. 2.240) and he
is worshipped with the vegetation and earth goddess Maia, perhaps
pecause of the fertility of the volcanic ashes. The arms of the con-
quered enemy are burnt in his honour. Then he appears as the divine
smith of the tubae for the Tubilustrum and he adopts the attributes
of Hephaistos, felt cap, hammer, tongs and apron. His cult in Ostia
is very old, but he has been coupled in vain with the Etruscan Séth-
lans who is far more like Hephaistos and works at Populonia like
Hephaistos at Lemnos. His son Cacus is nursed at Praeneste by the
Digidii (Dactyloi!) and the Etruscans teil that he forged the lightning.

One does not find these traits in the oldest texts on Vulcan and
Rase (65) therefore is inclined to believe him to be a god that came
from the eastern part of the Mediterranean, a god of the earth-fire,
who has similar traits as Hephaistos, who also hails from these regions.
But Vulcan must have come to Ostia at a very early date.

The figure of Hephaistos is better understood. His home country
seems to have been the Phrygian-Carian region, more specifically the
region of Phaselis and the Lycian Olympos (PLIN. 2.106) where he
manifests himself as a god of the earth-fire in the many burning gases
and where he was worshipped of old. He was also at home in Lemnos,
Naxos and Samos and came to Athens with the Carians or the Pelas-
ges where he was “married” to Athene. He is often pictured on the
coins of Asia Minor, but he is hardly ever shown as a crippled man,
which he is according to every legend. His assistents are the Dactyloi
and other dwarf-like figures who forge steel in the fires of the moun-
tains. Hephaistos is not the smith who forges the sun at dawn as
MANNHARDT claimed, but a fertility god of volcanic nature, the god
of the earth-fire. The Hephaistos of Lemnos was originally the lover
of Kabiro, the earthgoddess, who had accompanied him from the
East. KINAITHON calls him a cousin of Daedalos and HESIOD marries
him off to Charis or Aglaia (both earthgoddesses) but it was HOMER
Who claimed his marriage with Aphrodite. The wild, elemental side
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of his nature remains much longer with than with other gods. Still in
the Iliad (18.369) he is entirely the divine smith. Sometimes, for
jnstance when the fire is carried out into the world during the
Hephaistia he shows some traits in common with Prometheus.

He has also much in common with some of the supersmiths of the
legends like Wieland or Vonundr, Mimir, Ilmarinen and many others.
Wieland is lamed to keep him, Hephaistos limps like Vulcan. But
the Amazones used cripples as leather workers and copper-smiths and
many craftsmen are said to be cripples in Antiquity. Just as Jacob is
lamed in his struggle with God, Hephaistos is lamed by Zeus. But he
is generally represented (if so) as having only one lame foot, though
the legends say that he is lame on both. The most beautiful of all the
legends of supersmiths is that of Ilmarinen who forges the metal vault
of the high sky and the magic weapon sampo in the Kalewala (runes
8 & 9). Much remains to be done in further studies of this chapter
of the history of metalworking.

Vi

The discussion of Vulcan and Hephaistos have led us back to our
original plan of describing at least in outline the gradual social evolu-
tion of the smith from clan to caste and guild. Having surveyed his
early status in primitive societies and the characteristics of the early
smith we must now discuss the meagre data on the story of the smith
in the civilisations of Antiquity.

We shall start with Egypt because Greek writers always stress
their identification of Hephaistos and Ptah, the creator-god of Mem-
phis. The first to do so was HEropoTUS (II. 3) and many followed.
He was said to be the son of Nilus, to have reigned Egypt and some
authors like JOANNES MALALAs and JOANNES ANTIOCHENUS even
contend that he learnt the Egyptians to forge iron weapons. But Egypt
did not come to use iron generally before 1200 B.c.! DiopoR (I. 12-
13) even calls him a fire-god. Sometimes the name Hephaistia is used
for Egypt (HOPENER, Fontes..., pp. 301, 673).

This identification is made on very loose grounds. Ptah is first of
all the divine creator and earthgod, later on he becomes the patron-
god of all craftsmen, more specially of the carpenters and smiths, But
ail the important texts such as the famous Shabaka-text represent him
in his creative function only.

Now and then Ptah is called the “creator of all handcraft” (AR
IH. 28) and he is said to have formed “the mountains, the beautiful
precious stones and great mighty monuments”. There is also the ex-
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pression “electrum from the mountains and native gold from ... the
workshop of Ptah”, but this does not help us very much to under-
stand the Greek point of view. A very curious text is HEropoTus IIL
37, where we hear of an image of Ptah in the temple of Memphis
which is “a figure ressembling that of a pigmy”. Usually he is repre-
sented in mummy form. Perhaps we have a similar image on a cippus
of the British Museum of the Ptolemaic period (B.M. 36250) where
Ptah is shown as a dwarf on top of a staircase! Perhaps we must see
here as well as in the Herodotus text some foreign influence that
worked under the impression of the Hephaistos legends.

In the same passage HERODOTUS mentions a temple of the Kabeiri
at Memphis, where there were images of the “sons of Ptah”, the
Knumu (hnmw) dwarfs with short legs and long arms. The pnmw

Fig 26 Goldsmiths 1n the grave of Ti, about 2800 B c Heating the
metal 1 2 furnace with blowpipes Beating gold leaf. The undermost
row shows dwarfs at work (WRESZINSKY, Atlas. III, 34)

are sometimes called the children of Ptah but more often the children
of Re, they are said to have helped Ptah to fashion the world. We do
not know much more about them. When talking of the hnmw one
thinks of the representations of dwarfs on Egyptian reliefs, where they
work as gold-smiths. As long as they are represented with long arms
and crippled legs we have to do with crippled workmen, but in the
case of pictures of real dwarfs there is no reason to think that the
Egyptians used dwarfs as smiths to prevent them from running away
or because they had especially strong arms! The combination smith-
dwarf is known in many countries and may be a reminiscense of the
earliest smith who may have had short stature as a mountain people
working in the mines.

Metallurgy was an early art in Egypt and the silver- and goldsmiths
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were exceptionally clever. Perhaps when we read in WEILL's study on
the word 473 which originally meant “copper” but also came to
mean “something rare, curious or wonderful”. we may infer that we
find here something of the astonishment of the primitive man for the
products of the first smiths (82).

It was formerly often stated that one of the invasions in prehistoric
Egypt was that of “the smiths of Horus”, but this thesis of MAsSPERO
rested on the wrong translation of the word mifntyw which has
nothing to do with smiths but means “‘harpooners”. But unfortunately
this story is still found in many a handbook where it serves to prove
the originality of Egyptian metallurgy!

It is strange that we know practically nothing of the metal-workers
of ancient Egypt themselves. Whereas the ordinary metal-worker does
not seem to have been respected any more than his fellow craftsman
(24), the goldsmith seems to have formed an exception. Though he
is as little his own master as any other craftsman and though even the
goldsmith of the vice-roy (in the New Kingdom period) has to ask
his master for leave to attend a feast for Amon, they seem to have
enjoyed more respect from the higher classes. Generally speaking, the
goldsmiths and chiefs of the gold smiths have fathers and brothers
excercising the same trade, in the same way as the craft of the painter
or sculptor seems to have been handed down from generation to
generation in the same line. Under the Old Kingdom the smiths (or
verhaps only the gold- and silver-smiths) formed a guild that worked
under the supervision of the temple. It was thought until recently that
this guild was presided by a priest with the title “high inspector of
the artists” (wr hrp . w hmw .?) but this is now doubted as JUNKER
has argued very plausibly (APAW, 1939, No. 23, p. 29) that we
should read this title jirp hmiw .+ Wr (Atum!) and that therefore the
high-priest of Ptah in Memphis bore the title of “inspector of the
artists of Atum” and was not the chief of all the smiths in Egypt.
Though there is no sign of centralisation of the smiths, many priestly
titles show their importance.

We also read of metal-workers (ERMAN-GRAPOW's dictionary has
i3 . ti: Erz-arbeiter) but apart from a few texts without much infor-
mation this word is not used. It secems to form part of a surname
sometimes, thus in the papyrus Abbott someone bears this name with
the suffix p3 h3rw (the Syrian). But EERDMANS is not right in saying
(20) that we see only pictures of gold- and silver-smiths on Egyptian
reliefs, for though they are rarer we know of pictures of copper-
smiths, the casting of copper and furnaces!
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We do not know neither what the esteem was in which the smith
was held in ancient Egypt. One should not believe the words of the
papyrus Sallier (2.4.6): “Never did I see a smith as an envoy or a
gold smith with a mission, but I saw the smith at work in front of the
hole of his furnace. His fingers were like the hide of a crocodile and
he stank of the spawn of fishes”, for we read here a song of praise
of the trade of the scribe. It reminds us of Eccl. 38.28: “The smith
sitting by the anvil and considering the ironwork, the vapour of the
fire wasteth his flesh and he fighteth with the heat of the furnace: the
noise of the hammer and the anvil is ever upon his ears, and his eyes
look still upon the pattern of the'thing he maketh” or of Is. 44.12:
‘“The smith with his tongs both worketh in the coals and fashioneth
it with hammers and worketh it with the strength of his arms; yea, he
is hungry, and his strength faileth, he drinketh and is faint”. But here
too +he prophet is apt to exaggerate the fatigues of the smith’s work.

Nor is there known very much about the smith in ancient M e s o-
potamia. A Sumerian term for smith, SIMUG, is written with a
complex sign that is made up of two others, viz. that for “smith’s
fire” (FALKENSTEIN No. 325, which author calls it a smelting fur-
nace, though the pictograms very clearly show the picture of a basin
with burning charcoal as used by the smith) and that for “foreman”.
It seems certain that the word smith meant “foreman of the smith’s
fire”, which we can compare with the later Accadian nappihu, which
literally means “one who blows the (smith’s) fire”.

The smith in ancient Sumer was not a free craftsman; he was linked
closely to the temple-state economy that characterizes this ancient civil-
isation. He belonged to the Gi3-KIN-TI (craftsmen), who were con-
trolled by a priest-smith called saNGU. During Urukaginna's reign he
was even elevated to the higher rank of SANGU-GAR. So he was a bond-
man and remained so for many a century. Even the Codex Hammurabi
(par. 274) ordains that the smith shall receive a lower pay than the
peasant, because he is only a m#5kénn, a bondman, controlled and fed
by the temple. This does not mean, however, that he was a slave. He
was only controlled by the temple authorities and received his raw
materials from them to obtain his wages in return for the finished
goods. We hear that the temple-state had central storehouses called
AZAG-AN distinguished by a suffix running “place where ... is kept”
where the imported metal and other goods were stored. Here the
smith came to receive his assignements and the necessary raw mate-

_tials (70) to work them at home in his smithy. In return of the
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finished goods he received his pay. Several contracts between the store-
house keepers and the individual smiths have been found. As we shall
see this system persisted even after the smith had become a free man
again. We hear about 2 town called Dir-gurgurri (BAD-TIBIRAKi) that
was founded by Sin-iddinnam of Larsa and which seems to have been
an old Sumerian metallurgical centre as the name means “fortress of
the copper-smiths”. Its location is unknown but it flourished for many
centuries at it still figures in the correspondence of king Ham-
murabi, when transports of wood-blocks for the metal-workers are
mentioned (VAB VI, No. 54) and when it is the scene of an inquiry
of bribes taken by officials (VAB VI, No. 17) from the tribute of
silver. Unfortunately its exact location is unknown, but its excavation
might yield interesting results.

In the reign of king Hammurabi and his successors the old temple-
economy of the Sumerians broke up. The temple-guilds seem to have
declined and though they still have a certain religious prestige they
have a difficult time which grows worse in the Cassite period when
the guilds break up into guilds of free craftsmen. A great change is
wrought by the dissolution of the Hittite Empire about 1200 B.C.
under the pressure of migrations of peoples from the Balkans. The
monopoly of iron manufacture which this empire had for several cen-
turies was broken and many a craftsman and iron-smith was driven
from his home in Asia Minor. Already in the days of Hammurabi we
read of “1/3 mina of copper-ote(?) (erém) which they have added
for the Subartan” (CT VI, 25), which probably means that there was
a smith or metal-worker from Subartu, the mountain region to the
iorth working in Mesopotamia at that time. In Assyria Tiglath Pileser
already possesses large quantities of iron which becomes quite common
in the eighth century for the manufacture of weapons and clamps for
architectural purposes. Then of course Mesopotamia must have pos-
sessed its own iron smiths, though we can not expect any smelting on
a large scale in these river-valleys without sufficient fuel and ores, but
there seem to have been blacksmiths and metal-workers (79). They
remained valuable craftsmen and Sennacherib mentions expressily
that he carried off the smiths of Babylon and Nebuchadnezzar did the
same with those of Jerusalem (II Ki. 24 : 14; Jes. 24 :1; 29 : 2).

There was already much specialisation by those times. We hear of
the nappahu or black-smith and the gar-garru or metal-worker, the
latter executing more delicate work like casting, chasing and embos-
sing; while the jeweller or gold-smith is called nappih hwrdsi (KUG
DIM).



96 THE EVOLUTION OF THE SMITH

We know little of the religious status of the smith in Mesopotamia.
His patron-god was Ea, who is the patron-god of all craftsmen, later
on special patrons of every craft were created and the fire-god Girru
became patron of the smiths, and the goldsmiths. Some time ago
HrozNyY pointed out that the oldest Fara texts (27th century B.C.)"
gave the following version of the name of the hero Gilgames:
*“(dingir)gi3GIBIL . GiM . MES” which means “the man of the fire and
the axe”. This might stamp the national Sumerian hero as the patron
of all those who work metals and wood, e.g. smiths, goldsmiths, cat-
penters, etc. (36). This interesting suggestion, however, remains to
be proved.

The later dynasties have kept the old system of central stores of
raw materials which were given out to the smiths for refining and
working. If we take for instance Assyrian letters of the Sargonid era
(722-626 B.c.) we read (HARPER, 1194): “We have seen, we have
examined what was placed in the house of the scribe. We have smelted
23 minas of asfapi gold together with the alloys, it has been worked
up into foil, according to the measure which the king commanded,
Then it was locked up.” Another letter runs (HARPER, 114) “During
the month of Tishri the gold that the abarakku official, the court
secretary and I examined, viz.: 3 talents of refined gold, 4 talents of
unrefined gold, was placed in the store house of the chief of the
danibe-workers (metal-workers); he has sealed it. May the king issue
orders to the abarakku chief and the court secretary to open up the
gold, the beginning of the month being favourable, let them give it
to the artisans, so that they may proceed with the work™. But there is
always some danger in this system, for (HARPER, 1317, K. 5397)
“The iron which the king my lord gave to the smith for the work was
sold by him to certain merchants of Caleh... they are not willing...
five minas they are giving. Having taken courage they will bring it
down below”, so after all there seemed some chance of recovering the
stolen iron. But even at that time there was a lot of red-tape for
(HArPER, 91, K. 620): “In regatd to the wooden building wherein
the iron is stored which is in the palace of A33ur and about which the
king my lord wrote. I have interviewed prefects, city magistrates and
elders. (They say) “the district chief tears down and rebuilds. In as
much as he manages the affairs of the palace he is bound to repair the
cracks and should roof the building. But if a rafter decays the city
magistrate of A3¥ur should repair the damage.” Now (I am telling)
the district chief to gather my helpers, he is willing. I shall replace
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‘those rafters which are weak. This year is far advanced but by the
month Shebat the king my lord can come and give orders.”

We have already seen that the dissolution of the Hittite Empire
accounted for the %a.ndering of many Pontic smiths over the Near
East. Otherwise the quick spread of the working and use of iron at
that time would be much less intellegible. It is logical that these
groeups or clans of iron-smiths were not allowed to immigrate every-
where. As far as we can judge from the meagre data the frontiers of
the bigger states like Egypt, Assyria and Babylonia were officially
closed against these immigrants, whom the inhabitants of these
civilised «countries would hardly have distinguished from the wan-
dering bands of marauders in these troubled times. Therefore the ear-
liest signs of these iron-smiths are found with the nomads of the
Syrian and Arabian desert, where they were the ancestors of the typical
tinkers which we find at the present time in Arabia. These iron-smiths
possessed a mass of lore and knowledge quite different from that the
copper- and bronze-smiths who were already at home in the towns of
Syria and Mesopotamia for many a century.

The Kenites of the Bible must have formed a group of these
ironsmiths driven from their homesteads, though we would not con-
tend that there were no Kenites before 1200 B.C. or perhaps other
bands of tinkers outside the Hittite Empire, but the majority will have
spread over this region after the fall of the empire. EERDMANS has
published two studies on the Kenites (20) (21), these despised and
feared smiths and tinkers of the desert.

The nomads of the desert were those who despised them most, for
the Hebrews treated them with much more sympathy. EERDMANS
proved beyond doubt that they were tinkers, who did not belong to
the nomads but who were originally at home in towns, who lived in
the oases at that period and only took to nomad life much later. In
the Old Testament they live in the North (Judges 4:11) and in
Amalek (I Sam. 15 : 6), the Rechabites were their kinsmen (I. Chron.
2:55). Their name is derived from Qain, which means “smith”
(Gen. 4: 22). In this passage the original Hebrew text reads “a ham-
merer, an artificer in copper and iron”. Then we saw that Tubal has
some connection with the Tibareni of Pontus but not with the Persian
tiabal(slag) (GESENIUS) or with the name of the god GIBIL (now
read Girru) (PARTINGTON). They were mainly iron-smiths, who
worshipped a thunder- and fire-god in Sinai and EERDMANS suggests
that the sympathy between Hebrews and Kenites was caused not in

ForaEs, Metallurgy 7
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the last place by their god, who showed some traits of the God who
gave the Israelites the stone tablets. Moses takes the daughter of Hobab
the Kenite as his wife in the land of Midian that was rich in ore, so
that here again the Kenites live in a country where they could get the
ores which they required as good smiths. They seem to have worn a
tribal “sign of Qain” by which their god protected them against evil
spirits, in the same way as modern Arabs use such signs. The despise
in which these “townsmen” were held by the true nomads is well
expressed in the story of the shepherds and the daughter of Ruel the
Kenite (Exod. 2:17). But the Hebrews were not their enemies, the
tribes seem to have intermarried freely. Even the later Rechabites who
lived in tents were looked upon with friendship as a tribe who lived
mn a way that was not quite according to the Law, as a type of Nazi-
rites, who prohibited strong drink and wine and who did not practise
agriculture. By then the Kenites have already become the wandering
desert-smiths which DoUGHTY described so lively (Travels in Arabia
Deserta, 1, pp. 137, 278). If they are said to raise cattle even in the
older periods, this can of course not be taken as a proof that they
were nomads.

But these smiths were of the greatest importance to the nomads,
for they alone forged the iron weapons, which helped the nomads to
attain that superiority over the bronze-using troops of the civilised
states into which they carried their raids. The supetiority of the Hit-
tites, which seems to have been due largely to the possession of iron
and other superior weapons, and also the domination of Palestine by
a handfull of Philistines seem to have been due to their excellent
smiths. For “there was no smith found in all the land of Israel, for
the Philistines said, lest the Hebrews make them swords and spears!”
(1. Sam. 13 : 19).

The gradual evolution of the tinker to the state of a true nomad,
did not heighten the respect of the desert tribes for him, he remained
despised as the smith of the Somali or Masai or the Jewish smiths
of the Faladshas of Abyssinia. But he had become a necessary part of
the tribe, may be despised but suffered and even held in awe, His
status is a strange one. In every camp (25) there are one or more
families of smiths, who stand outside the Beddwin community. They
are generally “strangers from the Euphrates country or Iran”. They
marry among themselves or very occasionally with slaves, but they are
never permitted to take a bedu woman. These smiths work for the
camip as 2 whole, shoeing horses, making swords and reparing rifles.
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In summer they receive their fee based on the number of hotses to
buy clothing, grain and other supplies for the ensuing year. They take
not part in raiding and are not attacked by raiders. Their losses during
raids are recovered by their fellow-smiths in the enemy tribe and
usually they get some of the profits of raiding.

Nothing is known of the smith of the Indus civilisation, but in
Hellenistic India we find that the craftmen and tradesmen are
mostly associated in guilds. Some crafts like mining, gold- and silver-
working and the manufacture of arms were government under-
takings (76).

The manufacture of arms and agricultural implements were prob-
aly wholly in the hands of the state, and the craftsmen employed by
these government factories received food and wages for their labour. °

The factories for the working of base metals were supervised by
the “inspector of the base metals” (Lobddhyaksa), a central authority
for urban workshops and those in the country. But on the royal
domains the sitidyaksa supervised the smiths who worked there and
saw to it that their work was properly done. Therefore, there does not
seem to have existed a strict centralisation, but the situation that most
of the country smiths obeyed another authority than the urban smiths
is wholly in the line of the Arthacistra, the leading manual of state-
craft of the times.

Still from Buddhist texts we learn that not all the smiths were
employed by the state, as they seem to have lived in villages too and
to have fashioned agricultural implements freely for their brethern.
These smiths seem to have been placed under the supervision of the
local authorities.

In Homeric society (77) metals still take an important place in
private fortunes (Odysse XIV. 321) and the smith was an important
person, but in classical Greece we already find specialisation of
different branches of metallurgy even going as far as specialisation in
different types of arms. Between the sixth and fourth century B.C.
hours and markets were fixed for metal products in the different
Greek towns and in the course of our discussions we will be able to
mention many important metallurgical centres of Hellenism.

In Republican Rome different types of independent smiths are known
to exist, for instance they buy the crude metal of the Elban mines and
work them up to products which they sell again to merchants. 1hey
seem to have been organised in guilds, for PLINY says (Nas. Hist.
34.1): “In the distant past, a guild of copper smiths was third among
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those established by Numa” and PLUTARCH mentions this guild as the
seventh of ancient Rome. Every large city in the Roman Empire had
its smiths that worked the blooms of iron into tools and implements
for some of the local needs. Rome, for instance had a local guild of
smiths (fabri ferrarii), but also several individual ferrarii and the
guilds contained a lot of specialists apart from the ordinaﬁ iron-
smiths. At Milan there was a very large Collegium Aerarioram of
twelve centuries of members and that of Brixsa (Brescia) had an
unusually large number of members too! Aquilea too counted many
smiths among its inhabitants for it was deeply interested in the mines
of Noricum, where Roman state contractors lived, but only few fabri.

JIIEAN

Fig 27 In the workshop of Hephaistos, after a Greek vase (after
BLUMNER, Technologre etc)
But at various centers large production with slaves must have prevailed
if we look at the few inscriptions of individual ferrarii.

In the Imperial period Italian metal industry shows a generous
investment of capital and far-reaching division of labour.

At Puteoli it would be incorrect to speak of iron factories. Un-
doubtedly there were establishments of slave-worked forges under one
roof which specialised in certain articles for a wide market, but the
products carried no trade-marks! A dealer and wholesale merchant is
mentioned in an inscription. At the iron mines of Noricum it is more
likely that there was something approaching a factory system pre-
vailing. Noric iron had a2 good name all over the Roman world, but
always as a blade or tool, not as the ore or unworked wrought iron.

But again plain kitchen utensils and farm implements require the
service of many individual shops. These copper- and iron-smiths com-
‘biné the functions of craftsmen and czlesmen, often melting down
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articles of stock to supply material for immediate need. Eveh-at Capua
where silverplate manufacture was more or less a factory system, the
production of iron implements was often conducted in small shops
and in Rome we found many individual iron workers. Terra-cotta
tablets of the oldest tombs at Ostia mention ironmongers, cutlers, etc.
At Pompeii there were many retailshops or iron-ware probably sup-
plied from the factories of Puteoli and Capua.

Thus in our survey we found that the characteristics of the primitive
smiths have disappeared in the civilisations of the Ancient East and
that later on, we find guilds of smiths with little to distinguish them
from other craftsmen and little of the original peculiar social and
religious status. Only the tinkers of Arabia and their ancestors, the
Kenites and other itinerant smiths of Antiquity descended from the
Pontic smiths still have some of these characteristics. The other smiths
have evolved from clan and caste to guild and the individual smith
would have disappeared in the factory system of the Later Empire
had not the Dark Ages and the Middle Ages put a stop to this process
and returned to the smith some of his original individuality and crafts-
manship!

What the smith gained in individuality and craftsmanship in the
Middle Ages and after was largely lost again in the Industrial Revolu-
tion and the great social revolution that accompanied it. We all know
what happened after that and how the old rhyme:

"I heard that Smug the smith for ale and spyce
Sold ail his tools and yet kept his vice”

has come to be only too true! If to pursue the study of the ancient smith
further would mean understanding the factors which determined this
great change better, this alone would already make it worth while to
amplify and to go more deeply into the outlines of his craft and his
social and religious status sketched above. But even without such
an important return “‘a good peice steil is worth a pennie”.
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CHAPTER FIVE

TOOLS AND METHODS OF EARLY METALLURGY

Behold, I have created the smith that bloweth the coals’
in the fire and that bringeth forth an instrument for
his work. (Is. 54 :16)

Four things are essential to the early metallurgist, viz. ores, fuel,
blast air and tools, furnaces and crucibles.

The ores were mostly plentiful and of good quality in the Ancient
Near East; we will have occasion to discuss them and their deposits
when we deal with the different metals known in Antiquity.

But the fuel was often rather a problem. For the quantity and above
all the quality of the fuel determine to a large extent the temperature
attained in the furnace and this again is largely responsible for the
possibility of working certain ores and of using certain processes. In
other words the fuel determines to a certain degree the melting and
smelting activities of the early smith.

In this respect ancient metallurgy was seriously handicapped for the
production of coke from coal which gave an excellent hard and well-
burning fuel for the reduction of ores in large quantities is a recent
invention, Coke was not used for metallurgical purposes before the
end of the eighteenth century, at least on a large scale. However, char-
coal was an excellent though relatively expensive fuel which burned
well and was capable of reducing ores, though it was not hard enough
to bear heavy loads of ore and therefore charcoal-burning furnaces
could never attain the size of modern smelting appliances.

In ancient Egypt charcoal was available to the smith. It was exten-
sively burned in the eastern desert and the Sinai peninsula which
accounts for much deforestation in these parts. Samples of charcoal
have been found in Early Dynastic tombs at Naga el-Deir, in a First
Dynasty tomb at Saqqara and in the storerooms of the pyramid temple
of Menkaure. Though charcoal was found in Sinai too, this may be
charred wood, the latter being the original fuel. The “charcoal furnace”
found by PETRIE at Tell El-Amarna (El-Amarnab, London, 1894,
p. 26) is rather unconvincing, its construction is loosely described and
it belonged to a glass factory, while the author later said that straw
was used in this factory.
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But the existence of charcoal, the Egyptian g’b.¢ (Coptic djébbes,
djébes) is well attested and a special measure for this fuel was used,
the gér (ERMAN-GRAPOW, Wirterbuch, V, 206).

On the other hand it is also certain that wood was used in ancient
Egypt as the texts mention hf.n.sdt, literally fire-wood (ERMAN-
Grarow, Worterbuch, 111, 340). BAUERMANN found remains of
mimosa wood as still in use in modern iron smeliting of the natives of
Cordofan and tamarisk wood makes excellent fires, as does accacia
wood and that of the nabak tree.
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Fig. 28 Gathering brushwood for charcoal manufacture in Palestine
(after DALMAN, Arbert und Siite)

THEOPHRASTUS tells us that the Egyptians “use the roots of the
papyrus plant instead of wood for burning, for the wood is abundant
and good” (Hist. Plant. IV. 8.4.) and their “smiths use the root of
the sari grass, for it makes excellent charcoal because the wood is
hard™ (Hist. Plant. IV. 8. 5). This root of the sari grass is a producer
of good hard charcoal which burns with an intense heat, as does
accacia charcoal.

Other fuels available to the Egyptians were straw, chaff, animal
dung, reeds, rushes and sedges. Though most of these were used by
the potter and other craftsmen, the metailurgist used chaff for certain
smelting operations, for, as STRABO remarks (III. 2.8. c. 146): “gold
is preferably melted with chaff-fire, because the flame, on account of
its softness, is suitable to a substance that yields and fuses easily; but
the charcoal fire consumes much of it, it overmelts the gold and catries
it off as vapour”. STRABO's theory looks rather fishy!
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Grass and camel dung are used by the modern fellahin, they are col-
lected by children and dried in the sun to flat cakes, which form an
inferior fuel, that was certainly known in Antiquity too.

Portable charcoal fires are depicted on ancient Egyptian reliefs. The
use of olive wood and charcoal made from it is mentioned in late
Hellenistic Gnostic papyri. These charcoal fires easily attain a temper-
ature of 900° C,, and the temperature can be raised by the application
of blast air, it was therefore eminently suitable for the production of
small quantities of metal and it served the skilled Egyptian goldsmiths
well.

In ancient Mesopotamia charcoal was known from times immemo-
rial, as powdered charcoal was even used as a pigment in prehistoric
pottery. The charcoal called pénts, though used early always remained
expensive in a treeless country like Mesopotamia. The most common
wood used for the manufacture of charcoal was sarbatu-wood, which
is almost certainly either styrax wood or a similar gummy wood. It
was cut up into logs (4#r4) in the hot month of Api and the logs
were not bound up in bundles but stored under hides, if they were
not used for the manufacture of charcoal immediately.

There is an interesting letter in the correspondence between Ham-
murabi the king and his servant Sin-idinnam on the fuel supply, reading
(BM 26.234): “... Wood for ... the metal workers they shall seek
for you in Dr-gurgurri and there where there are more (metal work-
ers); then they shall cut for you 7200 logs of ... wood of a volume
of 10,20 and 40 cubic centimetres (?) and of a length of 1 m, 1.50
m and 2 m. Every lot of 300 logs shall be loaded into a freighter and
... brought to Babylon. Among the fire-wood that will be cut, there
shall be no wood that died in the forest. They shall cut green wood
only. This fire-wood shall be brought quickly lest the metal workers
sit down with empty hands.”

On the other hands date-kernels were used by the smiths as a sub-
stitue for charcoal, for STRABO says (XVI. 1.14): “The bronze-smiths
use the stones of the fruit (of the date-palm) instead of charcoal.”
Thorny shrubes called a¥dgy, which were found in large masses in the
desert were also used and probably the chopped straw or reeds and
the camel dung still used as a cheap fuel when burning lime or making
pots nowadays in Mosul served just as well in Antiquity. Neither was
the fuel-supply plentiful in ancient Palestine.

At present the storax tree and wild almond tree are no longer cut
for fuel but other wood is cut freely. In the Old Testament fire-wood
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'ésim is often mentioned, though it seems to have been scare on occa-
sions (I Sam. 24:22; 1 Ki. 19:21), and the glowing embers
(gahéler) are often mentioned as equal to charcoal. This live ember
(Prov. 25 : 22, 26 : 21; II Sam. 22 : 9, 13) is different from the char-
coal called pehdm (Prov. 26 :21) which is prepared in heaps and is
used by the smith. Only the fire transforms it into live ember. Then
dung and hay or chopped straw (£45) (Ez. 4: 15, Matth. 6 : 30) were
used, the remnants of olivepressing (géphet), kernels (gal’inin ), thist-
les and shrubs (sirim, hamdisim) also served for burning.
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Fig 29 Burmng charcoal-heap 1n Palestine
(after DALMAN, Arbert und Site)

In the classical period charcoal remained the principal metallurgical
fuel. We have several reports on its manufacture from classical auth-
ors, such as PLINY (Nat. Hrst. 14.122, 127; 16, 38, 52) but none is
so well-informed as THEOPHRASTUS whose description 1s not only
correct even for present conditions but his arguments on the proper-
ties which a good metallurgical charcoal should have are quite sound
and could hardly be improved. We will therefore quote the relevant
passage from his Enquiry mto plants (V. 9) in full.

“The best charcoal is made from the closest wood such as the holm
oak, for these are the most solid, so that they last longest and are the
strongest; wherefore these are used in the silver-mines for the first
smelting of the ore. Worst of the woods mentioned is oak, since it
contains most mineral matter (ash!) and the wood of older trees is
Jnferior to that of younger, and for the same reason that of really old
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trees is especially bad. For it is very dry, wherefore it sputters as it
burns; whereas wood for charcoal should contain sap. The best char-
coal comes from trees in their prime and especially from trees which
have been topped, for these contain in the right proportions the quali-
ties of closeness, admixture of mineral matter and moisture. Again
better charcoal comes from trees in a sunny dry position with a nor-
thern aspect from those grown in a shady damp position facing
south. Or if the wood used contains a good deal of moisture, it should
be of close texture; for such wood contains more sap. And, for the
same reason, that which is of close texture either from its own natural
character or because it was grown on a dry spot, is, whatever the kind
of tree, better. But the different kinds of charcoal are used for
different purposes; for some uses men require it to be soft; thus in the
iron-mines they use that which is made of sweet chesnut when the iron
has already been.smelted, and in silver-mines they use charcoal of pine-
wood; and these kinds are also used by the crafts. Smiths require
charcoal of fir rather than of oak; it is indeed not so strong, but it
blows better into a flame as it ts apt to smoulder less: and the flame
from these woods is fiercer. In general the flame is fiercer not only
from these but from any wood which is of open texture and light, or
which is dry; while that from wood which is of close texture or green
is more sluggish and dull. The fiercest flame of all is given by brush-
wood; but charcoal can not be made from it at all, since it has not the
necessary substance.”

“They cut and require for the charcoal-heap straight smooth billets
for they must be laid as close as possible for the smouldering process.
When they have covered the kiln, they kindle the heap by degrees
stirring it with poles. Such is the wood required for the charcoal-heap.”

‘For the crafts requiring a furnace and for other crafts various
woods are servicable according to circumstances. For kindling fig and
olive are best, fig, because it is tough and of open texture, so that it
easily catches fire and does not let it through, olive, because it is of
close texture and oily.”

In another passage he adds (III. 8, 5, 7): “The scrub oak gives
poor wood for burning charcoal as does the sea-bark oak ... The wood
of the Turkey oak is even more wretched for burning and for making
charcoal for the charcoal is entirely useless except to the smith, be-
cause it springs about and emits sparks.”

Furthermore he discusses the manufacture of tar as a by-product of
the production of charcoal (IX. 2. 1).
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PLINY recommends the use of wood from coniferous trees, cypresses
of terebinths for the manufacture of charcoal in the passages men-
tioned above, but he is mainly concerned with the manufacture of tar
and similar products.

In Populonia SiMONIN found the remnants of oak and chesnut
charcoal. STRAKER found birch, oak, hazel and maple charcoal on
Roman smelting sites in the Weald, and he gives further information
on the fuel of post-Roman metallurgy.

The charcoal-heap or pile (pit) is called Mesler in German and
myt in Dutch, words both derived from the Latin meta (a cone-shaped
heap) and thus here is another proof that little has changed in the
method of charcoal-burning. Charcoal and wood were the two popular
types of fuel in the classical world and charcoal had the advantage of
being more concentrated “heat”. As PLINY expresses it (Nat. Hist.
36, 201): “It is only when ignited and quenched that charcoal itself
acquires its characteristic powers, and only when it seems to have
perished that it becomes endowed with greater virtue.” It was ex-
ported from production centres like Magna Graecia and Macedonia,
Mt. Ida and Gaul to many other quarters of the Roman world, where
the price was usually carefully regulated as was the sale of fuel. We
have a good example of the regulations from Delos (Inscr. Délos,
509).

It is often said that many regions of the Ancient Near East were
deforestated by the cutting of the trees for the burning of charcoal,
but this is largely exaggerated. Of course the fuel supply for the
metallurgical centres was an important factor in this process, and as
STRABO says (XIV. 6.5): “In ancient times the plains of Cyprus were
thickly overgrown with forests, and therefore covered with woods and
not cultivated. The mines helped a little against this since the people
would cut down the trees to burn the copper and the silver and the
building of the fleets has further helped....” But there are certainly
other and more important factors that stimulated deforestation and
one of these was formed by the numerous goat-herds kept in the
Mediterranean region since Antiquity. It can be said without exagger-
ation that the goats have denuded many a fertile region in Greece,
Malta and other parts of the Ancient World. Still in the neighbourhood
of mines charcoal burning must have done much damage. On the island
of Elba the best iron ore of the Roman world was found, but the local
wood and charcoal had apparently already given out before the Empire
and the ore had to be transported after roasting to Populonia to be
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smelted there, where wood and charcoal could be easily obtained from
the Ligurian mountains. PLINY complains that “the effect of the
shortage of fuel on the roasting operation is particularly noticeable in
Gaul, where the second roasting is carried out with charcoal instead
of wood” (Nat. Hist. 34, 96) and he also comments on the shortage
of fuel in Campanian metallurgy (Nat. Hist. 34. 67) and therefore
there is some truth in the statement of the effect of metallurgy on
deforestation. But the supplies of wood and charcoal remained plenti-
ful in Antiquity even if cheap local resources may have given out and
smelting continued to use these fuels for many centuries without dif-
ficulties except perhaps somewhat higher charges on the fuel bill.

According to THEOPHRASTUS (de ign. 37) briquettes were also
made in Antiquity by pressing together charcoal, pitch and tar, the
latter serving as the cementing medium. It is not known whether
these briquettes were ever used in metallurgy, but this is improbable.

A similar exceptional case is the furnace mentioned in the apocry-
phal “Prayer of Azaniah” (written after 170 B.C.) which is said to be
heated with naphtha, a fuel which was also used in certain baths of By-
zantium, but which is not known to have been used in metallurgy
until very recently, for special metallurgical furnaces.

There are, however, different members of the coal family which
are mentioned as fuels by the Ancients. BAILEY in his note on the
gagates mentioned by PLINY (Nat. Hist. 36.141) says that “Theo-
phrastus (Lap. 23-28) gives an account of quite a variety of minerals
from Thrace, the Lipari islands, Sicily and Liguria, all of which burn,
an account which leaves the writer in no doubt that, in addition to
asphaltic materials, some varieties of coal were known to the ancients”
though their inflammability when moistened with water and the
subsequent quenching with olive oil is a fable of course.

There are some references to lignite such as the passage in THEO-
PHRASTUS' Lapidary (16): “Those products of mining which are called
carbo (anthrax) are found as earthy stones, they can be kindled and
burn up wholly like charcoal. They occur in Liguria and in Elis on the
road over the mountains to Olympia. These coals are used by the smith”
and DIoNYsIOs APHRUS refers to “an earthy and sulphurous mass, like
coals, which the smiths and inhabitants of Britain use to a large extent
as fuel”. They do not seem to be true coal as DAVIES supposed. At
Velem St. Vid there is certain proof that lignite was used in the
metallurgical processes.

There is, however, no proof that peat was ever used, though it i§
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mentioned by Tacrrus (Amnmals 13.57) and PLINY says (Nat. Hist.
XVL 1): “The Chaucians collected mud with their hands dried more
by means of the wind than by means of the sun and therewith warm
their limbs which are stiff because of the northern colds.” It would
have been of little use. But in the case of true coals we have certain
proof that they were used by the metallurgists of the classical world.
Its value was not appreciated quite fully by the Romans and they
neglected such coal-fields as Esterel and Clermont-Ferrand in Gaul.
Owing to its impuritics (especially sulphur!) it was always a bad
substitute for charcoal until coking was discovered in the eighteenth
century and the noxious substances could be removed to obtain a
fine, hard fuel. But coal was used for domestic purposes in provinces
where it occurred in surface outcrops especially in Britain. CUNNING-
TON gave quite a list of references of finds of coal in the remains of
Romano-British villas which go to show that in Roman times coal
was certainly used and even transported over rather large distances
probably by means of packhorses. This coal was often found in asso-
ciation with iron slags and it was appatently used for smelting lead
at Pentre.

After surveying all the archaeological evidence obtained in Roman
Britain we can say that in most places where coal crops out within the
Roman area it was worked more or less systematicaily in Roman times.
This exploitation was most systematical in the civilised south-west,
where Somerset coal came into extensive use even among the poor
and secondly in the military north where Tyne-valley, Cumberfand
and Scottish coal were regularly used in the frontier-forts. The col-
leries of the Wall districts were no doubt under military control, but
we have no evidence as to the control and management of the others.
From the association of coal and iron slags it would seem that coal
was used in smelting iron though not frequently.

Summing up our evidence we must conclude that charcoal was and
remained the principal metallurgical fuel in Antiquity and that wood
was also used extensively. In the Near East certain local fuels were
certainly used as they are nowadays and in some Roman provinces
coal seems to have been used to some extent. Once the different types
of furnaces are known in detail it will be interesting to measure the
temperatures obtained with these fuels in the ancient kilns, as such
figures would go far to help us to understand the metallurgical pro-
cesses, usually described so loosely by the ancient authors.

The thi