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for smelting copper and its alloys {e.g. tin, arsenic, antimony and lead).
Many reglons, because of lack of those ores were obliged, to import them. In
this way the beginring of the intentional production of cepper alloys
(arsenic - copper) created an interregional network for the exchange of the
raw materials. All regions of Europe were integrated into this system. The
long period of the Bronze Age in Europe (more than thousand years) demon-
strates the stability of this network of economic and communicative con-
nections. It was even able to overcome some serious difficulties at the end
of the Bronze Age. Slowly the importance of this network decreased as the
use of the bronze was replaced by that of iron. Iron ores were available al-
most everywhere.

The search for copper and tin mines is therefore of especial importance.
In this field Austrian scientists were successful, discovering in the Alpine
Region traces of mining from the Bronze Age and especially from the Urnfield
Culture. These tracas have been partially visible to the present days
(Zschocke/Prauschen, 1932). Some surprising details of methods and organi-
sation of prehistoric mining could be discevered in this way (Eibner, 1983).
The “Wiener Arbeitsgruppe" (R.Pittioni and H.Neuninger) succeeded in making
a further step investigating the relations among mines and manufactured pro-
ducts. By means of semiquantitative analysis (atomic - emission spectros-
copy AES) they established "impurities patterns™ for different mines. It was
possible to distinrguish several regions of mines. Their investigations were
simplified by the fact, that samples of ores and slags could be obtained
from mires that have been in operation from the Bronze Age up to the present
days. This type of work is impossible for other traditional copper producing
regions of furope such as Mansfeld/ Thuringia or Slovakia because the inten-
sive and extensive mining in these regions during the later Middle Ages and
in modern times {as described by G.Agricola) has destroyed all traces of
prehistoric work. Therefore W.Witter and H.O0ttg in Halle/Germany tried by
means of fully quantitative analysis (atomic emission spectroscopy} of
manufactured materials and rawcastings to establish relations to the corres-
ronding mines. The investigations concerned essentially the region of Middle
Germany with its rich mines and copperslates. Witter and Otto could demon-
strate that these mines delivered ocres for. coppersmeliing since the late
Neoiithic (1952). The investigation of the propagation and development of
metallurgy was the aim of the biggest project in the field of palaecome-
tallurgical analysis. The title of this project of the "Stuitgart Group” was
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the middle and lower Hessen formations of Zechstein with the fayer of slate-

like copper-ore (JockenrhGvel, 1983), the Donnersberg mountain in Rheinland-

pfalz (Geis, 1955) and the district of Wallerfangen in Saarland (Schindler,

1968). Beside these "classical districis" there is a big number of smail seams
cf ore, that most probably have been exploited in prehistoric periods
{xabrich, 1936). )

Concerning the period of the investigation many depot-findings are known from
the period of the end of the later Bronze Age(Ha B3 to H. Miiller-Karpe;
8th century b.c.). They are considerably large and contain a high percentage
of manufactured products, that are characteristic for this region {Jocken-
hovel, 1981). Findings of casting moulds prove the existing of a local metal-
]ufgy in this region. This is also confirmed by raw-castings or parts of raw-
castings in the depots. In some cases depots pieces of resmolten metal were
found. These findings may provide informations about recycling procedures.

The region of our investigation is part of the circle of the "bronzes of
lake-dwellings". This is the name for bronze materials of similar types from
the latest period of Bronze Age, originating from the region of Switzerland,
Southwest of Germany and the Eastern France. Regardiess of local variations,
{e.g. "groupe lorrain" at Saar and Mosel) the province of origin is of extreme
importance. Its stromg influence on the Narth (during period V to 0.Montelius)
can be seen from the rich flux of metal from the Upper - Rhine through the
territories of Hessen and Thuringia to the plains of MNorthern Germany and
finally to Scandinavia (Sprockhoff, 1956; Thrane, 1975). Therefore it is
very probable, that copper from the region of our interest had reached the
North either as raw-copper or as manufactured products. Starting from <the
point of view, that the region of our interest belongstoa greater provinceof
culture in the later Bronze Age possessing a lot of copper ore, we can assume
that these ores had been used for the production of raw-copper etc.. Therefore
the principal aims of our program are:

1. Search of sources of raw-material for smelting copper during the

end of Bronze Age.
2. Circulation of metals.
3. Evaluation of the analytical data in order to establish relations
among seams of ore and manufactured products.

There are no similar investigations done until now. In this Wway we intend to
analyse only objects of metallurgical interest and the choice is limited by
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:piate (see also for bronzecraps the remark of A. Mozsolics, 1981).

The copper mining in the regicn of interest and its surroundings is documented

“only since 1000 A.D.. No exiended documentation can be found for the periods

earlier than the 15th/16thcentury, especially for the region of Hessen and
Thuringia. Traces of prehistorical mining such as patterns of working, tocols
places of smelting together with slags could not be detected until now. There-

- fore 1t was necessary to restrict to assumptions. The degree of probability

of these was related to archeological history of colonization, the abundance
and concentration and the character of the findings. Informations had been
obtained in many cases by analysis of metallic objects. Those observations
led to the well established assumption that in Eastern Thuringia existed small
minings and well known fabrication workshops since the end of middle Bronze
Age.(K.SimOH, 19821. As a result of studying the concentration of hoard -
findings around fortifications from the Bronze Age, 0.Kytlicovi also assumed
mining in the mgmnofPHbmmdmﬁm‘melam|%erofmmmeA% {1982),

In the western parts of the region of our investigation it was succeeded to

prove the existance of mining places originating from the Roman

period. These

traces of galleries were found there.

Authenticated by inscriptions are the

Marcus - gallery near Kordel - Butzweiler {south - western part of Eifel} and
the Emilianus - gallery at Wallerfangen {Schindler, 1968}, Saar district. In
bothpiaces copper ores had been probably found in guarries of sand - stone.

Only the front part of "Piitz16cher"

at Kordel - Butzweiler (fig.2) is antique.

Beside the entry of the gallery there were two inscriptions with the name
Marci (today only one of them exists}. This name can also be found on several
squared stones of the "Porta Nigra" in Treves. The Roman gallery has a length
of 15m and branches out. From there six vertical excavations rise upward to
the surface on proceed downwards. Besides the inscriptions Roman fragments
of pottery and tile are suitable for dating. Later during the 1Bthcentury the
antique gallery was enlarged.

A Roman inscription (CIL X111,4238: INCEPTA OFFICINA EMILIA 11! X NONIS MART }
lead to the investigation of the Emilianus - gallery of St.Barbara near Wal-
lerfangen, Saar district, by R. Schindler from 1964 till 1965. This gallery is
4 two floor facility. The purpose of the Ioﬁer gallery, which is connected
with the upper one, seems to be the exploration. Layers of copper - ores were
found in the upper gatlery. The end of the gallery has not been reached yet,
Lateral branches pits to the surface and a drainage are remarkable. Many small
findings of the Roman pericd as wall as residues of tools allow no doubt tn
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Fig. 3 Roman mine “"Emilianus" at Wallerfangen, Saar district (R. Schindler,
1968, p.30, fig.4)

Although to the present days no traces pf prehistorical miring could be de-
tected in our region, the investigaticn of R.Schindler (1968) and H.Conrad
{1968) demonstrates with considerable probability, that Azurit from Wallar-
fangen had been smelted for copper already at the end of Bronze Age. R.Schin-
dier as first interpretated fromthe point of view of the ecanomic history and
social aspects the depot - findings from the period of Urnfield Culture,
graves from the Hallstatt - pericd anda fortification on the "Limberg" from
the same period. The utilization of this place of refuge enablied the arising
of the "dynysty of Wallerfangen". Ke connected that unusual cencentration in
one place and its internal structure causally with existance of Copper mine
in the neighbourhood.

H.Conrad made use of analysis of crumbs of ore from Wallerfangen and of a
tintinrabulum from the period Ha B3 in order toprove the local route from the
mine to the manufactured products, As significant elements were considered
the concentraticns of ccbalt and nickel in the ore ard the products,
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certain similarities to others in Southern Germany, that had been created
by the metallurgical industry.

Taking into account the present results, it is possible to assume a local
exploiting of seams of copper - ores in the region of our investigations
during the Bronze Age. It is not possible for the mement to decide, where is
the best place to start ‘promising mining - archeological work. This may be
possible after the znalytical investigations of the raw - ‘copper findings
(especially raw - castings). The first task is to recognize, how many species
of copper existed in the region. We can try with the knowledge of the
"finger - prints" (patterns of the concentrations of different elements) to
excavate residues of pings, places of smelting or heaps of slags. On the
other hand it should be possible tao recognize the way of the raw - copper to
its alloyed end - products. H.D.Schulz (1983) demonstrated by analysis of
copper from Helgeland that this is not obstructed by changed conditions of
the smelting process. Tﬁe Success depends con the analytical method. Therefore
we have chosen for our work the instrumental Neutron Activation Analysis
{INNA), '

Instrumental Neutron Activation Analysis (INNA) - analysis without chemical

separation after irradiation - is an excellent tool for the investigation of
copper and bronze.

Most of the components, to be determine, produce during neutronirradiation

activities with much longer half - lives than that of the matrix. Therefore

it is possible to wait for the decay of matrix activities before the actual

measurement of the sampler. In this way the interference of backgound -

ragiation can be avoided. The isotopes, of tin either have only small neu-

troncapture erossections or the - ray emission probability of the resulting
radioisotopes is small. That means, that a relative large content of in in
the samples does not reduce the effectivity of the measurement. Regardless of
the common cpinion INNA is not & non - destructive method, but only small

amount of sample (10mg) is required for the analysis. Until now 60 objects

-meanly raw - castings and other semimanufactured material have been analysed.

From each object two analysis were made. In the first one, after two hours
of irradiation, the short living radioactive Isotopes lives of the elements
Indium (In), Manganese (Mn) and Arsenic {(As) were determined. This analysis
also supplied the first infermation about the content of Antimony (Sb) in the
sample. The knowledge of this is impertant for the calcuylation of the time

required for the second irradiation lasts normally three days. This time must
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In that second analysis the radioactive isotopes of the elements antimony
{Sb), tin (Sn), iron (Fe), cobalt {Ca}, nickel (Ni), silver {Ag}, gold (Au)
and occasionally selenium (Se), chromium {Cr), rhenium (Re} and others are
measured and the concentration of these elements in the sample is determined.
The possible sensivity and accuracy of the determination of the elements
depends very much on the content of antimony in the sample. That limits not
only the irradiation - time, but alsg reduces the sensivity of the determi-
nation of As, Sn, Au, Cr and Re. The greatest sensivity is nermally achieved
for gold (10'6%). Considering usual concentrations, the highest accuracy can
be achieved for cobalt (#3%). The largest error arises in the determination
of iron {up to 30% at concentrations lower than 0,05%). Longer counting -
time can reduce this error, but from the other side of view the concentration
of iron in copper or bronze is not significant for their evaluation. A
serious disadvantage is the missing information for the content of lead (Pb),
because INNA is not sensitive for this element. Therefore we intend to deter-
mine lead by Atomic Absorption Spectroscopie (AAS).

Samples were taken from the metallic objects after carefutly cleaning the
surface at & suitable place and removing the corroded surface by drilling
with a borer of 3mm diameter. This treatment was continued till the blank
metal appeared in the whole region. After that the whole was cleaned once
again carefully and samples were taken bering with a drill of 1mm diameter.
The weight of the borings was 30 to 50mg from each object.

The counting has been performed by means of Ge (Li) detector connected with
a 4096 multi - channel analyzer,

The energy - resclution of the detector was abeut 2.2 keV for Co-60.

Fig. 6 presents a graphic survey of the concentrations of the different ele-
ments that had been measured (Copper has not been taken in account) the mean
values for As and Sb are relatively extreme values up to 14% may exist. This
is most probably due to the smelting of grey copper ore with a high per-
centage of antimony. Relatively high are also the mean - values for Co and
Ni. This is not surprising, because it is well known, that the copper ores
from the region of interest have a targe content of these elements.

The values for silver are also larger than the average of analysis of pre-
historic opper cr copper - alloys.
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formative. Besides a smelting - preduct of a grey copper ore (51) four
samptes of raw - copper (52, 53, 54 and 56) and one tin - bronze (55} are re-
gistered. The four raw - coppers have - within the limit of error - identical
contents of Co, Ni, Au and Zn. The value for Ag is nearly the same for the
four samples. No In was .found. The values for Fe. As and Sb are of the same
order of magnitude for the four specimen but they differ. distinctly. The
agreement of the measured values for Co, Ni, Au and ZIn is almost better than
results of two samples taRen from the same object. Therefore. it can be sup-
posed that the four fragments of raw - copper castings were smelted from the
same using the same technique. Obviously the same technique results the same
identical concentrations of Co, Ni, In, Ag and Au in the products, hut a
small change in the conditions of smelting (such as temperature) causes a
difference in the concentration of As and Sb. (We do not believe in an inten-
ded addition of these elements in such small concentrations.) Nr. 55 is one
of the above mentioned tin - bronze samples. Most probably it was fabricated
by adding tin to raw - copper of the type described before. The concentra-
tions of Co and Ni are reduced in comparisen ftc the raw - copper because of
the resulting dilution (Zn seems to be unchanged because of the greater un-
certainty of this element). The contents of Ag and Au are considerably
higher. The value of In is very high .related to other tin - bronzes (52 ppm).
This proves, that Ag, Au and In have been satelites of the added tin. On the
cther hand Co and Ni are supposed to be only contaminants of copper nad not
of tin.

Similary it car be demonstrated, that two tin - bronzes from the depot -
finding of Weinheim - Nichstenbach had been produced from the identical raw -
copper with addition of tin, having at least in both cases a similar pattern
of impurities {object 59 and 60). The concentrations of nickel and cobalt
therefore are supposed to be suitable criteria to characterise raw - copper
in bronzes. The observation of the results of analysis shows, that the con-
centrations of Co vary much more than that of Ni and the measurement of Co is
more exact than that of Ni. Therefore we have chosen the Co - values of the
samples for the classification of the groups.

We distinguish five groups of findings:

Group 1 Co 0.001% 2 ohjects
Group 2 Ce 0.001% - 0.01% 2 ohjects
Group 3 Co 0.09% - 0.1% 22 objects
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M In
Sni Sb As Fe Co Ni Ag Au In n

Probe-Nr.

©.0011  0.00%3

?
0.03
0.03
0.03
0.03
0.03

G.0002
0.0004
0.0c04
0.0004
0.0006
0.0004

1.01

0.047
0.050
0.043
0.418
0.052

2.00
0.18

0.947
0.109
0.109
0.110
0.100
0.115

1.0
G.3

0.4

2.70
0.16
0.23
0.35
0.25
G.14

13.5

51

0.0023
0.0014
0.0014
0.0011

0.27
0.33
0.72
0.44
0.31

52
53
54

0.18

0.0042

0.18

0.6
0.4

0.3

0.15
0.2

5.0

55
56

0.0008

Fig. 7 Analysis of ingots from Unadingen (Remark Pb is not determined)
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