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Foreword by the Ambassador of the
Federal Republic of Germany to Iran

Iran and Germany share a great interest in culture
and science. Science and civil society are therefore
in lively exchange. The exhibition cooperation be-
tween the Iranian National Museum Tehran and
the German Mining Museum Bochum is part of
this commitment.

Thanks to the cultural exchange, we can sustain-
ably consolidate relations between Iran and Ger-
many at various levels. We create understanding
for the counterpart, we arouse interest and, in the
long term, we strengthen the bonds between the
people in Iran and Germany.

For this reason, the Foreign Office in Iran is com-
mitted to the preservation of culture. The aim is
to impart knowledge and promote sustainable ar-
chaeological work. For example in the project for
the historical salt mining of Chehrabad, where the
most important finds, salt mummies over 2000
years old, are cleaned and further preserved with
the help of financial support from the cultural
fund of the Foreign Office.

I would like to congratulate everyone involved and
especially the committed organizers on the suc-
cessful completion of this extraordinary bilateral
exhibition project. Thanks go to Minister Ali As-
ghar Mounesan, Dr. Mohammad Hassan Talebian,
Mr. Mohammed Reza Kargar, Dr. Jebrael Nokandeh
as well as Mr. Amir Arjmand on the Iranian side
and in Germany Prof. Dr. Stefan Briiggerhoff, Prof.
Dr. Thomas Stollner and Dr. Natascha Bagherpour
Kashani.

[ wish you all all the best with your exhibition
work and the visitors - on site or virtually - excit-
ing tours!

Hans-Udo Muzel
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Human Search for Resources-
a Preface

“Human Search for Resources” is the title of a
joint exhibition between the German Mining
Museum Bochum, the National Museum of Iran
and the Zanjan Museum of Archaeology and Salt
Men, which seeks to show the history of human
experiences and achievements in mining. Tools,
quality improvement and technical capabilities,
efforts to dominate the surrounding nature, ex-
tract resources and add them to human assets and
resources that led to the development of technol-
ogies, the formation of professions, trade and spe-
cialization of industries. The thousands of years
of human-mining relationship and its role in the
development of human culture and civilization is
so great that not a single bit of this importance has
diminished over time, Mineshave been present in
parallel with the most important economic, social
and cultural changes in all eras.

In collaboration with the German Mining Muse-
um Bochum, for the first time, the National Muse-
um of Iran has organized an exhibition of archae-
ological finds from five continents and nearly 20
countries. 200 artefacts will be shown, such as the
findings of the Austrian salt mines, the relief of Lin-
ares from Spain, the findings of mine installations
from Germany, ancient metal objects in the Jordan
Valley, stone artifacts from Peru, Germany, Georgia,
Egypt, Greece, New Guinea, etc. each of which is a
valuable symbol of human heritage honors and hu-
man interaction with natural heritage.

In parallel, the National Museum of Iran is
holding a reciprocal exhibition entitled “Death by
Salt: An Archaeological Investigation in Persia”
at the German Mining Museum Bochum and the
Frankfurt Archaeological Museum. Iran and Ger-
many expose the remains of the Chehrabad min-
ing from the Achaemenid period to the present
day. It should be noted that the National Museum
of Iran in 2004 held the exhibition of the glory of
ancient Persia (Persia’s Antique Splendour) in the
German Mining Museum of Bochum. The cooper-
ation of these two museums fortunately has been
growing in the fields of research, protection and
restoration of cultural materials and in the field of
exhibitions.
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These exhibitions are held at a time when all coun-
tries of the world are involved in the spread of the
corona virus. An event in a difficult but promising
environment: difficult because the interaction
and direct communication of a not so small team
to hold this exhibition from Iran and Germany in
compliance with health protocols has not been
easy especially when making arrangements for
safe and free conditions. If you take the risk for
managing visitors and keeping everyone healthy
during the event, it will be complicated and cost-
ly. But, despite all this, holding this exhibition is
promising. First, the National Museum of Iran and
the German Mining Museum of Bochum, Germany,
during the conflict with the control and preven-
tion of the coronavirus and the partial closure of
museums around the world, have not canceled
their current activities and have practiced on spe-
cialized topics until today. This achievement is vis-
ible. Secondly, this current exhibition strengthens
our hope of returning to a normal life in the world
free of the corona crisis, and more importantly,
museums and professionals can fulfill their social
responsibility role in any situation and fulfill their
mission by advancing specialized programs. This
exhibition can bring a wave of hope and joy to the
audience and visitors and remind them that hu-
man beings even when disappointed in the millen-
nia of history have overcome problems by using
their genius and talent.

In conclusion, we would like to express our grat-
itude to Dr. Ali Asghar Mounesan, Minister of
Cultural Heritage, Tourism and Handicrafts, to
Mr. Mahmoud Farazandeh, Ambassador of the
Islamic Republic of Iran to Germany, Ministry of
Foreign Affairs of the Islamic Republic of Iran,
and especially Dr. Delkhosh, Director General of
Diplomacy Public and Media, to Mr. Zarei, Head
of Cultural Cooperation, Diplomacy Center of the
Ministry of Foreign Affairs, to Dr. Kiani, Director
General of the Culture and Communication Organ-
ization, Mr. Mehdi Babakazemi, Consul General of
the Islamic Republic of Iran in Frankfurt and his
colleague Mr. Arefipour, Dr. Izadi, Director Gen-
eral International Ministry of Cultural Heritage,
Tourism and Handicrafts and his colleague Ms.
Naqdi. From all the esteemed officials of the Gov-
ernment of the Federal Republic of Germany, we
especially thank the Ambassador of Germany in
Tehran, Mr. Hans-Udo Muzel, and the First Secre-
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tary and Head of the Cultural Department of the
German Embassy in Tehran, Mr. Stefan Reitze and
the North Rhine-Westphalia officials. Prof. Dr. Ste-
fan Briiggerhoff, esteemed director of the German
Mining Museum in Bochum and the Director of the
Frankfurt Museum Dr. Wolfgang David have to be
included to our thankful remembrance. We are es-
pecially grateful to Professor Dr. Thomas Stollner
and his team for their tireless work on the scien-
tific and executive coordination, because without
their efforts, this exhibition would not have been
possible. Also, from our honest and hard-working
colleagues, Mr. Yahya Rahmati, former General
Manager of Zanjan Province, Dr. Fereidoun Biglari,
Deputy Minister of Culture and Head of Paleolithic
Department, Ms. Nina Rezaei, Head of Introduc-
tion and Education Department

I would like to thank Mr. Yousef Hassanzadeh,
Head of the Research Group, Mr. Javad Nasiri, Head
of the Property Office and Ms. Masoumeh Ahma-
di, Head of International Relations at the Nation-
al Museum of Iran, and Dr. Natasha Bagherpour,
Frankfurt Archaeological Museum, who facilitat-
ed the communication between the two sides. A
heartfelt thank you.

Jebrael Nokandeh
(Director General of the National Museum of Iran)

Mohammad Reza Kargar
(Director General of Museums and Cultural-His-
torical Movable Property)

Amir Arjmand,
(General Manager of Cultural Heritage, Tourism
and Handicrafts of Zanjan Province )

Mohammad Hassan Talebian
(Deputy Minister of Cultural Heritage)
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70 years of mining archaeology at the
German Mining Museum Bochum-
an introduction

Raw materials and resources play an increasing-
ly important role in the social debate today. It is
a debate that is mostly in conflict between econ-
omy and ecology that we perceive here. It is of-
ten conducted with a view to the accessibility
and safeguarding of basic materials as well as the
share-holder value of deposits on the one hand
and the impact of the extraction and use of raw
materials on the environment on the other. How-
ever, this debate obscures the view that raw mate-
rials and resources are thought of deeply in cultur-
al categories. Their “use” results from needs and
technical knowledge that people have acquired
over millennia in dealing with their environment.
The ,entanglement” of people with their environ-
ment and resources and the relationship between
this ,entanglement” and social, technical and eco-
nomic change are being explored in a technical
and methodological range by the research areas
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of the German Mining Museum/Deutsches Berg-
bau-Museum in Bochum (DBM). In principle, a
retrospective perspective is assumed, but in or-
der to be able to make deductions for future de-
velopments. Different transformation processes
can thus be examined from different scale per-
spectives. How did small-scale action processes of
raw material appropriation initially develop into
cultural constructs (e.g. through technical knowl-
edge and learning processes; through the practice
of extraction, etc.)? How are these processes to be
found in the appropriation and construction of so-
cial spaces and ultimately in social transformation
processes? Which interactions between knowl-
edge, technology in (pre) historical societies and
economic and social change can be observed?

The central work result of the last few years is
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the creation of the new permanent exhibition,
which opened in 2019, through which the Ger-
man Mining Museum tries to take up this debate
and to show georesources from different per-
spectives of cultural, economic, technical, social
and ecological development. After the reopen-
ing of the new permanent exhibition, the DBM is
starting its new special exhibition program with
the show ,Death by Salt‘, and with this project
follows on from the exhibitions with an archaeo-
logical focus known for the DBM. In the German
Mining Museum an exhibition will be shown
on a topic that deals with the Iranian-German
research project in the salt mine of Chehrabad
in the province of Zanjan. No fewer than eight
miners have had fatal accidents there since the
Achaemenid period. They had to give their lives
for a vital raw material. There is hardly a bet-
ter way to show how closely the weal and woe
of human societies are linked to the extraction
of raw materials. These interrelationships have
always been conscious in mining areas, but are
often overlooked in today‘s increasingly uproot-
ed urban societies.

This is where the German Mining Museum comes
in with its exhibitions. And, it is also the tenor
of the special exhibition that our house has re-
alized with our Iranian partners at the National
Museum in Tehran. Here the search for and ap-
propriation of raw materials by early societies is
discussed, a topic that is central in Iran. Iran is
very rich in mineral raw materials. Research has
known for a long time, Iran was a ,Heartland of
Early Metallurgy“. On the central plateau and in
the regions of the Zagros, metal ores have been
extracted and used since the 8" millennium, but
lithic raw materials were exploited much earlier
by early hominids such as the Neanderthals. [ran
is a country that is just four times the size of the
Federal Republic of Germany, but as rich in raw
materials as all of Europe.

The focus of this exhibition is not on the histo-
ry of raw materials in Iran, which the DBM has
been involved in researching since the 1970s.
It is about other parts of the world, in which
our house has researched. The DBM carried
out the first mining archaeological research in
1951 together with the Basel professor Elis-
abeth Schmidt on the ,Kachelfluh in Kleinkems.
There, a mining on jasper from around 4000 BC
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In 1993, with the help of the Deutsche Forschungsgemeinschaft (DFG),
digging started again in Tzines on the northern Greek island of Thasos.
Fauna remains and 14C data confirm: At 20,000 years ago it is the oldest
red ocre pit in Europe; Gerd Weisgerber with employees in front of the re-
cent open-cast mining wall that opened up prehistoric mining (above); Jan
Cierny exposing various surfaces in pit 2 (left); overburden from red ocre
mining with thousands of antler and bone teeth as well as stone mallets

(right); photos: DBM, Jan Cierny, Gerd Weisgerber.
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could be investigated. With the proof of fire-set-
ting as an extraction method a unique testimony
to the early art of mining is at hand. In the two
decades that followed, research continued with
various colleagues, in the Alps, but at many oth-
er European sites. When a medieval mine was
researched in 1971 with the excavations on the
Altenberg near Miisen, it suddenly became clear:
The museum needs a mining archaeologist. In
1973 the time had come. Gerd Weisgerber, the
first full-time mining archaeologist, was hired.
The decades since then have developed very dy-
namically. The DBM was active in different parts
of the world, so in Timna, Israel, in Fenan, Jor-
dan, in Oman, on Thasos in Greece, in Iran, in
Central Asia and also in different places in Eu-
rope. With the number of projects, the breadth
of the research perspective and the interest of
archeology in raw material issues grew. Mining
archaeology at the DBM has also been expanded
in terms of personnel and, together with archae-
ometallurgy, has been researching early raw ma-
terial issues since then. In 2000 the position of
Gerd Weisgerber switched to Thomas Stéllner,
who not only brought new research topics to
the DBM, but also systematically anchored early
raw material archaeology in academic teaching.
The number of especially large collaborative re-
search projects continued to increase, and so did
the number of research employees. Doctoral and
post-doctoral programs also made numerous
junior projects possible. Today the DBM is active
in many landscapes and with many minerals.

The present catalogue therefore gives an over-
view of the research from 70 years of mining
archaeology at the DBM. Some of the objects
are unique and were given to us as samples or
as gifts from research partners. Many things
were brought to the Mining Museum before the
1950s, such as the famous Linares stone, which
a German engineer presented to the house in the
1940s. It shows a group of miners who are ob-
viously on their way to work. It was found near
the very silver-rich Linares-La Carolina mine in
the Castulé mining area. The area was known as
»Mons argentarius” (silver mountain) to the an-
cient author Strabo. In the settlement nearby the
mine there were also public stone buildings. The
bas-relief must have been used in such a context.
As nice as the successes of 70 years of research
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In 2000, research in Iran can be resumed for the first time since the revolu-
tion. In Veshnaveh, copper mining is being researched at over 2,000 m above
sealevel: The Chale Ghar mining area (above); b: Mine 1 in Chale Ghar brings,
as a surprise, the remains of a Parthian-Sassanid sacrificial site that is rich in
finds (left), thousands of vessels and pieces of jewellery were documented
over the deposits of the Bronze Age mining; the Iranian student Majid Kouhi
exposing a profile through the deposits of the sacrificial site (right); photo:

DBM / ICAR, Kourosh Roustaie, Gero Steffens, Thomas Stollner.
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are: The evidence of the old extraction of raw
materials is more endangered than ever. With
modern mining, traces of the old mining are dis-
appearing and with them the evidence of the hu-
man creative and engineering spirit. Just a few
years ago in Georgia, our team was able to expe-
rience how much shareholder value can directly
influence the production of mineral raw mate-
rials and thus also the destruction of important
mining archaeological evidence. The demonstra-
bly oldest gold mine of humanity, investigated in
Sakdrisi in southeast Georgia, was sacrificed to
the economic interests of the shareholders in
the course of a short-term rise in the price of
gold. As is so often the case, we only can have the
role of the spectator. It is all the more important
that the scientific documentation of such plac-
es is preserved for the future and posterity and
that it is made known to the public.

In this respect, we gladly accepted the invitation
from the Iranian National Museum to tell the
story of raw material extraction with the help of
the objects kept in our house. As unspectacular
as some finds are, their statement about this sto-
ry is just as important. The Persian text of the
catalogue would have been not possible with-
out the terrific work of Dr. Nima Nezafati and
by Dr. Yahya Kouroshi. Likewise, the exhibition
and the catalogue would not have been prepared
without the engagement of Dr. Gabriele Korlin,
Dr. Jennifer Garner, Dipl. Ing. Gero Steffens, An-
nette Hornschuch and Fabian Schapals as well as
Hans-]6rg Lauffer.

We are especially thankful to the Iranian Nation-
al Museum in Tehran, the Zolfaghari Museum in
Zanjan and the Iranian Cultural Heritage Organ-
ization and their responsible persons, above all
Minister Ali Asghar Mounesan, Vice Minister Dr.
Mohamad Hasan Talebian, Dr. Mohammed Reza
Kargar and Dr. Jebrael Nokandeh, the General
Director of the National Museum. They all have
carried out this project with great effort in the
current Covid-19 pandemic. The team at the
National Museum, especially Dr. Jebrael Nokan-
deh, Dr. Fereidoun Biglari, Mrs. Nina Rezaie, Mrs.
Firuzeh Sepidname and many other employees:
thank you very much. We owe the German Em-
bassy, in particular the Ambassador Hans-Udo
Muzel and the cultural attaché Stephan Reitze,
as well as the German Archaeological Institute
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with the Tehran branch, in particular Dr. Judith
Thomalsky numerous supports.

We are of the opinion that the joint cooperation
is an important pillar of mutual understand-
ing and a bridge, just as Johann-Wolfgang von
Goethe did a little over 200 years ago with his
homage to the Persian poet Hafiz and his poems,
wisdom and aphorisms. The West-Eastern Divan
is an important evidence of this important and
border crossing bridge. We hope that the “Hu-
man Search for Resources” exhibition will also
contribute to a deeper understanding of our so-
cieties and thus stays in line to thoughts once ex-
pressed by German and Iranian scholars.

Thomas Stollner

Underground excavations are still part of the core of the mining archae-
ology research section at the German Mining Museum Bochum, here

in cooperation with students from the Ruhr University Bochum in the
ceiling gallery of the Bronze Age mine in the Arthurstollen near

St. Johann in the state of Salzburg, Austria; photos: DBM, P. Thomas
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Darkness of prehistory -
Colourfulness of prehistory

Today colours are significant. It was no different
back in the Stone Age. The earliest mining op-
erations had just one goal: the extraction of red
ochre (haematite) which was valued on account
of its colour. The early ,miners“ dug this out us-
ing simple tools made of stone, animal bone or
antler. Stone Age man used this ochre not only to
create the famous cave paintings, but also to dec-
orate their dwellings and objects, such as bones
and leather. The presence of red ochre in graves
might perhaps be compared the practice of indig-
enous peoples today in painting their own bodies.
Red ochre therefore played an important role in
burial. The earliest evidence for its use dates back
ca 350,000 years. The Neanderthals (ca 300,000-
40,000 BC) also used this pigment.
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Oldest European red ochre-mining

Red ochre was extracted at Tzines on the Greek
island of Thasos as long ago as the later Early
Stone Age (Upper Palaeolithic Period, ca 20,000
BC). This is the oldest known underground mine
in Europe. The original ,mining area“ is thought
to comprise of some 15-20 pits. Between 1982
and 1984, mining archaeologists from the German
Mining Museum together with Greek colleagues
studied two of the excavated pits.

The pits were small, only a few metres in length
and irregularly shaped. They followed the red
ochre deposits. To crush the rock, the Stone Age
miners used simple hammers (so-called mallets)
made from river pebbles and picks made from the
tips of stag antlers. The horn of the saiga antelope
was evidently used to extract the raw material.

The oldest known ochre miningin | > oxe SKiw 5 o0
Europe was situated in Tzines on e )5 50 gyl yo eal aslis
Th . Photo: Ch. Leva- 5 be i ons s

asos (Greece). Photo: Ch. Leva o3l sy 5 opiz 4> i

to, DBM. A
DBM gilg) .z : oS . 09

In Mina Primavera, Valle de Inge- | lawgi &, 6‘)-;‘ gl | e
nio, Departamento de Ica (Peru) dlg dygles L;_z_‘,)s);' I uL.;um

miners exploited red ochre. Photo: | ., . (5] ailaie oSl o
Th. Stollner; DBM/RUB. U“S‘ ol adlais (giS0l o
DBM gl

Loyl o) 50 & 1531 ()1 (yome oy 5 (S

(SN 4R 23 0,90) (e 2> pae gl Cwdd 4 &y 613
Rt RO I N L R e L
u_n, Cl;;‘e;.wl (Thasos) gl Slg s 03> ,o (Tzines)
odds aslil Jowp) e u-i)-‘ S O pl il oulds
Sgaz 5l adgl (Gase (5 adlaie oS 29l (o jgal Zewlys)l )
BVIAY (glo Jlo oy o] 009y 0y oS5 Lo Yo 151D
e Slolid il (a5 PFY B 1Y) sodleo VAAY
ol 51 9550 93 353 (g o)lKen L oo lodl (yans 035 5|
il o5 S g ylim 5 anllhs |, o >

g adls Job e aiz Laid plandli 5 Soo5 sla J (5
oo il odd e Lgl).;\ sle atigs Jlos 4 g sla!
losto slo (1S5 5l la Saw (9,5 0,5 slp o e O
wlsg, sl S o5l8 5145 oS oo ooliciasl (S Sl
aFie b a4y Wog el Bl (565 ELL 55 Sei g
Pl (s osle gl sl (Slo (2553 (S JS ¢l
Dg 03D solazul 4.]05.3),.:

The palaeolithic pits in Tzines are | ;o Siw 4l 0,90 b Jl>
small and irregularly shaped. Pho- w-h-“"b S ds g SrgS ¢ pmivad
to: G. Steffens, DBM. | pppvp. oassl o5 ‘g e

Mina Primavera, Valle de Ingenio, A.Lla.m Sl o aly dygley Lo

Departamento de Ica (Peru). Un- | | 5| ‘5;,._;5)5 6, Sas0. 5 SS]

derground ochre mining. Photo: | ppm ZJesl .o .‘
Th. Stoliner, DBM/RUB. Al i Se L



Sl oslaiul by aS Sl eanysS 5l lalad
‘uuj.wl) ‘U‘M ‘&“‘”’C)“’ Lg‘)'>‘ )‘ 4.»..9; s_i:) ‘J.:‘ ol

505 09 99,5 sl el (g aiws auile by ousS ¢ K oaiygS
ooz b oo bl 5l amy ayls wodal sy 8,5 1aizd, oo S 3]
s By e 51 S tlie 10, o IS o 95 5,

EVT IV 10 VOO ST P JE I IPUE T SRR SRR WIS A W

(s dilel (Ko an)b pae sl

Fragments of pounders, that were destroyed dur-
ing use; discoloured by red ochre; Stone; Tzines,
Thasos, Greece; Palaeolithic/Mesolithic, Period;

080500657001, 080500657002; L.: 127 mm, 100 mm
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Fragments of pounders, that Fragments of pounders, that
were destroyed during use; discoloured by red ochre;
Stone; Tzines, Thasos, Greece; 080000189000
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Two pieces of red ochre; Raw material; Tzines
1, Thasos, Greece; 080500665000
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Fragments of pounders, Antler tip; the antler tip be-
longs to the antler of a deer, which was used as a pick
to extract ochre from the mining wall; discoloured by

red ochre; Tzines 1, Thasos, Greece; Palaeolithic/
Mesolithic Period; 080000182001; L.: 119 mm

Pounder stone; pounders were used like pestels to crush the
ochre to powder; maybe, mixed together with fat, the powder
was used for body painting; triangular shape, flat on four sides
due to wear; discoloured by red ochre; Tzines 1, Thasos, Greece;
Palaeolithic/Mesolithic Period; 080500662001; L.: 103 mm
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Body and hair paint with ochre, | [ _.» 59 ‘1];1 L oge g oy X,

Himba woman, Namibia. .
g K I: A 5
Photo: Yves Picq. Syl S Lol

Red ochre in ethnoarchaeology

The colour red and the substance red ochre still
play a key role in the life and beliefs of indigenous
societies in Africa, Asia and South America today.
For example, the women of the Himba pastoral
tribe in Namibia consider red to be their ideal col-
our of beauty. Every day they rub not only their
skin and hair but also their jewellery and clothes
with a rich cream containing a very high propor-
tion of red ochre. A useful side-effect of this is that
the cream also protects them against the hot and
dry climate as well as against mosquitoes.

From pigment to paint

The extraction of red and yellow ochre was just
the first step on the path to paint. Mining was then
followed by the crushing or grinding of the miner-
al. In fact paint mills existed long before the ear-
liest grain mills! Fire might also be important to
this process - for example, red ochre could be pro-
duced through the firing of yellow ochre. The pre-
dominant pigment colours were yellow, red and
brown, but white and black were also sometimes
used. The source materials for these were lime
and charcoal. The coloured powder was blend-
ed with a carrier material, say, a fat, in order to
give the desired colour paint. Experiments were
certainly necessary in this regard: Which carrier
material kept the best? Which covered the best?
Which of these was colourfast?
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Hammer stone with pick marks; it is a tool to
extract haematite from the wall; colored of
haematite; Mina Primavera, Valle de Ingenio,
Departamento de Ica, Peru;

080001575230; L.: 127 mm
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Hammer stone or pounder with pick marks;
colored of haematite; Mina Primavera, Valle
de Ingenio, Departamento de Ica, Peru;
080001575231; L.: 97 mm
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Haematite (red ochre, Fe,05): haematite is an iron
oxide mineral that occurs in the form of either
red or black crystals or nodules. Haematite has
been used as a pigment since the Palaeolithic
Period - primarily as body paint but also for cave
paintings. When rubbed, the powdered pigment
produces a bright red colour; Mina Primavera,
Valle de Ingenio, Departamento de Ica, Peru;
080001575233; L.: 145 mm
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Flint - a versatile raw material

Flint (German: Feuerstein, French: silex) was the
all-purpose raw material of the Stone Age! It was
an indispensable commodity, used both for pro-
ducing tools and for making fires. Knives, arrow-
heads, drills, axes and many other useful tools
were made from flint. Its properties included its
excellent glass-like fracture as well as its sharp-
ness. This allowed it to be easily flaked into tools
of different shapes and sizes as required. The
sharpness of a newly made flint blade is compa-
rable to that of a good quality steel knife. The best
fracture is obtained from recently mined material,
i.e. freshly struck from unweathered bedrock flint.
If flint is left in the open for a long time, then it
dries out and becomes brittle.

O STONE AGE FLINT MINES
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after Weisgerber, Slotta & Weiner 1980;
Bostyn 1997; Capote et al. 2008
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What is flint?

Flint was and remains to this day a useful as well
as beautiful material, as the many different col-
ours and textures illustrate. Flint is a siliceous
rock composed of quartz and opal. It is a hard
rock which forms sharp edges when fractured.
Different impurities in the rock result in numer-
ous colours and inclusions. Flint is a sedimenta-
ry rock which owes its origins to the sedimen-
tation processes and changes occurring within
chalk sediments deposited on the floors of the
oceans during the Cretaceous Period ca 150 mil-
lion years ago. It is restricted to specific geologi-
cal formations - such as the chalk, and therefore
does not occur everywhere. Flint-mining centres
developed within those regions where flint was
present in sufficient quality and amounts close to
the surface.
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Handaxe; Quartzite; Ahnet, Saha-
ra, Algeria; Palaeolithic Period:
Acheulean Period, ca. 250,000
BC; 080500050001; L.: 154 mm

(0 50T (ylangy udd

Native American Flint
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Handaxe; Quartzite; Ahnet,
Sahara, Algeria; Palaeolithic
Period: Acheulean Period, ca.
250,000 BC; 080500045001;
L.: 202 mm
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Handaxe; a multi tool, maybe used to dig for tubers, animals and water;
to chop wood and as a source for flake tools; they are the oldest known
tools of the humanity, round about 1,75 million yeas ago in Africa;
Quartzite; Erg Er Raoui, Sahara, Algeria; Palaeolithic Period: Acheulean
Period, ca. 250,000 BC; 080500047001; L.: 157 mm
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Arrow head; Mountain crystal;
Central Arkansas, MacCorkle point,
USA; replica made by Bruce Bradley;
080000072001; L.: 35 mm

Arrow head; Monterey Chert, Miocene,
Monterey Formation; Central California coast,
Humboldt point, USA; replica made by Bruce
Bradley; 080000077001; L.: 70 mm

3 arrow heads; replica made by
Bruce Bradley; 080000240000; L.:
47 mm
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Nordic Flint (North Europe)
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Dagger: Such flint daggers are typical
for the transition from the Neolithic
Period to the Bronze Age; Flint; Site

unknown; Final Neolithic Period/Ear-
ly Bronze Age, ca. 2,400-1,800 BC,
080370285000; L.: 220 mm

Sy pa ¢l (s 055 5

Spear head; Flint;
Germany; Neolithic Period;
080370276000; L.: 150 mm
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Spear head; Flint;
Germany; Neolithic Period;
080370278000; L.: 124 mm
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Arrow head; Flint; Germany;
Neolithic Period; 080370287000;
L.: 71 mm
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Sickle; Flint; Germany; Neo-
lithic Period; 080370277000;
L.: 124 mm
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Stone axe; Flint, Ger-

many; Neolithic Period;
080370280000; L.: 109 mm

bl scads ¢ Sow 5
Stone axe; Flint; Ger-

many; Neolithic Period;
080370289000; L.: 124 mm

bl scads ¢ Sow 5
Stone axe; Flint; Ger-

many; Neolithic Period;
080370294000 L.: 150 mm
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Dagger, so-called Fischschwanz- Fr e
dolch (fishtail dagger); Flint; Double head (dagger?); Flint;
Germany; late Neolithic Period; Germany; Neolithic Period;

080370279000; L.: 154 mm 080370286001; L.: 96 mm
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Axe; Flint; Riigen, Germany; Neolithic
Period; 080370290001;
L.: 133 mm

Ol g0 Sl b (5,0 o5 L) il
Chisel (Doppelmeifdel); Germany;

Neolithic Period; 080370281000;
L.: 105 mm

Spiennes

The Neolithic flint mines of Spiennes are among
the largest and earliest Neolithic flint mines in
north-west Europe, located close to the village of
Spiennes, southeast of Mons, Belgium. The site
and its surroundings were inducted into the UN-
ESCO’s list of World Heritage Sites in 2000. The
Mines of Spiennes cover some 100 ha and with
approx. 2,000 shafts, in Petite Spiennes even
5,000 shafs on 16 ha land. The site is dotted with
millions of scraps of worked flint, that Neolithic
settlers have gradually turned into vertical mine
shafts, which reach a deep of 8-16 m with a diam-
eter of 0,8-1,2 m. Underneath is an elaborate man-
made network of caverns accessible via the many
shafts, which are 5,5 m apart. The first shafts were
discovered 1867 when the railway line from Mons
to Chimay was built. Flint of Spiennes were found
in a radius of 50 km, some final products like axes
were found 160 km away.
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Always the best Gezahe
(German term for mining tools)

The Stone Age miners tried to adapt their tools,
the so-called Gezahe, to the local rock conditions.
For the mining of compacted chalk, they used flint
pickaxes. If the chalk was harder - albeit riddled
with fissures, then they chose antlers to lever out
the chalk blocks. However, if a mining site exhibit-
ed a range of different rock strata, various mining
tools were used, such as stone hammers, mallets,
pickaxes and antler tools. The hard limestone
found in Southern Germany or Switzerland pre-
sented a special challenge. The miners would first
heat up the rock then crush it with heavy ham-
mers/mallets in order to reach the raw material
desired. In Britain, the shoulder blades of cattle
were used to scrape together the mine waste.
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Pick; Flint; Pebble field near the
flint mines at Spiennes, Mons,
Belgium; Neolithic Period, ca.
4,500-2,900 BC;
0801212410010; L.: 138 mm
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Pick; Flint; Pebble field near the flint
mines at Spiennes, Mons, Belgium; Neo-
lithic Period, ca. 4,500-2,900 BC;
080120319001; L.: 137 mm
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Picks made of antler were used to extract the flint
out of the chalk sediment; Spiennes, Belgium; Neo-
lithic Period; 080120306001;

L.: 280 mm

Pick; Antler; Spiennes, Belgium; Neolithic
Period; 080120531001;
L.: 500 mm
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Blades; Blades are obtained from a larger flint
piece, the core. At the next step blades were used to
make different kinds of tools like knifes, scrapers,
sickles etc.; Flint; Pebble field near the flint mines
at Spiennes, Mons, Belgium; Neolithic Period, ca.
4,500-2,900 BC; 080120403002, 080120413001,
080120533001; L.: 85 mm, 104 mm, 99 mm
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Stone axe; Flint; Germany; Neolithic
Period; 0803702930001
L.: 133 mm
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Hammer stone; Flint; Pebble field near
the flint mines at Spiennes, Mons, Bel-
gium; Neolithic Period,

ca. 4,500-2,900 BC;

080360860000; L.: 128 mm
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Axe; Flint; Pebble field near the flint
mines at Spiennes, Mons, Belgium;
Neolithic Period, ca. 4,500-2,900 BC;
080120725001; L.: 114 mm
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Pick; Flint; Pebble field near the flint
mines at Spiennes, Mons, Belgium; Neo-
lithic Period, ca. 4,500-2,900 BC;
080120319001

L.: 170 mm
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Core, different kind of blades; Flint; Pebble field near the flint
mines at Spiennes, Mons, Belgium; Neolithic Period,

ca. 4,500-2,900 BC; 080120308001, 080120-380001,
080120388001, 080120413001, 080120536001,
080120538001, 080120566001, 080120567001;

L.: 187mm (core)

Seop (K 09l8 abogore coadd ¢ jole S
a8 1S5 sz el S polas
o 5 g YA+ G T+ 0900 ( Sty

Core; Flint; Pebble field near the flint
mines at Spiennes, Mons, Belgium; Neo-
lithic Period, ca. 4,500-2,900 BC;
080121246001

L.: 60 mm
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Kleinkems-
Faster to the goal with fire-setting

The method of fire-setting used since the Neolith-
ic Period helped to speed up flint extraction. The
miners used fire to heat the host rock for several
hours in order to wear it down. ,Simple” extrac-
tion using grooved hammer stones resulted in the
production of small-sized material. Considerably
larger pieces could only be struck following the
heating process. The result was up to a 20-fold
increase in progress. As the heat did not pene-
trate very deeply into the rock, it was necessary
to repeat the process many times. This method
was particularly effective in limestone regions
since limestone is significantly harder than chalk.
Fire-setting was a method used for thousands of
years - including in the extraction of metal ores.

Kleinkems, excavation at the | 3ol yulidol ;o (55l 58 (M
Isteiner Klotz in the 1950s; | «Cumodl Culidl: Ko VAD- ans jo
photo: Elisabeth Schmidt, DBM. | .DBM
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Fragment of a nodule; Jasper; Jasper mine at the Kachelfluh,
Kleinkems, Lorrach District, Baden-Wuerttemberg; Zenith:
Late Neolithic Period, ca. 4,250 / 4,050 BC; 080121322002;
L.: 71 mm
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Grooved hammer stone; this kind of tool was hafted with
a wooden handle to extract the jasper out of the rock; the
groove was used to fix the handle on the stone; Jasper
mine at the Kachelfluh, Kleinkems, Lorrach District,
Baden-Wuerttemberg; Zenith: Late Neolithic Period,

ca. 4,250-4,050 BC; 080121006001; L.: 172 mm
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Notched hammer stone; like grooved hammer stones to
extract jasper out of the wall with a wooden handle; in this
case the notches were used to fix the handle on the stone;
Jasper mine at the Kachelfluh, Kleinkems, Lorrach District,
Baden-Wuerttemberg; Zenith: Late Neolithic Period, ca.
4,250-4,050 BC; 080120998002; L.: 180 mm
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Hammer stone; maybe a handheld tool, because of the lack of
grooves or notches; Jasper mine at the Kachelfluh, Kleinkems,
Lorrach District, Baden-Wuerttemberg; Zenith: Late Neolithic

Period, ca. 4,250-4,050 BC; 080121164001; L.: 141 mm
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Nodule; Jasper (SiOz); it was used like flint as a raw material
to make tools; Jasper mine at the Kachelfluh, Kleinkems,
Lorrach District, Baden-Wuerttemberg; Zenith: Late Neolith-
ic Period, ca. 4,250 / 4,050 BC; 080122028002; L.: 240 mm
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Arrow head (replica); Jasper; Jasper
mine at the Kachelfluh, Kleinkems,
Lorrach District, Baden-Wuerttem-
berg; Zenith: Late Neolithic Period,
ca.4,250-4,05 BC; 080370331001;

L.: 19 mm

Arrow head (replica); Jasper; Jasper
mine at the Kachelfluh, Kleinkems,
Lorrach District, Baden-Wuerttem-
berg; Zenith: Late Neolithic Period,

ca. 4,250-4,050 BC; 080370332001;

L.: 44 mm

Arrow head (replica); Jasper; Jasper
mine at the Kachelfluh, Kleinkems,
Lorrach District, Baden-Wuerttem-
berg; Zenith: Late Neolithic Period,

ca. 4,250-4,050 BC; 080370334001;

L.: 32 mm
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Part of a profile with different layers of host rock
and jasper after fire-setting. Without fire-setting
the miners have small-sized material; the part in
the middle is discoloured by fire; Jasper, host rock;
Jasper mine at the Kachelfluh, Kleinkems, Lorrach
District, Baden-Wuerttemberg; Zenith: Late Neolith-
ic Period, ca. 4,250-4,050 BC; 080803212000;

L.: 370 mm

(s (s digad) qouslf iz 3l oo

RS esld JSU sl ame (ons 8050

o 3l i Fe0+ LY dg00 ¢y

Borer (replica); Jasper; Jasper mine at
the Kachelfluh, Kleinkems, Lorrach Dis-
trict, Baden-Wuerttemberg; Zenith: Late

Neolithic Period, ca. 4,250-4,050 BC;
080370324001; L.: 52 mm

Blades; Jasper; Jasper mine at the Kachelfluh,
Kleinkems, Lorrach District, Baden-Wuert-
temberg; Zenith: Late Neolithic Period, ca.
4,250-4,050 BC; 080370324005
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Knife (replica); Jasper; Jasper mine

at the Kachelfluh, Kleinkems, Lorrach
District, Baden-Wuerttemberg; Zenith:
Late Neolithic Period, ca. 4,250-

4,050 BC; 080370308001; L.: 72 mm



Grand Pressigny-
Blades as a top export product

The exceptionally large size and quality of the raw
tabular flint made products from Grand Pressigny
an ,export hit® From this material artisan pro-
duced blades of up to 40 cm in length. These were
the longest flint blades known and were traded as
far afield as 1000 km.

At La Creusette in France, a hoard was discovered
containing 133 beautiful Grand Pressigny blades.
They were found lying piled on top of each oth-
er within several layers in a pit. Such finds are
a clear indication of the high value attached to
these blades. It also suggests that these were the
semi-finished products used as standard goods
for barter, which were only turned into finished
artefacts (e.g. dagger, knife, sickle or saw) at their
place of destination.
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Core with blade negatives; Flint; Le Grand-Pressigny,
Indre-et-Loire Dept., France; Zenith: Final Neolithic
Period, ca. 2,800-2,400 BC; 080120762001; L.: 198 mm
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Core with blade negatives; Flint; Le Grand-Pressigny,
Indre-et-Loire Dept,, France; Zenith: Final Neolithic
Period, ca. 2,800-2,400 BC; 080120778001; L.: 136 mm
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Core with blade negatives,; Flint; Le Grand-Pressigny, In-
dre-et-Loire Dept, France; Zenith: Final Neolithic Period,
ca. 2,800-2,400 BC; 080120758001; L.: 105 mm
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Core with blade negatives; Flint; Le Grand-Pressigny, In-
dre-et-Loire Dept, France; Zenith: Final Neolithic Period,
ca. 2,800-2,400 BC; 080120768001; L.: 86 mm
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Core with blade negatives; Flint; Le Grand-Pressigny, In-
dre-et-Loire Dept, France; Zenith: Final Neolithic Period,
ca. 2,800-2,400 BC; 080120774001; L.: 104 mm



Obsidian -
A coveted commodity

Obsidian is a glass of volcanic origin, whose col-
our ranges from black to dark green. Only rarely
is it reddish brown. Its fracture is similar to that
of flint. Fracturing results in extremely sharp edg-
es - ideally suited for the manufacture of knives,
arrowheads and other similar objects. The many
extraordinary obsidian objects found suggest that
this was not only valued as a tool but also as jew-
ellery and as a prestige object.

As it is formed volcanically, obsidian does not pos-
sess a homogeneous composition. For this reason
many different varieties may be distinguished.
Commonly geochemical analysis of individual
pieces will allow a precise determination of ori-
gin, demonstrating in some cases the presence of
long distance trading networks
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Obsidian mining above 4000 m sea level: Mining pits in Ichja Parco, | Lze! ;o (oxe slo Jl b jo s ) <5)L°f e gl o papnl (5 SGane
Ayacucho Dept. (Peru); photo: Th. Stéllner, DBM/RUB | .DBM/ RUB ,Jgiisl (& juSe g 5255 bl dalaie o5 )
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Arrowhead; Obsidian; Mexico; Modern Era, 20" century;
example for late flint use in a prehistoric manner;
080501986002, L.: 47 mm
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Arrowhead; Obsidian; Mexico; Modern Era, 20" century;ex-
ample for late flint use in a prehistoric manner;
080501986001, L.: 52 mm

!

41



fY
42

Axes - Tools - Weapons - Prestige objects

Some axes and hatchets possessed an importance
far exceeding their function as a tool or weapon.
These included very large or thin specimens un-
suitable for the corresponding work; or else piec-
es made from very rare and beautiful materials
that were really too good for mundane use. They
were probably purely prestige objects, intended
to emphasise the status of the owner.
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Obidian; Obsidian mine, Ichja Parco,
Ayacucho Dept., Peru;
080001575228
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Obidian; Obsidian mine, Ichja Parco,
Ayacucho Dept., Peru;
080001575226
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Obidian; Obsidian mine, Ichja Parco, Ayacu-
cho Dept., Peru;

080001575229

L.:121 mm
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Jadeite- An international , greenstone*

The carefully ground green axes made from ja-
deite, omphacite, eclogite and nephrite stand out
from the mass of Neolithic stone tools. Originally
erroneously classified as jade and attributed to
China, it was only at the end of the 20th century
that archaeologists discovered the actual depos-
its at Monte Viso (1,800-2,450 m above sea level)
and Monte Beigua (approx. 1,000 m above sea lev-
el. In the 5th century BC, the miners at Monte Viso
extracted jadeite, which became a precious export
article. The axes made from this mineral reached
Spain, Denmark, Scotland and even Ireland (a
linear distance of 1,800 km). In order to extract
and process this extremely hard and tough rock,
the miners used the fire-setting method. The final
grinding could take months.
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Ceremonial axe;
Slate; Papua New Guinea;
080504001001; L.: 335 mm
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Point-butted axe; Although most jadeite axes are of a similar
size to other stone axes, there exist some much larger ex-
amples which show no traces of use whatsoever. Numerous
finds suggest a function for these as prestige objects or else
as pieces with a ritual function - the axes were often placed
into the ground in pairs with the cutting edge facing upwards.
Nephrite; Site unknown, presumably Germany; Neolithic
Period; 080370408001; L.: 166 mm
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Gold
The fascination of gold

In nature, gold (Au) occurs both in a pure form
(as natural gold) and in the form of an alloy with
silver (so-called electrum), and rarely with cop-
per or tin. Pure natural gold concentrations in
rock (so-called ,veins“) or nuggets are extremely
rare. More commonly the metal occurs as min-
ute threads, present within quartz veins, or else
washed out as placer gold.
Gold exercises a strong fascination on us - as much
today as it was in ancient times. Its lustre, the col-
our, its relative rarity and surely also its stability
of value all make it extremely popular around the
world. This is all the more amazing as it possesses
scarcely any practical use - for example, it is too
weak for making tools out of. It was only a rela-
tively short time ago that gold was discovered to
have positive properties (non-corrosive, good
conductivity, high degree of reflectivity), which
makes it suitable for use in electronics and optics.
-
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Ore mining in Eastern Europe, the Mediterranean and West Asia dur-
ing the 4™ and the 2" millenium BCE, Map: A. Hornschuch, F. Schapals,
DBM
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The ,land of gold“ - Egypt

In the 14" century BC, the Mitanni king Tushratta
asked the Pharaoh Amenophis for gold, which in
his Empire was supposed to be lying on the streets
like dust. Egypt's wealth in gold can also be read
off the funerary temple of Medinet Habu in The-
bes from the time of Rameses III. On it, four lands
of gold are listed that delivered ,gold from water”
and ,mountain gold“ as tributes. Nubia was only
conquered by the Pharaohs because of its gold.
There are many gold deposits in Egypt. It was the
prerogative of the Pharaoh to equip an expedition
there. Gold ore deposits and a ,goldworkers’ vil-
lage” are marked on the , Turin Papyrus Gold Map*“
dating to the 13™ century BC. Expressions, such
as ,gold and silver mountains“ and ,,mountains in
which gold is washed" indicate a systematic regis-
tering of gold-bearing ore lodes.
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The Turin mining papyrus with its eastern part that shows sites of gold-pro- | (s ssias (Lis 993 (3,5 (150 1045 gl izl ()98 (Sore (5 4dk

cessing and geological information about gold-bearing and non-gold bear-

ing layers in adjacent mountains; photo: DBM, G. Weisgerber. | .DBM , ;5,5 yls .5 : oo .ol Bl slonsS oo Mo
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Grinding stone to grind ore; Wadi el-Hudi, Egypt;
080000249026 (2 pieces); L.: 390 mm
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Grinding stone; Wadi Margh, Egypt; 1,550-1,070 BC;
080000249019; L.: 101 mm
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Grinding stone; Wadi Margh, Egypt; ca. 1,550-
1,070 BC; 080000249018; L.: 105 mm

Fragment of a grinding stone with two handles; Hangaliya,
Egypt; Ptolemaic, 332-30 BC; 080000249004; L.: 255 mm
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Grinding stone; Egypt;
080000249029; L.: 131 mm
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Pounder; Egypt;
080000249044; diameter: 61 mm

Hammer stone and grinding stone; Egypt;
080000249039; L.: 106 mm




Gold mining

There are two methods for mining gold: gold pan-
ning from placer deposits and mining. Georgia has
been famous for its gold since antiquity. In Sak-
drisi, miners discovered the remains of the oldest
gold mine in the world to date (2" half of the 4®
mill. BC). Since 2004, the German Mining Muse-
um has conducted excavations here in coopera-
tion with Georgian archaeologists. A total of eight
mines have come to light - some of them open-cast
pits and some of them underground mines of up
to 27 m in depth. The miners wore down the ex-
tremely hard rock by fire-setting, then crushed it
using hammer stones, finally pulverising this upon
anvil stones. The fine grinding of the gold-rich
quartz was a particularly labour-intensive process.
The gold and gangue were separated-out by wash-
ing. Finally, the gold was smelted in crucibles.

Excavation at the prehistoric gold mines (4™ and early 3™ millenium BCE)
at Kachagiani hill (Sakdrisi, Georgia), photo: Klaus Stange,
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Crucible (replica); Technical ceramic; Dzedzwebi, Georgia,
settlement; Late Chalcolithic, late 5% mill. BCE;
080803303001; L.: 260 mm
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Mould (replica); Technicsl ceramic; Dzedzwebi, Georgia,
settlement of gold miners; Late Chalcolithic, late
5% mill. BCE; 080803303003; L.: 210 mm
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Hammerstone; Gold mining, Sakdrisi, Georgia; Bronze Age,
Kura Araxes culture, 3" mill. BC;
080000100001; L.: 160 mm
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Hammerstone; Gold mining, Sakdrisi, Georgia; Bronze Age,
Kura Araxes culture, 3™ mill. BC;
080000095002; L.: 151 mm
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Hammerstone; Gold mining, Sakdrisi, Georgia; Bronze Age,
Kura Araxes culture, 37 mill. BC;
080000096001; L.: 130 mm



Testing the gold contents from ores in the gold mine of Sakdrisi; photo: | ;M .3 : uSe ¢ s 0SSO alae ;0 Gane S I Jle s
F.Klein, DBM. | ppm

Underground excavation at the | oMb (slee ,> (Swejn) G2l Gold mine of Sakdrisi, thousands of | ,o ead (¥ S 1S oll5e
gold mines of Sakd‘rlsﬂ phf)m: SV S SRR VR WER L f I hammer stones, found during the | Ll (g)le> b o a5 oy
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Fire-setting experiments (hammering) at Kachagian.i hill (Sa.kdris%); photo: SIS a5 5 ()5 2SSl 0) 028 S & S 9,3 ol
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A new metal - Copper and Bronze

Bronze possesses significant advantages over cop-
per: it melts at lower temperatures, thus making
it easier to manufacture. The greater strength also
results in a better quality of product.

Metal processing began in the Middle East. As
early as the 8" millennium BC, craftsmen there
were manufacturing small objects such as beads,
needles and awls from pure copper. In the 5" mil-
lennium BC, the first pyrotechnical skills were de-
veloped in South-Eastern Europe and the Middle
East. From there, these skills spread via the Cen-
tral and Western Alps, the Erzgebirge (Ore Moun-
tains) and the Elbe-Saale region, reaching the Mit-
telgebirge (Central German Mountains) in the 3™
millennium BC. Copper was melted from copper
ores for the first time, and the first mining regions
for the extraction of ores emerged.

Artisans continually improved the material proper-
ties of the metals. The growing demand, pursuit of
profitand - in part - limited fuel resources resulted
in an improvement in efficiency and productivity.
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The origin of copper metallurgy and its expansion in Eurasia, Westasia
and Northern Africa, after C. Thornton and B. Roberts,
Map: A. Hornschuch, DBM.
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Copper and tin result in bronze

Bronze was the most commonly used material in
the Bronze Age: an alloy ideally consisting of ap-
prox. 90 % copper and 10 % tin. Craftsmen man-
ufactured weapons, jewelry, tools and other uten-
sils from bronze. Instead of tin, they occasionally
used the toxic metal arsenic as well as other met-
als - evidence that the early metallurgists were
already experimenting.
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Copper ores azurite, malachite; Malachite and azurite, which
often occur together, belong to the group of so-called oxi-
dised copper ores. They are found in the upper parts of ore
deposits, within the oxidation zone. This means that they lie
relatively high up within the ore deposit, near to the surface.
The miners first saw them thanks to their conspicuous green
or blue colour; Mushiston, Tajikistan; 080122049000;

L.: 153 mm (biggest piece)
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Cassiterite (tin ore); Tin is a soft metal that melts at a low tem-
perature. The most common tin mineral is cassiterite, which
miners extracted during vein mining but also from placer
deposits at the surface. Its major importance is for alloying
with copper to make bronze. The addition of tin improves the
melting properties of copper. The end product is harder than
copper and resembles gold in its colour and sheen; Erzgebirge,

Saxonia, Germany; 060003574001; L.: 145 mm
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»Mushistonite®, the so-called bronze ore

A special ore occurs in the copper ore deposits in
the border region between Uzbekistan and Tajikis-
tan, known as mushistonite (stannite). Both cop-
per and tin are to be found in mushistonite. These
are precisely the components needed to manufac-
ture bronze! A smelting experiment revealed that
simply melting mushistonite created bronze.

Chalcopyrite / Copper pyrite

Chalcopyrite is one of the copper sulphides. It
contains copper, iron and sulphur and is very con-
spicuous due to its brass-yellow colour and its
metallic lustre. The sulphur content makes chal-
copyrite much more difficult to smelt than azurite
or malachite, because the sulphur first has to be
yremoved” from the compound. This necessitates
a further process step — namely roasting.
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Mushistonite; Tin mine, Muschiston, Tajikistan; early -
middle Bronze Age, Andronovo-Culture;
080803415001, 080803415002; L.: 133 mm, L.: 167 mm

Copper - not only a green rock

The development of copper mining ran a similar
course to that of flint: initially people collected cop-
per in the form of green rocks. It was only in the 5%
mill. BC that mines were established. For this pur-
pose shafts were sunk, such as in Rudna Glava in
Serbia. During the Late Copper Age and the Early
Bronze Age (4™-3" mill. BC), miners mostly wor-
ked within those ore deposit zones that lay close to
surface in order to extract the types of copper ore
(oxides, fahlores) that were easy to smelt. Fire-set-
ting, stone hammers and antler picks were the
main means used to advance the mining. It wasn’t
until the 2™ mill. BC, when metallurgists mastered
the smelting of copper ores that were more difficult
to process (sulphides), that proper underground
mining emerged. Many of the ore deposits which
lay close to the surface were already exhausted.

Chalcopyrite / Copper pyrite; Mitterberg, Austria; middle
Bronze Age; 080803414001; L.: 125 mm
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The path to mass production: Mining region of
Faynan and smelting technology

As aresult of the increasing demand around 3000
BC the first smelting furnaces appeared (at Fay-
nan in Jordan) with a much greater capacity com-
pared to a crucible. By placing these furnaces on
slopes and crests the wind draught was sufficient
to reach the temperature required (1100-1200
°C). Whilst metallurgists had previously trans-
ported ore and wood/charcoal to the settlements,
the smelting processes now took place much clos-
er to firewood resources and ore deposits. The
increasing dependence upon firewood led to the
very first strategies in the use of space.

The sulphur-rich ore was first roasted and then
smelted into copper matte (sulphur-rich copper).
Pourable black copper was then created in a sec-
ond smelting process. 150,000-200,000 ton slag
heaps bear witness to these very extensive smelt-
ing operations.

Landscape of Khirbet en-Nahas. Faynan and Khirbet en-Nahas were
during the Bronze Age the most important centres for smelting of
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copper ores in Jordan. Photo: I. Loffler, DBM. DBM)LoJ

AN

59



oF
56

Remains of Early Bronze Age copper furnaces in Faynan (Jordan). Pre-
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served are only the backs of the furnaces. Photo: A. Hauptmann, DBM | DBM e la] : uSe sl suile (3 6T iy

Early Bronze Age copper furnaces | »=¢ sl come 058 slo ?)95
in Faynan (Jordan). Photo: A. Haupt- TS (5o, olad o Er
mann, DBM. | .DBM el

An experiment to reconstruct Early | Cgd ol i g5loil (gl (siules]

Bronze Age copper smeltingina | .43 ¢ 4ig 39 &y yac blol e
crucible. Photo: A. Hauptmann, DBM | DM .- o S 5l e -
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1 Crucible and 2 moulds; Technical ceramic; Wadi Fenan
100, Jordan; Bronze Age, ca. 3,600 BC. In addition to fur-
naces, crucibles were also used to melt copper. The molten
copper was then poured into moulds to produce ingots or
tools; 080803411001, 080803412001, 080803413001;

L.: 70 mm (biggest fragment)
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Needle and metal sheet; Copper; Wadi Fenan 100, Jordan;
Bronze Age, ca. 3,600 BC; 080803400001, 080803401001;
L.: 32 mm, L.: 43 mm
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Crucible fragment; Technical ceramic; Wadi Fidan 4,
Jordan; Bronze Age, ca. 3,600 BC; 080130808001;
L.: 47 mm
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Crucible fragment; Technical ceramic;
Wadi Fidan 4, Jordan; Bronze Age, ca.
3,600 BC; 080803403001;

L.: 59 mm
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Copper ore; Wadi Fidan 4, Jordan; Bronze
Age, ca. 3,600 BC;
080803404000
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Stone pick; Wadi Fidan 4, Jordan; Bronze Age, ca. 3,600 BC;
080130278014; L.: 275 mm
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Stone hammer, with drilling approach; Wadi Fidan 4,
Jordan; Bronze Age, ca. 3,600 BC; 080130278015;
L.: 150 mm
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Hammer stone, used secondary as an anvil stone; Wadi Fidan
4, Jordan; Bronze Age, ca. 3,600 BC; 080130278001; L.: 187
mm
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Stone pick, with drilling approach; Wadi Fidan 4, Jordan;
Bronze Age, ca. 3,600 BC; 080130278003; L.: 212 mm
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Stone pick, with drilling approach; Wadi Fidan 4, Jordan;
Bronze Age, ca. 3,600 BC; 080130278010; L.: 206 mm
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Stone Hammer Axe; Wadi Fidan 4,
Jordan; Bronze Age, ca. 3,600 BC;
080803410001; L.: 112 mm
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Crucible fragment; Technical ceramic; Jabal Ham-
rat Fidan, Jordan; Bronze Age, ca. 2,700-2,200 BC;
080803407001; L.: 75 mm
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Crucible fragment, presumably for chisels or
small ingots; Technical ceramic; Jabal Hamrat
Fidan, Jordan; Bronze Age, ca. 2,700-2,200 BC;

080803406001; L.: 61 mm
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Crucible fragment, presumably for axes; Technical
ceramic; Jabal Hamrat Fidan, Jordan; Bronze Age,
ca. 2,700-2,200 BC; 080803405001; L.: 63 mm
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Copper sheet; Khirbet Hamra Ifdan, Jordan;
Bronze Age, ca. 2,700-2,200 BC;
080803408001; L.: 72 mm
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Ingots, casting mould (replica); Copper, technical ceramic;
Wadi Fidan 3, Khirbet Hamra Ifdan, Jordan; Early Bronze Age
II-1V, ca. 2,700-2,200 BC; 080130815002, 080130815003,
080130815004; L.: 228 mm (biggest ingot). 080130814001;
L.: 253 mm (casting mould)
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Tool possibly to fix lighting tapers; Wood Wadi Khalid,
Jordan; Bronze Age, ca. 2,400 BC;
080803402001; L.: 710 mm
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Fragments of ingots; Copper; Jabal Hamrat Fidan, Jordan;
Bronze Age, ca. 2,700-2,200 BG;
080803409001, 080803409002; L.: 29 mm, L.: 17 mm
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Fragment of an ingot; Copper; Jabal Hamrat Fidan, Jordan;
Bronze Age, ca. 2,700-2,200 BC;
080803419001; L.: 31 mm



The Bronze Age tin mining fields of Askaraly I, East Kazakhstan, photo:
Jennifer Garner, DBM

How did tin become combined with copper?

Since the 1990s, the German Mining Museum has
been investigating Bronze Age tin mining in Central
Asia together with other partners. In both Karnab
(Uzbekistan) and Askaraly (Kazakhstan), early
miners extracted several tons from each of the larg-
est mines. One mine is situated at a height of 3,000
m in Mushiston (Tajikistan) near an ore deposit
in which both copper and tin ores (the so-called
mushistonite) occur together. Experiments have
shown that bronze is formed when mushistonite
is smelted. Was the discovery of bronze therefore
a pure coincidence, or did smelters in other parts
of the world experiment with both components?
Although we do not know the answer yet, the re-
search continues.

The Bronze Age tin mine of | )5 ¢ 20 jac 218 5 SGaxs 05>
Askaraly II, East Kazakhstan, o8l 5,5 .Y L_,’_L; Soms (¢ ddlaio
photo: Jennifer Garner, DBM | ppm. S s 5 WS
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The Bronze Age tin mine of | ¢ ,50 jac 18 5 S5oxes 059>
Karnab, Uzbekistan, photo: | 5 .Se . lnSo3lacs,S (5 ablaio o
Gero Steffens, DBM | DBM . sl 9,5

4

61



7Y
62

é){?a )l ‘J“'“" YO~ - G Yooo 05» fjﬁ}s)dﬂ s_ia.b)S ‘uLMA&A}l)

Tools, picks; Horn of goat; Tin mining, Mushiston,
Tajikistan; Andronovo culture, ca. 2,000-1,500 BC;
080001575237,080001575238, 080001575239,
080001575244, 080001575246; L.: 140 mm (longest)
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Picks; Bone; Picks and scratchs made of bones were also
used to extract the ore out; horn of gazelle; Tin mining,
Karnab, Uzbekistan; Andronovo culture, ca. 2,000-1,500
BC; 080001575254, 080001575257, 080001575266,
080001575268, 080001575271, L.: 188 mm (longest)
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Grooved hammer stone; Tin mining; Karnab, Uzbekistan,;
Andronovo culture, ca. 2,000 - 1,500 BC;
080001575206; L.: 141 mm
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Grooved hammer stone; Tin mining; Karnab, Uzbekistan;
Andronovo culture, ca. 2,000 - 1,500 BC;
080001575205; L.: 157 mm
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Hammer stone; the Bronze Age miners mainly used hammer
stones made from rock: simple hammer stones, notched
hammer stones and grooved hammer stones. These are
distributed worldwide, while the shapes are quasi-universal.
Hammer stones were attached to a wooden shaft and then
wrapped in leather (amongst other materials). In order to
achieve a better grip on the shaft, the miners picked notches
or circumferential grooves into the hammer stones.lime
stone; Tin mining; Karnab, Uzbekistan; Andronovo culture,
ca. 2,000 - 1,500 BC; 080001575177; L.: 130 mm

& ase S o 8 opl il 6 05,5 b gle aue
KV R WL PR PP PRSI AUL G PP bawe] I L S
0L 0dgr (e sl sl aedl sl s o (o2 )
alizes slo 0,95 ;0 5 Olex plipw p3las )3 (Sblas (i
LT3l e )5 ald o 1 5990 15l 00l oumliee

b}{.:do )| U"""’ \&H—Y~-~o5¢> ‘554'3).\j s_io.h)s

Pestle, sceptre; this pestle or sceptre was found in a
tin mine upright standing at the wall; maybe it was a
gift for a (earth?)-goodess; this kind of gifts in mines

are known around the world and during all ages;

Diorite; Tin mining, Karnab, Uzbekistan; Andronovo

culture, ca. 2,000-1,500 BC;
080001575279; L.: 196 mm
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Grinding stone; Tin mining; Karnab, Uzbekistan; Andronovo
culture, ca. 2,000 - 1,500 BC;
080200400000; L.: 94 mm
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Pounder to crush ore; Tin mining; Karnab, Uzbekistan;
Andronovo culture, ca. 2,000 - 1,500 BC;
080201400000; diameter: 80 mm

«dyS ald )5 ase (aae S 50,5 9,5 (gl eaisS
bm)lw ATARI F RS Sgd=> sjjﬁs)u\j g.i&)ﬁ suL».wS.a)|

Pounder to crush ore; Tin mining; Karnab, Uzbekistan;
Andronovo culture, ca. 2,000 - 1,500 BC;
080001575167; L.: 79 mm
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Token?; Quartzite; Tin mining; Karnab, Uzbekistan;
Andronovo culture, ca. 2,000 - 1,500 BC;
080122026001, 080122027001;

diameter: 55 mm, 55 mm
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Astragali; Bone; Tin mining, Askaraly/Mastau Baj,
Kazakhstan; Andronovo culture, ca. 2,000-1,500 BC;
080803233000



Massproduktion Copper: Mitterberg
Great depths - great problems

With a depth of 200 m, the Bronze Age minework-
ings on the Mitterberg are the deepest in the world.
This is where miners extracted copper from the
Early Bronze Age to the Early Iron Age (ca. 1,800-
700 BC). They followed the ore using shafts and gal-
leries. For mining tools they used hammer stones,
axes, and copper or bronze picks. The depth of min-
ing here was problematic. The oldest-dated buck-
ets and dams bear witness to very early attempts at
drainage, the purpose of this to prevent water from
penetrating into the mine. Wooden stemples and
platforms provided safety, better mining and also
the extraction of ore at greater heights within the
vein. Climbing trunks facilitated the Fahrung (Ger-
man mining term for man ways to the work). The
work was difficult in the depths of the mine due to
insufficient airflow.

Underground part at nearly 200 m depth: Bronze Age mine
«Arthurstollen», Mitterberg mining region; photo: Klaus Stange,
AVttention, DBM.
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Optimal conditions for depositing | loJl 5 lagS5 (gl Loyl i o yige

mining timber underground:
“Arthurstollen” depot; photo:

Klaus Stange, AVttention, DBM.
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Bottom of a bucket (replica); Wood; Bischofshofen, Mitter-
berger Hauptgang, Austria; Bronze Age; 080412042001;

diameter: 245 mm
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Bottom of a bucket (replica); Wood; Bischofshofen, Mitter-
berger Hauptgang, Austria; Bronze Age; 080412043001;
diameter: 250 mm
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Wooden tool (replica), so-called ,Férdertrog”; A trough to
extract the mined ore from the mine; Wood; Viehofen, Her-
mastollen, Austria; Bronze Age; 080412039001; L.: 830 mm
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So-called “Fiilltrog” (replica); In this kind of troughs the
mined ore was collected; Wood; Bischofshofen, Mitterberger
Hauptgang, Austria; Bronze Age; 080412030001 L.: 470 mm
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Shovel (replica); Wood; With such shovels the ore was filled
into the troughs; Bischofshofen, Mitterberger Hauptgang,
Austria; Bronze Age; 080412032001; L.: 420 mm
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Hammer (replica); Wood; Wooden hammers were probably
not used to mine ore, but as a tool for timbering; Bischofs-
hofen, Mitterberger Hauptgang, Austria; Bronze Age;
080412041001; L.: 510 mm
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Hammer (replica); Wood; Bischofshofen, Mitterberger Haupt-
gang, Austria; Bronze Age;080412040001; L.: 365 mm
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The treatment

Several working steps were required to smelt the
ore. The smelters first crushed it on so-called anvil
stones using mallets, and following this removed
impurities by selection or by washing. When wash-
ing was undertaken in a kind of sluice box, gravity
separation of the ore was achieved by weight. The
lighter dead material was simply washed away,
leaving behind the heavy ore concentrate.

The large scale underground copper ore mining at the Mitterberg
requires labour-intensive ore-dressing up the ground: At the Troi-
boden a Bronze Age ore-dressing site was excavated between 2008
and 2020; photo: Klaus Stange, AVttention, DBM.
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Sticks, partly decorated with marks; Wood (yew); Mitterberg,
Troiboden, Austria; Bronze Age; 080803422000; L.: 160 mm
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Pounder; Stone; Bischofshofen, Austria; Bronze Age;
080360077001; L.: 87 mm
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Pounder; Stone; Bischofshofen, Austria; Bronze Age;
080360079001; L.: 95 mm

The shaft furnace

The increased demand in metal necessitated im-
proved processes. One development of the older
wind blast furnaces was the so-called shaft fur-
nace, named after the shaft-shaped upper part
of the hearth. In contrast to wind blast furnaces,
shaft furnaces were closed. The supply of oxy-
gen took place via holes made in the wall of the
furnace, into which several nozzles were insert-
ed. This type of furnace could be set up virtually
anywhere and operated permanently - therefore
not only at certain places associated with favour-
able wind conditions. Furthermore, the metallur-
gists could supply oxygen to specific parts of the
furnace in a targeted way, thus better reacting to
fluctuations in temperature. The disadvantage,
however, was that the smelters had to operate the
bellows for hours at a time in order to ensure the
necessary supply of oxygen!
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Copper slags; Mitterberg, Bischofshofen, Austria;
Bronze Age; 080803417000, 080803418000
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Salt is life!

Saltis essential for life! This distinguishes salt from
almost all other mineral resources. Humans should
ingest about 5 to 10 g a day. A permanent insuffi-
cient salt intake can result in severe diseases and
even death. In his days as a hunter-gatherer, man
mainly satisfied his need for salt from the salty
flesh and blood of the animals hunted. The transi-
tion to diet of cereals and less meat resulting from
the introduction of agriculture led to an increased
need for salt. An additional salt intake was neces-
sary. The first salt springs and the mining of rock
salt emerged during the 6™ or 5™ millennium BC.
Salt was used in many ways: for preserving food,
for tanning skins, in healing, in metallurgy, in pro-
ducing ceramics (salt glaze) and even as a means
of payment.

Salt preserved not only food but all organic mate-
rials - including human excrement. Study of the
latter provides us with important indications of
nutrition or diseases.

Salt deposits and Iron Age salt production in Europe, Map: A. Horn-
schuch/F. Schapals, DBM.
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Diirrnberg - an economic centre

The Diirrnberg, located near Salzburg (Austria),
was the second largest salt producer in the Alpine
region. It enjoyed its heyday from the 6™ to the 1%
century BC, with its beginning coinciding with the
demise of Hallstatt. During this period, four mines
at the Diirrnberg were simultaneously in opera-
tion. A large-scale, multi-level exploitation led to
an increase in production volumes. The miners
used iron-tipped picks for the mining.

As salt is a good preserver, the organic remains of
daily life have been found. Different sizes of leath-
er shoe reveal that both men, women and children
were working underground. Excrements indicate
the presence of large number of miners. Due to
the poor hygienic conditions in the mine, many of
these miners suffered from worm infestation and
other diseases.

The salt-mining centre of the Diirrnberg, view to the settlement-cen-
tre which at the same time is also the Iron Age mining centre; photo:
DBM, K. Stange, AVttention, Marienheide
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1) Archaeological excavation underground in Diirrnberg salt mine, clean-
ing the walls with jack-hammers; 2) Underground experiments with Iron
Age tools gives an impression of how salt-mining around 500 BCE might

have looked like. Photos: DBM, G. Steffens.
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1) A medieval ladder in Iron Age Salt-mining debris evidences different
phases of salt-production; 2) Primary red-grey rock salt within the Diirrn-
berg salt-deposit; 3) Primary salt deposit (so-called “Blattersalzgebirge”)
within the Dirrnberg salt-deposit; 4) The so-called “Heidengebirge” is a
micture of working debris compressed in the old galleries underground;
5) Fragments of an Iron Age fur cap embedded in the working debris
(“Heidengebrige”). Photos: DBM, Th. Stollner (1, 5), DBM, P. Fleischer (4),

DBM, K. Stange, AVttention, Marienheide (2, 3).
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Shoe of an Iron-Age salt miner (reproduction); Leather; Salt
mine, Diirrnberg near Hallein, Austria; Iron Age,
6"-15 century BC; 080122304001; L.: 240 mm
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Textile; Salt mine, Diirrnberg near Hallein, Austria; Iron

Age, 6M-1% century BC;
080122304201

S USSR
Textile; Salt mine, Diirrnberg near Hallein, Austria; [ron

Age, 6M-1% century BC;
080122304204
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Textile; Salt mine, Diirrnberg near Hallein, Austria;
Iron Age, 6""-15 century BC;
080122304203; L.: 130 mm
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Textile; Salt mine, Diirrnberg near Hallein,
Ferro-Schachtricht, Austria; Iron Age, 6"-4" century BC;
080803424000; L.: 110 mm
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Textile; Salt mine, Diirrnberg near Hallein,
Ferro-Schachtricht, Austria; Iron Age, 6"-4™ century BC;
080803425000

& 00w ‘O"z’" yas (i il ‘5]3.3)5¢ s gose (Bb(5,9) pra>
Do 1 i 052 b oitcd
Meshwork; Salt mine, Diirrnberg near Hallein, Austria; Iron

Age, 6"-1% century BC;
080122304205; L.: 120 mm
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Personell equipment: Textile bundle; Salt mine, Diirrnberg
near Hallein, Austria; Iron Age, 6"-1% century BC;
080122304206; L.: 80 mm
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Personell equipment: Tooth stick; Wood; Salt mine, Diirrn-
berg near Hallein, Austria; Iron Age, 6"-1st century BC;
080122304207; L.: 73 mm
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Tool-set: handle; Wood; Salt mine, Diirrnberg near Hallein,
Austria; Iron Age, 6"-15 century BC;
080122304208; L.: 540 mm
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Tool-set: Head of a handle for an iron pick; Wood; Salt mine,
Diirrnberg near Hallein, Austria; Iron Age, 6"-1%t century BC;
080122304209; L. 185 mm
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Tool-set: Wetstone for iron picks; Salt mine, Diirrnberg near
Hallein, Austria; Iron Age, 6"-15 century BC;
080122304210; L.: 180 mm
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Tool-set: Wetstone for iron picks; Salt mine, Diirrnberg near
Hallein, Austria; Iron Age, 6"-15 century BC;
080122304211; L.: 175 mm



sl S o 2SI 5 s T (ol )l A gana
G5 o ol pac o o il pVla o3 § 10,50 «Sod yde
Do 5l G S

Tool-set: Strap to fix the iron pick; Leather; Salt mine, Diirrn-
berg near Hallein, Austria; Iron Age, 6"-1% century BC;
080122304212; L.: 120 mm
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Tool-set: Shovel; Wood; Salt mine, Diirrnberg near Hallein,
Austria; Iron Age, 6"-15 century BC;
080122304213; L.: 360 mm

uS;o).» Q’]ZJ)BQ s Odxo fog> ,@L..w%) AL.J :)I}ﬂ A goo
s 5 i SG U F (g o (o] pac (i 5l (Yl

Tool-set: Lighting tapers; Wood; Salt mine, Diirrnberg near
Hallein, Austria; Iron Age, 6"-15 century BC;
080122304214
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Tool-set: Strap with knot; Leather; Salt mine, Diirrnberg
near Hallein, Austria; Iron Age, 6th-1st century BC;
080122304215; L.: 130 mm
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Iron Age: Iron is the new bronze

Although the manufacture of iron involves con-
siderable effort, the benefits provided by this new
metal were quickly recognised. Unlike copper, and
particularly tin, iron ore can be found almost an-
ywhere. For the first time, many people benefited
from the new material. Appreciation of the metal
manifested itself in the objects initially produced:
jewellery (beads, bracelets, needles with gold plat-
ing, pendants), agricultural devices and weapons
as well as prestige objects (e.g. a dagger with gold
handle). People settled in the vicinity of high-grade
ore deposits. They produced iron in ever increasing
quantities. The technical development underwent
an acceleration while people‘s quality of life rose.
Iron is harder yet more flexible than bronze. Even
after the benefits were discovered it took hun-
dreds of years before iron supplanted bronze as
the most commonly used metal. Nevertheless,
bronze never completely lost its importance. For
example, it is still in use today for jewellery.

Iron ores:
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Limonite (FeO(OH)-nH;0); Limonite is a brown, light brown
or yellowish-brown mixture of iron hydroxides; Germany;
080803416000; L.: 81 mm
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Haematite; Felsenmeer, Hemer, Germany;
080502160000; L.: 117 mm (bigger piece)
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Kidney iron ore (Glaskopf); Nachrodt-Wiblingwerde, Mark-
ischer Kreis, Grube Thielsflotze, Germany; 080000248000;
L.: 118 mm (bigger piece)




A technological edge

In the smelting process, the smelters obtained
an impurified sponge iron - the iron bloom. This
they repeatedly heated and forged until only a
lump of soft steel remained. Varying amounts of
»,good“ end products were created depending on
the quality of the material and the processing
techniques used. The decisive factors were the
forgeability and - first and foremost - the hard-
ness. Such a technological advantage was not only
important from an economic but also from a mil-
itary perspective. That is how the historian Poly-
bios described the Battle of Telamon (Tuscany) in
225 BC, at which - above all - better equipment
proved to be a great advantage for the victori-
ous Romans against their Celtic (Gallic) enemies.
Noric iron (ferrum noricum) was justly famous
thanks to its high quality.

until 21* century BC e Finds of iron 4-3 mill.

20" - 11t century BC o Finds of iron 2" mill.

10t - 5% century BC

4th — 1% century BC

& Meteoritic iron
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The first iron ore mining areas

There are many iron ore deposits in Central Eu-
rope, all with different chemical compositions re-
lating to their geological formation. In Northern
Germany bog iron ores predominate, all of which
lie close to the surface. In other regions lode ores
dominate, most of these extending down to greater
depths. Depending on the size and quality of these
deposits, discrete mining areas developed during
the course of the Iron Age, such as Siegerland, the
Erzgebirge and the Heilig-Kreuz-Gebirge. In spite
of regional smelting differences there were two
principal types of furnaces in use: the ,single-use
furnace” and the “re-usable furnace”. Subject to
wind conditions, furnaces with high shafts (great-
er than 1 m) might dispense with an artificial sup-
ply of air. However, smaller furnaces (50-60 cm in
height) still required a bellows.

Iron Age bloomery furnace at | o ‘Q.DT yacilons) g O"’T 0,55
the smelting site of Siegen- | «jold o 555 518 Cgd dbge
Niederschelden, Wartestrafe; SEL S e S ol il 4l
photo: LWL-Archdologie fir | eolaiwgcplyo, g5 )
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Iron Age bloomery furnaces at | yascjl oasj )9 O.m'l sl oye8 i
the smelting site of Siegen-Nied- | -5 ;18 Cgd abgza ;o oyl
erschelden, Gerhardseifen | ;I Se . al; o 5 (O o
during the excavation; photo: D. oSl e
Bachmann, DBM
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A thousand furnaces

Since the first half of the 1st millennium AD, the
iron producers of the Schleswig region, in the
Holy-Cross Mountains, or Saxony preferred ,sin-
gle-use furnaces”. These furnaces consisted of re-
movable shafts built on top of furnace pits. The
slag solidified inside the pits forming lumps of
slag weighing approx. 100 kg. The adhering iron
bloom was broken off the lumps of slag. The re-
sult: partly enormous areas covered with the re-
mains of furnace residues.
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Slag lump; Joldelund, Germany; 2"¢ half 4% /1st half 5%
century AD; 080803423001
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Tuyere; Slagged blast pipe for bellows; Technical ceramic;
Manching, Kr. Kelheim, Germany; Iron Age/Laténe period;
080121449000; L.: 102 mm (bigger piece)
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Fragments of furnace walls; Technical ceramic; Manching,
Kr. Kelheim, Germany; Iron Age/Latene period;
080500485018, 080500485026
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»Ancient times"“ or ,classical antiquity“

This term characterises the antique epoch within the
Mediterranean region - in particular the history of
Greece from ca. 800 BC and the history of the Roman
Empire up to the dethronement of the last Western
Roman emperor, Romulus Augustulus, in 476 AD.

By this time, all the ,important metals and their
means of manufacture were already known. Char-
acteristic of this period was the big increase in de-
mand, inflation, and improvements in the purity of
product provided by refinement in these metals.
The emergence of the great ,empires“ and the in-
tensified contacts between them (including war-
fare) favoured the development of a new tech-
nology. This in turn was associated with a rise in
demand for raw materials, including the metal
used to make coinage and equip the respective ar-
mies. These innovations (and the various produc-
tion steps carried out on a large scale for the first
time) included the refining of gold, the extraction
of silver from lead, and the manufacture of zinc to
produce brass.
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Roman coinage

The state mint was a major customer for metals.
Large quantities of gold, silver, copper and brass
flowed into the monetary system. The coins had
precisely defined relationships to each other. As
a result of re-organisations (under Augustus, Au-
relian, Diocletian) these relationships were re-
peatedly changed and adapted to the political and
economic circumstances existing at the time. The
material value initially corresponded to the nomi-
nal value. However, from the second half of the 2
century AD, and particularly the 3™ century AD,
this coinage was increasingly devalued. The ma-
terial value fell against the nominal value. The old
Romans used to say: ,pecunia non olet - money
has no smell“ This saying is attributed to the Em-
peror Vespasian (69-79 AD). He raised a tax on
public toilets, which helped to fill the state coffers.
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Mine coin; Obverse: bust of Roma, transcription RO = MA, re-
verse: standing woman with heads of wheat. Transcription:
DARDA = NICI (in antiquity, the DARDANI were a Balkan
tribe); Copper; Site unknown; Roman Imperial Period,
117-138 AD; 030005416001; diameter: 18,3 mm
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Coin; Obverse: portrait of Julia Domna, transcription IOVLIA
DOMNA CEB. Reverse: the river deity Strymon. Above her

a genius plucks grapes BOTRYS, another harvests grain
STACHYS. A third genius washes gold CHRYSOS in a water
stream. A fourth genius shoulders a bag of silver ARGYROS.
Copper; Site unknown; Roman Imperial Period, 2"-3™ cen-
tury AD; 030007589001; diameter: 24 mm
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Las Médulas (Spain): so-called “Ruina montium”, collapsed montains, | Lus," 4 pawge loeeys lng, Jawgs Mo SiilS pudie 1 5ol Ll
remains of the huge roman gold exploitation. | . : uSe Lilowl (Vo0 (0¥ ,0 (a5 55,8 slengS xe @) "posiise
Photo: K. Stange, AVttention. | .DBM ,AVttention ,oasla p -5 ,le caSSLed!

Las Médulas (Spain): high-pressure water passage, intended to | Lilwl ( w¥gae (¥ « S s Mo 2l 5eiul (gl Las 5, oy slyme
extract gold and rock. Photo: K. Stange, AVttention. | DBM ,AVttention o0 O m6 ke dSSlial .S e Se



Wallerfangen (Germany): a roman gallery. On the right side a part of an
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exploitation area where azurite was exploited. Photo: G. Steffens, DBM. T8 e 7 N ST 2 sy Faxe
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Wallerfangen (Germany): a very narrow roman exploitation area. | .S : .S _(QL‘,J]) SNy 5 segy Sk e (2l IS A SO
Photo: K. Stange, AVttention, DBM. | DBM, AVttention ,oasle 'y -5 Lo «aSile|
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A new alloy

Unlike lead, brass which is a copper-zinc alloy,
was not available on a large scale. This was due
to the difficult manufacturing process, given that
it was not a simple matter to smelt zinc from the
ore. To obtain brass, the smelters heated up a
combination of calamine (zinc carbonate), copper
and charcoal. Zinc boils at 905°C, the zinc vapour
reacts with copper to form brass (the retort pro-
cess). Special furnaces or hermetically sealed con-
tainers were required for this.

Antique brass objects are extremely rare, being
primarily known in the form of coins. In the Ro-
man Empire, a greater demand arose following the
monetary reform of Emperor Augustus (ca. 20 BC).
Thus the sesterce and dupondius small-denomina-
tion coins were temporarily minted from brass.

Roman mining

The increased demand for metals within the Ro-
man Empire led to mass operations and important
innovations, particularly with regard to drainage.
Often the miners first ,developed” the ore deposit
using shafts and only then installed galleries. Min-
ing was usually carried out using the pillar-and-
stall method. In this the miners left conveniently
placed natural pillars of rock to help safeguard
against collapse.

The tool typically used for coarse work was the
pickaxe (similar to the pick). Gads, wedges and
scrapers were also used. For “Fahrung” (German
mining term for man ways) the miners continued
to use wooden climbing trunks, although steps are
also known. Amongst other things, bag-shaped
vessels made of organic material or buckets
served to help haul the mined material up to the
surface in the shafts.
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Ingots; Brass; Shipwreck, Aleria, eastern coast of
Corsica, France; Roman Imperial Period, 15*-early
2" century AD; 080503189001, 080000107001,
080000108001, 080000109001, 080000110001,
080000111001; L.: 240 mm (biggest ingot)
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Relief, so-called “Stein von Linares”; Red sandstone; Linares, Spain; Roman,
2" century BC-2" century AD; 030302396000; L.: 470 mm
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Roman tools; Iron; Cerro Colorado, Rio Tinto, Spain; Roman; 080360185001, 080360182001, 080360214001,
080360212001, 080360215001, 080360216001, 080360218001, 080360223000, 080360244000,
080360248000, 080360252001, 080360273001; L.: 325 mm (biggest tool), L.: 118 (smallest tool)
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0il lamp; Ceramic; Cyprus; 3-2" century BC;
080504029001; L.: 91 mm

09,9 ik ST Gane b5 s Jlimw 159w 029, €l 5l (Slakd
M yac lgy

Fragments of oil lamps; Ceramic; Agrileza Stollen,
Laurion, Greece; Hellenistic period;
080500705001, 080500706001; L.: 66 mm, 76 mm
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0il lamp; Ceramic; Linares?, Spain; Ro-
man Imperial Period, 1%-2" century AD;
030140135001; L.: 70 mm
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0il lamp; Ceramic; Site unknown; Roman;
030140144200; L.: 140 mm

(U «ZayS e wgwssS i Jlhw g €5, Elz 5l ol G
fobl age 2yl

Fragments of oil lamps; Ceramic; Knossos,
Crete, Greece; Late antiquity?;
080500735001; L.: 106 mm



Blue in the empire

An example of ,beautiful living“: according to their
budget, the Romans endeavoured to embellish their
homes with wall paintings. The favourable colours
of red and white were by far the most popular ones
to be used, whereas blue, in contrast, was rare.

At Wallerfangen in Saarland, the Romans mined
azurite, a blue copper mineral occurring in small
nodules within sandstone, from the 1° to the 4™
century AD.

Vitruvius describes the production of ,Egyptian
blue“: in this the ground azurite is mixed with
sand, natron, lime and water and moulded into
balls. Following repeated firing, the balls assume
the colour of azurite. Such coloured balls and
remains of wall paintings have been found by
archaeologists in Roman villas, baths and forts,
while small colour pots have also come to light in
graves (the so-called painter graves).

awlo 1] (59, y SIS Lawgs sad ol BT L (Ko Ssbs
6l oo oy (5,58 el pae LIl L)L i (B Jlg 1 Ko
s 5l o3l U po

Stone block with marks from a pickaxe; Sandstone;
Wallerfangen-St. Barbara, Germany;

Roman Imperial Period, 374" century AD;
080122002002; L.: 515 mm
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Stone block with marks from a pickaxe; Sandstone with
small azurite nodules; Wallerfangen-St. Barbara, Germa-
ny; Roman Imperial Period, 3"-4' century AD;
080803322001; L.: 280 mm
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Blue azurite, partly in host rock; Azurite; Bruss gallery,
Wallerfangen-St. Barbara, Germany; Roman Imperial
Period, 374" century AD;

080124087001 1000
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The Middle Ages-
Upheavals and the onset of a new age

The end of the 5% century saw the collapse of the
West Roman Empire. Its political and economic
decline had dragged on for over 200 years. The
formerly flourishing mining industry lay in a state
of utter neglect, being only sporadically operated
at a regional level. Mining knowledge was lost.
The demand for metal was covered by imports,
theft and recycling.

New mining activities blossomed as a result of the
economic upsurge in Franconia. Technical knowl-
edge, however, had first to be regained. A key role
in this regard was played by the exchange of min-
ers and smelters from amongst the various min-
ing regions.

Until well into the 12" century, the property right
to the metals rested with the respective landown-
er. [t was only then that the king asserted a general
claim over all mineral resources (the principle of
Bergregal - sovereign right of mining).
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Technology and knowledge

Up to the end of the Middle Ages, mining knowl-
edge was predominantly orally passed on by ex-
perts. From the 15" century, modern scientific
methods prevailed in Europe, which also led to a
stronger technical-rational approach in mining.
Outstanding examples in this regard are provid-
ed by the writings of Georg Agricola, who is con-
sidered the founder of mining sciences. Mining
knowledge was now systematically collected, set
down in writing and published, thus being made
accessible to a wider public. The penetration to
great depths required extensive technical systems.
From the end of the 16" century, this mechanisa-
tion resulted in the age of ,large-scale wood engi-
neering”. The smelting industry (the further pro-
cessing of the extracted ores) also required ever
more complex and larger plants. From the middle
of the 18™ century, mining academies established
by the regional rulers assumed the task of knowl-
edge dissemination to train miners and smelters.

Miisen shaft and Altenberg mining settlement

In the 13" century, there existed a mining settle-
ment at the Altenberg near Miisen in Siegerland.
The miners and their families had settled in the
vicinity of the lead, silver and iron mines. The
remains of houses can still be seen there today.
Shafts in the form of mine-sinking holes, created
by collapsed shafts, are recognisable. Both the
stone construction of the buildings and the items
found, such as glass and tiles, point to once afflu-
ent residents. A small stockade probably protect-
ed the settlement and its valuable raw materials
against potential attackers. The miners brought
the lead ore extracted to smelting sites in the vi-
cinity. The processing of the silver-rich ores prob-
ably took place at more distant locations.
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Skittle-balls; Wood; Mining settlement of Altenberg,

Miisen-Hilchenbach, Germany; 13% century AD;
030006455001-2; diameter: 102 mm, 93 mm
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Scraper (replika); Mining settlement of Altenberg,
Miisen-Hilchenbach, Germany; 13" century AD;
080001573001, 080001574001; L. 180 mm, 135 mm
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Carpenter’s hatchet; Iron; Mining settlement of Altenberg,
Miisen-Hilchenbach, Germany; 13" century AD;
080803101001; L.: 260 mm
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Blunt-point pick hammer; Iron; Mining settlement of
Altenberg, Miisen-Hilchenbach, Germany; 13% century AD;
080803103001; L.: 120 mm
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Pick hammer; Iron; Mining settlement of Altenberg,
Miisen-Hilchenbach, Germany; 13" century AD;
080803104001; L.: 193 mm
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Bugle; Horn; Mining settlement of Altenberg,
Miisen-Hilchenbach, Germany; 13" century AD;
080803107001; L.: 120 mm



Underground mining at the Altenberg

Miners needed large quantities of wood in order to
safely develop the mines. Various techniques were
used, according to the nature of the ground. Thick
planks were used to absorb the rock pressure,
while thinner facing prevented smaller stones and
rocks from falling into the shaft. A variety of tools,
such as axes, scrapers, hammers and wedges were
necessary to process wood and rock. A fire in tal-
low lamps served as a source of light. A signal horn
warned the miners of possible dangers.

Open-cast mining at the Altenberg

The treating and smelting of part of the extracted
ores took place in the vicinity of the mines. Spoil
tips consisting of melted rock and metal found
at the Altenberg provide pointers to the smelted
metals lead and copper. Alongside the extensive
spoil tips of the smelting works, smaller slags that
had accrued in the course of smelting experiments
or forging work have also been discovered.

Hoard of coins

In the 13™ century, one resident of the Altenberg
settlement hid a hoard of coins in a small clay pot.
For reasons unknown, the owner was unable to
retrieve his treasure. In addition to silver coins
from the nearby mints in Siegen and Attendorn,
there were also silver coins from Soest, Hamm,
Schwabisch-Hall (Germany) and France. These
different places of manufacture indicate trading
activities. In the 13" century, the Siegen and At-
tendorn mints produced significantly more coins
than in the prior period. This increase in coin
minting is presumably associated with the up-
surge in mining in the region of Siegerland.
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Part of a shoe last, shoe buckle; Wood; Mining settlement

of Altenberg, Miisen-Hilchenbach, Germany; 13" century
AD; 080504053002; L.: 240 mm
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Altenberg settlement

The medieval settlement at the Altenberg only ex-
isted 100 years. Miners and craftsmen lived here
with their families. They lived in stone houses and
possessed not only the customary wooden, metal
or clay household articles but also special items,
such as toys and jewellery. The clothes of the resi-
dents were made of wool. A shoemaker manufac-
tured leather shoes. Buckles made of non-ferrous
metals decorated garments and shoes. The resi-
dents kept livestock. Small mills were used to pro-
cess grain (and also ore). The diverse finds bear
witness to prosperity. It is possible that the settle-
ment was destroyed by a fire at the end of the 13®
century, as depicted in the legend of Altenberg.
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Children’s shoe; Leather replica; mining settlement of

Altenberg, Miisen-Hilchenbach, Germany, 13" century,
080803116001; L.: 165 mm
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Horseshoe; Iron; Mining settlement of Altenberg,
Miisen-Hilchenbach, Germany; 13% century AD;
080803115003; L.: 123 mm
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Kitchen knife, Iron; Mining settlement of Altenberg,
Miisen-Hilchenbach, Germany; 13% century AD;
080803124001; L.: 142 mm
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Brooch; Glass enamel; Enamel disc-shaped fibula; Mining
settlement of Altenberg, Miisen-Hilchenbach, Germany;
13" century AD; 080803113001; diameter: 20 mm
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Bowl; partly reconstructed; Wood; Mining settlement of

Altenberg, Miisen-Hilchenbach, Germany; 13" century AD;
080803123001; diameter: 235 mm
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Runner stone of a hand mill; Sandstone; Mining set-

tlement of Altenberg, Miisen-Hilchenbach, Germany;
13" century AD; 080803125001; diameter: 215 mm

Bliesenbach finds

The finds from the Bliesenbach pit in Engelskirch-
en in the Rhineland depict miners tools and
equipment typical of the 13® century. The ensem-
ble was long considered unique. Now, though, a
large number of comparable finds of wooden and
iron gezdhe (German mining term for personal
tools), clay lamps and leather clothes are known
from other medieval mining regions. The objects
presented here were found in the 19" century in
a lead ore mine. The items were presumably part
of a presentation made by the Prussian mining
industry at the World Exhibition in Paris in 1867.
In 1935, they were donated to the German Mining
Museum in Bochum.
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Miner’s stool; Wood, partially reconstructed using plaster;
Bliesenbach mine in Engelskirchen, Oberbergischer Kreis,
Germany; ca. 1220 AD;

030120261001; L.: 440 mm
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Mining:
A Task for Princes in Early Modern Times

By the end of the medieval mining reached a tech-
nically and economically high standard. Precious
metals particularly gold, silver and salt secured the
welfare of early states and therefore became a pri-
mary task of early states in Europe. Mining was a
prestigious economic branch for the ruling elites,
princes and kings during the 16™ till the 18" centu-
ry AD in Europe. A modern state should have avail-
able a well developed mining branch. Many mining
districts in the Harz, in Saxony, Bohemia, Slovakia
and the Alps came to their bloom by help of financial
input of entrepreneurs and by the technical skills of
their mining specialists. At the same time engineer-
ing and mining science developed as an important
branch of the early academic education. Although
the discovery of the New Worlds and its immense
resources brought the European Mining to a crisis
the states in Europe answered with technical and
organisational innovation and by governmental di-
rigisme. This self-conception of mining is mirrored
by outstanding artistic and scientific oeuvres. Many
of those artifacts were used as fictures for precious
tables. Pompous jugs display for instance an impor-
tant artefact category used between the 15" and
18% century AD. They are part of the treasury of the
German Mining Museum Bochum.
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Centrepiece, drinking horn (copy); Gift of the merchant Sever-
in Boner to the salt mine of Wieliczka near Krakow (Poland);
Tin, silvered, embossed, casted, horn; Niirnberg, Germany;
1534 AD; 030001242001; L.: 430 mm

Spania Dolina (Slovakia), miner’s association honour’s
tools (copy); Silver, gilded, embossed, engraved; made
in Kremnica/Kremnitz, by Petrus Neumann; 1702 AD;

030004901001-2; L.: 124 mm, 144 mm
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So-called Lower Harz Mining Jug (copy); Silver,
embossed, engraved, partly gilded, with minerals;
made by H.H. Schuhmacher, Wolfenbiittel, Germany;
1732 AD; 030006160001; H.: 390 mm
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Eagle figure from Goslar market (exclusive and first hand
copy); As the heraldic animal of the Emperor, the eagle
appears on the coat of arms of Goslar. It is also to be found
on the fountain in front of the Town Hall as well as in the
Council Chamber on the elaborate Goslar Mining Jug. The
Marian groschen coins, minted in Goslar since 1503, also
depict the eagle and achieved supraregional distribution;
Bronze; Goslar, Germany; 13"-14" century AD;
030006193001; L.: 620 mm, H.: 580 mm
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Miner’s goblet; Silver, master HL; Dresden, Germany;
around 1750 AD; 0300048310001
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Stolberg-Rosslaer coin-jug (precious lid-jug); made for

the marriage of Christian Ludwig Friedrich Botho Graf zu
Stolberg-Rossla, Wernigerode und Hohenstein and countess
Sophie Reuss of Gera; Silver, gilded, embossed and casted;
Augsburg, made by Johannes Nikolaus Spickermann; around
1746 AD; 030005683001; H.: 450 mm
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Mining Jug; Silver, gilded (copy, around 1900) from the
original of the Goslar town hall, Germany;1477 AD;
033304226001; H.: 725 mm
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Mansfelder Coffin shield (replica); Silver;
Eisleben (?), Germany; ca. 1760 AD;
030005413001, H.: 322 mm
030005414001, H.: 307 mm,
030005415001, H.: 360 mm
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Excavation at the copper beneficiation site at | «3g.5,5 dilais ¢ o (5,51,3 dbogoe ;5 (iglS
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