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DESPINA KOTZAMANI

Technical and chemical examination of the brass bucket
with a hunting scene

THE METAL SI7ULA in the Benaki Museum (inv. no.
32553) (henceforth called “Benaki”) was examined in
order to correlate its techniques, composition, and finds-
pots with the group of buckets mentioned in the article
by Mundell Mango et al.! (henceforth “the Group”).

Fig. 1 shows Benaki’s present appearance, after partial
restoration by gap-filling to strengthen the main body.
For the same reason, a backing film can be found on the
interior surface at the point where the base and vertical
walls meet (fig. 2). Both these processes were carried out
during earlier conservation treatments. Cracks or com-
plete breakage near or around the base commonly occur
in these objects and probably result from the technique
used to produce this particular shape. For this reason, as
Mundell-Mango et al.* point out, some of the vessels in
the Group had to be repaired, as was also the case with
Benaki.

Benaki was examined using several analytical techniques
such as X-Ray fluorescence spectroscopy (XRF), scanning
electron microscopy (SEM), X-ray radiography and met-
allography. Unfortunately not all these techniques were
employed for the Group, where only the composition of
the alloy was established.” Since the examination of the
latter was carried out on a more empirical and archaeo-
logical basis, precise correlation with Benaki has had to
be limited to the elemental composition.

Technical examination

1. X-ray Radiography.® X-ray radiographs of Benaki
were made at the X-ray Diagnostic Center in Athens.’
Fig. 3 is an example of a print from a X-ray negative.
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The X-rays revealed some hairline cracks in the body of
the object and also some areas which were incomplete.
The crack patterns in the wall are characteristic of a ma-
croscopically brittle fracture. Cracks often occur since
the cold metal, which is at first malleable and not yet
annealed, hardens under the action of crushing forces
during its shaping.® In Benaki, serious crack patterns
exist only near the base, which may well indicate that
the annealing process was generally satisfactory, with the
few cracks in the body perhaps resulting from the use of
an inappropriate annealing temperature.

Fig. 3 also shows the external decorative grooves visible
in fig. 1. This decoration was effected by chasing. The
special tools used have displaced the metal to produce a
flat mat bottom and an annular dot as well as a straight
groove. The X-ray negative shown in fig. 4 revealed shad-
ed areas, which are a characteristic result of hammering.

2. Metallography.” Two samples less than 1mm. in size
were removed from the object for sectioning. One was
extracted from a position near a previous gap-filling area
on the wall of the main body and the other from one of
the two edges of the handle (fig. 1).

The samples aimed at being as representative as pos-
sible of the object as a whole, while at the same time
conforming to the basic requirements for analysis and
study, the general principles of sample preparation and
the Museum’s own standards,* although the problems
of making comparisons using a limited number of small
samples as representative of the overall structure of the
object are well known.”
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Fig. 1. The external appearance of the sizula, which has Fig. 2. The interior surface of the sizula. A backing film
been partially restored (gap filled areas) to support the is used at the area where base and vertical walls meet to
whole shape of the object: a. sample selected from the support the base.

body, b. sample selected from the handle.

Fig. 3. X-ray image of the external appearance of the sizula. Fig. 4. X-ray image of the interior, showing tool marks
Note the few hairline cracks, decoration tool marks and gap produced by hammering.
filled area on the right of the image.
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Technical and chemical examination of the brass bucket with a hunting scene

Figs 5-6. Cross section details of the body sample under
bright field unpolarized illumination and polarized
illumination. Etch: FeClz x 200: a. Homogenous stucture,
b. Slip lines, grain deformation, annealing twins emerging
on grain boundary facets, c. Hair line cracks especially
around the surface of the samples, d. Intergranular

corrosion (few areas), e. No inclusions.

The samples were mounted in a polyester resin block"
and polished for subsequent examination under the
optical microscope. The samples were examined under
an unpolarized and polarized light with magnification

ranging from x 200 to x 500 (figs 5-8).

3. SEM examination." The specimens were re-polished
and covered with carbon for examination under the
scanning electron microscope. Both samples displayed
features similar to those observed under the optical
microscope, but no elongated inclusions were visible.

2, 2002

Figs 7-8. Cross-section details of the body sample under

bright field unpolarized illumination and polarized illumi-
nation. Etch: FeCI3 x 500: a. Homogenous structure, b.
Equaxed grains, some annealing twins emerging on grain
boundaries facets, c. Intergranular corrosion, preferentially
near the upper surface of the sample, d. One internal crack,
possibly due to corrosion, e. Some light gray-blue elongated

inclusions.

Technical results

1. Fabrication. All the methods mentioned above' con-
firmed the method of fabrication. The situla was made
by hammering the metal into shape, and was raised from
a single cast disc (ingot) of metal, the size of which was
calculated by adding together the average diameter of
the base and the height. It was then shaped by the tech-
niques of sinking"” and planishing." The disc was first
sunk in a block as far as possible, but, as Sherlock states,"
it is planishing which can give depth to an object, and
this must have been the main procedure followed here.
The latter is unquestionably the more difficult technique
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but according to Hodges' it allows a greater variety and
complexity of form by varying the sizes and shapes of
the stakes involved in the process. Indeed the shape of
Benaki is unusual since the base is flat and the walls verti-
cal; an expert craftsman would have been needed for this
work, since the meeting-points of base and walls were
apparently difficult to produce. The base seems often
to have become broken or detached during hammering,
and for this reason craftsmen of the period produced the
base separately from the rest of the object.”” Even where
this was not done, these meeting points seem to have
been so sensitive that in most buckets the bases are either
broken or missing."®

Another possible method of shaping Benaki is spin-
ning," a technique which involves the use of the lathe. This
mechanical process is consistent with the date of Benaki’s
manufacture,” and would be well suited to the production
of such a deep vessel.’ A great advantage of spinning was
that it could assist in strengthening the rim or creating a
more elaborate shape, both of which were sometimes dif-
ficult to achieve merely by hammering.” But according to
Hodges,” only simple open shapes or closed forms could
be produced by this method. He also states that while
the metal is being compressed on to the form, there is a
great tendency for the object to pleat, and to mitigate this
problem a second tool, the backstick, was normally used
to support the metal behind the burnisher.

No pleating is observable in Benaki, but a centre-
mark was detected on the exterior surface, the standard
indication of spinning (fig. 9). This mark can also be a
sign of turning,” a process difficult to distinguish from
spinning, and which usually leaves a second centre-mark
in the interior of the object,” though this was not found
here. If the second mark ever existed, it could have been
removed by polishing the inner surface of the base.
Another indication of the use of a lathe arises from the
fact that both Benaki and the Group™ have borders (fig.
10) made with an annular punch, containing inscrip-
tions, scrolls and other motifs. These borders could only
have been made with the assistance of a rotating wheel.

The fabrication of both Benaki and the Group, all of
which have this particular shape, could not have been
satisfactorily completed and could also give rise to cracks,
unless the metal was annealed.” Indeed the cross-section
examination of the Benaki body sample under the opti-
cal microscope proves this to be such a case. Figs 5 and

58

Fig. 9. Detail photo of the base (outer surface), showing the

centering mark left from the use of the lache x 25.

Fig. 10. Detail image of the body, showing the borders

made with an annular punch on the lathe.

6 show evidence of heavily worked grain structure. The
grains present strain lines and are deformed, probably
by additional hammering at the end after the working
and annealing cycles (annealing twins) in order to shape
the situla. The structure appears fatigué and also displays
slight mid-section cracking. According to Lanord® this is
also associated with over-working during some stages of
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Technical and chemical examination of the brass bucket with a hunting scene
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Fig. 11. Copper-zinc phase diagram by Scott (1991).

manufacture. Although the grains are recrystallized upon
annealing, these cracks cannot be removed by subsequent
working and annealing. This accords with the findings of
the examination by X-ray radiography and SEM.

The handle of the sizula was produced separately from
the body, as was normally the case with buckets ‘car-
rying’ a handle. It was formed from a thick cast metal
rod, hammered to shape, and is rectangular in section.
According to the metallographic examination (figs 7, 8),
the structure shows a well-formed re-crystallized grain
matrix with annealing twins. The grains are finer but
not flattened, which means that the handle was not left
in a worked condition. The structure is not fatigué, as
was the case with the body sample (no strain lines). This
suggests that the handle of the situla was not heavily
worked; on the contrary it displays more intergranular
corrosion patterns, especially near the upper surface of
the sample, which probably indicates the use of a more
impure alloy.

The metallographic figures from both the handle and
the body display no evidence of a second phase. No
ternary mixtures occur. This conforms with the compo-
sition analysis of the metal of Benaki (see below), and
thus only the study of the copper-zinc phase diagram is
required. From fig. 11, we may assume that the concen-
tration of zinc in the copper-zinc alloy must have been
less than 40% since an alloy with a higher concentra-
tion, having passed below the liquidus line, will begin
to precipitate out alpha grains, which are then partially

2, 2002

Fig. 12. The light blue elongated inclusions in cross
section. Etch: FeCl3 x 1000.

attacked and converted to beta during solidification,”
so that the resulting structure consists of alpha + beta
grains.

The few, very small elongated inclusions present in
the cross-section of the handle sample (fig. 12) must be
impurities of the metal, which tend to segregate at the
grain boundaries if the alloy is hot-worked and not cold-
worked and annealed.” Their elongated shape probably
results from the final annealing.’’ Although annealing
was used, and served to remove the strain lines from the
grains and to deform the grains, these inclusions do not
seem to have been re-crystallized.”” Since they were not
dissolved by ferric chloride solution, they are probably,
according to Scott,” sulfide rather than cuprite inclu-
sions. Their composition will be discussed later.

2. Decoration. The appeal of metalwork of the culture
and the chronological period of Benaki lies in its surface
decoration. The various methods previously mentioned
provided an opportunity to examine the marks left by
the tools used to decorate it.

The surface of the object appears chased, without the
removal of any metal through engraving. According to
Ogden* and Hodges,” the cross-section of impressions
produced by engraving is very different (fig. 13). This
was observed in Benaki when examining the body sam-
ple under the optical microscope and SEM. The body
sample in profile (fig. 14) shows a curve near its external
surface, which is proof of the subsidence of the metal
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Fig. 13. The different cross-section of the impressions
produced by chasing and engraving by Ogden (1982) and
Hodges (1976).

Fig. 14. The subsidence of the metal under the force of a

chasing tool. The hairline cracks around it arise from heavy
working of this area.
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under the pressure of a chasing tool. Hairline cracks
around it also indicate a heavily worked area.

Figs 15-18 illustrate the various types of marks left by
the chasing tools, and suggest that four different tools
were used, each of which produced a series of repeated
impressions on the metal surface. However it is also pos-
sible that a single tool could have produced this variety
of textures if applied in differing ways. For example, the
similar circular marks on Sassanian silver vessels (AD
226-651), described by Harper and Meyers,* could
have arisen as a result of the circular tool being held at
an angle to the surface and not perpendicularly to it.

Chemical analysis

1. XRF analysis.” One very small area from the lower
part of the Benaki body was well polished (to remove
corrosion products) for analysis by XRF at the Democ-
ritos Laboratory of Archacometry, N.C.S.R. in Athens.”
The purpose of using this technique was to make a
preliminary estimate of the composition of Benaki and
to correlate the analysis results with those from the five
other objects of possibly the same origin which were also
analysed by XRF by Oddy and Craddock.” The results
are given in Table 1 (fig. 19) with the analysis results
taken from the body, handle and / or base of the buckets
in the group.

The metal composition of Benaki is 82% copper, 17%
zinc and very small amounts of other elements. If we
consider the qualitative results from the body composi-
tion, it can be seen that Benaki and the group of five
buckets are extreme examples of this variety of composi-
tion in which the tin and lead® contents are so negligible
that the alloy must be considered to be brass.” Trace ele-
ments such as chromium, calcium, sulphur and arsenic
identified in Benaki have not been detected in the other
buckets. Conversely, trace elements such as antimony
and silver, identified in the group, were not found in the
body composition of Benaki. Despite the above, if we
correlate the quantitative analysis results of Benaki with
those from the group, it can be seen that their percentage
cluster is minimal.

2.SEM analysis. The small polished specimens
extracted from the body and the handle for technical
examination were also chemically studied by scanning
electron microscope at the scientific research laboratories
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Technical and chemical examination of the brass bucket with a hunting scene

Figs 15-18. The characteristic marks left by the chasing tools.

2, 2002

of the Institute of Archaeology, University College, Lon-
don.” The purpose of this examination was to correlate
the chemical analysis results by SEM with those given
by XRF. In addition, SEM investigations were carried
out to identify possible compositional differences among
areas that could not be approached by XRF (bulk) and
to correlate these results to make them more representa-
tive. Sometimes corrosion products which have passed
through the metal surface, or been subjected to several
technical processes, cannot give representative data when
a chemical analysis method is only applied on the sur-
face.” The results are presented in Table 2 for both the
body and the handle samples. According to Table 2, the
measurements provide similar analytical results to those
taken by XRF spectrometry. In addition, by comparing
the overall measurements of the two samples, the SEM
analysis results for the handle sample show two addi-
tional elements, iron and nickel.

As far as the inclusions are concerned (see above,
Technical Examination), they were not detected in the
handle sample by SEM as they were under the optical
microscope, and it was difficult to analyse them with-
out knowing their specific position. Nevertheless, after
the figures from the metallographic examination were
printed, a chemical analysis of the limited area, which
included one inclusion, was attempted. The composi-
tional results given for this area seem to confirm our first
estimation that these might be sulfide inclusions. Table
2 also gives the chemical analysis results. As can be seen,
sulphur appears as one of the main elements. The pres-
ence of sulphur explains the appearance of the light blue
inclusions in the cross section (fig. 12). Although the sul-
phur content is small, this amount appears to segregate
in copper since its solubility in copper is almost nil.*

Chemical analysis results

In general, the chemical analysis of Benaki conforms
with the composition results for the Group, as regards
both the body and the handle. The evidence of both XRF
and SEM accords with the metallographic evidence that in
both samples the alloy is single-phased. It also fits the cop-
per-zinc phase diagram mentioned previously. The brass
of Benaki accordingly belongs to the category of alpha
brasses, which were in use particularly in earlier times.”

From the 1st century BC onwards brass made an
increasing impact on the world of the coppersmith,*
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so that by the 7th century AD it was probably the most
important alloy. As mentioned by Oddy and Craddock,”
brass was of great significance in the metalwork of Byzan-
tine Egypt, where hammered objects such as buckets are
usually made of unadulterated brass. The ancient Greek
word for brass, mentioned by Aristotle, was oreichalkos
(‘golden’ or more likely ‘mountain copper’),* and accord-
ing to Plato, oreichalkos ranked second only to gold as a
precious metal among the inhabitants of Atlantis.” These
references show that brass was used in pre-Roman times,”
and also that brass was valued more highly than bronze,
as is also apparent from brass and bronze coinage’ before
the time of Diocletian (AD 286-305).

The preference for brass over bronze was also based on
its properties. Copper base alloys in earlier, and especially
Roman, times contain both zinc and tin.”* But accord-
ing to Utchract® and Tylecote,” there was a tendency
for wrought copper alloys to contain more zinc than tin,
while the opposite is the case in cast alloys. Brass was
therefore used not only for coinage but also for personal
ornaments” and decorative metal work.”® The metal used
for such work needed to be highly ductile and of good
colour, and chemical analysis of the alloys used for work-
ing has accordingly shown a 80% level of copper and an
18% level of zinc.”

The alloy used for wrought brass usually contained
about 11 to 28% zinc. The zinc content of Benaki and
the Group correspond to this significant cluster, which
could be achieved by using the cementation™ process to
make the alloy.”

Many of the textual references indicate that the process
originated in Asia Minor, in the region of Phrygia, near
zinc deposits which are known to have been worked in
antiquity.” The maximum zinc content that could be
obtained by this process was 28%.¢" This amount con-
forms with the alloying of copper with zinc oxide (cala-
mine), and not with metallic zinc where the final product
(brass) would contain a higher percentage, comparable
to modern brass or commercial high zinc brass.®

Although the cementation process was a much more
efficient method than the use of metallic zing, it pre-
sented some disadvantages. A small amount of the zinc
vapour, which copper retains by absorption during the
process, could eventually be lost. According to Tylecote®
it would not be as easy to obtain such an accurate con-
trol over composition as when zinc was added in metal-
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Fig. 19. The corresponding X-ray Fluorescence spectrum
of the Benaki bucket.
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Fig. 20. The corresponding Scanning Electron Microscopy
spectrums of the Benaki bucket
— Analysis of the body (overall area)
— Analysis of the handle (overall area)
— Analysis of the elongated inclusion (detection of sulphur)
— Analysis of the handle (limited area-detection of lead).
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Technical and chemical examination of the brass bucket with a hunting scene

BUCKETS ELEMENTS %
S g
e g E Q :-Ei E
§ 1 8 |8 14 '3 |2 | B |8 B 12 1% |8

BROMESWELL BUCKET

body 794 | 0.14 | 0.03| 20.0 | 0.02 | 0.22 | 0.12 | 0.02 - - - -

handle 785 | 0.88 | 0.17 | 19.7 | 0.01 | 0.40 | 0.34 | 0.01 | - - - -
ANIMAL FRIEZE BUCKET
(no. 7) 1988, 10-1,1

body 79.4 | 0.28 | 0.51 | 19.3 | 0.03 | 0.26 | 0.11 | 0.02 - - - -

base 78.8 | 0.23 | 0.46| 20.0 | 0.01 | 0.30 | 0.10 | 0.05 - - - -

handle 68.7 | 1.50 | 0.28 | 28.4 1 0.01 | 0.57  0.49 | 0.01 - - - -
CHESSELL DOWN BUCKET,

grave 45 (no. 06)

1867, 7-29, 136.

lug 76010031 0.2 0228 00210157015} = - - - -

handle 820 10351 0.1 - 170 1001 | 0.4 021 - - - - -
CHESSELL DOWN BUCKET,

grave 26

1869,10-11,10

handle 82.0 | 0.08 | 0.45| 16.8 | 0.12 | 0.15] 0.32 | 0.09 - - - -
ASHMOLEAN BUCKET

(NO. 4)

1975.308

body 795 - - 18.0 | 0.01 | 0.14 | 1.45 | 0.02 - - - -

handle 680 |51 - 26.9 | 0.07 | 0.13 | 0.09 | trace - - - -
BENAKT MUSEUM BUCKET |

body 82.1 - 0572175 = 02 02 - <04 0.05 0.2 100

500 ppm

Table 1. X-ray fluorescence analysis of the Benaki bucket, together with earlier analysis of five comparative buckets

by Oddy and Craddock (1983).

2, 2002 63
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AREA ANALYZED ELEMENTS%
[
- H so]
15 = = | B
= -
Q S = Z A - O
BODY SAMPLE
Overall area 81771 | 1823 - - - Z
Limited area 84.82 | 15.18 - - - - -
HANDLE SAMPLE
Overall area 81.99 | 17.01 0.48 0.49 - - -
Limited area 81.53 | 18.47 - -
Elongated inclusion 81.92 1.16 = - 0.41 = 16.19
Limited area 70.31 | 15.00 Z Z Z 14.66 -

Table 2. Scanning Electron Microscopy analysis of the Benaki bucket: a. Two indicative analysis results of one overall and

one limited one of the body sample, b. Four analysis measurements of the handle sample. Each area analyzed also presents

trace elements which indicate the use of a more impure metal for the handle manufacture.

lic form. A variety of zinc content in copper alloys for
the manufacture of similar objects could therefore be
detected.

In addition the cementation process allows impuri-
ties from the zinc ore to become incorporated into the
alloy. This problem is a possible explanation of the
presence of so many elements in the composition of the
buckets, though it may also be connected with the other
major constituent used (copper), where many impuri-
ties could have been incorporated from the copper ore.
It could also result from the use of scrap metal derived
from many sources.

In addition to the study of the alloying metals, the
smaller quantities of metal can sometimes be useful in
pointing to an individual source of supply.® Indeed trace
elements have recently been used satisfactorily to prov-
enance studies of metals, associating a metal artifact
with a metal ore or recycling process, even though some
scientists disagree with their value.” However in Benaki
as in many other cases, the situation is far more compli-
cated as we are dealing with an alloyed metal whose lesser
components could derive from many sources.

64

Sulphur

Sulphur was detected both by XRF and by SEM. This
seems to confirm our first estimation that the elongated
inclusions revealed under the optical microscope are
sulfide inclusions.®® Sulphur as a component has con-
nections with copper, specifically with the copper ore
chalcopyrite CuFeS which changes to sulfide, sulfate,
carbonate, hydroxide and oxide ores.” According to
Hauptmann et al.,” sulfide inclusions can be found in
slags from the smelting of copper ores. Muhly et al.” also
refer to the finding of inclusions in oxhide ingots, such as
those from Gelidonya.

The amount of sulphur detected in Benaki was small.
Muhly et al.” suggest that if the sulphur content is small,
the ore used for the production of copper was probably
a fairly well weathered ore (azurite or malachite). Con-
versely Hauptmann et al.” suggest that a low sulphur con-
tent and other trace elements, together with the existence
of cuprite (Cu,O) identified in raw and copper ingots,
such as those from Maysar, indicate the refining of the
raw copper from sulfide ores produced before the cast-
ing of these ingots. Such a combination was detected in

MOYZEIO MITENAKH



Technical and chemical examination of the brass bucket with a hunting scene

Benaki’s alloy, although cuprite was empirically detected
(polarized light). Sulfide ores were mainly found in
Cyprus and Sardinia.”* Hauptmann et al.” believe that
the copper deposits from Oman are similar in origin and
comparable in form and type with the famous copper
deposits in Cyprus.

Iron

According to Tylecote™ the iron content of a copper
zinc alloy is related to the copper used. He also believes
that the iron and zinc content was related and that iron
was a product of infiltration, having been precipitated
by zinc from percolating water in a form suitable for its
preservation.

Cowell and La Niece”” claim that iron could be incor-
porated into the alloy from impurities from the zinc ore
and this would adversely affect its mechanical and corro-
sion-resistant properties. Conversely Michel and Asaro™
suggest that its presence is more connected with the use
of old scrap metal.

However the former theory enables us to recognise brass
made by the cementation process in the Benaki sizula. In
addition the low zinc content (<28%) combined with an
high iron content leads to the same conclusion.”

Indeed the iron content given for the composition of
the Benaki sizula and the other buckets is high and cor-
responds to the percentage detected in some Sardinian
oxhide ingots® (the Uluburum or the Encomi ingots)."
This amount ranges from 0.1% to 4.6%, which also
indicates that the copper was probably not refined or
multiple recycled.”

Tin

The small amount of tin indicates that the metal used
for alloying was zinc.® This increasing use of zinc prob-
ably reflects the scarcity of tin in the eastern Mediterra-
nean following the break-up of the Roman empire and
the loss of the tin mines in both Spain and Cornwall.**
Oddy and Craddock® refer to the wide distribution of
sources of zinc in Asia Minor, which were probably first
exploited in Roman times and were certainly extensively
used in the Islamic period. They believe that the small
amount of tin in these buckets may reflect the introduc-
tion of some Roman scrap metal into the crucibles.
Muhly* agrees, claiming that a product with 1-2% tin
content indicates the re-melting of scrap metal.

2, 2002

Conversely tin could have been an accidental product.
It may be connected with the copper used in the produc-
tion of the brass, and in particular with the copper ores,
even though they very rarely contain a significant amount
of tin.¥ But according to Gale et al.,* where this does
occur, a tin content of up to 3% can be detected in the
copper smelted from them. Tin may also be introduced
into the alloy due to gossans (which may also contain tin)
being used as a flux during the copper smelting.”

This distinction confirms the difficulties faced when
discussing the re-melting cycles of copper according to
the amount of tin present in the copper alloy.”

Nickel

The nickel content often depends on the copper which
has been used in the alloy.” According to Hauptmann
et al.,” nickel is also associated with the Cu-Fe sulfide
ores. The nickel is always concentrated in the iron sulfide
phases in the matte, which of course are slagged. In this
case, the nickel content of the metal is much lower than
in the ore and the nickel content of the slag is higher.
Nickel is divided equally between the slag and smelted
copper.”

In the composition of both Benaki and the Group, the
nickel content clusters between 0.1% and 5.7%. A simi-
lar concentration of nickel was detected in copper ingots
from a Maysar hoard as well as some of the artifacts from
Ras al-Hamza, which seemed to correspond with the trace
element pattern of many copper ores from Oman.”

Hall” claims that a high concentration of nickel can
indicate the use of scrap metal. Conversely, it has been
suggested that this high nickel content arises from its
enrichment during smelting,” as is the case today with
arsenic during the smelting of ores found at Timna.”

In Benaki the arsenic content is very small, and this
could indicate that refining was carried out in a crucible.

Lead

Lead was detected in the composition of the Benaki
handle sample only (Table 2), as was also the case with
the Ashmolean bucket. This confirms once again the dif-
ficulty noted by Oddy and Craddock™ in studying the
variations in the lead content. In general the quantity of
lead in the buckets is small, and this may indicate that it
was not an addition to improve the fluidity of the alloy
in the moulds.” According to Oddy et al." the exist-
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ence of a small amount of lead must have been the result
of its introduction into the copper alloy as an impurity
in both the copper and the zinc from the parent ores.
Conversely it has been suggested that a larger propor-
tion could also pass into the copper metal produced in
this way."" These conflicting theories make the position
somewhat confused.

Conclusion

The application of all the techniques described above
has enabled us to make a technical and compositional
examination of Benaki and to confirm the hypothesis
that it belongs to the group of buckets studied by Mun-
dell-Mango et al."” and Oddy and Craddock.”

The situla was fabricated by sinking and, more espe-
cially, by raising either manually (planishing) or mechan-
ically (spinning). Cold-working and annealing was used
for a more satisfactory result. The final working to make
the body of the vessel, including the external decoration,
resulted in substantial work-hardening residual deforma-
tion in its microstructure and some internal residual
stresses. This phenomenon was not noticed in the han-
dle. The final polishing and the double borders contain-
ing inscriptions were completed on a lathe. Decoration
was made with chasing tools.

The composition analysis indicates a metal made of
copper and zinc with several trace elements. The compo-
sition of the alloy, together with the concentration of the
zinc element, demonstrates that the alloy was produced

NOTES

1. Asmentioned, the techniques, composition, iconography
and findspots of all the buckets appear similar and give clues
to the date, origin and use of this copper-alloy group: M.
Mundell-Mango, C. Mango, A. Care Evans, M. Hughes, A
6th century Mediterranean bucket from Bromeswell Parish,

Suffolk, Antiguity 63 (1989) 295-311.
2. Ibid.

3. Oddy and Craddock have used X-ray fluorescence
for a similar purpose, as part of an on-going study of the
composition of East Mediterranean copper alloys, W. A.
Oddy, P. T. Craddock, Scientific examination of the Coptic
bowl and related Coptic metalwork found in Anglo-Saxon
contexts, in: B. Mitford (ed.), The Sutton Hoo ship-burial
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by the cementation process. The study of the main al-
loying elements and trace elements could not provide
a definite answer to the provenance of the material. As
with other cases, it is not clear whether the incorporation
of the trace elements was accidental or intentional. Was
the material re-cycled, imported, or produced from par-
ent ores near the workshops? And what about the two
main alloying metals, copper and zinc? It was not possi-
ble to find an answer which would confirm the existence
of a central point for the production and distribution of
the buckets.

However the iconography and historical sources sug-
gest that the eastern Mediterranean played a central role
in the distribution of the buckets. Compositional studies
may also confirm the use of the important sources of
ores from that area. Oman, Asia Minor, Cyprus may
well have provided the bulk of the material used in their
fabrication, in the form either of the primary product
(ores) or the secondary product (scrap, traded material).
There has been a recent resurgence of interest in the
development of ancient metallurgy in the Eastern Medi-
terranean, particularly Anatolia,'™ and further studies
will be of great assistance in identifying metal sources of
more recent periods.

Despina Kotzamani

Conservator of the Metals and Glass Department
Benaki Museum
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only of the human body but also of antiquities and paintings.
An X-ray sensitive film (or more than one in the case of three-
dimensional objects) is thus impregnated with the relative
intensities of the rays that emerge from the several materials.

5. Diagnostic Center, 99 Sokratous and Davaki Streets,
Kallithea, Athens.

6. D. A. Scott, Metallography and Microstructure of Ancient
and Historic Metals (Getty Museum 1991).
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tallic materials using a microscope that reflects light passing
through the objective lens onto the specimen surface. The
structure of the section can thus be studied as the reflected
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9. Scott (n. 6) 57-58.

10. Neotex, 42-45 Victoros Ougo Street, Metaxourgio,
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capable of elemental analysis.
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proach), X-ray radiography, optical microscope and SEM,
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AEZTIOINA KOTZAMANH

MeAétn g TexvIKC kat TS oBoTactg ToL LOTEPOPOHATKOT KAOOU e OKNVI] KLVIYLOU

O petariucds kddog pe ap. gvp. 32553 mouv avijket
oto Movoglo Mnevdkn, peretiinke pe okond va eée-
Taotel 1 TEYVIKY KATaokevyg Kkat dtakdopnong tov -
TG Kat 1) 000tact) tov HETdAAOL KAaTtaoKeLYC, PE OKO-
16 ta anoteAéopata g eétaong va ovykplbolv pe
mv opdda mapdpoiwy kddwv otnv onoila £xouvv ava-
@epbel 1 M. Mundell-Mango oe ovvepyaoia pe di-
AOUG EPELVI|TEG.

XpnotpormojOnkav ddgpopec pébodor avdarvong 6-
nwg Akuvoypdgnon, Plopopdec pe axtiveg X (XRF),
Hiextpoviké Mikpookémo Xdpoong (SEM) kar Me-
TaAAoypa@iké pkpookémo. Avotvydg and ug pedd-
doug avtée, pévo o phoplopds aktvav X elye epappo-
otel yia v e£étaon Tov LTIOAOOV KAS®V.

ITio ovykekptpéva 1 mpocéyylon v ALV Topémv
o6mwg 1 dlapdppwon 1 kal 1 dakdopnom, frav mepLo-
odtepo epmelpiky] kat fdoet apyatoroyikdv dedopévamv,
Kat €tot 1 TANoLéotepn oVYKPLOT NG OpAdaAg TV Kd-
dov pe tov kddo tov Movoeiov Mmevdky, otnpiytnke
o¢ enil 1o mAelotov ota anoteAéopata g avdivong
™G 0VoTaoctG TOUG.

Ipdypatt, ) epappoyy tov napandve pedddwv, dbo
ané g omofeg anartodoav v efaywyy defypatog, e-
mPePaiowoav dt o kadog tov Movoeiov Mnevdkn aviy-
Kel 0TV opdda tev kadwv mov peretiinkav and tovg
Mundell-Mango et al. kat tovg Oddy kat Craddock.
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O kddog popgpomorinke pe opupnAidtmon amd v
£0WTEPLKY TTAELPA Kkal kuplwg and v ewTeptky pe to
xépt (mbavoroyeitar kat 1 yxpYon tépvov). To vAkd
Kataokevnc voPfAOnke oe pa oepd and dradoyiég
puypéc katepyaoieg kar avomtioelg, divovtag £totl to
embBopnté anotérieopa. Ot terikée diepyaoies ya v
KATAOKELY] TOL OOHATOG TOL KkKAdov, ovpneptiapfdvo-
vtag kat ) dtaxdopnon tov, elyav og anotéieopa tmy
OUOLAOTIKY] TIAPAREVOLOA TIAPAHSPP®OT] 0T UKPOdO-
U TOL KAl OPLOPEVEG TIAPAPEVOLOEG ECMTEPIKEG KATA-
novijoeic. To gawvépevo avtd dev mapatmpiidnke oto
delypa mov apapédnke and m AaPy tov kddov. To te-
AMKS @iptopa (yvdiiopa) kat ot SUTAEG SlaxmpLoTiéc
ypappéc mov dnpovpyridnkav yia va oproetioouvy ty
emypagt] oty eEwteptky empdveta, mpaypatomnotron-
kav otov tépvo. 'a m) drakéopnoy tov ypnorpomnoi-
Onkav dragpopetid 01 KaAepdy.

Ta anoteréopatra g avdivong g obotaong tov
petdirov, mpoadidploav €va Kpdpa KATAOKELAOHEVO
and xaikd kat Yevddpyvpo (opelyaikoc) pe thy mapov-
ola kat dStdgopwv dArev tyvootoryeiov. H obotaon tov
Kpdpatog avtol kabobg kat o mooooTd GUYKEVTP®ONG
ToL Pevdapydpou péoa oe avtd, vodniavet 4t o opel-
XAAKOG ftav HAAAOV TPOTIOV TG avaywyikhig evoopud-
TOONG Pevdapylpou pe xahkoé (cementation process).

H e&éraon tov Pacikdv otoryelov kpapdtwong tov
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opelyaikouv kat twv didpopav tyvootoryelwy, dev umo-
peoav va amodeifouvv pe Pefaidtnta tmy mpoérevon tov
VAIKOY kataokevig tov kadov. Ta amotedéopata dei-
xvouv 6t 1 brapén v otoryeiov avtdy talaviedetat
peta&l mg toyxafag kat mg ovveldntic eVopAT®onC.
To viikd frav mpoidy avakdkiwang, fjrav epmopelot-
po 1 tav mpwtoyevég mov elxe mapayBel oe kovivd ep-
yaotijpia; Kat oo ané ta 6o pétaira o xaikéds 1 o
pevddpyvpog; Ta epotipata avtd dev prdpeoav va v-
m00e{E0uV KATIOLO OUYKEKPIPEVO KEVIPO TIAPAy®YNG TOL
opelxaikov yla Ty Kataokevy] avtob tov kddov kabwdg
Kal @V LTOAO{T®V.

YOppova e EIKOVOYPAPIKEG KAl LOTOPIKEG avago-
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péc 1 Avatorkr] Meodyelog éyet maifer onpavuxs pod-
Ao oty mapayey tev kddov. Ot peréteg g obota-
omG tov opelxaikov yevikdtepa, pmopodv va emfPePar-
doovv ) yprion afloonpeintov TYdV Tov peTarAeld-
patog oty mepoyt} avty. To Opdv, n Mikpd Aocia, 1
Kémpog pmopotioav va mpopnBedoovv 1o vAIKS yia T
Kataokevy tov kddwv g tpetoyevéc (opuktd) 1 devte-
poyevéc (avakvkdopévo, epmopedotpo). Tedevtaia ex-
dnidvetal éva évrovo evdragépov ya v e&€MEn e
apyatag petariovpylac oty Avatoriky) Meodyeto kat
ovykekptpéva otny Avatorr], aird Oa vjtav mpaypatkd
eVOLaPEPOV va TTPoadLloptoTtody TNYES yla VEGTEPEG Xpo-
vohoyuég meptédouc.
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