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The golden kylix inv. no. 2108 of the Benaki Museum:
Technical report

BECAUSE OF IRINI PAPAGEORGIOU’S STUDY' on the
Benaki golden kylix (henceforth called footed cup or cup)
(figs 1, 3), it is now considered essential to ascertain its au-
thenticity and establish a more precise dating for this object,
which, on the basis of some of its features, is dated to the
Mycenaean period.

Itis well known that the dating of metal artefacts presents
difficulties® and that answers to questions about their au-
thenticity cannot be found in isolation. The answers to
such questions usually lie in a combination of factors, as-
certained after investigation of the technology used to make
and decorate them, the chemical composition of their metal
and corrosion products, as well as the object’s overall state
of conservation.

Various methods of analysis were used to investigate the
specific characteristics of the cup. In the laboratory of the
Conservation Department of the Benaki Museum the over-
all surface of the object was examined with a stereoscope
and of a sample there under an optical microscope. The
same sample was also observed under a scanning electron
microscope (SEM) at the Athens Technological Educational
Institution (TEI) and in the Archaeometry Laboratory of
the Institute of Materials Science, ‘N.C.S.R’ Demokritos. It
was subjected to X-radiography and the elemental composi-
tion of the alloys was determined by using X-Ray Fluores-
cence (XRF) analysis, in the Radiography Laboratory and
the Institute of Nuclear Physics respectively of ‘N.C.S.R’
Demokritos.

Crucial to this whole process of investigation was com-
paring the technical and chemical characteristics of the
footed cup with other objects of similar metal composition
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and shape, which could be dated to the probable period
of its production. Four gold footed cups were chosen (inv.
nos 959, 957, 656 and 427) and a golden cup from the
Mycenaean period (inv. no. 8743) from the Athens Na-
tional Archaeological Museum; and also seven pieces of
gold jewellery from the Thebes ‘Jewellery Ensemble’ (inv.
nos 2063, 2070, 2075, 2079, 2069a, 2080 and 2068),
together with two gold items (Imre Somlyan donation)
from the Benaki Museum, dated to the same period. All
the artefacts from the Archaeological Museum were exam-
ined macroscopically and three cups were also examined
microscopically. X-Ray Fluorescence was used to analyse
their composition and this was carried out in the Metals
Conservation Lab of the Archaeological Museum. The
same method was used to ascertain the composition of the
Benaki Museum jewellery.

Macroscopic observations
Macroscopic examination of the cup determined that it is
made up of four separate pieces of gold, appropriately ham-
mered into shape and joined together. The three main parts
(body, foot and base) are attached to one another using a
hard solder (chemical attachment), whereas the handle was
attached with rivets (mechanical attachment). The body
was decorated with three hounds in relief, while the han-
dle had stamped ivy leaves. On the base of the body a very
small, round centre mark can be seen on both inside and
outside.

The metal used in its construction is hard.? Its overall sur-
face displays irregularities — possibly the result of its being
shaped by hammering — and has an ‘orange-peel” appear-
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Fig. 1. The golden kylix. Athens, Benaki Museum, inv. no. 2108 (photo: M. Mathios).

ance. Smaller areas of the surface, mainly on the outside
of the body, present a fish-scale appearance. In fact, some
irregularities seem to have been entirely smoothed out in
the process of grinding and polishing. The overall surface
has a reddish tint which is more intense on the inner and
outer surfaces of the handle, particularly around the riveted
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joints. Finally, traces of soil were found inside the foot, near

the base of the body.

Microscopic observations — analysis
Construction
The initial evaluation of the way in which the cup was
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Fig. 2a-b. X-ray image of the kylix, showing a) the marks left
by the tool used for the hammering process; b) the attach-
ment areas between body, foot and base; ¢) the way the foot
was formed from a coiled sheet of gold hammered into shape
(the joining of its edges is visible); d) the circular centre mark
on the base of the body. Athens, Benaki Museum,
inv. no. 2108.
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crafted was confirmed using microscopic observation
and by examination with X-radiography. The object was
examined under an Olympus SZX9 stereoscope at mag-
nifications ranging from 20x - 100x. Irregularities were
observed, which can be attributed to the way the metal was
formed, while radiography showed up the impressions left
by the tool the metalworker used in the hammering proc-
ess (fig. 2b).

Microscopic examination also confirmed the presence of
the two round centre marks on the base of the cup’s body.
One is visible on the inside of the body (fig. 3a) and the oth-
er on its outer surface through the tubular foot (fig. 3b).

The external centre mark is the impression left by the
punch.? Its presence can be explained by the fact that the
body of the cup is hollow and this sort of mark was often
used as a reference point for different measurements’ in the
various stages of production of objects of this shape.® Indeed
according to Untracht,” it was traditional for the mark to
remain intact in such products.

However, the presence of the centre mark on the inside of
the body raises some issues. Usually the co-existence of the
two impressions indicates the polishing or even decorating
of metal objects on a lathe,® practices which were more wide-
spread from the fifth century BC onwards,” in cast wares."”
Perhaps the internal centre mark had exactly the same func-
tion as that identified on the outer surface of the body.

Decoration

The upper part of the body of the cup is decorated with
three hounds in relief. These figures (fig. 3c) might first
have been worked in repoussé and then chased. But, be-
cause of their great similarity and the fact that it is difficult
to find traces of hammering on the inside, it seems possible
(although it is a more difficult technique) they were created
on a cast former, a way of decorating metal surfaces which
was relatively widespread in antiquity for relief designs and
repeated motifs."! The technique dates from the second
millennium and possibly earlier.!?

If a cast former was used, it would have been applied to
the interior of the body. Yet there are visible traces of ham-
mering on the outer surface (fig. 3d-¢).

A pattern punch with the ivy leaf design on the end has
been used for the repeated motif on the handle which is
applied by stamping, so as to impress the design onto the
surface of the metal. The embossed leaves are in relatively

low relief (fig. 3f).
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Fig. 3. Stereoscopic image of the golden kylix. Athens, Benaki Museum, inv. no. 2108. 3a-b: The circular centre marks on the
inside and outside of the body. 3c: The figure of a hound, traces of working. 3d-e: The traces of ‘working’ on the outer surface.
3f: The ivy leaves in relief. 3g: The way in which the rivets have been attached with a simple turn. The cut at the end was made
with scissors. 3h: The cutting and filing of the heads. 3i: The area of the joint on the inside of the foot. Faint colour difference.
3j: The attachment between the foot and body with signs of grinding and indentations. 3k: The patterns on the surface which
recall the crystal structure of the metal. 31: The ‘orange peel” effect. 3m: The irregular scratches from the use of sandpaper. 3n:

The parallel ridges left by the use of a rolling mill. 30: The grooved impression left by a modern nipper.
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Fig. 4. The usual manner of manufacturing, fitting and fix-
ing rivets as shown in H. Hodges, Artifacts: An Introduction
to Early Materials and Technology (London 1976) 77.
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Fig. 5. p-XRF spectrum, from scanning an area on the foot

of the cup, where, according to the X-ray (fig. 2a), there was

a join. Substantial ratios change of the characteristic Ag, Au,
and Cu X-rays intensity in the areas with solder.
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Attachment

As was mentioned at the beginning, the cup is made up of
four parts joined together. Of these only the handle was fit-
ted using mechanical means, i.e. using 4mm-diam. domed
rivets — a popular way of joining metal constructions in
antiquity from the third millennium." The way they were
made and fixed is shown in fig. 4. A thin, short rod was
used, its two ends being hammered into place so as to join
the metal parts.

The manufacture of two out of three of the rivets used
on the cup, and more particularly their attachment, do not
seem to follow the well known ancient techniques. The way
they are attached and fixed, with a simple turn of one end
— once they have passed through the body of the cup and
then the hammered sheet forming the handle so as to end
up on its inner side — is not consistent with the usual way of
constructing rivets (fig. 3g).

They are domed rivets with a ridge formed by a snap. This
way of forming made the attachment stronger, at the same
time giving a more pleasing appearance, as rivets also had
a decorative function in antiquity.14 However, this method
of constructing the rivets is not entirely acceptable from a
chronological point of view. The cutting and filing of the
ornamental, domed heads (fig. 1h) and the use of scissors
to cut the end of the rod (fig. 3g) are more reminiscent of
relatively modern methods.”

A chemical means of attachment (i.e. soldering), also
known in antiquity from the third or perhaps the fourth

millennium,©

was used to join together the body, the foot
and the base of the kylix. The foot, a cylindrical construc-
tion made from a sheet of gold which had been beaten into a
coil by hammering, was joined using the same solder before
being attached to the body of the cup. Under microscopic
examination the four joints were identified, and displayed
a slight difference in colour (being more yellowish) from
the colour of the main metal (fig. 3i). The contact points
were confirmed by X-raying the object (fig. 2a). Of particu-
lar interest was the contact surface between the body and
the foot, where heavy scoring and small indentations were
identified in the solder (fig. 3j). These are usually observed
in joints where the alloy of the solder has been overexposed
to high temperatures — called burning by goldsmiths —and
afterwards efforts would be made to iron out the irregulari-
ties left by the careless soldering.

The difference in colour found in the solder, i.e. more
yellowish than the gold of the cup, is often due to an alloy
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Fig. 6. SEM image of the area of the sample on which solder
is likely to be present. Two zones can be distinguished. The

upper one (tonally weaker than the lower) is attributed to the
solder (see chemical cartography). Clear image without inter-
nal hairline stress or intergranular corrosion.

containing silver. Indeed, by using qualitative scanning
with the micro X-ray fluorescent method (u-XRF)! on an
area of the foot (fig. 5), where, according to X-radiography,
there was a join, it was possible to estimate the gold alloy as
containing ca. 10.10% silver and ca. 0.72% copper.'®

The composition of the alloy used in the solder was con-
firmed by quantitative and qualitative analysis of a small
sample extracted from the foot of the cup® using Jeol JSM-
§$310 electron microscope scanning (fig. 6). In general the
sources refer to the use in antiquity of gold alloys contain-
ing silver or copper, whether naturally occurring products
selected on grounds of practical experience or produced by
deliberate alloying.?® Indeed the silver and copper content
varies according to their provenance,”! the period of manu-
facture?? or the colour of the gold used to make an object.”
Nevertheless any solder, whatever the composition of the al-
loy, had to achieve an acceptable aesthetic result (i.e. to be in-
visible to the naked eye) and it was essential that its melting
point should be lower than that of the metal to be joined.?*

The melting point of the solder used on the cup was
indeed lower than that of the gold used to make the cup.

44

Given its composition, it is calculated that the temperature
required to melt an alloy of this type would be of the order
of 1050° C,” while the melting point of the cup’s gold, be-
cause of its great purity (see the section on Composition),
is about 1064° C. The temperatures used for the solder on
the cup are extremely high. Usually in antiquity mention is
made of the use of gold alloys with high silver content and
very little copper,?® or with high levels of copper and little
or no silver which has a more drastic effect on the melting
point of the gold reducing it to 910° C.?” A kind of a flux
was always applied during the joining procedure.?® Copper
salts or minerals® with some sort of flux —as in the case of
the hard solders mentioned above — were also used to at-
tach gold and require more reduced melting temperatures
of around 850° C3° even lower, between 800°and 700° C.3!
Perhaps this is why such compounds were especially used
for fine work.*

Surface Appearance

Aswas ascertained by microscopic examination, almost the
whole surface of the cup (both inside and out) resembles
orange peel. Microscopy also identified irregular scratches
and cracks, which were more obvious on the outer surface
and above all on the concave part of the body of the cup.
Indeed some of these cracks have joined up in such a way
that the resulting shapes on the surface of the metal recall
the metal’s crystal structure (fig. 3k). This accounts for the
fish-scale patterning observed macroscopically. These de-
tails are not recorded clearly in X-radiography.

The cracks and more importantly the forming of the
equiaxed grains on the surface of a metal and in particular
of gold, usually indicate stress cracking corrosion, caused by
internal tensions in the bulk metal, which have an increased
rate of corrosion when combined with burial in the ground
over a long period. These inner tensions are usually caused
either by the hammering process and poorly controlled an-
nealing,* aimed at removing them,* or by the process of
grinding and polishing the gold.*> However, the degree of
stress exerted in the hammering process is much greater
than that caused by the grinding and more particularly the
polishing process.>® The level of stress is affected by two
basic factors: the humidity of the burial environment*” and
the relative purity of the gold alloy.?®

According to Rapson,* the second factor is especially sig-
nificant. He considers that stress cracking corrosion rarely
occurs in gold alloys of over 14 carats, in which concentra-
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Fig. 7. Optical microscope image of the sample with the area
of solder (top). Annealed dendritic crystal structure (100x).
Fig. 8. Same sample. No internal stress or intergranular corro-
sion is visible (200x).

tions of silver and copper are small and which are much less
vulnerable when in a corrosive environment.*’ The gold of
this cup is of this type according to the results of the chemi-
cal analysis of the cup’s metal, as given in the Composition
section.

In order to ascertain the causes of the tiny cracks and the
‘crystals’, the sample from the foot of the cup41 was mount-
ed in Epofix epoxy resin and examined under Olympus
AX70 reflected polarized light microscopy and electron
microscope scanning at magnifications of between 100x
and 500x and 750x and 2000x respectively .

From examination of the sample’s microstructure (figs
7, 8), there seemed to be no sign either of internal hairline
cracks or of intergranular corrosion, to confirm the initial
hypothesis about stress cracking corrosion.

This evidence leads us to the conclusion that the signs
on the surface are the result of stress caused by the tech-
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niques used on the cup, independent of any effects of
burial (if it is assumed that the cup was indeed found
buried in the earth).

In accordance with the foregoing an inadequately con-
trolled level of hammering and excessive period of heating
in the process of forming the cup could be the cause of the
hairline cracks and the grains.> Something of the kind
might be thought natural, given that these characteristics
are mainly observed on the body and in particular on the
concave part of the body, where deformation is most diffi-
cult. Poorly controlled hammering and annealing as well as
heating during the soldering process, could also have caused
the orange peel appearance known as the ‘orange peel” ef-
fect (tig. 31) observable more or less all over the surface of the
object.” Hammering may have been excessively prolonged
and relatively high temperatures may have been reached in
these processes.* Certainly, as regards soldering, this effect
is usually observed when the melting temperatures of the
metal and the solder are relatively close to one another.

The structure of the solder area at the sample also leads
to this conclusion.®” Though one might expect to see den-
drites as a sign of the solidification of the melted metal of
the solder, the latter shows that the dendrites, which were
originally present, have been replaced by more schematic
grains, indicative of further annealing (fig. 7).

The hairline cracks and the grains on the surface could
also have been caused by grinding and polishing.*® But in
that case they would have been less obvious, not only mac-
roscopically but also microscopically, unless they had been
done with tools such as modern motors, which reach tem-
peratures capable of causing serious surface cracking.

The characteristic signs associated with the use of mecha-
nized means of grinding and polishing the surface of the
cup were not found. The irregular abrasions observed (fig.
3m) are more likely to be due to the use of emery paper in
the grinding process in order to remove unwanted metal
residue. This, of course, is not categorized as mechanically
operated equipment but unfortunately neither is it an an-
cient grinding method.

For the polishing of the cup there is no clear evidence to
confirm the way in which this process was carried out and
the kind of polishing implements used. The surface presents
very few polished areas, as if polishing had been selective
because the craftsman had been unable to remove the many
traces left by the grinding process which preceded it.

At this stage in the examination of the various indica-
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Fig. 9. p-XRF spectrum, from scanning clean areas of the
surface of the metal and areas with extensive presence of
the reddish material, observed under the stereoscope. Ratio
change of the characteristic Fe X-rays intensity where
the reddish substance is thicker.

tions on the surface of the object, other forms of processing
should also be mentioned, which may have damaged the
surface and created such effects.

Poorly controlled chemical cleaning of the corrosion
products, which might have formed on the surface of the
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cup as a result of subsequent attempts at conservation,
alternatively treating it with acid (known as ‘pickling
are both techniques which inevitably leave the surface
damaged and usually dull.#’ However, they rarely create
such intense problems on the surface, unless the cleaning
agent’” used for the ‘pickling’ of the cup is so strong as to
affect the metal,’! which in this case, as mentioned above,
is extremely pure,’” to such an extent.

Yet the marks left on the surface as a result of poor crafts-
manship could have been removed using the grinding proc-
ess and with polishing; if the craftsman really wanted to get
rid of them.>? Although this process would have been much
more time-consuming than usual and the cup —as was only
to be expected — would no longer weigh as much, due to
the reduction in its thickness, the appearance of the object
would have been significantly improved.

As far as the reddish colouring of the cup is concerned
(fig. 3h), this could be due either to iron (III) oxides from
its burial environment or to the addition of iron or iron
minerals to the gold metal for aesthetic effect.’* Equally
it could be attributable to traces of soil residues from the
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burial environment, or even to traces of some preparation
containing colour which might have been used in the pol-
ishing process.”

Stereoscopic examination disproved the initial theory
that this was an intentional addition for aesthetic reasons
and the supposition as to the presence of a thin, superficial
layer of the above-mentioned products. The greasiness of
this material is another distinctive feature differentiating it
from the texture of corrosion.

Ascertaining the composition of this product was effected
qualitatively by scanning clean areas of the surface of the met-
al and other areas where this material showed a significant
presence.’® Micro XRF analysis revealed the presence of iron,
an element which was not detected in the gold alloy used
in the making of the cup. The peak of iron, which changes
depending on the area in which it is analysed, is visible on
the spectrum (fig. 9). According to these results the surface
material could either be soil residue, which usually contains
iron, or some modern tinted preparation used for polishing,
containing iron oxides.” In the case of soil, the most likely
source of the reddish material, its greasy texture may be due
to its being intentionally or accidentally mixed with some
organic or artificial substance.”® It has not been possible to
identify this material precisely.”

Besides the irregular striations (scratches), which were
mentioned above as resulting from grinding, some other
parallel striations were found but in a different arrange-
ment. These striations are confined to the cup’s handle,
both on its inner, and on its outer surface, in the area where
the handle meets the body of the cup. They run parallel
to the length of the handle and are not incised like the
scratches from grinding (fig. 3n). These marks might be
attributable to a rolling mill used to produce sheet metal,
though its use was unknown to antiquity.®’

Finally mention should be made of some traces of grooves
identified on the outer surface of the cup at the point where
the lip curves. They recall the impression left by a modern
nipper with grooves (fig. 30), which could certainly be of
modern manufacture.

Composition

The qualitative and quantitative analysis of the gold used
in the making of the footed cup was carried out using X-ray
fluorescent portable spectrometer (milli-XRF).®! In table 1
the results of the chemical analysis of various areas of the
surface of the object are presented.
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Analysis Au (%) Ag (%) Cu (%)
Position
Body 98.9 + 0.1 0.96 + 0.10 0.14 + 0.04
Body 98.7 + 0.1 1.07 + 0.11 0.24 + 0.07
Handle 98.8 + 0.1 0.99 + 0.10 0.20 + 0.06
Rivet 98.6 + 0.54 1.11 + 0.06 0.34 + 0.02
Foot 98.8 + 0.1 0.98 + 0.10 0.20 + 0.06
Foot 98.8 + 0.1 1.07 + 0.11 0.15 + 0.04
Base 98.9 + 0.1 0.90 + 0.09 0.16 + 0.04
Lp abraded g5 9, 1 4 0.28 + 0.01 0.84 +0.12
area
e 99.4 + 0.05 0.60 + 0.06 0.11 + 0.08
abraded area

Average 98.8 + 0.7 1.01 + 0.08 0.19 + 0.04

Table 1. Chemical analysis of the metal used in the making of the gold kylix from the Benaki Museum by micro-XRF in

different areas.

The average gold content is 98.8 +0.1%, silver content
1.01 +0.08% and copper content 0.19 +0.04%. From these
results it is obvious that the metal is extremely pure with
very small amounts of silver and copper.

According to the four basic stages of man’s exploitation
of gold,®? an alloy with these amounts could either be clas-
sified as native gold, or as refined gold.

If the metal of the cup is considered native gold, the lev-
els of silver and copper are reasonable, because gold from

avariety of sources®

contains silver at levels ranging from
less than 1% to over 50%,%4 and usually has a copper con-
tent of less than 2%.% Of course, these figures are not ac-
cepted by all scholars. Craddock, for example, notes that
the level of silver in native gold ranges between 5% and
30%,° whereas for copper both he and Tylecote®” note
the rarity of detecting amounts above 1%. Nevertheless
all scholars who have worked on the metallurgy of gold

agree that there are other elements present in native gold,
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such as iron, tin and members of the platinum group.®®In
the case of the cup, no such elements were detected.

The silver content, recorded as lower than 1%, might be
an exception by comparison with the normal amounts of
silver in native gold. According to Ramage — Craddock,”
this level of silver would tend to put the gold of the cup in
the category of a refined metal.

There are lots of references to the separation of copper
from native gold using the cupellation process” and sepa-
ration of silver by parting.”! However there are a number of
queries as to the exact time period in which this technology
was acquired.

The cupellation process was known from the second or
perhaps even the third millennium’? in Mesopotamia and
Egypt,” but the parting of silver, undoubtedly a more com-
plex procedure, does not go back to such an early period.”*
There are, of course, references suggesting that it could have
been used at that time, but there is no evidence for this.”

47



D. KOTZAMANI - V. KANTARELOU - C. SOFOU - A.-G.

KARYDAS

Fig. 10. Profile and view of the four goblets. Athens, National Archaeological Museum, inv. nos 656, 427, 959 and 957
(from left to right).

Our knowledge of the composition of gold in antiquity is
incomplete. Studies and analyses carried out to date suggest
that silver was not separated from gold alloys at any time
prior to the introduction of coinage, i.e. before the seventh
century BC.”°Although the numismatic use of precious
metals was already known from the third millennium BC
in Mesopotamia and Egypt,”” refining was not essential
until the more widespread striking of coins made standardi-
zation essential.”® Indeed Ogden says that the separation of
silver from gold was mainly needed because of coinage.” It
was not usually available for other types of products, such
as tableware or jewellery. According to many scholars there
was absolutely no reason for gold to be refined in such a
time-consuming process, which moreover caused signifi-
cant reduction in weight.®

By contrast there is evidence from the third millennium
for the partial refining of silver and, of course, copper from
the surface of gold.®' This was what is called enrichment,®*
which improved the appearance of the gold in a very short
space of time and without causing substantial loss of weight,

as happened with parting,

48

Chemical analysis on two small areas, which had been
slightly abraded with a dental tool on the lip and on the
base® of the cup, showed absolutely no change in the
amounts in the composition of the alloy between bulk and
surface. Thus the likelihood of the enrichment of the gold
being due to its being refined of its silver and copper content
was rejected. The results have been recorded in table 1.

General observations on the vessels from the

National Archaeological Museum

Four goblets were selected from the collection of the Na-
tional Archaeological Museum of Athens (inv. nos 656,
427, 959 and 957) and one gold cup (inv. no. 8743),%
which are considered typical as regards their state of preser-
vation, their production techniques and decoration and the
composition of their metal (figs 10, 11).

There follows a brief description of their construction,
their decoration and the ageing of their surfaces, based
on macroscopic observations and examination under the
Euromex stereoscope® of the Museum’s Metal Objects
Conservation Laboratory. All the cups are made of separate
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Fig. 11. The gold cup from Dendra, Argolis. Athens, National
Archaeological Museum, inv. no. 8743.

sheets of gold, appropriately shaped using the hammering
technique. The gold is relatively soft. It shows large areas
with thin corrosion layers, which can be seen to come from
the deposition of metal ions and the reactions of the less
noble elements in the alloy of which they were made with
the hydrogen sulphide present in the burial environment.
In some the metal also shows mechanical strains. No signs
of stress cracking corrosion were identified. The surface is
perfectly worked with grinding and polishing (fig. 12).
They are each made up of three basic parts: the body, the
foot and the handle. They are not all constructed in the
same way. In goblets inv. nos 656 and 427 the body and the
foot are a single unit made of one thin, probably conical,
sheet of gold, which was later attached with solder along
its vertical edges. The vertical joint is not discernible to the
naked eye, while under the stereoscope the only area which
seems to show some kind of join is on the vase with the lions
(in one of the three spaces in between the lions) (fig. 13).
By contrast on goblets inv. nos 959 and 957 the body is
separate from the foot. A thin, circular sheet of gold, formed
into a hollow shape seems to form the body. The foot is con-
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structed from a sheet of gold, wound round and hammered
into a cylindrical shape, which has been joined with solder.

Only goblets inv. nos 656 and 427 have hammered han-
dles. On the other two the handles were made by casting
in a closed mould (i.e. using the lost wax technique). How-
ever, the way they are attached to the body is the same in all
cases. Domed rivets have been used (figs 14, 15, 16).

Only footed cup inv. no. 656 is an open cup (see fig.
10). This differentiation in respect of any given object in
this particular period may have been dictated by aesthetic
preferences and practicality. The other three vases, which
are closed, seem to have an additional part to their bodies,
which is joined to the foot with simple, small-scale, domed
rivets. The joint may have been reinforced with solder.

As regards goblet inv. no. 427 in particular, though it was
originally constructed in the same way as inv. no. 656, it was
later turned into a closed cup, as the lower part of its body
has been completed with an extra sheet of gold cut in the
form of a disc (see fig. 10). In the other two cases, the extra
piece needs further investigation to determine how it was
attached to the body (fig. 17).

Of the probable areas of contact mentioned above, none
was detectable with the investigative tools available and
thus it was not possible to ascertain precisely the type of
solder used. Examination under a microscope did not reveal
any perceptible difference in colour between the solder and
the substrate, or any trace of a joint. Even the use of the milli
XRF spectrometer on areas where solder was posited to be
was either impractical or could not give reliable results on
account of the specific form of these areas.?

Perhaps the only evidence which could be used, with
some reservations, in respect of the type of solder used is
the green-coloured copper corrosion products — most prob-
ably copper (II) carbonate hydroxide — which were identi-
tied around the body’s bottom of vase inv. no. 427 (fig. 18),
and the brownish-red copper (I) oxide at the contact points
between the foot and the bases added to footed cups inv.
nos 656 and 427. These could be explained by a gold solder
with a high copper content or the presence of colloidal hard
soldering (due to galvanic corrosion), as the latter is usu-
ally more susceptible to corrosive agents and mechanical
strains.®” The presence of the latter kind of solder might
explain why it is so hard to identify it microscopically®® and
using chemical analysis, given that there is no gold alloy
with a composition different from that of the substrate be-
tween the points of contact.®’
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Fig. 12. Goblet. Athens, National Archaeological Museum,
inv. no. 427. Detail of the surface of the metal, which has
been thorough, grinded and polished.

Fig. 13. Goblet. Athens, National Archacological Museum,
inv. no. 656. Detail of one of the three gaps between the lions.
There appears to be a joint in this area.

Moreover in the closed cups from the Archaeological
Museum a circular centre mark was identified inside the
bodies (fig. 10). Unfortunately, it was not possible to see
the outer surface in order to locate a possible second mark.
However, a double centre mark was found on the gold cup
decorated with stamped ivy leaves from Dendra in the Ar-
golid (figs 19, 20).”°

The lions on the only decorated goblet (inv. no. 656) were
probably depicted by repoussé and chasing. The use of a cast
former with the outline of a lion, applied to the inside of the
body seems also possible since the marks left by the ham-
mering, were restricted to the outer surface (see fig. 13).

The composition of these objects is presented in table 2
together with the chemical analysis of the seven pieces of
jewellery from the Thebes Jewellery Ensemble’ and the two
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Figs 14, 15, 16. Goblets. Athens, National Archaeological
Museum, inv. nos 427, 959, 656 (up to bottom). The domed
rivets used for the artefacts and the way they were fitted to them.
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Fig. 17. Goblet. Athens, National Archaeological Museum, inv. no. 957. Detail of the attachment of the foot to the body.

gold items (Imre Somlyan donation) with dubious authen-
ticity”! belonging to the Benaki Museum.

From the results it seems that most of the objects (ex-
cept from the two items with dubious authenticity) are
made from gold with a silver content ranging from 9.6%
to 28.9%, and more specifically in the goblets between
9.64% and 26.1% and copper content between 0.35% and
3.33%. In the goblets the copper content goes from 0.3%
up to 2.40%, apart from vases inv. nos 656 and 427 which
have less than 1% copper. The others have levels in excess
of 1% and even over 2%.

The levels of silver can be accounted for by the use of na-
tive gold alloys”* or gold alloys created by man, whether for
aesthetic or economic reasons.”> The levels of copper can
also be attributed to native gold”* or the practice of alloy-
ing” in order to improve the strength of the metal and to
balance the pale colour caused by its high silver content.”

It was not possible to arrive at a precise identification of
the provenance of the gold used in these objects. Unfor-
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tunately other elements which could have indicated some-
thing more specific and representative were either lacking
or — if they existed — they could not be traced with the par-
ticular method analysis being used.

However a general assessment can be made. According
to the ternary diagram (fig. 21) — which also includes the
gold cup and the two gold items with dubious authentic-
ity — the objects are categorized in two main groups due
to their silver and copper levels. Exceptions to these two
groups are the gold goblet (inv. no. 959) from the National
Archaeological Museum which is nearly attached to the
second group and the gold cup together with the gold item
(inv. no. 27515) which significantly distiguish from the two
main categories.

Thus thirteen out of the fifteen objects were not made of
extremely pure gold. Such alloys, as the sources note, were
widely used in antiquity and it was usual for them to be em-
ployed straight from the mine. Indeed they continued to be
exploited without further processing up to the fifth century
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Fig. 18. Goblet. Athens, National Archaeological Museum,
inv. no. 427. Copper corrosion products identified around the
body’s bottom.

BC.%7 According to this data, the metal used to make the
objects could be judged not to be a product of alloying, at
least as regards the level of silver.

This opinion is reinforced by bibliographical evidence
regarding the location of deposits of such alloys in the
Mycenaean period. Greece was on the whole too poor in
deposits of gold to meet the demands of its large-scale do-
mestic production of gold artefacts. The limited deposits
in the islands of the Aegean were an exception.”® Although
they were workable, there was still not enough gold, and it
was necessary to import it from other countries.”

Egypt and more specifically Nubia is referred to as the
main supplier of gold in this period.'"”® And it was gold with
a high silver content, as the Mediterranean in general and
more particularly Egypt, Nubia, Asia Minor, Spain and the
Caucasus were extremely rich in deposits of such gold'”!
and had even greater amounts of silver.'%?

If we assume that the gold of the objects which are the
subject of this study is really native gold, then the level of
concentrations of copper — at least in some of those objects
(especially those from the National Archaeological Mu-
seum) — could reinforce this view. In the others, which do
not have such low levels, it is likely that a native gold-silver
alloy was used with the addition of some small amount of
copper, for the reasons given above.
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Figs 19-20. Gold cup. Athens, National Archaeological
Museum, inv. no. 8743. Detail of the inside and the outside of
the body, at the base where the circular centre mark is visible.

Conclusions
The techniques of working, decoration and attachment
used on the kylix all date back to ancient times and it is
no coincidence that they have also been identified in the
other objects from the Mycenaean period. However, the
significant differences more particularly in the manner of
constructing and joining the initial sheets, the type of sol-
der and mechanical attachment used and the indications
of ageing and deterioration on the surface of the cup are
elements which could call into question the authenticity
of the object.

To be more specific, the parallel raised marks found on
the handle indicate a more recent manner of producing the
sheet gold. It could, of course, be maintained that a rolling
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Acc.nos

656

656

427

427

959

959

957

957

8743

8743

2063
2070
2075
2079
2069a
2080
2068
27516
27515

The golden kylix inv.

Type of
object

Gold
goblet

Gold goblet

Gold goblet

Gold goblet

Gold goblet

Gold goblet

Gold goblet

Gold goblet

Gold cup

Gold cup

Embossed
Rosette

Pendant
Ring

Ring
Necklace
Cylinder ceal
Necklace
Ring

Cup

Analysis
position

Body

Handle

exterior surface

Handle
exterior surface

Base

Body exterior
surface

Body

Body exterior
surface

Body

Body, exterior
surface

Handle exterior

surface

Back

Front
Bezel
Bezel

Back

Exterior surface

Back
Top
Lip

Place

National
Archaceological
Museum

National
Archaeological

Museum

National
Archaceological
Museum

National
Archacological
Museum

National
Archacological
Museum

National
Archaeological
Museum

National
Archaeological
Museum

National
Archacological
Museum

National
Archaeological
Museum

National
Archaeological
Museum

Benaki Museum
Benaki Museum
Benaki Museum
Benaki Museum
Benaki Museum
Benaki Museum
Benaki Museum
Benaki Museum

Benaki Museum

Au
(%)

81.6 + 0.25

74.7 + 0.51

83.4 + 0.53

82.6 + 0.55

88.6 £ 0.54

90.0 £ 0.61

71.6 + 0.48

76.0 + 0.61

75.1 £ 0.17

76.8 + 0.54

75.1+ 0.15
68.4 £ 0.15
84.3 £ 0.57
80.8 + 0.19
65.5 £ 0.50
83.1 £ 0.20
79.1 £ 0.16
97.1 £ 0.17
99.1 £ 0.20

no. 2108 of the Benaki Museum: Technical report

Ag
(%)

17.7 + 0.11

24.6 + 0.26

16.3 + 0.21

16.9 + 0.22

9.64 £ 0.16

8.46+0.18

26.1 +0.25

22.4£0.29

23.4 +0.09

22.1 +0.26

21.8 + 0.08
28.9 + 0.09
12.4 + 0.20
16.4 + 0.09
32.2 + 0.30
14.5 + 0.08
18.7 + 0.08
1.82 + 0.04
0.65 £ 0.03

(%)

0.71 + 0.02

0.70 + 0.04

0.35 + 0.04

0.48 + 0.04

1.74 £ 0.06

1.54 + 0.06

2.40 £ 0.07

1.63 + 0.07

1.42 + 0.02

1.14 £ 0.05

3.08 + 0.03
2.66 + 0.03
3.33 + 0.09
2.80 + 0.03
2.35 + 0.08
2.4 £ 0.03

2.24 + 0.02
0.62 £ 0.02
0.30 £ 0.01

Table 2. Chemical analysis of the four gold goblets and one gold cup from the National Archacological Museum together with

the analysis of the seven pieces of jewellery from the Benaki Museum and the two items (Imre Somlyan donation)
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with dubious authenticity.
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0,50
Gald

Fig. 21. Ternary diagram which shows the two main groups
of the gold artefacts from the National Archaeological Mu-
seum and the Benaki Museum. The gold cup together with
the gold item inv. no. 27515 from the Benaki Museum (dots
near the edge of the triangle) significantly distinguish from
the two main categories.

mill was used only on the handle, given that these marks
were not found anywhere else on the cup. Or even that the
cup was discovered without a handle or with a damaged
handle, which was later replaced with a new one. However,
the fact that the gold of the handle has the same composi-
tion as other parts of the object makes it rather difficult to
argue for this hypothesis.

From the point of view of technique, the way in which
the body of the kylix was produced is comparable with the
construction of hollow objects in antiquity, but differs from
that used on the closed goblets from the National Archaeo-
logical Museum, which have an extra part to the body.

As regards the marks found on the lip, most probably
made by modern nippers, it is not altogether clear if they are
due to some more recent repair or were the result of some
modern production method.

As regards the type of rivets and the way in which they
were attached, and especially the two together, they differ
from those used on the four goblets from the National Ar-
chaeological Museum and from the way they were fitted.
This difference could be attributed to poor workmanship
in antiquity. On the other hand it could be atributed to
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some subsequent intervention, if for example the cup had
been discovered with damaged links. However, the results
of the chemical analysis of the links show no essential dif-
ference in their composition from that of the metal used to
make the cup.

On the basis of its composition, the solder can be consid-
ered authentic. Moreover such solders were widespread in
antiquity, and no other evidence was found which would
point to the use of more modern solders.!” This type does
not seem to have been used on the other cups. It is most
likely in their case that an alloy with a higher copper con-
tent or colloidal hard soldering was chosen.

In addition the metal is hard, unlike the cups from the
National Archaeological Museum, where the gold seems
more soft and floppy, which is characteristic of the natural
ageing process in an originally hard metal (as a result of the
repeated stages of cold working), and has thin corrosion
layers.

The hairline cracks, the ‘crystals’ and the ‘orange peel’
appearance on the surface of the kylix, which were not ob-
served on the artefacts from the National Archaeological
Museum, incline us to conclude that either the techniques
of working and refining were badly controlled or there was
a deliberate attempt to imitate a metal with ‘stress cracking
corrosion’ and to make the cup look old. If the aforemen-
tioned characteristics are the result of bad craftsmanship,
then it is interesting to note that subsequent grinding and
polishing did not remove them completely or even smooth
them out and that they were entirely selective.

As regards the reddish material present on the surface,
it could be attributable to traces of soil from the burial en-
vironment, though it goes without saying that the traces
themselves do not constitute reliable evidence for the ar-
tefact having spent a long period of time in the earth. The
greasy texture of the material remains to be interpreted.

The metal used in the construction of the cup suggests
an alloy of high purity with small amounts of silver and
copper. An alloy of this sort would be categorized as either
native gold or refined gold.

The truth is that such levels are found more often in re-
fined gold. Nevertheless, its gold and silver content could be
categorized as native gold. It is no coincidence that, in the
available research and analyses relating to artefacts made of
alloys of native gold from the same area and period, similar
levels of silver and copper as those identified in the cup have
been observed.!%¢
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Moreover it is possible to find significant variations in
composition even among native gold alloys coming from
the same mining area.'® However, this is a statistically
small possibility.

Consequently, the gold of the kylix is either an excep-
tion among native golds or should not be included in this
category at all, as to date most analyses of objects dating to
periods before the age of coinage — including the artefacts
from the National Archaeological Museum — differ from
those relating to objects from later periods and indeed the
modern period.!%

Of course, the number of artefacts of certified provenance
and dating to the period in question, which have been ana-
lysed, is too small for anyone to have a comprehensive idea
of the composition of native gold.

However, up to now most results have shown that this
gold contains either significant amounts of silver and small
amounts of copper, or high levels of copper and silver. In
both cases it was confirmed that the gold, on the basis of its
silver content, was an entirely natural product sometimes
with alittle extra copper and sometimes with significant ad-
ditions of copper for aesthetic, practical or perhaps econom-
ic reasons. In no case was the use of refined gold attested.

On the basis of the foregoing, the difficulty of finding
a definitive solution to the question of the authenticity of
the Benaki Museum’s cup and of fitting it into a unified set
of objects with common stylistic, technical and chemical
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characteristics is evident. In any case the wider arguments
surrounding it and the many contradictory views which
have been expressed in relation to this cup would seem to
stress the need for caution in coming to any conclusions.
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3. The hammered gold, which is hard and inflexible at first

due to the shaping process, becomes softer with time. These
are characteristics of the natural ageing of the metal, which a
modern metallurgist can, of course, imitate using the anneal-
ing process. See. J. Ogden, Jewellery of the Ancient Word (New
York 1982). In the case of the cup the ancient metal does not
display such properties. This raises questions as to its authen-
ticity.

4. A chisel with a sharp edge.

5. A set of compasses, for example, was a tool used for mark-
ing out circular sheets of metal from the Mycenean period, E.
Konstantinides-Syvrudes, Zto Epyaotijpio tov Muknvaiov

xpvooydov: avactvBeon TeXVIKGVY 0Ta puod Kooppata tov

EfBvikot Apyatoroyikod Movoefov, in: G. Kazazis (ed.), Ao-
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1975).
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8. H. Hodges, Artifacts: An introduction to early materials
and technology (London 1976).

9. K.S. Painter, Gold and Silver in the Roman World, in:
W.A. Oddy (ed.), Aspects of Early Metallurgy (= Occasional
Paper17, London 1980) 135-58.

10. For the period in question there are no sources which
even mention the use of some sort of rotating device for work-
ing metals. What evidence there is for the use of a lathe in even
earlier periods relates to wood or bone and very particular
constructions made from them. Evidence relating to the use
of a primitive form of lathe has been found in the early 18th
Dynasty in Egypt, only in relation to wood and bone, E. Simp-
son, Early evidence for the use of the lathe in Antiquity, in: P.
Betancourt - V. Karageorghis — R. Laffineur — W.D. Niemeier
(eds), Meletemata 3, Studies in Aegean Archacology Presented
to Malcolm H. Wiener as he Enters his 65th Year, Aegeaum 20
(1999) 781-85.

11. Ogden (n. 3) 37-39.
12. Ogden (n. 3) 37-39.

13. R.A. Higgins, Greek and Roman Jewellery (London
1980).

14. Snaps with various devices imprinted on their ends,
which are stamped on the heads of the rivets as decoration,
Hodges (n. 8); J. Lang — M.J. Hughes, Joining techniques, in:
Oddy (n. 9) 169-78.

15. On the curved end of the rivets signs of cutting with scis-
sors, a more modern method of cutting through a rod, can be
made out. On the domed heads of the rivets the surrounding
flange has been cut. The traces of cutting and finishing in these
areas were not especially evident, due to their being covered by
areddish material, but they seem likely to have involved the use
of some more modern tools.

16. Higgins (n.14); P.M. Roberts, Gold Brazing in Antiqui-
ty: Technical Achievements in the Earliest Civilizations, Gold

Bulletin 6,1 (1973) 112-19.

17. The portable micro-XRF spectrometer consists of an X-
ray Rhanode tube, a policapillary lens that focuses the emitted
x-rays at about 100pm at the sample position, an X-ray Si-drift
detector and the accosiated electronics, a CCD camera and a
laser for the correct positioning of the samples, finally three
spepping motors are coupled with the spectrometer head. The
p-XRF spectrometer is used to study the distribution of the
intensities of the characteristic x-rays of the elements contained
in selected areas of the surface being analysed, using line or
surface scaning. The essential differences between the p-XRF
spectrometer and the m-XREF, which was used for the chemical
analysis of the cup, the artefacts from the National Archaeo-
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logical Museum and the jewellery from the Thebes ‘Jewellery
Ensemble’ are: 1) their very different spatial resolution, with
the analysis point in the m-XRF having a diameter of ¢23.000
pm (3 mm), while in the p-XRF it is of the order of ¢z 70 pm
(0.070 mm), i.e. 42 times smaller, thus allowing microscopic
details of the area under examination to be analysed; 2) the
stimulation beam in the p-XRF is of much higher intensity,
which ultimately, combined with the different technology of its
X-ray detector, makes it possible to carry out analyses in a much
shorter period of time; 3) the stepping motors can provide the
possibility of advanced elemental mapping studies.

18. Only qualitative analysis was carried out in the area of
the soldering. The intensities of silver and copper X-ray lines are
higher in this area than the ones detected in the areas around
the joint and with no solder.

19. The sample comes from a damaged area of the soldering
between the foot and the base.

20. Roberts (n. 16) 114.

21. As, for example, electrum in the case of naturally occur-

ring alloys, Ogden (n. 3) 18.

22. In the earliest civilizations the use of copper in solders
was preferable, as a craftsman could achieve a very good solder,
without knowing the composition of the alloys or their mele-
ing points, Roberts (n.16) 115. It is perhaps not by chance that
the use of the more intentionally manufactured alloys made of
gold and silver or even of gold, silver and copper, became more
widespread from the Hellenistic period onwards, Ogden (n. 3)
59-67A.

23. The colour of the gold is more yellow or more red de-
pending on the silver and copper content in the alloy. The
greater the silver content, the more yellowish the gold will be.
By contrast, the greater the level of copper, the more reddish the
gold.

24. Ogden (n. 3) 58-67; Roberts (n. 16) 113. There is no
doubt that these properties must be assumed to have applied to
all types of solder used from antiquity up to the present day.

25. Roberts (n. 16) 114.

26. Electrum, for example, which they got straight from the
earth for use in gold solders had over 20% silver content, Ogden
(n. 3) 37-39. Such an alloy has seen to have a melting range of
about 1000-1040° C, Roberts (n.16) 114.

27. Roberts (n.16) 114.
28. Ogden (n. 3) 58-67.

29. This is what is called colloidal hard soldering. When
soldering using copper salts or minerals, a very small amount
of metallic copper is produced, which is diffused into the sub-
strate in the area of the joint during thermal activation, Ogden

(n. 3) 58-67.
30. Roberts (n. 16) 115.
31. R. Duval - C. Eluere - L.P. Hurtel, The use of Scanning
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May 1986 (Amsterdam-New York 1989) 325-33.

32. Roberts (n. 16) 116.

33. D.A. Scott, Metallography of the Ancient and Historic
Metals (Malibu 1991).

34. W.S. Rapson, Tarnish Resistance, Corrosion and Stress
Corrosion Cracking of Gold Alloys, Gold Bulletin2 (1996) 29.

35. D.A. Scott, The Deterioration of Gold Alloys and Some
Aspects of their Conservation, Studies in Conservation 28

(1983) 194-203.
36. 1bid., 198.

37. 1f a gold alloy remains in a naturally corrosive burial
environment selective etching occurs on the less noble metals,
resulting either in the corresponding corrosion products, the
enrichment of the surface with gold and/or the appearance of
cracks, Rapson (n. 34); N. Meeks, A Greek Gold Necklace:
A Case of Dual Identity, in: D. Williams (ed.), The Art of the
Goldsmith (London 1997) 127-38.

38. Where there is a higher gold content, the level of stress is
reduced accordingly, Scott (n. 35) 198.

39. Rapson (n. 34) 63-64.
40. I.e. 58% gold, 30% silver and 11.5% copper.

41. This, of course, is not representative of the body area
where the crystals were observed, though it can nevertheless
give extremely important information about the way in which
the cup was made, the various stages in this process and about
its corrosion.

42. During cold working of the metal, when plastic deforma-
tion is not properly achieved (i.e. by less than a crucial amount)
and the metal is submitted to annealing for the period of time
usually required, recrystallization does not occur as expected in
order for the metal to acquire its properties from the hammer-
ing process, because the metal is already considered recrystal-
lized. The result is that large grains form, which is not desirable,
and the surface of the metal presents irregularities, D. Ott -
C.J. Raub, Grain size of gold and gold alloys, Gold Bulletin
14,2 (1981) 69-74; G.G. Antonopoulos, Méralla xar xpdpuara
(Thessaloniki 1986) 120.

43. Ott—Raub (9p. cit.) 69-74; Antonopoulos (p. ciz.) 120.
44. Ogden (n. 3) 158.

45. In the process of joining two metal parts, the solder must
be heated to its melting point. Then, to achieve the join, the
molten metal gradually, or rapidly (depending on the manufac-
ture) solidifies. The crystalline structure of the molten metal is
dendritic, i.e. as it solidifies first of all primary, then secondary
and tertiary arms develop.

On the sample of solder, whereas dendrites were anticipated
— albeit in small amounts because of the relatively pure alloy
— as a result of the melting process, these crystals are more
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schematic. The new crystalline structure leads us to conclude
that the metal of the cup should have been subjected to more
annealing. The artefact seems likely to have been heated in
order to improve the metal’s mechanical properties. Certainly
a cross-section of the sample tends to indicate that the tem-
perature used could have been higher than necessary, G.D.
Chryssoulakis — D.I. Pandelis, Emzoriipun xai rexvodoyia twy
peraldixay vixdv (Athens 2007).

46; T. Lyman, The Metals Handbook (Ohio 1948).
47. Scott (n. 35) 198.

48. This is a stage in the chemical refinement of gold tradi-
tionally used by goldsmiths on their metal constructions, in
order to remove the traces of fusible matter used in solders, to
dissolve the oxides created by heating and to give the metal a
uniform colour, H. Maryon, Metalwork and Enamelling: A
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AEXTIOINA KOTZAMANH - BAYXIAIKH KANTAPEAOY - XPYXOYAA XOPOY -
ANTPEAXZ-TEPMANOX KAPYAAX
H ypvon} kbAika tov Movoegiov Mrnievdxn ap. evp. 2108: texvicy] peAé

Me agoppr| tv mpéopaty perétn e Eiprivne I anaye-
opylov ya ) xpuot] kbAka ap. evp. 2108 tov Movoeiov
Mmevdin, kpiBnie anapattntn n depedvinon g avbe-
VKGNS TS péow g eEétaonc g teyvoroyiag ka-
Taokevg, TNG OLAKGOUNONG, THG YNUIKYG 0V0TAONG TOL
petdAdou kat TG ouvoAlikic katdotaong dtatripnong
™G, kabdg kat ) akpPéotepn xpovordynon tov €pyov
mov tomofeteftat ot puknvaixy nepiodo, pe Pdor opt-
opéva yapaktnptotikd tov. Kabopiotikd péro otnv éAn
avty mpoondfeia diepedvnong énaile ka1 ovoyétion
TOV TEXVIKOV KAl TOV XNIKOV YAPAKTHPLOTIKGOY THG KO-
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MKag pe avtikeipeva ovyyevi}, doov agopd to pétarro,
1o oyfpa kat v mbavi| emoyi| kataokevig g, Emag-
xOnkav téooepig xpuoéc kbhikeg (ap. evp. 959, 957, 656,
427) xat éva xpuod kbmedro (ap. evp. 8743) poknvaikic
neptédov tov EBvikod Apyatoroyucot Movoeiov, kabdg
Kat entd xpovod kooppata and tov Onoavpd e Of-
Bag (ap. evp. 2063, 2070, 2079, 20694, 2080, 2068), padi
pe &vo xpuod avukeipeva (ap. gvp. 27515, 27516, Awped
Imre Somlyan) tov Movogfov Mnevdin.

H kdhika eivar kataokevaopévn and téooepa Eexopt-
otd @UAAa xpLooL, KAtdAANAa poppoTopéva Pe TV
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TEYVIKT] THG opupnAdtnong kat evopéva. Ta tpia pépn
(odpa, od kat fdom) elvat tpocappoopéva to éva oto
dAo pe okAnpt| kGAANOT, eved 1) AaPi] pe dtakoounTikd
Kap@td (mhatég epnAideg pe matodpa). To odpa koopel-
Tat pe Tpetg avdayilupoug oktAouG, Sovhepévoug kupimg
arnd v eEoteptki] Toug empdveia, evéd 1 Aafr pe éxtuna
@VALa Klooob, dmov €xet xpnopononel epyaieio o
@épet otV anéAnEr| TOL TO CLYKEKPIPEVO OYTUA.

Orteyvikég popgpomoinomng, dStakdopnong kat obvoeomng
otV kBAKka xpovoroyobvtat and oAl taitd kat Sev efvat
toyaio dtLavayvepiotnkav kat ota dGAAa avuke{peva g
HUKTVATKTS TIEPLGO0UL. YTTdpyouv SpeG oplopéveg evoei-
Eegmov Bétouv kdmoto pofAnpatiopd yia ) yvnotdtita
tou avuketpévov. Ot evdeilelc avtég agopoiv edikdtepa
Tov apytké TpéTo kataokevig tg AaPrig kat tg ovvoe-
07| THG HE TO 0GpPa TG kKGAkag, to e{dog tng kéAANONG,
) o0botaot tov petdAlov kataokevng, kabdg kat )
yfpavor kat t pBopd g enpdvetag. Anodidovtat eite
o€ TEXVOAOYIKEG eEatpéoels yla Ty emoyy, efte o€ pn po-
oeypéveg epyaoies kataokeutg (kakoteyvieg), 1) akdpn oe
110 0VYYpOveS EMEPPAOELS Pe 0KOTIO GAAOTE THV ETILOKELT]
Kat dArote v NOeAnpévn pipnon apyaiov texvikdv.

2uykekpipéva, o ToAS PKkpd KeVIpKS {Yvog otV
eonteptic] kat Ty eEoteptki] empdveta g Bdong tov
oWPatog LIIOONAGVEL, efte T otiAPwor endve otov T6p-
vo (Stadikaoia dpec meptoodtepo dradedopévn and tov
50 at. .X. kat petd), eite ) yprion daPritm yia Adyoug
avapopdg og didgopeg petpfoelg katd ta otddia g
pop@otmoinong.

Ta e&dyrvpa apdAinia tyvr mov evtomiotnkav ot
Aaf) g kbAkag {owg apamépmouvy oe 1o obyypovo Tpd-
10 TIApAy®YNS HETAAAKOV PBAA®V, uTodelkviovTag )
xpriom KuAivpou, o omolog eiye evpela yprjon and tov 160
at., 1] 6Vyxpovi] ETOKELY] TOL CLYKEKPLUEVOL THIUATOG.

O 1pbmo¢ kataokevg TOL OAPATOC TNG KUALKAG and
éva evialo @UALO xpLooU glvat, and dnoyr TeXVIKYG,
OLHPATOC PE TNV KATAOKELT] KOTA®V AVTIKEIUEVOV GHOGS
Stagépet and ekeivo ov yprotpono|nie oTig KAELIOTEG
KUAkeg Tov EBvikot Apyatoroyikot Mouvoeiov, ot omofeg
@épouv mpbdobeto tupa oto odpa tove. To otoryelo avtd
(to omofo Spwc propel va Bewpnbel wg eaipeon), pad
pe tov TpéTo kataokevg tov yelAovg (ot eEmteptk]
emipdvela tov omofov evton{otnkav {xvi mov anodido-
vtat oe obyypovn mévoa kat &yt oe opupnAdnom), kai-
AMepyel kdmoteg empuAAEels wg pog Ty avbevukdta
tou avtikepévou. BéBata, oty mepintwon tov yeldouvg
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ta {xvn avtd Oa propodoav va ogeilovtal oe vedtepn
ETMOKELY KAt Ot 0 OUYXPOVO TPOTIO KATAOKELT|C.

H popo1] tov kapeidv (mhatiég epniidec npiopatpikot
oxfpatog pe matobpa), kabog kat o pdmog oTePéonic
ToUG —1OIGS TOV S0 pe yoplopa Tov £vES Akpouv TOugG 0To
téhog— dtapopomotobvtal and ta Kap@Ld Tov TEcodpav
KUA{kV (MAatiég epnAideg xopic matodpa) kat tov tpé-
IO TIPOCAPHOYHG TG (pe ptipol peyéBoug kat KUKAIKOU
oxfpatog epnAidec). Enfong o tpémnog kataokevnc tov
Kapedv (kom| kat Mpdplopa teov KEQardy Kat tov
dkpou ¢ pdPdou pe pakidn) eivar dStagopetikds kat Gyt
téoo dradedopévog T puknvaiki| mepiodo. H dagpopd
Ba pmopovoe va anodobel oe petayevéotepr emépPaon,
€dv 1 k6hka eiye avakatvpBel pe kateotpappévoug oov-
déopoug. ‘Opwg 1 xnpikr avdivor tov petdAiov kata-
OKEVNG TV oUVOEop®V dev anédelée kATt TETOLO.

H k6AAnon (kpdpa xpuoot - apydpou - yarkov), Bdoet
¢ ovotaot|g g, propei va BewpnBel avBevtucy, mapdtt
10 Ypdpa e dragépet and avtd e KGAANOTG oL £XEL
xpnotporomBel otig dAleg kblikeg (mbavétata €yet
emAeyel éva kpdpa pe avEnpévo mooootd xarkot A 1
KOALOEWONG oKANPT| KOAANON). AdAwoTe TéTola kpdpata
ftav dradedopéva oty apyadtnta. To vynié onpeio
THENG Spag, Adym TG YapnAnc meptektikdtntag oe dp-
yupo kat yaAkd, eivat atotyeio mov cupwvel pe éva mo
ovpPatiké towg vedtepo eldog orAnprig KGAAN GG,

To pérarro kataokeviic g kdAkag eivat okAnpd
ot avtiBeon pe tic k6Akeg tov EOvicod Apyatoroytkotd
Movaoeiov, mov o ypuads gaivetat mo e6TAACTOG, Yapa-
KTNPLOTIKS TG QUOLKTIG Yipavomg evog okAnpos apytkd
petdArov and ta emavarapPavépeva otddia poyxpnia-
ofag, pe Aemtd otpdpata Sidfpworng.

Ot pkpopoypéc kat ot “kpdotarior” mov apatnpij-
Onkav oty empdveta g kbAkag, kabog kat to Ldpopa
TOL HETAAAOL eV EVTOTI{OTIKAY KAl 0TA AVTIKEIPEVA TOV
EBvikod Apyatoroyikot Movoeiov. Ot evdeifeig avtég
ouvioTtobv pdArov anotédeopa efte pn eAeyyOpeEVRV Te-
VKGOV popgomoinong kat kaBaptopod, eite emdiokSpe-
v ipoonidBetac pipnong evog petdArov pe “poypudon
OudPpoon” kat yepaopuévn 6yn.

2ty Tepintwon, TAvVTG, TTOL Ta TApandve Yapaktpl-
otkd ogeilovtal o€ kakoteyvia, Tapovoldiet evotapépov
10 yeyovig 6t ) Aelavo kat 1) otiAPwor), ov Tpopavag
akoAotOnoav kat OAOKAp®OAv TNV KATAoKELT, dev ta
eldhenpav —obte kav ta eEopdAvvav—, kabdg kat to dtt
Nrav kabapd emiexticés. Ot akatdotateg yapdEelg mov
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napatnpribnkav og €voeln tétolmv diepyaotdy, Tpémet
mhavdc va amodoboibv ot yxprior yvardyaptov —to omoio
BéPata dev katatdooetal otV katyopia twv apyalwv
AELAVTIKAV, AAAG owg ovviotd vedtepn emépfaon).

To kokkv®T4 vALKS oL TTapovotdletat oe Kdmoteg Te-
PLOYEG TG ETILPAVELAG, EVOEXOHEVMGS LVOEETAL PE TYVT)
xopatog and to neptPdirov tapiis, xopic Ta ixvn avtd
BéPata va amoterobv aliémiota otoryeia mov va emiPe-
Batdvouv TV mapapoviy Tov avtkepévon yia peydro
xpoviké dtdotnpa oto £dagoc. H Aumapn ven tov viikot
TIAPAPLEVEL AVEPUTVELTY).

‘Ocov apopd to kpdpa kataokevy|g TG kAkag eivat
vpnATig kabBapdtntag, pe ToAS pkpd 0000 Td apytpou
kat yaAkoU. ‘Eva tétolo kpdpa pe avtd ta mocootd
evtdooetat elte otV Katnyopia tov avtoyevoulg xpu-
oov, glte otV katnyopia tov eEevyeviopévou ypvoob. H
aMjfeia efvat 6t tétola mocootd avryvebovtal ovyvé-
tepa oe eevyeviopévo xpuod, kabdg ot Teploodtepeg
Péxpt tdpa avardoelg TG 0BoTAoNG AVIIKEIHEVMVY TIOL
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xpovoroyotbvtat oe mepLddoug mptv and v emoyt| TG
voptopatokoniag —ovpmeptlapfavopévev kat avtdv
tov Apyatoroytkod Movoeiov— dtagopomotobvtat and
eKe{VEG QVTIKEIPEVOV TIOL AVIKOLY OE UETAYEVEOTEPEG
nepLddoug, axdpa kat oe obyypoveg. Ilapd tadra, o xpu-
006G g KOMKAG KAl 1) TEPLEKTIKOTITA ToL o€ dpyvpo Ba
pnopovoe va katatayfel otc eatpéoelc yia mpotoyevi
Xpuo6, epbdoov 0 aplipds TV aVaALPEVOV AVTIKEIUEVOVY
HE TUOTOTIOPEVT] TIPOEAELOT] KAl POVOASYT|OT) yia THV
nieplodo mov pag evdagépet elvat oA TEPLOPLOPEVOG,
dote va éxet kavelg ohokAnpopévn droyn ya ) obota-
0] TOL TPOTOYEVOUG X PLOOV.

Me Bdom tov yevikétepo mpoPAnpatiopd mov vidpyet,
kaBdg kat ) dtaténwon tdoo TOAAGY avTIKPOLSHEVLY
andypeov yivetat mpopavrc 1 dSuvokoAia t6oo g Tpog Ty
optotiky em{Avon tov {nTipatog g yvnotéttag tg
KUOAtkag tov Movoegiov Mmnevdi, 600 kat @G mpog v
évta&n g oe eviaio 0bvolo pe kovd otV TG, TEYVL-
KA KAt YNHIKA Xapaktnplotkd.
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