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The North Western Iberia metal ore wealth, especially tin ore and gold, have been proposed as
the main reason for the development of intense trade routes since early prehistory. Several
authors have argued the existence of interactions between the northwest of the Iberian Peninsula
and other cultures of the European Occident and the Mediterranean area. Ancient sources
comment on the abundance of minerals and metals in the Cassiterides or Tin Islands. These
accounts must have originated from sailors who from time immemorial were trading in these
coasts. The name Cassiterides represents the first vague knowledge of the Greeks that tin was
found overseas somewhere in or off Western Europe. The word xaooiregpog was known to
Homer and is mentioned ten times in the Iliad. Cape Finisterre (Land’s End for the Romans) was
proposed as the northernmost point recorded in the Periplous of Pytheas the Massaliot, which
seems to be the basic source used by Rufus Festus Avienus. B.Cunliffe has suggested that if Cape
Finisterre was the place called Oestrymnis by Avienus in Ora Maritima, then Periplous could be
seen as the guide that led Greek sailors from Marseille to the northwest of Iberia to trade for the
coveted Galician tin some time around 500 BC.

Recently, the study of prehistoric bronze working places more emphasis on technological
aspects as a means of detecting changes in the pattern of metal production in the archaeological
record. Bronze working appears in North Western Iberia at the end of the 3rd and the beginning
of the 2nd millennium BC for short-scale production, distribution and consumption, mainly as
prestige goods. Metals are a major component of the prestige economy described in the Homeric
Epics and his accounts of Phoenician traders carrying metals hither and thither constitute the
earliest literature reference. They suggest a prestige economy based in interchange of presents
(most of them metals) that contribute to the perpetuation of the aristocracy, excluding ownership
by the rest of the population.

Recent preliminary analyses carried out at the synchrotron and the neutron sources at the
Daresbury and Rutherford Laboratories have contributed to the understanding of technological
details of this very early bronze metallurgy. Archaeological evidence sustains the hypothesis of
an increase of the production during the late Bronze Age. Most of these objects are produced
locally, imitating foreign styles, especially in the Atlantic area, with singular features related to
the alloy composition and other features. Indeed, as early as the beginning of the 8th century BC,
the Phoenicians had established a trading post at Gadir. From here Phoenician ships regularly
sailed north up the Atlantic coast of Iberia. We can observe differences between the Late Bronze
Age-Iron Age north-western metal production and the so-called tartesic bronzes. The technical
aspects of the production of bronze during the Orientalising Period in the Iberian Peninsula
favours the individualization of different manufacturing traditions.
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INTRODUCTION

The North Western Iberia metal ore wealth, especially tin ore and gold, have been
proposed as the main reason for the development of intense trade routes since early
prehistory. Several authors have argued the existence of interactions between the
northwest of the Iberian Peninsula and other cultures of the European Occident and the
Mediterranean area. Ancient sources comment on the abundance of minerals and metals
in the Cassiterides or Tin Islands [1]. These accounts must have originated from sailors
who from time immemorial were trading in these coasts.

The name Cassiterides represents the first vague knowledge of the Greeks that tin was
found overseas somewhere in or off Western Europe. The word xaocoirepos was
known to Homer and is mentioned ten times in the Iliad (Table I). Curiously, very often
in connection with Hephaestonian metal-working, an age-old art. Cape Finisterre (Land’s
End for the Romans) was proposed as the northernmost point recorded in the Periplous of
Pytheas the Massaliot, which seems to be the basic source used by Rufus Festus Avienus.
B.Cunliffe has suggested [2] that if Cape Finisterre was the place called Oestrymnis by
Avienus in Ora Maritima, then Periplous could be seen as the guide that led Greek
sailors from Marseille to the north-west of Iberia to trade for the coveted Galician tin
some time around 500 BC.

Recently, the study of prehistoric bronze-working places more emphasis on technological
aspects as a means of detecting changes in the pattern of metal production, distribution
and consumption in the archaeological record. Several works [3] have highlighted the
importance of physical techniques in addressing specific problems, i.e. the composition
of the alloy, particularly the concentration of tin and how variations in time reflect
evolution of bronze production.

Bronze-working appears in North Western Iberia in the beginning of the 2nd millennium
BC for short-scale production, distribution and consumption. Traces of bronze
metallurgical production have been reported from the 4 Sola (A Sola IIb) settlement site
(Portugal) [4], and from O Fixon-A Costa da Seixeira (Galicia, Spain) [5] by the middle
of the 2™ millennium B.C. (Fig. 1). Important evidence of bronze metallurgical
production was recently detected at the settlement site of Fraga dos Corvos (Tras-Os-
Montes, North Portugal) (dated to the 1700 B.C. CAL) [6]. The production of flat-
flanged axes has been indirectly confirmed by the presence of stone moulds (Fig. 2).



Archaeological evidence from North Western Iberia supports the hypothesis of an
increase in the production of bronze objects, such as axes, during the Late Bronze Age.
Most of

Table I. Verses using the word xaooirgpog in the Iliad. English translation from [7].
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Ten rods indeed were of dark metal, twelve
of gold, and twenty of tin

Round which were ten brazen orbs. Upon it
were twenty white bosses of tin, and in the
midst was one of dark metal.

He cast into the fire impenetrable brass, and
tin, precious gold and silver;

On it likewise he placed, of huge size, a
vine-yard, heavy with grapes, beautiful and
golden ; but the clusters were black ; and
they (the vines) stood against silver poles,
placed in order. Round it he drew an azure
ditch, about which he planted an edge of tin.

But the oxen were made of gold and of tin

But when he had completed the shield, huge
and solid, he next formed for him a corselet,
brighter than the splendour of fire. He also
made for him a strong helmet, fitted to his
temples, beautiful and variously wrought,
and put upon it a golden crest; and formed
greaves for him of ductile tin.

But the gold stayed it, the gifts of a god.
Through two folds, however, it past, but
there were yet three; since Vulcan had
drawn five folds over it, two brazen, two of
tin, and one golden ; where at length the
brazen spear was stopped.

But the greave of newly-wrought tin
around it sounded horribly ; and the
brazen weapon leaped back from it
when struck, nor penetrated

The chariot, ornamented with gold and
tin,

I will give him the corselet which I took
from Asteropaeus, brazen, round which
is poured a rim of shining tin ; and it is
of great value.




the objects found are considered to have been produced locally, imitating foreign styles,
especially of the Atlantic area, with singular features related to the alloy composition and
others. Indeed, as early as the beginning of the 8th century BC, the Phoenicians had
established a trading post at Gadir. From here Phoenician ships regularly sailed north up
the Atlantic coast of Iberia [8]. It is interesting to observe technological differences
between the so-called tartessic bronzes and the other LBA bronze traditions in Iberia. The
technological aspects of bronze production during the Orientalising Period favour the
development of individual manufacturing traditions between the tartessic bronzes [9].
High-leaded bronzes are usual in North Western Iberia, whereas in South Western Iberia
the absence of ternary alloys is almost total. These regional peculiarities could be related
to the availability of the raw material [10]. But to know about this LBA tradition, we
must understand about the origins of bronze alloy in the northwest in a technological and
archaeological context. An interesting question is whether the bronze alloy is related to
the tin sources. Different technological domain systems have been identified also for gold

[11].

Guidoiro Areoso (Galicia, Spain)
Fixon-Costa da Seixeira (Galicia, Spain)
A Sola (Braga, Portugal)

Bouca da Cova da Moura, Ardegaes (Maia,
Portugal)

e n =

5. Fraga dos Corvos (Macedo de Cavaleiros,
Tras-Os-Montes, Portugal)

Figure 1. North Western Iberia. Main archaeological sites quoted.



Metallurgy appears related primarily to power and not with domestic and functional use.
As for cultural interaction, let us talk about “imitation” or “trade”, but we can not solve
this question only with typological discussions. And we must talk about technological
transmission. The analysis of different aspects, composition, craft techniques,
morphology, distribution, etc, help us distinguish different productions.

TIN IN EARLY BRONZES

A few of these Iberian early bronzes have been previously examined using Energy
Dispersive X-ray Fluorescence (ED-XRF) and metallography [12]. Two metal droplets
and a bronze bar from the Bronze Age settlement site A Sola (Level Ilb) (Braga,
Portugal) dated to 1600-1500 B.C. (Fig. 3), and two large-sized bronze awls from the site
on the islet of Guidoiro Areoso (Vilanova de Arousa, Pontevedra), both considered to be
amongst the earliest bronze objects from Iberia [13] (Fig. 4). A new find, not previously
examined, was a metal drop in two parts from the archaeological site of Ardegdes (Bouga
da Cova da Moura, Maia, Porto, Portugal) [14] (Fig. 5).

Figure 2. Stone Moulds: 1. Monte das Carballas (Guillade, Galicia); 2. 4 Sola (Braga, North Portugal);
3. A Erosa (Galicia); 3. Bun ingot from Santo Ovidio (North Portugal).
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Figure 3. Bronze objects from A Sola (I1Ib) (Braga, North, Portugal).

Figure 4. Bronze objects (awls) from the site on the inlet of Guidoiro Areoso (Galicia, Spain).



Figure 5. Bronze drop from the site of Ardegdes (Bouga da Cova da Moura, Maia, Porto, Portugal).

Figure 6. Metallography of the big awl of Guidoiro Areoso (Galicia, Spain), showing a metal cold worked
and annealed, a feature certainly rare at the sight of the general reckoning of Chalcolithic workshop
techniques. Bronze, polished at the edge of the butt end of the object. Etched by ferric chloride and
hydrochlroric acid in alcoholic solution, magnification x250.

The values of tin measured by ED-XRF are relatively high with most of the analysis
showing tin percentages higher than 20wt% with a small amount of trace elements that



are considered to be impurities (As, Sb and other). However, it should be noted that ED-
XRF is a surface characterization technique and that the conclusions reached thus far
were based on the analysis of a limited number of objects. Moreover, bronze artefacts can
have considerable variations of bulk and surface (corrosion) compositions [ 15 ].
Metallographic examination (Fig. 6) suggests that one of the examined objects was
annealed, a practice which rarely occurs during the Chalcolithic and EBA period. Rovira
[16] revised the values of tin measured by ED-XRF (21,9wt%) and conclude that it is due
to the presence of corrosion layers, and that the original concentration values of tin for
the bronze object studied are between 10-12 wt%.

This paper focuses on the utilisation of the Synchrotron Radiation Source (SRS) at
Daresbury Laboratory and the Neutron Spallation Source ISIS at the Rutherford-
Appleton Laboratory during a Short Term Scientific Mission (STSM) in the frame of the
EU COST Action G8 “Non-destructive analysis and testing of museum objects” [17].
The objective of these preliminary analyses on a few selected samples has been the
understanding of technological details of this very early bronze metallurgy.

NEUTRON AND SYNCHROTRON X-RAY DIFFRACTION ANALYSIS

The instrumentation employed for the time-of-flight (TOF) neutron diffraction
measurements on bronze and other metal objects has been described previously
[18,19,20]. The high penetration power of neutrons for most materials allows a non-
invasive bulk analysis of relatively large, intact objects which can be studied in situ
without preparation. Neutron diffraction allows identification of crystalline phases
throughout the examined area including information on the phases present in the bulk
alloy and the corrosion phases on the surface of the object. For the measurements on the
ROTAX diffractometer at ISIS, the samples were illuminated with a beam of cross
section 20x20 mm®. This means that a large part of the sample was immersed in the
neutron beam, thus a more representative volume of the whole object is sampled than
with any other methods which normally study small surface areas at a time.

Figure 7 shows the neutron diffraction patterns and the bronze objects from which the
data was obtained. The concentration values of tin for these objects are between 5-10
wt%. There are also indications of tin-rich alloy phases in some of the samples. For this
early production, the absence of control on the final product could result in achieving the
bronze alloy by co-smelting of copper and tin ores, even the use of natural Cu-Sn ores
[21]. Firm conclusions on this rather important and much discussed issue [22] can not be
reached from the small number of objects we have studied in this work. The
concentration of trace elements is another important parameter which can actually be



obtained using a different neutron technique, Prompt Gamma Activation Analysis
(PGAA) [23], not available on the instrument we used at ISIS.

Object Sola 127.92, was also analysed using X-ray powder diffraction in flat-plate
geometry at the SRS station 2.3 [24] with the aim of identifying surface corrosion
products in order to assess the preservation state of the object (Fig. 8a). The diffraction
patterns showed broad and weak Bragg reflections. Some of these reflections can be
assigned to the oxides tenorite (CuQO) and cassiterite (SnO,). Although tenorite is not an
unusual corrosion phase to be found, cassiterite is less frequently observed. Because of
the roughness of the object it was not possible to do depth-profiling of the corrosion
layers, in order to establish the order in which the various corrosion phases were present.
Such measurements are possible by varying the wavelength or the angle of incidence of
the X-ray beam [25 ]. X-ray powder diffraction of six micro-size corrosion fragments
from both Guidoiro awls and other objects were measured on the SRS station 14.1 using
a fast 2D CCD detector and a multi-sample cassette on a computer controlled x-y stage
(Fig. 8b and Fig. 9) [26].

Analysis of the diffraction patterns revealed the presence of cuprite, paratacamite and
atacamite. In the case one fragments from one object (the big Guidoro awl) there is clear
evidence of cassiterite. The identification of copper chlorides in particular (Fig. 10),
indicates the different preservation state of these objects, and allows the development of a
conservation plan for the stabilisation of these objects.

The hypothesis of high values in tin for the early bronzes developed in earlier work [27],
(surface analyses) is not put to doubt by the present measurements which clearly show
that the tin content of the bulk alloy is below 10 wt%. The high values obtained by ED-
XRF could be interpreted as tin enrichment in the surface due to corrosion/burial
environment. ED-XRF analysis made on the surface of an archaeological metal artefact is
able to characterise it, that is to provide important information on whether, for example,
the alloy is bronze, leaded bronze or brass, but can not identify it (that is quantify the tin
content of the unexposed bulk), because of possible segregation phenomena. To
determine the bulk composition of archaeological bronzes with ED-XRF one has to either
study sections where the uncorroded interior of the object is exposed or to use techniques
such as neutron diffraction which permits precise and non-destructive determination of
the bulk alloy percentages of the copper-tin phases, even in the presence of corrosion
layers [18,28].

10
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Figure 7. Neutron diffraction patterns were collected from bronze artefacts on ROTAX in order to
determine the alloy compositions, and to look for indications of microstrains as a result of cold working.
Broad and narrow diffraction peaks are observed as a result of cold working and thermal annealing,
respectively.

a) A SOLA 127.92: 90/10 Cu/Sn bronze, with a small amount of cuprite. The bronze peaks are only slightly
(almost insignificantly) broadened, suggesting that the samples have been subjected to a homogenisation
process. The presence of tin-rich-delta and eta-phases cannot be excluded.

b) A SOLA 128.92: 90/10 Cu/Sn bronze, with a small amount of cuprite. The bronze peaks shapes are only
slightly broadened, suggesting that the samples have been subjected to a homogenisation process. There are
no high-tin phases present.

c) A SOLA 132.92: 95/5 Cu/Sn bronze, with amounts of cuprite and nantokite. The bronze peaks are very
broad and 'structured’, as for an as-cast sample with an inhomogeneous tin distribution. The presence of tin-
rich delta- and eta-phases cannot be excluded.

d) ARDEGAES. Small piece: 95/5 Cu/Sn bronze, with amounts of cuprite, nantokite, and malachite. The
bronze peaks are distinctly broadened, as for an as-cast sample with an inhomogeneous tin distribution. The
presence of tin-rich delta and eta-phases cannot be excluded.
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Figure 8. a) The X-ray diffractometer at the SRS station 2.3 used to study the corrosion products on the
surface of a sample from A4 SOLA. b) View of the station 14.1 instrumentation showing the 2D CCD
detector, the computer controlled x-y stage and the sample cassette set used to mount small corrosion flakes
taken from areas on corroded objects, as indicated.

C3 90mm_1_004.img

Figure 9. Two-dimensional X-ray diffraction pattern recorded by the CCD detector at the SRS station 14.1
from a micro-size fragment of corrosion on the big Guidoiro awl. Data collection time 30 sec.

12



Counts

W Faratacamite, syn
W Cuprite, syn
Atacamite, syn

o 1 cd_90mm_1_002 txt

6000 —

4000 —

2000 —

D\J’U e “Hf%ﬂth

T I
10 20 30 40 a0
Position [*2Theta]

Figure 10. The integrated diffraction pattern corresponding to Fig.9 analysed using the X’Pert Highscore
software package. The corrosion phases Paratacamite, Atacamite and cuprite are identified.

METALS AS PRESTIGE GOODS IN THE HOMERIC EPICS

Let us return our attention now to non-technological matters and discuss how technology
of production fitted in with customs and daily life practices in the Homeric Age which in
most scholars’ minds equates to the Bronze Age in Europe. Metals are a major
component of the prestige economy described in the Homeric Epics. Homer’s accounts of
Phoenician traders carrying metals hither and thither constitute the earliest literature
reference [29] to metal trading (as well as to the word Phoenician). In ancient societies, it
is possible to detect two types of economy co-existing. On one hand the so-called
subsistence economy, based on the exchange of necessary products, and on the other
hand, the gift economy, which is based on gift exchange. It is precisely the latter aspect
referred to in the Homeric poems, which we wish to comment on below.

The Homeric Epics reflect a society whose political and economic power was residing in
an aristocracy that was defined by the possession of land and goods. In fact, the basileus
(local king) or wanax (chief amongst other kings, for example Odysseus, Achilles,
Agamemnon, Menelaos, Nestor), had to establish his position by demonstrating that he
was the most powerful amongst his aristocrat peers. The purpose of these goods was to be
hoarded in the keimelion (store of precious objects), generally placed in a secret place of
the anaktoron (palace, the residence of the wanax), often in the cellar and jealously
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Table II. The gifts offered Achilles by Odysseus, acting on behalf of Agamemnon.
I1. I:260-282. English translation from [7].
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ENT AMLPOLG TPLIOdOG deKa g ¥ PLGOLO TOAAVTA
aBwovac e Aefntag eeukoot dmdeka § ITmOVE
myovg a.Bhodopovg ot agbAia TOGGLY OLPOVTO

0L KEV OAN10G €11 VNP Ol TOGCOL YEVOLTO

0VLOE KEV OKTNOV EPLTLLOLO ¥ PLCOL0

066G AyaLelVOVOG 1ol aebAlor TOGGV aLpOoVvTO
SMOEL 8 ENTO YOVOUKOG GLULIOVO, EPY ELOLIOG
AecBdac ag ote AeGPOV ELKTIHEVNV EAEG QLLTOG
€€eAeD Ol TOTE KOALEL EVIKOV GUAO YOVALK®V

TOG HEV TOL SMCEL LETOL § EGGETOL NV TOT ATNLPA

Kovpnv Bpionog kot et peyav 0pkov OpELTOL

UN TOTE TNG ELVNG EMPNUEVAL NOE Hrynvat
1 Oepig eotiv avaé N T avOp®V 1 TE YLVOLK®OV

TOLTO LEV CLUTIKOL TTOLVTOL TOPEGCETOL €L OE KEV QALTE
aotv peya Iplapolo Beot dowwg arara&ot

vNa oALG ¥ PLGOL KOl Y OAKOL vrneactot
eloelbov ote kev datemuedo And Ayotot
Tporadag de YLVOLKAG EELKOCLY 0LLTOG EAEGHOL

ot ke pet Apyemnv Elevnyv kodiioton emotv

“Yet even now desist, and lay aside thy disgraceful anger. Agamemnon gives gifis worthy of thee,
if thou wilt, hear thou from me, and I will repeat to thee how many presents Agamemnon in his
tents hath promised thee : seven tripods, which have not touched the fire, and ten talents of gold,
twenty glittering goblets, and twelve strong steeds, victorious in the race, which have borne off

prizes by their speed. The man need not be poor nor needy in precious gold, to whom so many
prizes belong as the horses of Agamemnon have born off their speed. He will likewise give seven
beautiful Lesbian women, skilful in working, whom he selected when thou didst thyself take the

well-inhabited Lesbos, and who then excelled woman-kind in beauty. These will be given thee,
and amongst them will be her whom he once took away, the daughter of Briseis ; and he will

moreover add a great oath, that he never ascended her bed, not embraced her, as is his custom.
O king, both of men and women. All these shall immediately be thine ; and if the gods even yet

grant that we take the vast city of Priam, thou mayst fill thy ships with abundance of gold and
brass, entering in when we Greeks divide the spoil. Thou shalt thyself also choose twenty Trojan

s

women, who may be fairest next to the Argive Helen.’

.... and more offerings of more women, princesses, cattle and horses, lands, glory and honour.

For Hector is about to make life difficult for the Achaeans.
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Table II (continued). Achilles refuses the gifts wily Odysseus is offering, on behalf of
Agamemnon, with contempt. I1. 1:307-322 and 356-369. English translation from [7].

TOV O amApEPOUEVOG TPOSEPN 0SS MKLG AYIAAELG
Sroyeveg Aaeptiadn morlvunyav Odvccev

1PN HEV O1 TOV HLOOV ATMNAEYEWMS OLTOELTELY

Nt mep 81 KPOLVED TE KO MG TETEAEGLEVOV EGTOL
®G un pot tpulnrte mopnpevor alrobev aliog
€x0poc yap Lot KELVOG OpU®G AL30LO TUANLIGLY

0G % ETEPOV HEV KELONL EVL PpeCLY ALALO dE €1TTNL
QLTAP EYOV EPED MG LLOL SOKEL ELVOLL OLPLOTOL

0VT glE Y ATPELdNV AYOLUELVOVOL TTELGEUEV OL®
0VLT AALOVLG ACLVOLOVG ETIEL OLK OLPOL TIG YOLPLS EV
popvocOot dNiolot LET AVEPAGL VOAEUES OLLEL
LOT] LOLPOL LEVOVTL KO €1 okl TiG ToAgptSot

€v 8g ML TIUNL NUEV KOKOG NdE Kat €60A0G
KOTOaV OL®G 0 T OLEPYOG ALVNP O TE TOAAOL E0PYAOG
0LOE T1 HOL TTEPIKELTAL ETEL TALOOV alyea Bupmt
oLEL UMV Yoy Tapoafariopevog toieptlety

Whom answering, the swift-footed Achilles addressed : “Most noble son of Laertes, wily Ulysses, it
behoves me undisguisedly to speak my opinion, even as I think, and as will be accomplished, that ye
may not, sitting beside me, trouble me one after another. Hateful to me as the gate of hell is he who
conceals one thing in his mind and utters another. But I will speak as appears to me the best ; and |
think that neither Agamemnon the son of Atreus, nor the other Greeks will persuade me, since there is
no satisfaction for fighting ever ceaselessly with hostile men. An equal portion is given to him who
hangs back, and if one keenly fight : and the coward is in equal honour, even as the brave. The man
who is useless, and he who performs many deeds, equally die ; nor does anything belong to me,
because I have suffered sorrows in my soul, always exposing my life in combat.”

vov J gnet ovk g0gho moiepulepev Extopt Simt
avplov pa Au pe€og kot mtact Bgotot

VNGOG €V VNOG ETNYV OAASE TPOEPLGT®
oyeat NV ebednica Ko ot KEV TOL T HEUNANL
npt pod EAAnerovrov en 1ybvoevia theovcog
VNOG EROG EV 8 AVIPOG EPECTEUEVUL LELOLMTAG
€1 08 KEV ELTTAOLNV d®NL KAVTOG EVVOGLYLLOG
nuott kev tprratol POy gptforov tkotpunv
€07TL Og ot HoAa TOAAQ TaL KOAALTOV EVOAdE EpPmV
aALoV 8 vBEVSE Y PLGOV KAl Y OUAKOV AELKOV
Nnde yuvaukag euf®VoLS TOMOV T GLONPOV

“ ... But now since I choose not to combat with the noble Hector, having performed sacrifices
tomorrow to Jove and all the gods, when I have dragged to the sea my well-loaded vessels, thou shalt
behold, if thou wilt, and if such things be a care to thee, my ships early in the morn sailing upon the
fishy Hellespond, and men within them eager for rowing ; and if the glorious Neptune grant but a
prosperous voyage, on the third day I shall surely reach the fertile Pthia. I have there very many
possessions, which I left, coming unauspiciously hither. And I will carry hence other gold and rudely

brass, women elegantly zoned, and bright iron, which I have obtained by lot. But the reward which he
gave ,king Agamemnon, the son of Atreus, hath himself taken insolently from me : to whom report all,
as I charge you, openly, that other Greeks also may be indignant, if he, ever clothed in impudence, still
hopes to deceive any of the Greeks, not let him dare, dog though he be, to look upon my countenance.”
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guarded by a faithful serf, to be given away as gifts again, an act that was extending the
prestige of an already valuable object by enriching it with the genealogy of his previous
owners.

The context and the meaning of these objects is interesting to be discussed. First of all, it
is necessary to point out that access to such goods was restricted to a group of aristocrats
who were perpetuated in this way, distinguished from other social groups. Acquisition of
such goods (never by purchase) was achieved in two main ways: by war, where the goods
of the defeated enemies were appropriated by force, and therefore turned into symbols of
victory, or they were acquired as symbols of friendship, very often into the bosom of the
bonds of hospitality that was implying obligatory exchange of prestigious goods. A third
way, halfway in context between the previously quoted routes of gift acquisition, was
through athletic competitions carried out in an ambience of warmth, but dominated by the
competition. Again, Homer is the first available source of such societal practices.

Gifts and gift exchange, at least as described in the Homeric Epics, had a common
characteristic independent of origin; the possibility of changing the “contextual sphere”.
There may have been regional differences in customs related to offerings to sanctuaries
for different periods of times. In many cases the final destination of a prestigious object
was to be used as gift (offering) to the gods, whereby its circulation stopped. Metal
objects were the most common gifts, especially those made of gold, silver and bronze in
that order of importance [30]. Iron, as deduced from the Homeric text (episode in the
Iliad where Odysseus attempts to sweet-talk Achilles into cooperating (Table II), seems
to be a rather special case in the Homeric Epics.

IL. Z48 , K379, A133
Y OAKOG TE Y PLCOGC TE TOAVKUNTOC TE GLONPOG
copper and gold and precious iron

One could group metal goods in different categories:

- The first category includes (bronze) tripods, cauldrons and craters, usual objects for
water heating, or for mixing wine and water. Perhaps because of their function (suitable
objects for ceremonial purposes or for social events) these objects were highly valued,
possibly acquiring more value if they had never been used. In this case possession of such
an object had the effect of increasing the prestige of its owner.

- The second category includes gold vessels, likely to be objects of ritual character
destined, for instance, to perform libations in honour to the gods. Undoubtedly, in giving
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this gift there was the hidden intention that the receiver did not forget about the giver at a
crucial moment.

Table III. Homeric accounts of prestigious goods handed down or given as gifts.

A. Hephaistos to Zeus to Hermes to Pelops to Atreus to Thyestes to Agamemnon, 1. B:100-108.
English translation from [7].

when king Agamemnon arose, holding in his
TOLGOUEVOL K}\,ayyng ovo Og KpEL®V quuguvmv hand the sceptre Wthh V}llcan had toiled to
£6TN GKNITPOV £X@V 10 pev Hpootog kape tevyov  form. Vulcan gave it to king J.ove, the son of
Héaorog pev dmke At Kpovieovt ovaktt Saturn, and Jupiter bestowed it upon hls
avTap opa ZeLg SmKe SlaKTOPML APYELPOVTNL messenger, the slayer of Argus. But king
Eppuetog de avaé dmkev ITehomt mAn&inmot Mercury presegted itto Pelops, the knight,
avtap o avte [Teloy dwk Atpet motpevt Aowv and Pelops again gave it to AtlTeus, shepher_d
Atpeuc 86 BvnoKmy EMTEY ToALapy OVEsTNL of the people..BuF Atreus,.at his death, left it

to Thyestes, rich in cattle ; and Thyestes
avtap o0 avte OLecT Ayopevovt Agtme popnvat

again bequeathed it to be borne by
TOAANLIGLV VI|CO1G1 KOl APYEL TOLVTL ALVOLOGELV Agamemnon, that with it he might govern

many islands, and the whole of Argos.

B. Menelaos offers Telemachos a silver crater, made by Hephaistos for the king of Sidon who in
turn gave it as a gift of friendship to Menelaos. Od. §:613-618. English translation from [31].

SWPp®V O 00G €V EUML OIKML KEUNALO KELTOL
dWC® 0 KOAAIGTOV KO TIUNESTATOV EGTL
d®MG® TOL KPNTNPA TETLYUEVOV OPYLPEDG O

EOTLY GG XPUOML B EML XEWLEX KEKPOLAVTOLL By Vulcan’s art, the verge with gold enchased.
gpyov 8 Hpauotolo mopev 8¢ & Qoudijtog npeg A pledge the sceptred power of Sidon gave,

Zwdoviav Pactievg 00 eog Sopog apgekaivye When his realm I plough’d the orient wave
KELOE LE VOoTNooVTa TV O €0gAm T0d omacoot

Selected from my stores, of matchless price,
An urn shall recompense your prudent choice:
Not mean the massy mould of silver, graced

C. Alkinoos, the king of Phaiakans, has sent Odysseus back to Ithaca, loaded with presents.
Od. v:135-137. English translation from [31].

katBecav erv I0oknt edocav de o1 aoneTa dwpa Of brass, rich garments, and refulgent ore ;
YLOAKOV TE Y PLGOV 1€ aMg 50N T O LPAVINVY And .bears triumphant to hi§ native isle .
ToA o av ovde mote Tpoing eEnpat OdLeGELS A prize more worth than Ilion’s noble spoil.

- A third category includes weapons: swords, spears, shields, helmets and greaves that, on
the contrary to the first category, their value was increased if they were reputed to have
been used previously by an illustrious warrior. The episodes accounted in the Iliad for
the exquisite sceptre (material not specified) made by Hephaistos for Zeus and then
given or inherited down generations by Agamemnon (Il. B:100-107), Menelaos’ gift to
Telemachos (Od. 8:613-618) or King Alkinoos’ farewell gifts to Odysseus (Od.v:134-
136) constitute a good example of this type (Table III).
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In all cases mentioned above, objects were perpetuating the same reality: the social
hierarchical structure of a society marked by the possession of prestige goods that were
contributing much to the increase of the power of the giver, who was exhibiting publicly
his aptitude to offer gifts. As of the receiver, accepting of gifts was increasing his wealth
and therefore also the possibility of turning into giver. In all the cases of exchanging
gifts, bonds of friendship but also of dependency were created, since a gift would
increase in value (reciprocated) [32] at the moment of an expected exchange.

CONCLUSIONS

The results of neutron diffraction investigation of some of the finds from excavations in
North Western Iberia have been compared with ED-XRF results from earlier work which
seemed to suggest the production of rather high-tin bronzes during the Iberian Bronze
Age. The use of neutron diffraction has pointed out the limitations of the ED-XRF
method, when applied on the surface of the corroded objects, in order to provide
meaningful data on the bulk alloy composition. These limitations are associated to tin
segregation phenomena that occur on bronzes during casting and in the burial
environment.

In the case of very corroded objects, as is the case of the objects studied here, they can
not be properly cleaned. Rovira [16] always cleaned the surface looking for the bulk, but
if the object is very corroded, it is impossible to remove all the corrosion products. The
neutron data on four of the objects show that the copper:tin ratio is lower than previously
determined by ED-XRF analysis of the surface of such objects. Corrosion phases have
been identified unambiguously by either neutron or X-ray diffraction and the procedures
followed have demonstrated that results can be obtained non-destructively from whole
objects.

We have also set the archaeological evidence from North Western Iberia in the context of
the Homeric texts which refer to an era not far removed from the times of tin bronze
manufacture in a land, far away from the Aegean, but still within reach of early travellers.
Although Homer makes tantalising references to Bronze Age technology, details such as
alloy composition, provenance or trading of tin and copper ore and the significance on
the social organisation of early metal production can not be deduced directly from the
available archaeological evidence or by literary analysis of Homeric verses or accounts of
ancient travellers without resorting to hard evidence, i.e. technological facts obtained by
employing materials science techniques. This is where archaeology and science meet.
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It is clear to us that this pilot study at ISIS and the SRS has set the scene for more
systematic studies of archaeological material from North Western Iberia, or indeed other
archaeologically documented material from other Bronze Age sites in Europe, the
Aegean included.

Acknowledgements

Daresbury Laboratory is gratefully acknowledged for funding Beatriz Comendador’s
participation in the COST-G8 sponsored Master Class on SR in Cultural Heritage. The
authors wish to thank their colleague Giota Manti of Cardiff University for her comments
on the paper and very helpful suggestions.

References

[1] GONZALEZ, F.J. 2003. Os Artabros: estudio xeogrdfico e etnohistérico. Deputacién Provincial.
Ourense.

[2] CUNLIFFE, B. 2002. The extraordinary voyage of Pytheas the Greek: the man who discovered Britain.
Penguin, London.

[3] ROVIRA, S., MONTERO, I. y CONSUEGRA, S. 1997. Las primeras etapas metalurgicas en la
Peninsula Ibérica. Madrid: Instituto Universitario Ortega y Gasset.; ROVIRA, S., GOMEZ, P. 2003. Las
primeras etapas metalurgicas en la Peninsula Ibérica. Ill. Estudios Metalograficos. Madrid: Instituto
Universitario Ortega y Gasset.; COMENDADOR, B. 1999. Los Inicios de la Metalurgia en el Noroeste de
la Peninsula Ibérica. Brigantium. 11. A Corufia: Museo Arqueoloxico, COMENDADOR, B. 1999. The
early development of metallurgy in the north-west of the Iberian Peninsula. /n: Young, Pollard, Budd &
Ixer (EdS.): Metals in Antiquity. BAR Int. Series, 792. Oxford: Archeopress. 63-67; COMENDADOR, B.
2005. Beyond the Cassiterides: Tin and Bronze in the Bronze Age of the north-west of the Iberian
Peninsula. In: Metallurgy: A Touch- stone for cross-cultural interaction. 29/30 April 2005, London. See
also [online]. [Accessed October 2006]. Available from: http://srs.dl.ac.uk/arch/posters/beatriz-
comendador.pdf

[4] BETTENCOURT, A. 2000. O Povoado da lade do Bronze da Sola, Braga, Norte de Portugal.
Cadernos de Arqueologia. Braga: Universidade do Minho.

[5] SUAREZ, X. 1995. O Fixon: una nueva perspective del Bronce Inicial en Galicia. In: Proc. XXII
Congreso Nacional de Arqueologia. 1993. Vigo: pp. 56-67

[6] SENNA-MARTINEZ, J.C., VENTURA, J.M., CARVALHO, H.A. 2005. A Fraga dos Corvos (Macedo
de Cavaleiros): um sitio de habitat do “Mundo Carrapatas” da primeira Idade do Bronze em Tras-Os-
Montes Oriental. Cadernos Terras Quentes, 2, pp. 61-82

SENNA-MARTINEZ, J.C., VENTURA, J.M., CARVALHO, H.A., FIGUEREDO, E. 2006. A Fraga dos
Corvos (Macedo de Cavaleiros): um sitio de habitat da primeira Idade do Bronze em Tras-Os-Montes
Oriental. A Campanha 3. Cadernos Terras Quentes, 3, pp. 61-85

[7] lliad of Homer, translated by “A Graduate of the University of Oxford”, 2" Edn., London, Whitaker,
1825. (First published in 1821.)

[8] LUZON, J. 2004. Navegacién antigua en el Atlantico: arqueologia y fuentes. In: F. Singul and Suarez,
J. (Eds.) Hasta el confin del mundo: didlogos entre Santiago y el mar. Vigo: Galaxia. pp. 31-37; AUBET,
M.E. 2003. El comercio fenicio en Homero. /n: S.F. Ramallo (ed.), Estudios de arqueologia dedicados a la
profesora Ana Maria Muiioz Amilibia. Murcia. Pp. 85-101; SENNA-MARTINEZ, J.C. 2005. O outro lado
do comercio orientalizante: aspectos da produgdo metalirgica no polo indigena, o caso das Beiras
Portuguesas. Anejos do Archivo Espariol de Arqueologia, XXXV, pp. 901-909

[9] GALAN, E. 2004. Noroeste y Suroeste: dos dmbitos para el transito. In: A. Perea (coord.) Ambitos
Tecnolégicos, Ambitos de Poder. La transicién Bronce Final-Hierro en la Peninsula Ibérica. 18 March

19



2004. Madrid; JIMENEZ, J. 2004. El trabajo del bronce en el Orientalizante Peninsular: algunas
cuestiones referidas a la tecnologia. In: A. Perea (coord.) Ambitos Tecnolégicos, Ambitos de Poder. La
transicion Bronce Final-Hierro en la Peninsula Ibérica. 18 March 2004. Madrid.

[10] MONTERO, L., ROVIRA, S., DELIBES, G., FERNANDEZ-MANZANO, J., ERNANDEZ-POSSE,
M?. D, HERRAN, J.I., MARTIN, C. and MAICAS, R., 2003. High leaded bronze in the Late Bronze
metallurgy of the Iberian Peninsula. Proc. International Conference Archaeometallurgy in Europe, (24/26
September 2003). vol. 2. Milan: Assoziacione Italiana di Metallurgia. pp. 39-46.

[11] PEREA, A. (dir.) 2004. Proc. of Conference Ambitos Tecnolégicos, dmbitos de poder. La transicion
Bronce Final-Hierro en la Peninsula Ibérica. 18 March 2004. Madrid.

[12] A Sola PA6971, PA6972, PA6973; Guidoiro PA2491, PA4206. ROVIRA, S., MONTERO, 1. y
CONSUEGRA, S. 1997; ROVIRA, S. and GOMEZ, P. 2003. See note 3.

[13] ROVIRA, S., MONTERO, I. 2003. “Natural Tin-Bronze Alloy in Iberian Peninsula Metallurgy:
Potentiality and Reality”. In: A. Giumlia-Mair and F. Lo Schiavo (Eds.) Le probléme de I’étain a I’origine
de la métallurgie, Proc. of the XIVth UISPP Congress. 2/8

[14] RIBEIRO, A. TOME, ALVES, L. BACELAR, BETTENCOURT, A. M. S., MENEZES, R. TELES
DE (in press). Space of memory and representation: Bouga da Cova da Moura (Ardegées, Maia, Northwest
of Portugal) — a case study. In: Proc. of the X th UISPP Congress. 4/9 September, 2006. Lisboa. To be
published in BAR International Series.

[15] FIGUEIREDO, E., ARAUJO, M* F. 2005. Influence of Corrosion Layers in EDXRF Analysis of
Buried Copper Based Prehistoric Artefacts. In: European Corrosion Congress Proc., 4/8 September 2005,
Lissabon.

[16] ROVIRA, S. and GOMEZ, P. 2003. See note 3.

[17] BIDAUD, E., BENEDETTI, D., BUGOI, R., COMENDADOR, B., GOIDANICH, S., GUTIERREZ,
C., GARIPOLI, D., MANTI, P., MIFSUD, T., URBINA, V., KOCKELMANN, W., SMITH, A.D.,
BAHRAMI, F., MACDONALD, M.A., BELL, A.T.M., JONES, R.L., RIZKALLAH, P.J. AND PANTOS,
E. 2006. The COST-G8 master class on SR in cultural heritage at DL-SRS and RAL-ISIS. In: Proc. of
Synchrotron Radiation in Art and Archaeology, SR2A06, 27/30 Sept. 2006. Berlin See also See also
[online]. [Accessed October 2006]. Available from: <http://srs.dl.ac.uk/arch/Posters/E.Bidaud-etal-
SR2A06-Berlin-slides.htm>

[18] PANTOS E., KOCKELMANN W., CHAPON L.C., LUTTEROTTI L., BENNET S.L., TOBIN M.J.,
MOSSELMANS J.F.W., PRADELL T., SALVADO N., BUTI S., GARNER R., PRAG A.J.N.W. 2005.
Neutron and X-ray characterisation of the metallurgical properties of a 7th century BC Corinthian-type
bronze helmet, Nucl. Instrum. Methods B, 239, pp.16-26.

[19] KOCKELMANN W., PANTOS, E. AND KIRFEL, A. 2000. Neutron and synchrotron radiation
studies of archaeological objects. Radiation in Art and Archaeometry. Creagh D.C., Bradley D.A. (eds).
Elsevier Science.

[20] SIANO S., KOCKELMANN W., BAFILE U., CELLI M., I0ZZO M., MICCIO M., MOZE O., PINI
R., SALIMBENI R., ZOPPI M. 2002. Quantitative multiphase analysis of archaeological bronzes by
neutron diffraction. Applied Physics A Materials Science & Processing ,74 [Suppl.], S1139-S1142.
[21JROVIRA, S. and MONTERO, I. 2003.

[22] CHARLES J.A. 1980. The coming of copper and copper base alloys and iron: a metallurgical
sequence. In: The coming of the Age of the Iron. New Haven: Yale University Press. pp 151-181
CRADDOCK, P.T. 1999. Paradigms of metallurgical innovation in prehistoric Europe. /n: A. Hauptmann
(Ed.) The Beginnings of Metallurgy. Bochum: Der Anschnitt 9. pp 175-192.

[23] KASZTOVSZKY ZS., D. VISSER, W. KOCKELMANN, E. PANTOS, A. BROWN, M. BLAAUW,
P. HALLEBEEK, J. VEERKAMP, W. KROOK, H.M. STUCHFIELD (in press). Combined prompt
gamma activation and neutron diffraction analyses of historic metal objects and limestone samples. In:
Proc. of RICH meeting on cultural heritage and large scale facilities, 12-13 December ,2005. Trieste. To
be published in Nuovo Cimento C.

[24] COLLINS, S.P., CERNIK, R.J., PATTISON, P., BELL, AM.T., AND FITCH, A.N. 1992. A two-
circle powder diffractometer for synchrotron radiation on Station 2.3 at the SRS. Reviews of Scientific
Instruments, 63(1), pp. 1013-1014.

[25] GLIOZZO E., KIRKMAN I. W., PANTOS E., AND MEMMI-TURBANTI 1. 2004, Black gloss
pottery: production sites and technology in Northern Etruria, part II: gloss technology. Archaeometry,
46(2). pp 227-246.

20



[26] See note 14.

[27] COMENDADOR, B. 1999; BETTENCOURT, A., COMENDADOR, B. 2004. Los inicios de la
metalurgia del bronce en el noroeste peninsular. In: J. Mata (ed.), Proc. of The IV International Conference
Sobre Patrimonio Geoldgico y Minero, September 2003, Utrillas, Teruel.

[28] SIANO, S., BARTOLI, L., ZOPPI, M., KOCKELMANN, W., DAYMOND, M., DANN, J.A,,
GARAGNANI, G.L., MICCIO, M. 2003. Microstructural bronze characterisation by time of flight neutron
diffraction. Proc. International Conference Archaeometallurgy in Europe, (24/26 September 2003). vol. 2.
Milan: Assoziacione Italiana di Metallurgia. pp. 319-329.

[29] See also [online]. [Accessed October 2006]. Available from: <http:// phoenicia.org/homer.html>

[30] M. Helms has appointed not only the role of luxury objects on the reproduction of power in traditional,
pre-industrial societies, but also the esoteric knowledge. She argues that fine artisanship and long-distance
trade, both of which are more available to powerful elites than to ordinary people, are means of creating or
acquiring tangible objects that embody intangible powers that confer honour and power on their possessors.
HELMS, M. 1993. Craft and the Kingly Ideal: Art, Trade and Power. Austin: University of Texas;
HELMS, M. 1998. Ulysses' Sail: An Ethnographic Odyssey of Power, Knowledge and Geographical
Distance. Princeton: University Press.

[31] POPE, A. 1903. The Odyssey of Homer, London: Grant Richards. First published in five volumes in
the year 1725.

[32] REBOREDA, S. 1993. Odiseo, el héroe y el arco: andlisis del canto XXI de "La Odisea”. Santiago de
Compostela: Servicio de Publicacions da Universidade.

21



