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The Aegean basin has long been appreciated as one of the seminal and most dynam-
ic centers of metallurgical activity during the Bronze Age. That appreciation rests not
only on the volume and quality of metal objects found in the region, providing some
sense of the scale of production, but on detailed laboratory investigations of the artefacts
themselves which yield a wealth of data on the technologies of production.

The practice of alloying which becomes widespread in the Early Bronze 11 period,
had already begun in the Early Bronze I period. Arsenical copper was the most popular
alloy in the Aegean by that period, closely followed by tin bronze (Renfrew, 1967, 14:
Charles, 1967; Branigan, 1968, 47; Muhly, 1985; Tylecote, 1991, 221). The addition of
a second alloying metal to copper, either arsenic or tin, not only increases the hardness
of the product. Pure copper is not easy to cast successfully as it develops gas bubbles that
seriously weaken the end-product. The addition of arsenic or tin lowers the temperature
at which melting occurs and improves casting by producing a more fluid melt that cools
to a denser, less spongy metal. This was particularly important after the Early Bronze
Age, when more complex shapes were cast in closed moulds (Tylecote, 1991, 216).

A. ARSENICAL COPPER ALLOYS

1. The production of copper-arsenic alloys.

The metallurgical advantages of copper-arsenic alloy over unalloyed copper have
been described by many scholars (e.g. Charles, 1967; 1980; Coghlan, 1972; Northover,
1989; Tylecote, 1991; Zwicker, 1991) who have clearly established that the presence of
arsenic in copper is particularly beneficial in enhancing its workability. In fact the new
alloy has better casting properties and can more readily be worked cold or hot than
unalloyed copper while having strength and hardness equivalent to those of tin bronze.
It is also clearly established that with an arsenical content of up to 7%, copper alloys
possessed remarkable ductility and could be readily worked hot or cold by hammering
without cracking (Charles, 1967, 24). In view of its properties ancient societies are
believed to have recognised it as a superior form of copper and used it extensively when
arsenic concentration was over about 2% (Gale - Stos Gale - Gilmore, 1985: Budd -
Ottaway, 1989).

The vital innovation of alloying prompted the production of the whole range of arte-
facts seen at this time. Most of them could be produced only by considerable secondary
forging after the initial casting; for this as well as for its improved hardness, the copper-
arsenic alloy might be «preferred». Its production constituted a distinct phase of consid-
erable duration, lasted for approximately two millennia (roughly 3500-1500 BC) in
Western Asia and Europe. A rapid growth of an interesting and distinctive Cycladic
metal industry, which produced hundreds of metal objects, took place in the Early
Bronze Age II period (2800-2300 BC). Many of the analysed artefacts and especially
weapons were of copper alloyed with arsenic. However, there has been much specula-
tion concerning the ancient production of copper-arsenic alloys, and many theoretical
models have been proposed so far for the production of these alloys in antiquity
(see Charles, 1967; McKerrell - Tylecote, 1972; Charles, 1980; Zwicker, 1980; Tylecote,
1991). Most of the researchers argue that the initial discovery of copper-arsenic alloy was
unintentional, while soon after —when their properties were recognised- the ancient
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metalsmiths must have been fully conscious of the efficacy of selecting and mixing
different ores.

There is a broad spectrum of ore types that will contribute arsenic to copper and the
availability of such minerals and ores in many of the major deposits in the earth’s crust,
can explain in part why arsenical copper was one of the first important alloys along with
electrum in the ancient world.

The accidental discovery of arsenical copper alloys must have been reached by
smelting mixed copper ores with arsenic - rich minerals. However, as many copper
artefacts have more than 1%-2%. As, a proportion recovered during smelting of most
copper ores containing a little arsenic, it is thought that arsenic was added in some way
to copper. Many attempts have been made to identify the manner in which the arsenic
was introduced into the metal mixture. According to Tylecote (1967, 7) there are two
possibilities:

a. The addition of minerals of high arsenic content to molten copper under
reducing conditions; or

b. The selection of arsenical minerals and the direct co-smelting.

Merkel et al. (in press) in an investigation of the Precolombian production of copper
-arsenic alloys, and reconstruction of the smelting process in three smelting sites at Batan
Grande, Peru, review and discuss a number of theoretical models which have been
proposed so far for the production of arsenical copper alloys in antiquity. The authors
note from published results that experiments have been made to test those theoretical
models and successfully to produce arsenical copper:

c. additions of arsenic rich minerals to molten copper

d. smelting or roasted copper sulfarsenide ores, and

e. smelting of mixed copper sulfarsenide ores with copper oxide ores

Thus, the experimental results cannot be used to rule out any of these possibilities.

2. Sources of ores -as related to origins of alloys

The production of arsenical bronzes from mixed oxidised ores of copper and arsenic
might explain why arsenical bronzes were particularly common in the Aegean —Cyclades
and Crete- in the Early Bronze Age, (when the smelting of sulphidic copper ores is quite
unlikely) since in these two regions the oxidised ores of copper are the commonest
(Branigan, 1974, 59; McGeehan-Lyritzis, 1983; Gale - Stos Gale, 1984, 267).

Copper ore sources have been investigated on the Cycladic island of Seriphos and
Kythnos; two ancient copper slag heaps on Seriphos (Avyssalos and Kefala) and one on
Kythnos have been surveyed by a joint IGME / Oxford team; in each case fragments of
ore found in the slag heaps prove that oxidised copper ores were smelted (Gale et al,
1985).

On the island of Seriphos oxidised copper ores (chrysocolla) were found on top of
the headland between the bays of Mega Livadi and Koundouro, and sulphidic copper
ores (iron pyrite plus chalcopyrite, together with some secondary oxidised ores)
occurred at Kalavatsena, where there was much modern exploitation of copper ore.
However, the antiquity of copper exploitation and of the copper smelting on Seriphos is
not yet known.

On the island of Kythnos oxidised copper ores (malachite) occur within the iron ores
at Milyes, Zogaki and around the bay of Ayios loannis. Ancient mines exist at all three
localities and at Milyes and Psathi there are many vertical shafts through the marble and
several entrances to the mines underground (Gale et al, 1985). At Zogaki the ancient
mines are badly destroyed by the Italian exploitation in 1940-1941, but there are still
remnants at the ancient galleries.

The Kythnos copper slag heap is about 150 metres above sea level at the cliff top,
about two kms to the north of Cape lIoannis. Much of the slag is copper stained and it is
mixed with fragments of clay furnace lining, many pottery sherds, stray pieces of oxi-
dised copper ore (malachite in iron ore) and fragments of quartz-quartz veins are
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abundant in the nearby schist outcrops and would have been ideal as a source of flux
(Gale et al, 1985, 85). Copper prills of centimetre size and obsidian blades were also
found within the slag heap. The discovery of obsidian tools, of primitive granite
hammers, of the fine crushing of the slag to extract copper prills and the nature of the
associated pottery (undecorated brownware), suggest a date in the Bronze Age.

The lead isotopic compositions of Kythnos slag and copper ore (Gale - Stos Gale,
1984, 261 figure 4) group in a field distinct from the Laurion field, and many Early
Cycladic bronze artefacts (from Kythnos, Naxos, Amorgos and Kea) fall within the
Kythnian field. It seems therefore that in the Early Bronze Age the most likely source of
copper for the Cycladic metallurgists was the oxidised copper of the island of Kythnos
with slight indications of use also of Laurion (Attica) oxidised copper ores.

3. Arsenical Coppers from the Bronze Age Cyclades:The Archaeological Evidence

Several sites in the Aegean have yielded remains of metal working. For the Cyclades
the bronzes so far studied came from Amorgos, Naxos, Kythnos (or Naxos), Ayia Irini on
Kea and Kastri and Chalandriani on Syros. Unfortunately the study of the Early Cycladic
artefacts is hindered, because many have no known association, many have been bought
on the antiquities market, and others are from early excavations which were
inadequately reported (e.g. Tsountas, 1898, 1899).

The «Kythnos Hoard»

The acquisition of «ten bronze implements, found on the island of Thermia,
the ancient Cythnus» was reported to the Trustees of the British Museum in 1866
(Trustees Parliamentary Reports 1866). These objects, now known as the «Kythnos
Hoard» have been recognized as being of Early Cycladic manufacture, and were first
fully published as such by Colin Renfrew in 1967. However, new documentary evidence
as well as scientific examination reported by L. Fitton (1989), suggest that two of the ten
objects are unlikely to belong, and the remaining eight can be shown to have been part
of a larger hoard, consisting of 12 items, four of which are now in the National Museum,
Copenhagen (CNM 3143, 3144, 3145, 3153). This newly reconstructed hoard was prob-
ably found not on Kythnos, but on the island of Naxos (Fitton, 1989).

The so-called Kythnos hoard consists of three shaft-hole axes, three massive flat axes,
three narrow flat axes or chisels and an axe-adze, which may well represent a carpenter’s
set of tools. The various parallels of these tools seem to place the «Kythnos hoard»in the
EB II period of the Aegean. The lead isotope compositions for all ten artefacts of the
Kythnos hoard fall squarely within the field for copper ores and slags from Kythnos
(Gale - Stos-Gale, 1984, fig. 5). According to the analytical data (Craddock, 1976) the
"Kythnos hoard" is entirely of arsenical copper with practically no trace of tin.

Early Cycladic weapons: The daggers from Amorgos

The most representative type of the EBA Aegean weapons was the dagger,
and Cyclades formed an important centre in the distribution of daggers. The two other
types of weapons, spearheads and swords do not differentiate a lot from daggers,
since the difference between spearhead and dagger in one of mounting, and in the same
way the term «sword» merely implies a long dagger, of length greater than about 40cms.
It seems that the dagger appears simultaneously in the Cyclades, Crete, Mainland
Greece, and West Anatolia in Early Bronze Age II. However, these finds are notably
more abundant in Crete and the Cyclades (especially Amorgos) than in the Mainland of
Greece or West Anatolia. The Early Cycladic metal objects from Amorgos and Naxos are
also without exception of tin-free arsenical copper whilst the Late Bronze Age artefacts
from the same islands are of low arsenic tin bronze.

B. TIN BRONZE METALLURGY

1. The production and the sources of copper-tin alloys
Though the dominant alloy for the Aegean Early Bronze Age, especially in the
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Cyclades, was arsenical copper, some metal objects found at the fortified citadel of Kastri
on the island of Syros are predominantly high tin bronze (5.40%-10.8% tin) with arsenic
content from 0.40% to 1.33%.

It is during EBA (4300-3500 BC) that tin bronzes become known in Anatolia.
The presence of tin bronze at Thermi in Lesbos in EBA I (Lamb, 1936, 215) shows that
tin-bronze technology has by this time reached the Aegean basin. This technological
advance may have been a result of interaction between metallurgies in the Late Neolithic
— Early Bronze I period.

The greater proportion of all tin comes today, as well as in early times, from alluvial
or mineral deposits of cassiterite (Sn0O,). Tylecote (1976, 14) records that early copper-
based alloys from widely separated areas of Eurasia contain small amounts of tin, often
together with arsenic. According to Tylecote it would be possible that most of the tin
content is the result of smelting copper ore contaminated with tin minerals, although
later some of this contamination could have been caused by the addition of tin bronze as
scrap.

The low tin alloys can be found in nearly all early civilizations of the world (Tylecote
1976, table 11) and might have initially been an accidental product since, as mentioned
above some copper deposits, could have produced a natural tin bronze with a few per-
cent tin. Charles (1980, 173) shows that some gossans may also contain tin; if used for
fluxing in copper smelting they might introduced tin at about the 1% to 3% level.

Where the ores already contain arsenic and tin contamination has taken place,
we find the so-called arsenical bronzes with 1%-2% Sn and 1%-4% As (e.g. No 16166
chisel from Kastri containing 1.94% Sn and 0.92% As). The effect of tin and arsenic on
the mechanical properties is more or less additive, and it is found that cold-worked alloys
of this type are a good deal stronger than pure or slightly impure coppers.
The «addition» of 1% Sn in solid solution would confer about the same increase in
hardness upon workings as 1% As. It seems clear however, that bronzes containing
greater than about 5% of tin must mostly be deliberate alloys which as mentioned by
Charles (1980, 174-5) are easily produced by adding casserite to the surface of molten
copper via a slag under charcoal in a crucible. This is an easier process than reducing
the casserite separately to tin and then adding the tin to copper. The recognition of the
«ideal» tin-bronze, and the more controlled use of tin, seems to be reflected in the upper
limits of the alloying range, which lie between 8% and 10%. However, a precise
percentage of tin was not critical as the final hardness was achieved by work-hardening.

As tin deposits are something of a rarity, tin had ordinarily to be traded from the few
localities, where it occurred in workable quantities, to be added deliberately to the cop-
per melt. In the Aegean tin sources are more in doubt and the existence of tin-bronzes
does tend to confirm the view that there have been sources of copper ores yielding metal
with 1%-3% Sn.

However, the Aegean tin problem remains a central one for the Bronze Age, since
no tin sources whatever are known in the area (Muhly, 1973, 271). The question is where
did the tin used in the area ultimately come from?

The best evidence for the tin used in the Aegean comes from the classical period and
concerns the tin of Cornwall (Diodorus Siculus, V 22). It would be possible that the
Cornish tin plays the same role in the Bronze Age that it did in the Iron Age. Muhly
(1973, 336) argues that Cornish tin came into the Aegean by a network of trade routes
which developed out of a trade in amber and faience, a trade in which the manufactured
goods of the Aegean basin, especially the products of the Mycenean bronze industry
were exchanged for the raw materials of the western Europe. However, there is no
evidence for this trade before 1600 BC.

In the East Aegean tin-bronze was more common in the Early Bronze 11 period
(2800-2300 BC). Though the evidence is inconclusive the most likely source for the Early
Bronze Aegean would seem to be some alluvial deposits of tin, in or near the Troad
(Renfrew, 1967, 13; Muhly, 1973, 337). This would explain its early occurrence and fre-
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quency in the Troad, and seems a more probable explanation than some hypothetical
and distant tin trade for which one can only hazard a guess.

2. Kastri on Syros : Tin-Bronze Artefacts in an Early Cycladic Context

The settlement of Kastri on the Cycladic island of Syros, was first excavated and
published by Tsountas in 1899, and systematically excavated later by Bossert in 1967.
The bronze objects found at the fortified hill-top site of Kastri, comprised tool hoard
containing 2 pins, 2 awls, 8 chisels and a saw; in other parts of the site were found 2 small
daggers, 2 flat axes and a spearhead. Bossert (1967, 65-67) discussed the spearhead at
length and showed that it had very close Anatolian comparisons of Troy Il times.
Branigan has further shown that some of the objects from the tool hoard have good
parallels in Anatolian objects excavated at Troy and Thermi and Lesbos. Kastri seems to
have been inhabited for a relatively short period in the later Early Bronze Age 11 (EC 1I)
or earlier EB I1I period (circa 2300-2700 BC). It should be noted that the archacomet-
allurgical evidence from Kastri supports only the melting and casting of bronze and lead
at the site; there is no evidence for extractive metallurgy. The chemical analyses of 16
metal artefacts from Kastri, made by Gale et al (1984; 1985), show that 69% of these
objects are high tin bronzes. Bossert in an earlier study had already noted their
«anomalous» alloy composition in an Aegean context (Bossert, 1967, 63, note 22).

Lead isotope analyses (Gale - Stos-Gale, 1984, 41-42) have shown that all the tin
bronzes found at Kastri are made of copper from two sources not represented amongst
other analysed Cycladic artefacts. Nevertheless the two objects from Kastri shown by lead
isotope analysis to be the Kythnian copper are both of arsenical copper containing over
2% arsenic with no tin. It seems that the high tin bronzes from Kastri do not represent
the technology available in the Cyclades at that time, though the picture is still far from
being complete (Bossert, 1967, 63; Gale - Stos-Gale, 1986, 24). It is at Troy where one
sees a striking predominance of tin bronzes in EBA times (Renfrew, 1972, 313; Branigan,
1974, 64; de Jesus, 1980, 101). The similarities in alloy compositions between Troy and
Kastri together with the striking similarities in isotopic composition may suggest that the
analysed objects from Kastri would be Trojan (or Anatolian) both in alloy type and in the
provenance of the copper (Gale - Stos Gale, 196, 28).

C. ANALYSES OF THE METAL ARTEFACTS: DISCUSSION OF THE RESULTS

There have been several large scale analytical projects devoted to metalwork of the
Aegean Bronze Age. Notable are the analyses of about 100 Greek Bronze Age samples
recorded by Junghans et al. (1968), which are included in their coverage of the metal-
work of the European Bronze Age, the analyses of over 300 Bronze Age and Geometric
Greek bronzes published by Craddock (1976) and the analyses of 120 metal objects from
Poliochni on Lemnos carried out by Pernicka et al. (1990). There are also reported pro-
jects including smaller numbers of analyses such as that published by Renfrew (1967) on
Cycladic metalwork from the collections of the Ashmolean Museum, Oxford, and the
British School of Archaeology at Athens; various analyses made by Gale and Stos-Gale
(1984; 1985) especially on Cycladic metal artefacts, the remaining slag and metallic prills
and copper ore surface collected at the ancient sites. Analyses of five copper axes from
Finlay Collection of the British School at Athens were published by Phelps et al. (1979).
The results and the conclusions from these projects are very important and often form
useful comparative material.

The chemical analyses of the objects from the Kythnos hoard (Craddock, 1976) show
all to be of arsenical copper with tin contents never above 0.5% and arsenic ranging from
1.25% 1o 6.20% (Craddock, 1976, 98). Lead, silver, iron and nickel are the most frequent
impurities. The Amorgos figures which should be broadly contemporary with those from
Kythnos, show a marked preponderance of arsenical alloys (3%-9%), in which very little,
if not at all tin is found (Branigan, 1974, 71; Renfrew, 1967, 20; Craddock, 1976, Lab.
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Nos: 956, 1391, 1392, 1393, 1394). Indeed, the only two artefacts with more than traces
of tin also have the lowest arsenic contents -1.1% and 1.5% respectively- so that here too,
less than 2% of arsenic might be indicative of a natural alloy (Table 1).

Of six Early Bronze Age artefacts from Naxos, five have significant quantities of
arsenic (greater than 2%), (Bossert, 1967, 76; Stephanos, 1905, 225; Jungans et al. 1968,
Nos 16158, 16159, 16160, 16161, 16162). The same pattern is repeated at Ayia Irini,
Kea, where the EC metal objects are without exception of tin-free arsenical copper (Gale
and Stos-Gale 1984).

Two metal artefacts from Chalandriani (EC II or EC I11A) are both low tin arsenical
bronzes; the punch no 16125 has 4.1% As and 0.3% Sn, while the tweezers no 16157 have
3.9% As and 0.5% Sn. Electron microprobe analyses and neutron activation analyses
(Gale et al. 1985, 148) of 16 of the bronze artefacts fron Kastri, Syros have shown that
69% of these objects are made of high tin bronze (1.94%-10.8% Sn), a proportion
paralleled at this period only in Troy and other Anatolian sites (de Jesus 1980, 101).

The analyses of the objects from Kastri show also that the tin bronzes amongst them
contain arsenic at levels ranging from 0.4% to 1.33%, whilst the two objects containing
over 2% arsenic contain virtually no tin (Table 1). It seems clear that the objects from
Kastri are quite unlikely all other Early Cycladic copper alloy artefacts yet analysed,
both in alloy type and in the provenance of their copper. Gale and Stos-Gale (1985)
suggest that the 16 analysed objects from Kastri are Trojan (Anatolian) both in alloy type
and in the provenance of copper; moreover many of these objects are also of Trojan
(or Anatolian) typology.

Eight Late Bronze Age objects from Amorgos and Naxos are of low arsenic tin
bronze. The range of tin is from 5.2% to 8.8% with an average of 7.025% . Although the
LBA sample size may not appear to be representative of the total number of bronzes
recovered in the Aegean, certain comments and comparisons can be made from the
results of the compositional analyses. As expected, tin is the major alloying metal in LBA
Cycladic artefacts.

A variety of types of artefacts are represented among the analysed samples. With this
in mind, the analytical data were used to investigate whether correlations existed
between composition and function of the artefact. The compositional analysis of 17 EC
axes show that only two have less than 1% arsenic. The range of arsenic is from 0.45% to
6.20% with an average of 2.76%. This could suggest that the deliberate alloy was being
used for the EC axes as they needed to be taut as well as hard. The four LBA axes include
three of tin bronze with between 7.3% and 6.6% tin and one of arsenical copper with
3.4% arsenic and traces of lead (0.25%).

The daggers obviously are used differently from axes, and less control was exercised
over the alloy used to produce them. This is reflected in the arsenic content of the 21
Early Cycladic daggers analysed in the three projects, with ranges from traces (natural
«alloy») to 9.5% (deliberate alloy), (mean content 3.078%). Nearly 30% of the analysed
daggers have less than 1% arsenic, and no particular range of arsenic content seems to
have been preferred.

A similar situation is encountered in the MC daggers, although a satisfactory
comparison is difficult owing to the small sample size. The three LBA daggers from
Amorgos are of tin bronze with between 6.1% and 8.3% tin. They also contain small
quantities of arsenic (0.79%-1.00%). And lead (0.4%-2.2%). It is not uncommon for
artefacts made during the long period of change from arsenic to tin alloys with copper
to have appreciable quantities of both metals (Charles, 1967; Craddock, 1976, 99).
The analyses of the LBA daggers suggest an improvement in the effective use of tin,
which may be interpreted as an improvement in refining and alloy control, or a
combination of these two with several other factors.

From the 11 Early Cycladic chisels included in this study, 9 came from Kastri, Syros
and they are all tin bronzes. All but one have more than 5% tin. The chisel no 16166
contains low and equal amounts of tin and arsenic (1.94% and 0.92% respectively).
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The range of the tin content in the tin bronzes is from 5.4% to 10.8% with an average of
7.34%. The optimal tin content in bronze to give maximum hardness without undue
brittleness is about 10% (Tylecote, 1976, 15). The 8 chisels from Kastri might have been
deliberate alloys containing sufficient tin, tended to satisfy this requirement. As it was
mentioned above, tin bronzes seem to have been rarely used in the EBA Cyclades,
because of the lack of tin in the area. However, the objects from Kastri are
predominantly high tin bronzes and their inclusion has tended to confuse previous
discussions of the Early Cycladic bronze technology (Muhly 1985; Gale and Stos-Gale
1986). The two other chisels from Naxos are of tin-free arsenical copper containing 5.7%
and 3.4% arsenic.

The relative control of the composition of the Bronze Age Cycladic axes and chisels
and correlation between alloying metal content(s) and function of artefact, suggest a
relative degree of sophistication in the selection and in the controlled use of arsenic and
tin. During the Early Bronze Age the arsenic content in copper alloys provided the
required hardness in the Cycladic tools and weapons while in the Late Bronze Age tin
became more widely used.

D. CONCLUSIONS

One of the most interesting characteristics of the Early Aegean metallurgy is that
it combines both copper-arsenic and copper- tin alloys, the two being used together
almost simultaneously but distinctly. The evidence available at present suggests that
arsenical copper and tin bronze were used for the same types of object. However there
do not appear to be many mixtures of arsenical copper with tin bronze ( i.e. remelts of
scrap), as in very few cases does arsenic occur with tin bronze in any amount higher than
a trace (i.e.<1% which results from refining). Likewise, no tin occurs in any amount
higher than a trace in .the arsenical coppers. It is evident from the analyses that tin and
arsenic are not associated, and thus not confused by the ancient metallurgists of the
Cyclades. This may be indicative of two distinct Bronze Age "traditions" of metallurgy,
one based on the production of arsenical copper and the other on tin bronze. Both alloys
were used occasionally for the same type of object, but copper as well. There does not
seem to be any particular methodological use of one alloy or just copper for any
particular type of object. This would seem to question claims by some authors that tin
bronze or arsenical copper were necessary for intricate castings or certain types of
metalworking (Tylecote, 1991).

Summing up the evidence, it is reasonable to suggest that arsenical bronzes
continued in use in most of the Early Bronze Age Aegean sites, long after the advantages
of tin bronze were recognized, perhaps because of the scarcity of tin in this area
(Renfrew, 1967; Muhly, 1973). However we cannot be always sure whether arsenical
bronzes were produced accidentally or otherwise. The point at which one distinguishes
between deliberately or accidentally produced alloy is still disputed for the Cyclades.

From the available literature it is obvious that there is still a great deal of work to be
done to demonstrate how arsenical copper alloys were produced and whether they were
deliberately created and selectively used. However, in view of the evidence provided so
far, it seems quite likely that arsenical copper alloys found as artefacts in the Aegean
Bronze Age culture was at first the accidental result of smelting though their properties
resulted in their being selected as an especially good sort of copper for casting and cold
working to produce a tougher metal. The method of production was obviously
dependent to some extent on local ores, sources and minerals. Arsenical bronzes in the
Cyclades were achieved in smelting rather than in subsequent phases of production.
Research emphasis should be placed more upon the selection of alloy type for specific
function or object types. The controversy between deliberate or accidental alloying
should be more focused upon the chronology from the archaeological evidence,
proportions of each alloy at given sites, and evidence for extractive metallurgy.

79




VONOLEWN~

AL ASALAMRDIDNVUVVVRVYWRWLRLLRNRNNNRNNRANNNN - -
O.N.Ohlﬂ”-‘OO.‘ICU‘&DN-‘OOC*‘Q“‘U”-‘OO':;;:;;:;

Location Description

BM 123110 Axe Adze
BM 12.31 7 Shaft- hole Axe
B8M 12.31.8 Shani- hok Axe
B8M 12 31 9 Shaf- hole Axe
8M 123111 Flal Axze
BM 1231.2 | Flat Azxe
M 12313 Flat Axs
BM 12314 Flat Axe(cnisel
BM 1231 5 Flat Axe(chisel
B8M 12 31 6 Flat Axe(chisel
BM 123154 Dagger Class V
BM 12 3155 Dagger Class (13
BM 1231 56 Dagger Class lla
BM 12 31 57 Dagger Class iib
BM 12 31 58 Dagger ClassiVa

BM 8235 Axe Adze
BM 123185 Fiat Axe(chisel
A 1927.1357 Flat Axe
AE 236 Flat Axe
A 19271362 Sickle
AE 237 Degger Clasa lla
A 1927.1361 Dagger Ciass ila
AE 233 Dagger Class lic
AE 231 Dagger Chass lic
AE 238 Degger ClassiVa
AE 240 Dagger ClasaiVa
A 1927 1360 Dagger ClassiVa
AE 230 Dagger CiassiVa
AE 239 Dagger ClassiVa
AE 252 Dagges ClassiVa

A 19271358 Dagger ChassiVa

A 1927.1359 Dagger ClassivVb
AE 234 Dagger Class VI

AE 235 Dagger Class Vi

AE 241 Dagger Class VI

AE 242 Dagger Class Vi

BSA 81818 Dagger Class Vit
BSA B181.C Dagger Class Vil
BSA B181 A Dagger Ciass VI
A 1927 2968 Shafi-hole Axe
AE 86 Axe Adze

AE 87 Axe Acze

A 1810618 Flat Axe
Nax 41161 Chisel
Nax 1685 Double Axe
Nax 1686 Flat Axe
Nax 1684 Chisel
Nax 1687 Flat Axe
Nax 248 Tweozers

50 Erm Syros201 Punch
51 Erm Syros203 Tweezers

52 Erm.Syros200

53
54
55
56
57
58
59
60
61
62
63
84
65
66
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Spearhead
Erm. K 62/11 Chisel
Erm K 6212 Chise!
Erm K 82/13 Chisel
ErmK 62/14 Chissl
Erm K 6215 Chisel
Erm X 62716 Chisel
ErmK 6217 Chisal
Erm.K 82/18 Sawblade
ErmK 6219 Chisel
EmK 62/20 Chisel
Erm K 62/21 Punch
Erm.K 62/27 Dagger(small)
Erm.K 62728 Hoe
Erm.K 62/29 Punch

Oawe

EC Il
EC U
EC 1
EC I
EC 1
EC 1
EC n
EC 0
EC
EC U
MC
ECH
ECH
ECH
£C nan
ECII
ECll
(EC 1)
(EC If)
LBA
ECll
ECH
ECil
ECU
EC I-11
EC -t
EC i-m
EC -1t
EC -
EC 111t
EC H-1
ECc
(EC )
(EC un
mC)
(MC)
{LBA)
(LBA)
(LBA)
(LBA)
LBA
LBA
{LB8A)
(EBA)
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FIG.] Location, Description, Date, Provenance and analytical results for copper alloy artefacts from the Cyclades.
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INEPIAHWH

TA KPAMATA XAAKOY ZTH METAAAOYPTIA TQON KYKAAAQN
KATA TH XAAKOKPATIA

A. KATZA

O Aryaakdg x@pog éxet BewpnBel wg éva andé ta onpavika kévipa petaAlovpyikdy
Spaotnprotijtwy o 6An 1 XaAkokpatia. H extipnon avuj dev Baciotnke pévo oy
MOOGTTA Kt 0TV MO0 Ta ToV PeTaAAIKGOY aviketpévay nov Bpédnkav oty evpttepn)
HEPLOYT] Kat MoV anobeikviel v KAfpaka )¢ napaymyjs, aAAd Kal 08 EpyaoTpLaKkeg
£pELVEG ToV (B1mV TV TEXVEPY®V o1 onoieg BorjBrjoav ot Siepedvijon Kat Katavenon g
texvoloyfag yia v napaywyry tovs. H pelén avuj Baoiomnke oe Snpooievpéveg
XTHIKEG avalvoeig apyaiwv petadlikav evpnpdiov nov npoépyovial andé g KukAadeg
kat extiBevian oe eAAnvika kat §éva povoeia, npokeipévou va egetdoer u) petafaon and
] petadlovpyiki] TEXVIKI] napaymyrjg xaAkol otnv texvoloyia twv Kpapdtwy, 1 onoia
eEan\dOnke oy [pwrokvkladiki I nepiodo (2800-2300 n.X.), evd eixe 116 apyioer
va epappoletar oty HpotokvkAadikr 1.

Ty npdipn Xalkokpatia xproiponowodviar oxedév taviéypova ta kpdpata
apoEVIKOUXOU Kol Kaooltepolxov YaAkoU mnov aviuipoownetouvy 860 Stagopetikeég
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petadlovpyikeés napadsoers. O apoevikotxog XaAkos 1jtav 1o mo Swadebopévo kpapa
oto Awyaio avujv v enoxij, evéd Sev apynoe 1 xpijon tov kaoortepotxov xaAkov. H
11poobdijkn evég GAov petddlov, apoevikou 1j Kaooltepov o1o XaAKS 6xt pévo avgaver 1)
okAnpétta tov napaySpevov texvépyov aldd katefdaler 1o onpefo ujgeng
Sevkodvvoviag 1) xGtevor).

Ta 6o kpapata tov Yadkov, 6nog kat o kabapog yaAksg, xprotponoujbnkav yua
v Kataokevr] (Siov avikelpévoy, kat Sev npokvitel and v épevva Kanow 1Wbaftepr)
XP1jon EVOG OLyKEKpIpEvoy Kpapatog 1) kabapod yalkol ywa baitepovg ténovg
epyadeiov 1] omdwv. Ta apoevikolya YaAKG OCLVEXIOQV va XPIOLHONIoItVIaL oTtoug
HEPLOOGTEPOLG  KUKAASIKOUG O1KIopolg g enoxijg g XaAkokpatiag yia apketo
Sraotnpa apetov eiyav avayvoplotel ta MAEOVEKTI| HaTd TOV KAOOITEPOLX®V KPAPETOV,
YEYOVOG 1ov ogeietatl paAdov o1o 61t ta petadledpata 1ov Kaooitepov onaviovy oty
HePLoy1] o aviiBeor) pe 1a apoevikovxa PeTaAAeSpata ToV XAAKOU MOV anavi@vial otig
KukAadeg kat oty Kprjtr).

‘Ooov apopd oIy Napaymyr] twv Kpapdtov tov XaAkot, dev pnopel Kaveig va eivat
olyovpog av opeidetar og emdoyl] oy petaddoteyvitdy 1) oe txaio anotédecpa 1nov
npoNAbe and 1 obvbeorn twv petaddevpdtoy. QoT600, Ao 1) PHEXPL OIjpEPa Epevva,
paiverat mbavov 611 ta apoevikolya KpGpata 1ov XaAkoU nov xprotponoujdnkav oty
KOTAOKEL]] TOV HEPLOOGTEP®V PETAAANMKGY aviikelpévov otg Kukdadeg, vy enoxi g
XaAkokpatiag, rav apXikd Tuxaio mpoidy EKKAPIVELOIG Kal OTay EYvay yVwolég ot
16T TéG Tovg, avalnuifnkay ta petaddedpata nov Oa €6vav 1o {nrovpevo kpdpa. H
péBodog napaywyjs 1wV KPapdimy avtdy e§apnétay ans 1a 0puKLd Kot petaldedpata
1oL vIpxav oto viEdapog g Kabe neproxiis.
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