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Asstract:When looking at the earliest metallurgy in Italy, data from Sardinia indicates a
beginning during the first half of the 4™ millennium cal. BC, which was followed by
very gradual development that intensified during the 3rd millennium. Here we present
results of XRF analysis, combined with Monte Carlo simulations, undertaken on cop-
per artefacts recovered from the renowned sanctuary of Monte d’Accoddi (northern
Sardinia), chiefly belonging to a petiod between the 4™ and the early 2™ millennium cal.
BC. Some finds were of particular interest in that they contained a high or anomalous
concentration of silver.

Key Woros: XRE Analysis, Monte Carlo simulations, Archacometallurgy, Prehistoric Sar-
dinia, Monte d’Accoddi
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1. INTRODUCTION

Based on evidence of mining activ-
ity, as well as finds of metal artefacts,
crucibles and slag deposits, it appears
that the earliest phase of metallurgy in
Italy occurred between the last centu-
ries of the 5" and the first half of the
4™ millennium cal. BC (Pearce 2015, v/

bibliography).

In Sardinia the most ancient metal arte-
facts, made from copper and silver, are
datable to the first half of the 4™ mil-
lennium cal. BC, whereas more direct
evidence of metallurgical activity (cruci-
bles) have been dated to the second half
of the 4™ millennium cal. BC (Melis 2009
and 2014): the available data suggests a
limited development of metallurgy, that
intensifies gradually during the second
half of the 4™ and the 3™ millennia cal.
BC). The scarcity of finds and the re-
stricted number of archacometric analy-
ses so-far completed (Lo Schiavo ez al.
2005; Skeates et al. 2013; Brunetti e 4.
2015) can only offer us a fragmentary
view of the most ancient metallurgical
practices and the ways in which related
knowledge was transmitted.

Presented here are the results of the
XRF analyses carried out on copper
finds from excavations at the shrine at
Monte d’Accoddi, run by Ercole Contu
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between 1952 and 1959 (Contu 2001;
Melis 2011). The structure is a terraced
monument situated in north-western
Sardinia (Figure 1), surrounded by a vil-
lage that was occupied in diverse peri-
ods of Prehistory. Architecturally it is
unique in the Mediterranean panorama,
although it has often been compared to
the ziggurats of the Near East (as debat-
ed by Tine and Traverso 1992), both for
the presence of an entrance ramp and
for its truncated-pyramid shape. Cur-
rently, however, the chronological data
and the vague architectural similarities,
but above all, the different social con-
texts, the absence of any documented
contact with the Near East and its ob-
vious connection to local Neolithic tra-
dition, with which it shares the material
culture and the construction technique
of Monte d’Accoddi, means that the
genetic hypothesis of eastern origin is
impossible to confirm. The Sardinian
monument therefore appears to be an
original feature, although its inspiration
may perhaps be related to western mega-
lithism, which arrived in Sardinia during
the second half of the 5% millennium
cal BC (Guilaine 1996; Melis ez a/. 2007).
The network of intense relationships
surrounding the circulation of obsidian
may have favoured the indirect contacts
and the circulation of architectural ideas
from more distant western tertritories
that did not belong to the obsidian trade



Figure 1. Monte
d’Accoddi.  Plan (1),
localisation  (2)  and
aerial photo (3) (1, by
Contu 2001; 2, graphics
C. Caradonna; 3, photo
Oben s.r.l).
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routes, places where monumental build-
ings and tumuli of great size, some of
them stepped, are known to have exist-
ed, such as the structure at Barnenez in
Brittany for example (Giot 1987).

The results of the archaeological exca-
vations run by Ercole Contu are cur-
rently being studied by Maria Grazia
Melis (author of the first and fourth
paragraphs), while the XRF analyses on
the metal artefacts are being followed by
Antonio Brunetti (author of the second
and third paragraphs).

The metal finds (Figure 2) included
awls, axes, a dagger, a hook and a razor.
Morphological analyses and chrono-
logical and cultural identification of
the objects were in some cases com-
promised by their poor state of con-
servation; in fact, many of the pieces
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had significant parts missing. Never-
theless, integrating this data, together
with the little available information
regarding the contexts in which they
were found, made it possible to specu-
late about their association with several
of the diverse phases of use of the
shrine, between the 4" millennium cal.
BC and the beginning of the second.

The aims of the current research are
several; increase the available archaeo-
metric data in the context of Sardinia,
provide new interpretative tools for
studying the origins of metallurgy and
to make a contribution to research on
the dynamics of the use of one of the
most important Prehistoric monuments
of the Mediterranean.

The methodological choices made in
relation to the diagnostic research were
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influenced by the unwillingness on the
part of the Soprintendenza Archeologica to
allow destructive analytical procedures.
The decision, therefore, was to initially
make an XRF analysis, the results of
which are presented in the present work.

Figure 2. Copper
artefacts from Monte
d’Accoddi  (photos M.
G. Melis; graphics C.
Caradonna).

2. METHODS

Determination of the structure and
composition of Cultural Heritage ar-
tifacts with XRF has been widely dis-
cussed in published literature (Cesareo
et al. 2004; Milazzo 2004; Manso ef al.
2008; Cesareo ¢ al. 2010; Guilherme e#
al. 2013; Cesareo et al. 2013; Brunetti
et al. 2015; Brunetti ¢/ a/. 2016a; Schia-
von ¢ al. 20106). In the case of mono-
layer samples with smooth surfaces any
quantitative methods can be usefully
adopted. The same holds for regular
multilayered structures. Usually these
methods require the extraction of the
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background, leaving only the peaks part
of the spectrum which is used for the
quantification step. Usually an itera-
tive guess and try approach is applied
and an estimative of the composition
is obtained (Sherman 1965; Shiraiwa,
Fujino 1966; Mantler 1986; De Boer
1990). Beside these methods the Fun-
damental Parameters Method is prob-
ably the most performing. The most
critical step of these methods is con-
nected to the extraction of the back-
ground which, especially in the case of
small area peaks, can introduce large
errors. In order to overcome this prob-
lem peak fit and background extraction
are performed simultaneously in some
implementation of this methods. In the
case of multilayered structures some
empirical and faster methods have been
also described (Bustamante e a/. 2013;
Cesareo ¢ al. 2008; Cesareo ¢ al. 2009;
Cesareo, Brunetti 2008). They are based
on the determination of the influence
(in terms of attenuation) of the outer
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layer on the fluorescence signal emitted
by the inner layer. In order to simplify
the estimative of the layer compositions
and thicknesses, these methods require
the use of a monochromatic or quasi
monochromatic X-ray beam. Howev-
er, although in the measurements de-
scribed in the literature this approach
has produced good results (Bustamante
et al. 2013; Cesareo et al. 2008; Cesareo
et al. 2009; Cesareo & Brunetti 2008), it
strongly depends on the sample com-
position, on the X-ray spectrum emit-
ted by the source and, more in general,
on the experimental setup, making its
generalization to other experimental
situations not straightforward. Howev-
er, the quantitative estimation of mul-
tilayer structures is of great importance
in Cultural Heritage analysis because the
samples, especially the metallic ones, are
often formed by at least two layers: the
so called patina, i.e. corrosion products
and incrustations due to the interaction
with the sediment in which the sample
was buried. Moreover the presence of
patina or incrustation introduces new
difficulties for its quantitative character-
ization: a non smooth surface. The in-
teraction of the X-ray photons strongly
depends on the surface roughness (Bru-
netti & Golosio 2014). As a result, the
presence of a rough surface can alter
the area of the fluorescence peaks de-
tected in a no easily predictable way,
so making the quantitative estimation
unreliable. It is possible to reduce the
influence of irregular surfaces adopt-
ing some strategies in the experimental
setup (Trojek ez al. 2010; Trojek 2011,
Bonizzoni et al. 2006; Trojek 2012).
However, a better approach should be
to consider the real surface in the quan-
titative algorithm utilized. So, to resume,
two main problems can be indentified
for a quantitative characterization of
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Cultural Heritage samples: low intensi-
ties peaks connected to low chemical
concentration and irregular surfaces. In
order to solve both these problems we
have developed and applied a different
approach based on XRF measurements
and Monte Carlo simulations (Brunetti ez
al. 2016a; Brunetti ef a/. 2016b; Bottaini
et al. 2015). This method is not new at
all, in the sense that the use of the Mon-
te Carlo simulations has been proposed
in the past (Trojek ez al. 2010; Trojek
2011; Gardner & Doster 1979; Gard-
ner & Doster 1982a; Gardner & Doster
1982b; Fernandez 1989; Schoonjans ez
al. 2012; Vincze et al1993; Bottigli ez al.
2004; Golosio et al. 2014). The novelty
is the speed of the Monte Carlo simu-
lation that allows real-time simulation
and the capability to simulate irregular
surfaces. The Monte Catlo code used
here is called XRMC (Bottigli ¢f al. 2004;
Golosio ez al. 2014). It is a very versatile
code able to simulate a wide range of
X-Ray experiments, from XRF to phase
contrast. As mentioned before, it is also
able to simulate irregular surfaces and a
version which will be able to introduce a
tridimensional reproduction of the real
surface of the sample in the simulation
is under development.

The quantitative procedure used here is
structured in the following steps. The
first step is the experimental setup de-
scribed in the language of XRMC. The
code requires the structure and com-
position of the sample, the position of
the sample, the detector and the X-Ray
source and their spectroscopic charac-
teristics. Then the experimental XRF
spectrum is acquired. The experimental
setup used for the measurements re-
ported here is a custom portable model
composed of a silver anode X-Ray tube
working at 40 kVp and 5-10 mA and



Figure 3. XRIFFmeasurements
of sample 12343
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a SDD detector. The geometry can be
chosen according to the accessibility of
the zone to be analyzed, but usually the
detector is placed orthogonally to the
sample surface, while the X-Ray tube
forms an angle of about 30° with re-
spect to the detector, both 2-3 cm away
from the surface. After the experimen-
tal measurement, the spectrum is also
simulated by the Monte Carlo code.
The two spectra are then compared su-
perimposing each to other: if any dif-
ference is observed the structure and/
or the composition of the sample intro-
duced in the Monte Catlo is changed.
This procedure is iteratively repeated
until the simulated spectrum is a per-
fect reproduction of the experimental
one, within the statistical fluctuations.
In the last iterations a chi-squared test
is also performed to help the user in
the evaluation. In principle this proce-
dure could be made automatically, but
the high number of variables involved
in this problem is, in our opinion, so
too hard to perform it without the user
supervision. Some attempts in such
direction are been done in PyMCA,
a well-known quantitative estimation
code (Solé ez al. 2007; Schoonjans ef al.
2013). This approach has been exten-
sively tested on reference samples as
well as real Cultural Heritage objects
such as a couple of identical pieces of

---- Measurements|
MC simulation

14343

— T
18 20 22 24 26 28 30
energy (keV)
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the same provenience, of which only
one has been restored, and even in this
case the results obtained were similar
(Brunetti e al. 2016b). Based on these
tests, the error on the concentration es-
timation is about 5% for the chemical
element with concentrations larger than
1%, and around 30% for concentration
around 100 ppm. The minimum detect-
able concentration is around 20 ppm.
The capability to perform analysis be-
fore restoration is of particular impor-
tance because sometimes, for example,
a silver enrichment of the sample sur-
face can be produced by the restoration
technique itself (Moreno-Suarez ef al.
2016). Of course, the signal emitted by
the inner layer must be able to reach the
surface of the sample and to be detect-
ed, this means that this technique can-
not be applicable to sample with a too
thick, in XRF sense, patina.

3. RESULTS

The results obtained on all the samples
analyzed are reported in table I. Howev-
et, in order to show how the procedure
works, two examples will be discussed
in detail. In figure 3 the measured and
simulated spectra of sample 14343 is
depicted. The model utilized is a two
layer one. The first layer, the patina, is
300 um thick and is essentially formed
by incrustation with calcium and iron
as the majority elements. The bulk part
is almost pure copper (98.3%) with a
low amount of silver (0.5%) and lead
(0.1%). The pile-up peaks are due to
the detector (too high dead time) and
for this reason are not simulated.

The sample 14342 (Figure 4) has been
also modeled as a two layer one. The
incrustation layer has the same thick-
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Table I. Results of XRF

analyses.
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ness as the previous one, but its com-
position, of calcium and copper oxide,
is slightly different. More interesting
is the composition of the bulk where
a copper (84,9%) and silver (15%)
have been found together with a small
amount of As (0.1%).

/ 77777 Measurements
—— MC simulation

#14342

4, DISCUSSION

The finds under examination are dis-
played in the Archeological Museum
of Sassari; archive records suggest that
they have not been subjected to any pre-
servative treatments. The results of the
analyses generally show a composition
of pure copper. Arsenic (As) is present
in very low percentages (0,1%-0,4%),
except for in sample 14344 (1%). This is
a fragmented artefact, difficult to iden-
tify or date.

In 5 of the artefacts As was either ab-
sent or present in percentages too low
to be detectable. Lead (Pb) is also pres-
ent in some of the objects, in quantities
of lower than 1%, except for in samples
14344 (1%) and 14349 (3%). Such low
percentages of As and Pb should not be
considered as intentional additions, rath-
er they are probably natural components
of the minerals used. Silver (Ag) is pres-

energy (keV) ent in almost all of the objects in varying

degrees. In several examples the concen-
tration is fairly high, reaching as much as

Inventory Chemical elements (%)

- (a Fe Cu In As Ag Sn Ph

14339 98.9 0.1 1.0

14340 24 0.3 96.2 0.4 0.3 0.4

14341 0.5 98.6 0.5 0.4

14342 84.9 0.1 15

14343 1.0 0.1 98.3 0.5 0.1

14344 1.0 0.07 97.0 1.0 0.3 0.5 1.0

14345 1.0 0.1 98.2 0.15 0.1 0.4

14346 0.1 0.05 99.3 0.3 0.3

14347 0.7 0.1 98.9 0.3

14348 87.7 0.1 12 0.2

14349 93.5 35 3.0

14350 49 0.7 92.7 0.1 1.6

14351 96.5 35

14352 2.0 97.6 0.2 0.1 1.0
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15% in sample 14342. In these cases it
is improbable that the presence is casual;
it seems more likely that the inclusion
was intentional, perhaps with the aim of
providing a chromatic effect, as has been
suggested in the case of the dagger of
Casanuova at S. Biagio (De Angelis 1995-
1996; Melis 2014). A similar hypothesis
has been formulated in relation to the in-
tentional inclusion of arsenic in copper
objects, with the objective of not only
improving its mechanical characteristics
but also to change the typical colour of
copper in order to make it more similar
to silver (Dolfini 2013, Giardino 2012,
Giumla Mair 2005, Ottaway & Roberts
2008, Pearce 2007).

The question marks and issues raised
by these preliminary results, the anoma-
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lies thus revealed and the difficulties in
dating some of these artefacts together
provide an indication of the route to
take in furthering archaeological re-
search, including any contribution that
can be made through further archaeo-
metric studies.

ACKNOWLEDGEMENTS

A few short months from his passing,
kind thoughts and gratitude go to Prof.
Ercole Contu, who entrusted Maria
Grazia Melis with the work of process-
ing the finds from Monte d’Accoddi.

We wish to extend our thanks to Giovan-
ni Carboni for his invaluable advice.

BONIZZONI, L.; MALONI, A. y MILAZZO, M. (2006) “Evaluation of effects of
irregular shape on quantitative XRF analysis of metal objects” X-Ray Spectrometry, 35,

pp. 390-399.

BOTTAINI, C.; MIRAO, J.; FIGUEREIDO, J. M.; CANDEIAS, A.; BRUNETTI,
A. y SCHIAVON, N. (2015) “Energy dispersive X-ray fluorescence spectroscopy/
Monte Carlo simulation approach for the non-destructive analysis of corrosion patina-
bearing alloys in archaeological bronzes: The case of the bowl from the Fareleira 3 site
(Vidigueira, South Portugal)” Spectrochiniica Acta Part B, 103-104, pp. 9-13.

BOTTIGLI, U; BRUNETTI, A.; GOLOSIO, B.; OLIVA, P; STUMBO, S.; VINCZE,
L.; RANDACCIO, P; BLEUET, P; SIMIONOVICI, A. y SOMOGYI, A. (2004),
“Voxel-based Monte Carlo simulation of X-ray imaging and spectroscopy experiments”
Spectrochimica Acta, Part B: Atomic Spectroscopy, 59, pp. 1747-1754.

BRUNETTI, A.; DEPALMAS, A.; DI GENNARO, E; SERGES, A. y SCHIAVON,
N. (2016a) “X-ray fluorescence spectroscopy and Monte Carlo characterization of a
unique nuragic artifact (Sardinia, Italy)” Spectrochimica Acta Part B, 121 (1), pp. 18-21.

BRUNETTI, A.; FABIAN, J.; WESTER LA TORRE, C. y SCHIAVON, N. (2016b)
“A combined XRF/Monte Catlo simulation study of multilayered Peruvian metal

artifacts from the tomb

9 MATERIALIDADES PERSPECTIVAS ACTUALES EN CULTURA MATERIAL #6/2020/01-14#



Brunerti, A. & Meus, M. G.

THE METALLURGY OF COPPER IN [TALIAN PREHISTORY. NEW ARCHAEOMETRIC DATA FROM SARDINIA

BRUNETTI, A. y GOLOSIO, B. (2014) “A new Monte Carlo code for simulation
of the effect of irregular surfaces on X-ray spectra” Spectrochimica Acta, Part B: Atomic
Spectroscopy, 94-95, pp. 58-62.

BRUNETTI, A.; GOLOSIO, B.; MELIS, M. G. y MURA, S. (2015) “A high-quality
multilayer structure characterization method based on X-ray fluorescence and Monte
Carlo simulation” Applied Physics. A, Materials Science & Processing, 118, pp. 497-504.

BUSTAMANTE, A.; CESAREQO, R.; BRUNETTI, A.; RIZZUTTO, M.; CALZA, C.;
PEREIRA DE FREITAS, R.; HOLMSQUIT, U. y DIESTRA, D. (2013) “Analysis
of Pre-Columbian objects from Cupisnique, one of the oldest culture from Perd,
using a portable X-ray fluorescence equipment” _Applied Physics. A, Materials Science &
Processing, 113, pp. 1065-1067.

CESAREO, R. y BRUNETTI, A. (2008) “Metal sheets thickness determined by
energy-dispersive X-ray fluorescence analysis™ Journal of X-ray Science and Technology, 10,

pp.119-130.

CESAREO, R.;; BRUNETTI, A.; D’ORIANO, R.; CANU, A.; DEMONTIS, G. M.
y CELAURO, A. (2013) “A Roman bronze statuette with gilded silver mask from
Sardinia: an EDXRF study” Applied Physics. A, Materials Science & Processing, 113, pp.
905-910.

CESAREOQ, R.; BRUNETTI, A. y RIDOLFI, S. (2008) “Pigment layers and precious
metal sheets by energy-dispersive X-ray fluorescence analysis” X-ray Spectrometry, 37,

pp. 309-316.

CESAREOQ, R.; CALZA, C; DOS ANJOS, M.; LOPES, R. T.; BUSTAMANTE, A.;
FABIAN, S. J.; ALVA, W. y CHERO, Z. L. R. (2010) “Pre-Columbian alloys from the
royal tombs of Sipan; energy dispersive X-ray fluorescence analysis with a portable
equipment” Applied Radiation and Isotopes, 68, pp. 525-528.

CESAREO, R.; CASTELLANO, A.; BUCCOLIERI, G.; QUARTA, S.;; MARABELLI,
M.; SANTOPADRE, P; LEOLE, M. y BRUNETTI, A. (2004) “Portable equipment
for energy dispersive X-ray fluorescence analysis of Giotto’s frescoes in the Chapel
of the Scrovegni” Nuclear Instruments and Methods in Physics Research Section B, 213, pp.
703-706.

CESAREOQ, R.; RIZZUTTO, M. A.; BRUNETTI, A. y RAO, D. V. (2009) “Metal
location and thickness in a multilayered sheet by measuring Ka/Kp, La/Lf and Lo/
Ly X-ray ratios” Nuclear Instruments and Methods in Physics Research Section B, 267 (17), pp.
2890-2890.

CONTU, E. (2001) “Monte d’Accoddi tra esegesi, confronti e cronologie. Qualche
nuova considerazione”. En G. Serreli G. y D. Vacca (eds.), Aspetti del megalitismo preistorico.
Dolianova: Grafica del Parteolla, pp. 59-66.

1 0 MATERIALIDADES PERSPECTIVAS ACTUALES EN CULTURA MATERIAL #6/2020/01-14#



Brunerti, A. & Meus, M. G.

THE METALLURGY OF COPPER IN [TALIAN PREHISTORY. NEW ARCHAEOMETRIC DATA FROM SARDINIA

DE ANGELIS, M. C. (1995-1996) “La struttura tombale di Casanuova di S. Biagio
della Valle (Marsciano, Perugia)” Rzvista di Scienze Preistoriche, 47, pp. 397-404.

DE BOER, D. K. G. (1990) “Calculation of X-ray fluorescence intensities from bulk
and multilayer samples” X-ray Spectrometry, 19, pp. 145-154.

DOLFINI, A. (2013) “The Emergence of Metallurgy in the Central Mediterranean
Region: A New Model” Eurgpean Journal of Archaeology, 16 (1), pp. 21-62.

FERNANDEZ, J. E. (1989) “Monte Carlo computer simulation of the XRF intensity
dependence on the propagation plane inclination” Computer Physics Communications, 54,
pp- 211-220.

GARDNER, R. P. y DOSTER, J. M. (1979) “The Reduction of matrix effects in x-ray
fluorescence analysis by the Monte Carlo, fundamental parameters method” Advances
in X-Ray Analysis, 22, pp. 343-356.

GARDNER, R. P. y DOSTER, J. M. (1982a) “The complete spectral response
for EDXRF Systems-Calculation by Monte Carlo and Analysis applications.
1-homogeneous samples” X-ray Spectrometry, 11, pp. 173-180.

GARDNER, R. P. y DOSTER, J. M. (1982b) “The complete spectral response
for EDXRF Systems-Calculation by Monte Carlo and Analysis applications.
2-heterogeneous samples” X-ray Spectro, 11, pp. 181-186.

GIARDINO, C. (2012) “From natural resources to cultural commodities metal technology
in the central and south Italian Copper Age” Accordia Research Papers, 12, pp. 15-40.

GIOT, P. R. (1987) Barnenez, Carn, Guennoc, vol. I-1I. Travaux du Laboratoire
Anthropologie — Préhistoire — protohistoire — Quaternaire armoricains. Rennes:
Equipe de recherche n. 27 du C.N.R.S., Université de Rennes 1.

GIUMLIA-MAIR, A. (2005) “On surface analysis and archaecometallurgy” Nuclear
Instruments and Methods in Physics Research B, 239, pp. 35—43.

GOLOSIO, B.; SCHOONJANS, T.; BRUNETTI, A.; OLIVA, P. y MASALA,
G. L. (2014) “Micro Monte Carlo simulation of x-ray imaging and spectroscopy
experiments using quadric geometry and variance reduction techniques” Computer
Physics Communications, 185, pp. 1044-1052.

GUILAINE, J. (1996) “Proto-mégalithisme, rites funéraires et mobiliers de prestige
néolithiques en Méditerranée occidentale” Complutum Extra, 6 (I), pp. 123-140.

11 MATERIALIDADES PERSPECTIVAS ACTUALES EN CULTURA MATERIAL #6/2020/01-14#



Brunerti, A. & Meus, M. G.

THE METALLURGY OF COPPER IN [TALIAN PREHISTORY. NEW ARCHAEOMETRIC DATA FROM SARDINIA

GUILHERME, A.; MANSO, M.; PESSANHA, S.; ZEGZOUTI, A.; ELAATMANI,
M. R.; BENDAOUD, R.; COROADQO, J.; DOS SANTOS, J. M. E y CARVALHO M. L.
(2013) “Micro-XRF for characterization of Moroccan glazed ceramics and Portuguese
tiles” Journal of Instrumentation, 8 (C02055), pp. 1-9.

LO SCHIAVO, E; GIUMLIA-MAIR, A.; SANNA, U. y VALERA, R. (eds.) (2005)
Archaeometallurgy in Sardinia: from the origins to the early iron Age. Montagnac: Editions
Monique Mergoil.

MANSO, M.; COSTA, M. y CARVALHO, M. L. (2008) “X-ray fluorescence
spectrometry on paper characterization: case study on XVIII and XIX century
documents” Spectrochimica Acta, Part B: Atomic Spectroscopy, 63, pp. 1320-1323.

MANTLER, M. (1986) “X-ray fluorescence analysis of multiple-layer films” Analytica
Chimica Acta, 188, pp. 25-35.

MELIS, M. G. (2009) “L’Eneolitico antico, medio ed evoluto in Sardegna: dalla fine
dell’Ozieri all’Abealzu”. En Atti della XLIV Riunione Scientifica dell’Istituto Italiano
di Preistoria e Protostoria La preistoria e la protostoria della Sardegna. Cagliari, Barumini,
Sassari, 23-28 novembre 2009, vol I, pp. 81-95, 107-109.

MELIS, M. G. (2011) “Monte d’Accoddi and the end of the Neolithic in Sardinia
(Italy)”, Documenta Praehistorica, XXXVIII, pp. 207-219

MELIS, M. G. (2014) “Silver in Neolithic and Eneolithic Sardinia”. En H. Meller, R.
Risch y E. Pernicka (eds.), Mezalle der Macht — Friihes Gold und Silber. Metal of power —
Early gold and silver. 6. Mitteldeutscher Archdologentag vom 17. bis 19. Oktober 2013
in Halle (Saale), Tagungen des Landesmuseums fiir Vorgeschichte Halle 11 /11 (Halle
(Saale), pp. 483-494.

MELIS, M. G,; QUARTA, G.; CALCAGNILE, L. y D’ELIA, M. (2007) “L’inizio
dell’eta del Rame in Sardegna. Nuovi contributi cronologici” Rivista di Scienze Preistoriche,
LVII, pp. 185-200.

MILAZZO M. (2004) “Radiation applications in art and archacometry: X-ray fluores-
cence applications to archaecometry. Possibility of obtaining non-destructive quantita-

tive analyses” Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions
with Materials and Atoms, 213, pp. 683-692.

MORENO-SUAREZ, A. I, AGER, E. J.; RODRIQUEZ-SEGOVIA, C.; GOMEZ-
MORON, A.; CHAVES, E; SCRIVANO, S.; GOMEZ-TUBIO, B; PLIEGO, R. y
RESPALDIZA, M. A. (2016) “Feasibility of different cleaning methods for silver-
copper alloys by X-ray fluorescence: Application to ancient Greek silver coins”
Spectrochimica Acta Part B: Atomic Spectroscopy, 116, pp. 85-91.

1 2 MATERIALIDADES PERSPECTIVAS ACTUALES EN CULTURA MATERIAL #6/2020/01-14#



Brunerti, A. & Meus, M. G.

THE METALLURGY OF COPPER IN [TALIAN PREHISTORY. NEW ARCHAEOMETRIC DATA FROM SARDINIA

OTTAWAY, B. S. y ROBERTS, B. (2008) “The Emergence of Metalworking”. En A.
Jones (ed.), Prebistoric Europe: Theory and Practice. Oxford: Wiley-Blackwell, pp.193-225.

PEARCE M. (2007) Bright blades and red metal. Essays on north Italian prebistoric metalwork.
Accordia Specialist Studies on Italy, 14. London: Accordia Research Institute, University
of London.

PEARCE M. (2015) “The spread of eatly copper mining and metallurgy in Europe:
an assessment of the diffusionist model. A key-note lecture”. En A. Hauptmann y
D. Modarressi-Tehrani (eds.), Archacometallurgy in Eurgpe I1I. Proceedings of the 3rd
International Conference, Deutsches Bergbau-Museum Bochum, June 29 — July 1,
2011. Der Anschnitt, Beiheft 26. Bochum: Deutsches Bergbau-Museum, pp. 45-54

SCHIAVON, N,; SORIA, V;; ARRUDA, A. M.; BELTRAME, M. y MIRAOQ, J. (2016),
“Losanga” decorated imitations of italic late republican black gloss tableware from
South-Western Iberia: A multi-analytical/microchemical charactetization” Microchenical
Journal, 124, pp. 712-718.

SCHOONJANS, T.; SOLE, V. A.; VINCZE, L., SANCHEZ DEL RIO, M.; APPEL, K.
y FERRERO C. (2013) “A general Monte Carlo simulation of energy-dispersive X-ray
fluorescence spectrometers — Part 6. Quantification through iterative simulations”
Spectrochimica Acta Part B: Atomic Spectroscopy, 82, pp. 86-91.

SCHOONJANS, T; VINCZE, L. SOLE, V. A,; SANCHEZ DEL RIO, M,;
BRONDEEL, P; SILVERSMIT, G.; APPEL, K. y FERRERO, C. (2012) “A general
Monte Carlo simulation of energy-dispersive X-ray fluorescence spectrometers - Part
5. Polarized radiation, stratified samples, cascade effects, M-lines” Spectrochimica Acta
Part B: Atomic Spectroscopy, 70, pp. 10-23.

SHERMAN, J. (1965) “The theoretical derivation of fluorescent X-ray intensities from
mixtures” Spectrochimica Acta, 7, pp. 283-300.

SHIRAIWA, T. y FUJINO N. (1966) “Theoretical calculation of fluorescent X-ray
intensities in fluorescent X-ray spectrochemical analysis” Japanese Journal of Applied
Physics, 5, pp. 886-899.

SKEATES, R.; GRADOLIL, M. G. y BECKETT, J. (2013) “The Cultural Life of Caves
in Seulo, Central Sardinia” Journal of Mediterranean Archaeology, 26 (1), pp. 97-126.

SOLE, V. A,; PAPILLON, E.; COTTE, M.; WALTER, PH. y SUSINI, J. (2007) “A
multiplatform code for the analysis of energy-dispersive X-ray fluorescence spectra”
Spectrochimica Acta Part B: Atomic Spectroscopy, 62, pp. 63-68.

TINE, S. y TRAVERSO, A. (1992) “Relazione preliminare”. En S. Tine y A. Traverso (eds.),
Monte d’Accodds, 10 anni di nuovi scavi. Genova: Istituto Italiano Archeologia Sperimentale, pp. i-xiii.

1 3 MATERIALIDADES PERSPECTIVAS ACTUALES EN CULTURA MATERIAL #6/2020/01-14#



Brunerti, A. & Meus, M. G.

THE METALLURGY OF COPPER IN [TALIAN PREHISTORY. NEW ARCHAEOMETRIC DATA FROM SARDINIA

TROJEK, T. (2011) “Reduction of surface effects and relief reconstruction in X-ray
fluorescence microanalysis of metallic objects” Journal of Analytical Atonric Spectrometry,
26, pp. 1253-1257.

TROJEK, T. (2012) “Reconstruction of the relief of an investigated object with
scanning X-Ray fluorescence microanalysis and Monte Carlo simulations of surface
effects” Applied Radiation and Isotopes, 70, pp. 1206—1209.

TROJEK, T.; CECHAK, T. y MUSILEK, L. (2010) “Monte Carlo simulations of
disturbing effects in quantitative in-situ X-ray fluorescence analysis and microanalysis”
Nuclear Instruments and Methods in Physics Research Section A, 619, pp. 266—269.

VINCZE, L.; JANSSENS, K.y . ADAMS, F. (1993) “A general Monte Carlo simulation
of energy-dispersive X-ray fluorescence spectrometers-I: Unpolarized radiation,
homogeneous samples”™ Spectrochimica Acta Part B: Atomic Spectroscopy, 48, pp. 553-573.

14 MATERIALIDADES PERSPECTIVAS ACTUALES EN CULTURA MATERIAL #6/2020/01-14#



