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Abstract

The production of goldwork in Northwest Iberia in the Bronze Age was approached in this work by studying seven
bracelets and two sheet collars (gargantilha de tiras) from different sites located in Galicia (Spain) in the
collection of the Provincial Museum of Lugo. Among the studied objects are the two sheet collars and one bracelet
that constitute the Treasure of Monte dos Mouros and the two bracelets contained in the Treasure of A Urdifieira.
The in-situ study has included the observation of the manufacture details of the objects under a stereomicroscope
and the determination of their elemental composition using an in-house built portable X-ray fluorescence
spectrometer. Data obtained provided new insight into the objects, revealing the use of traditional Bronze Age
technologies and for some of them new manufacturing details. One of the bracelets from A Urdifieira has a two-
phase decoration and signs of wear, unlike the necklaces from Monte dos Mouros, which have no signs of wear.
To put the objects in context and shed new light on questions related to the chronology of some of them, the
elemental compositions obtained are compared with data published for other gold pieces from Galicia, showing
the regular use of native gold and, in some periods, of two sorts of intentional gold alloys.
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1. Introduction

The analysis of Portuguese gold bracelets dated to the Middle (MBA) and Late (LBA) Bronze Age (BA) (Tissot
and Guerra, 2017), has shown compositional variations associated with chronological and regional practices. Since
extensive gold deposits occur in the Iberian Peninsula (Lehrberger, 1995; Sanchez Palencia et al. 1996; Boiron
and Cathelineau, 1999; Borg, 2010; Fernandez-Lozano et al. 2019), these differences may have been caused by
the use of both native and intentional gold alloys.

Although gold occurs as native in primary deposits (most commonly hosted by quartz veins), the earliest exploited
gold deposits are allegedly alluvial, because gold is recovered by simple panning and washing (Healy, 1979).
Formed by gold-bearing debris from weathering, desegregation and leaching of primary deposits followed by
transportation and concentration by gravity (Boyle, 1969; Boyle 1979; Stanaway, 2012), the recovered nuggets,
flakes and dust are gold-silver-copper alloys of quite variable compositions (Arndt et al., 2015; Butt et al., 2020).
Although occurrences of native gold with more than 1 wt% Cu are sporadic (Moles et al., 2013; Chapman et al.,
2020), silver typically ranges from 5 up to 30 wt% (Allan and Woodcock, 2001), reaching in some deposits 40-50
wt% or more (Boyle, 1969; Boyle, 1979; Jones and Fleischer, 1969, Hough et al., 2009; Spiridonov and Yanakieva,
2009; Chapman and Mortensen, 2016). High silver contents contained in native gold may thus be used to explain
the composition of early objects, e.g. from Varna (Hartmann, 1982; Echt et al., 1991; Leusch, 2019), Ur
(Plenderleith, 1934; Hauptmann et al., 2018) and Egypt (Gale and Stos-Gale, 1981; Guerra, 2018; Guerra 2021).

Already in the 1880s, the brothers Siret pointed out the use of silver-rich gold alloys (Siret and Siret, 1988) at El
Argar and Fuente Alamo in Southeast Spain (Siret and Siret, 1887; Montero-Ruiz et al. 2019). However, although
goldwork is seldom found in Chalcolithic contexts (Lilios, 2019), the earliest objects show lower silver contents
(e.g. Murillo-Barroso et al., 2015; Rovira et al., 2015; Guerra and Tissot, 2016; Valério et al. 2017): up to 20 wt%
Ag and (as suggested by Perea, (1991) and Blasco and Rios (2010) in average up to 0.1 wt% Cu. Indeed, among
the 143 results provided in Murillo-Barroso et al., 2015; Rovira et al., 2015; Guerra and Tissot, 2016, Valério et
al. 2017 only eight (three from Cerro de la Virgen analysed by Hartmann (1982) as pointed out by Perea (1991)
show higher contents than the average value of 0.17 wt% Cu obtained by Moles et al. (2013) for 500 gold grains.
The extensive gold deposits that occur in the Iberian Peninsula (Castroviejo, 1995; Martins, 2008; Inverno, 2011)
were early exploited (Harrison, 1931; Allan, 1965; Domergue, 1990) and may explain the regional (north/south of
River Tagus) variation of the silver amounts observed for objects made from the EBA onwards, including the
mentioned Portuguese bracelets. To explain the copper contents, technological evolutions should also be taken
into account. In the LBA, when forming by lost wax casting and assembling by hard soldering started to be
implemented, intentional gold alloys may have started to be regularly produced. This allows control of the
mechanical and physical properties of the alloys, including the optical ones (€.g. colour, reflectivity). It is
conceivable at the beginning a search for native gold alloys with distinct aesthetical and/or metallurgical properties
according to the use and selected by colour (naturally occurring with different silver amounts), alike for example



in Egypt (Harris, 1961; Guerra, 2021). Then, addition of small amounts of copper and/or silver to these alloys (of
different ‘sorts’/colours) may have been done.

All the mentioned arguments can be used to explain the compositional variations observed for BA Iberian
goldwork. As gold metallurgy could have had a regional development, we concentrate our studies on one of the
richest gold mining regions, the Northwest (NW) Iberia (Monteagudo, 1953; Noronha and Ramos, 1993; Spiering
et al., 2000; MacKenzie et al. 2019). In order to provide an insight into the gold alloys employed in NW Iberia
during the BA and contribute to the understanding of the manufacture technologies locally employed, we have
submitted in this work to science-based study nine objects in the collection of the Provincial Museum of Lugo in
Spain. The objects are all from sites situated in Galicia and are typical of the local practices. They were examined
in-situ with a stereomicroscope and the composition of their gold alloys was obtained by using a portable X-ray
fluorescence (XRF) spectrometer.

Among the analysed objects, listed in Table 1 and shown in Figure 1 are the two sheet collars (gargantilha de
tiras) and one bracelet contained in the Treasure of Monte dos Mouros and the two bracelets from the Treasure of
A Urdifieira (Balseiro Garcia, 2018). For some of them we only describe unpublished manufacturing details. In
this work, we focus more on the composition of the gold alloys. Further insight is provided in the light of published
data for EBA to Iron Age (IA) goldwork from Galicia and neighbouring regions allowing us for some of the studied
objects to shed new light on questions related to their period of manufacture.

2. Methods and instrumentation

The objects were examined in-situ using a SMZ1 Nikon stereomicroscope. For image acquisition and storage, the
microscope was equipped with an AM7023 series eyepiece camera from Dino-Lite (5 MP resolution and allowing
72.5x the magnification rate of the objective) connected via USB to a PC.

The elemental composition of the alloys was determined by using an in-house portable XRF spectrometer in a
planar configuration designed and built at LIBPhys-UNL for in-situ analysis of objects included in projects
focusing on Cultural Heritage (Guerra et al., 2014). The spectrometer comprised an Amptek Eclipse II X-ray tube
system with an Ag anode set to 30 kV and 20 pA, an Amptek MC8000A Pocket MCA multichannel analyser, and
an Amptek XR-100CR Si-PIN detector with a 25 pm Be window and with energy resolution of 190 eV at 5.9 keV.
A 2 mm diameter Ta collimator reduces the spot beam size to 4 mm at the surface of the sample and the two
alignment lasers provide proper positioning of the sample. Spectra were processed using WinAxil software
(Vekemans et al., 1994). The accuracy of the quantitative results was validated by analysis of a set of home-made
gold alloys containing 0.2 to 24.6 wt% Ag and 0.1 to 4.9 wt% Cu (Tissot et al., 2013).

The composition of the studied objects is reported in Table 2. No PGE (platinum group elements) inclusion was
identified at the surface of the objects. The presence in gold alloys of Sn and Pt is considered as an indicator of the
use of alluvial gold (Guerra, 2004; Dube, 2006; Guerra, 2008; Guerra and Tissot, 2016; Guerra, 2018). However,
low contents of these elements are difficult to be accurately determined (Guerra, 2008; Radtke et al., 2016) and
could not be analysed.

3. The analysed objects: origin and manufacture

3.1 The Treasure of Monte de Mouros

One gold bracelet and two gold sheet collars (nos. 4, 8 and 9 in Table 1, Fig.1C) constitute the Treasure of Monte
dos Mouros, fortuitously found in 1887 at San Martino de Oleiros (Toques, A Coruila). With an archaeological
context imprecisely recorded and containing originally an unknown number of objects (Balseiro Garcia, 1992;
Comendador Rey, 1998), the Treasure was discovered in a site that may have been under the influence of EBA or
IA settlements (Ladra et al., 2003).

The two sheet collars are typical productions of the Atlantic fagade, equivalents were found in Galicia, in north-
central Portugal and in western France (Eluére 1982; Eluére, 1983; Balseiro Garcia, 1992; Armbruster, 2000;
Ladraetal., 2003). These items, which are a sign of social differentiation that can be included in the EBA (Cardoso,
2014; Cardoso, 2014-2015), were described by several authors (Eluére 1977; Eluére 1982; Eluére, 1983;
Armbruster et al. 2004) With parallel bands cut in the sheet front, they are all made from a single rectangular gold
sheet rolled into a cylindrical shape, often decorated with dots punched using previously incised alignment lines.
EBA neck-rings (lunulae) from the British Isles (BI) were decorated using the same technique (Taylor, 1969).
Some sheet collars have holes for fastening, such as the one from Saint Laurs in France (Eluére, 1977; Eluc¢re,
1982) of Atlantic type (Gomez de Soto, 1999).

The front of the largest sheet collar (no. 8) from Monte dos Mouros was cut in fourteen strips and the smallest one
(no. 9) originally in eight, but today one strip is missing. The latter has two holes at each terminal and, additionally,
on one side two half holes and on the other side one-half hole. The terminals were aligned in Figure 2 to show that
the two middle half holes may correspond to one original hole. On the front sheet, the strip cutting tool marks
overlap the punched dots in both collars indicating the course of the goldsmith’s work. The vertically aligned triple
rows of dots punched along the alignment lines on both collars are two made from the inside and one made from
the outside (Fig. 2B). Finally, it is noticeable that the many hammering folds on the back sheet were not rubbed



out and some of the strips were incompletely cut or still contain cutting leftovers (Fig. 2C). These features and the
absence of use-wear marks suggest that the ornaments have been barely (or not) worn.

The Treasure also comprises one thin cast gold penannular bracelet (no. 4) of undetermined chronology, but that
is said to be more recent (Balseiro Garcia, 2003-2004). Exhibiting signs of overheating, the bracelet is decorated
with five ribs that reproduce three twisted wires between plain wires. The quite inaccurate motif shows clear angle
changes of the tool when incising the wax (Fig. 3). The hook-and-loop fastening system (Fig. 3) is of a type that
has been observed in a few other bracelets (Balseiro Garcia, 1992). The most similar bracelet, decorated with four
central twists and two plain ribs, was found at Saint-Marc-le-Blanc (France) (Menez et al., 2005). This bracelet,
said to evoke NW Iberia goldwork (Eluére, 1982; Eluére 1986), is dated to the IA, because found with, among
other objects, one three-strand gold ribbon torc and a small ring similar to the LBA-early IA ring (Eluére, 1990)
found in an undefined context (Gandois and Barthet, 2015) at Saint Pére-en-Retz (France). Cahill (2006), who also
dates the French bracelet to the IA by comparison with the one from Dunhallow (Cork, BI), refers however, that
the MBA bracelet excavated at Burton (Wrexham, BI, (Murgia et al., 2014)) is stylistically similar.

3.2 The Treasure of A Urdifieira

The Treasure of A Urdifieira was found by accident in 1921 by a shepherdess at Parada da Serra (A Gudifia-Rios,
Ourense). This decontextualized hoard (Comendador Rey and Méndez Fernandez, 2009) contained one bronze
disc and the two gold bracelets studied in this work. Dated to the MBA (Cuevillas and Bouza Brey, 1992) and on
stylistic grounds to the IA (Perea, 2005), the Treasure was recently dated to the LBA (Armbruster and Comendador
Rey, 2015).

One of the bracelets (no.2, Fig. 1A) is a ribbed tubular piece made by lost wax casting. It is decorated with ten ribs
and sequences of vertical lines incised in the grooves. The other bracelet is penannular (no.3, Fig. 1A). It consists
of a thick gold band decorated with geometric motifs and pierced at both ends. Both the band and the holes show
marks of use-wear, suggesting that it did not had a funerary or votive function only. The bracelet is decorated
along the borders with a chased herringbone pattern and in the terminals with hatched triangles. However, possibly
different goldsmiths made the triangles, in two phases. Those that decorate one of the terminals have thin engraved
contours overlapped by thin chased hatching lines (Fig. 4A) whilst on the other terminal the deeply chased contours
overlap the thin hatching lines and apparently the original thin contour (Fig. 4B). The later seem to be made during
the same phase of decoration of the herringbone pattern, because this pattern is also deeply and unevenly made,
every so often overlapping the deeply engraved parallel lines (Fig. 4C).

Two phases or attempts of decoration were identified in BI lunalae dated to the EBA (Taylor, 1980). Like the
bracelet from A Urdifieira, the lunula from Ballinagroun (Kerry, Ireland), classical in form, has a second series of
decoration applied over a more skilled classical design (Taylor, 1979). NW Iberian objects have been associated
to BI productions (Maluquer de Motes, 1970), and the bracelet evokes the LBA bronze penannular bracelets from
Senhora da Guia (Baides, NW Portugal) decorated with hatched triangles (Silva et al., 1984), most likely made
locally with parallels in BI productions (Silva, 1986), as suggested for other Iberian objects (Pingel, 1991; Taylor,
1994).

3.3 The other gold bracelets

Four other bracelets were studied in this work. Such as one of the bracelets from A Urdifeira, two of the four are
ribbed tubular bracelets made by lost wax casting. One of these (no. 1, Fig. 1E), decorated with four ribs, was
found at San Martifio de Oleiros, Toques (A Corufa) and dated both to the LBA (Armbruster, 2000) and the 1A
(Perea, 2005). The other (no.7, Fig.1B), a decontextualised find from Ourense dated to the LBA (Balseiro Garcia,
1992), is decorated with four rows of conical spikes alternating with groups of two plain ribs. These bracelets are
identical to other Villena/Estremoz (VE) type bracelets (Russel, 1954; Almagro-Gorbea, 1974; Almagro-Gorbea,
1995; Perea, 2005). Their manufacture technologies were described in detail by several authors, including the use
of a circular tool to make the conical spikes (Armbruster and Perea, 1994; Armbruster, 1995), shown in Figure
5A.

The remaining two bracelets studied in this work were found at Moimenta (Couto dos Castros, Arnois, A Estrada,
Pontevedra) (nos. 5 and 6 in Table 1, Fig. 1D). Of undefined chronology, they were dated to both the LBA (Balseiro
Garcia, 2003-2004) and the IA (Armbruster, 2000). These gold sheet penannular bracelets, look like a pair. Four
components frame a hammered gold sheet band. The superposition of the body and frame sheets is apparent on
the back (Fig. 5B). The ribbed decoration of the bracelets represents concentric rectangles, and the decoration of
the frame components consists of four thin plain ribs. In some way, their decoration evokes central European
pieces (e.g. the bracelets from Ocihov and Minice in Check Republic (Moucha, 2005) and those from Dieskau in
Germany (Meller, 2019).

4. The gold alloys
Table 2 summarises the data obtained by XRF for the elemental composition of the studied objects. The values
represent the average of three or four consecutive analyses. The results obtained are discussed below.



4.1. The sheet collars from Monte de Mouros

The two sheet collars from Monte de Mouros contain 0.2 wt% Cu and different amounts of silver. Based on the
Iberian Chalcolithic gold alloys mentioned above, we can say that their silver contents are included in the range
expected for the earliest productions, made from native gold.

Quite few analytical data on EBA gold sheet objects from Galicia are available for comparison. Indeed, the sheet
collars with cut bands from Agolada (Pontevedra) and Cicere (A Corufia) were not yet analysed for the composition
of their alloys, only the gold sheet diadem from Vilavella de Puentes de Garcia Rodrigues (A Corufia) was analysed
by Hartmann (1982). Therefore, we considered in this comparison the sheet collar with cut bands from Quinta do
Vale de Moinhos (central Portugal, (Ladra et al., 2003)), analysed by Hartmann (1982), who also analysed the two
ribbed sheet gold pieces found in a cist at Atios (Porrifio, Pontevedra) with two daggers and two silver spirals and
the diadem found in a similar cist (Brandherm 2007; Harrison, 1974) at Quinta da Agua Branca (NW Portugal).
The objects were plotted in the diagram of Figure 6. They all contain less than 0.2 wt% Cu, such as the Chalcolithic
objects mentioned above. The gold rings and spirals found with the diadem at Quinta da Agua Branca, not plotted,
contain 0.03-0.06 wt % Cu, which confirms the low copper contents in the gold. The silver contents observed for
the objects range from C. 13 to 22 wt%, but only the two pieces from Atios contain more than 20 wt% Ag. The
amounts of silver and copper observed are thus those expected for native gold alloys, and similar to those published
for Iberian Chalcolithic goldwork.

4.2 The bracelets from Monte dos Mouros and A Urdifieira

The cast bracelet from Monte dos Mouros (no. 4), of undefined chronology, was added to the diagram of Figure 6
with those from A Urdifieira. We can observe that all of them contain silver amounts identical to those observed
for the early NW objects made from native gold. However, the low copper contents are different. If the penannular
bracelet from A Urdifieira (no.3) contains lower amounts than the other bracelets (0.2 wt% Cu like the earliest
objects), the other bracelet from the same hoard (no.2) and the bracelet from Monte dos Mouros contain 0.5-0.6
wt% Cu.

Based on the decoration of the penannular bracelet and on the copper contents, it is tempting to consider that the
two bracelets from A Urdifieira represent different metallurgical ‘stages’. In order to check whether this small
compositional difference may be significant, we plotted in the diagram of Figure 7 the mentioned objects with the
solid penannular bracelets with round- and rectangular-shaped sections from Galicia analysed by Hartmann (1982).
Twenty bracelets and five larger rings (Pingel, 1992) are from Caldas de Reis hoard 1 (As Silgadas, Pontevedra
(Castro and Comendador Rey, 1998), dated to the EBA (Ruiz-Galvez, 1995) and to the MBA (Almagro-Gorbea,
1997), but perhaps containing pieces covering a large period (Perea and Armbruster, 2008). Two others, dated to
the MBA (Bettencourt, 2010), are from the Treasure of Agolada. None of these bracelets contains more than 0.2
wt% Cu. The silver contents show a large variety, but in the range expected for unrefined native gold, and only
one bracelet contains less than ¢. 7 wt% Ag. Only the bracelet from Monte dos Mouros and the tubular bracelet
from A Urdifieira contain more than 0.2 wt% Cu.

The hoard of As Silgadas also contained gold sheet fragments perhaps from an early sheet collar (Pingel, 1992;
Ladra et al., 2003). The approximate concentrations provided by Hartman (1982) for the sole fragment analysed
were added to the diagram, showing that it contains, contrary to the bracelets and such as the two pieces from
Atios, more than 20 wt% Ag, which goes with a possible chronological difference.

4.3 The bracelet from Toques and the Ourense bracelet

The bracelet from Toques (no.1, Fig.1E) and the Ourense bracelet (no.7, FiglB) are later productions, associated
to the VE type, such as the tubular cast bracelet (no. 2, Fig.1A) from A Urdifeira (Balseiro Garcia, 1992; Perea,
1995; Armbruster, 2000; Comendador Rey et al., 2011), which, as mentioned, contains higher Cu amounts. The
three contain c. 10-13 wt% Ag, but if the bracelet from A Urdifieira contains 0.6 wt% Cu those from Toques and
Ourense contain 0.2 and 0.3 wt% Cu, respectively, values expected for local native gold.

We considered important to compare the composition of these three bracelets with the composition of other VE
type bracelets from NW Iberia. According to Perea (2005) and Pérez-Romero et al. (2018), the most representative
ones are, with the Ourense bracelet, those from Chaves (Portugal), Toén (Spain), and Monte da Saia (Barcelos,
Portugal). The bracelets from A Urdifieira, Toques, Cantonha (Guimaraes, Portugal) and Lebucdo (Valpacos,
Portugal) are considered IA evolutions of VE type bracelets. The ribbed tubular bracelet from Monte da Saia (with
rows of circles in the grooves, (Cardozo, 1957)) and the bracelet from Lebugao (richly decorated with floral and
geometric motifs, (Molina, 1996; Martins, 2010)) were analysed by Hartmann (1971). Tissot and Guerra (2017)
recently reassessed the bracelet from Cantonha for the composition of the three distinct components. Indeed, this
composite object consists on a VE type bracelet decorated with two rows of spike-shaped elements between two
decorated Sagrajas/Berzocana type penannular bracelets with expanded terminals such as some Irish LBA items
(Pingel, 1991).



The bracelets are plotted in Figure 8 with the cast tubular VE type bracelet from Cueva del Silo (Burgos, north of
Spain) recently analysed (Pérez-Romero et al., 2018). The bracelet from Lebu¢ao (more recent (Pingel, 1991))
contains very high silver (30 wt%) and copper (5 wt%) contents, an intentional gold alloy that may result from
either difficult access to gold (Molina, 1996) or an aesthetical choice. The bracelet from Cueva del Silo contains,
in opposition, very low silver and copper contents, which may be caused by exploitation of different gold deposits
in the province of Burgos. All the other bracelets represented in the diagram contain similar silver values, but
different copper contents. The bracelets from Monte da Saia and Ourense, considered VE type productions, contain
0.1-0.3 wt% Cu and match in elemental composition the other objects. The tubular bracelet from A Urdifieira
contains 0.6 wt% Cu and the bracelet from Cantonha contains ¢c. 1 wt% Cu. These two bracelets are considered,
with those from Lebucgdo and Toques, IA evolutions (Perea, 2005). However, if the bracelet from Lebugdo is
clearly made from a very different alloy, the bracelet from Toques only contains . 12 wt% Ag and 0.2 wt% Cu,
amounts expected for local native gold.

To go further in the discussion of the gold alloys, we considered in the diagram of Figure 8 the mentioned bracelets,
with the exception of the one from Lebucao, with the most representative VE bracelets found in Iberia that were
analysed by Hartmann (1982). One of them is the bracelet from Estremoz (Evora), found in Portugal, and all the
others were found in Spain. Those in the hoard from Villena are decorated with ribs, spike-elements and inter-
spaced perforations (Schiile, 1976; Soler Garcia 1965; Soler Garcia, 1969); the hoard of Cabezo Redondo contains
one fragment with spike-elements supposedly from a bracelet (Soler Garcia, 1969; Soler Garcia 1965; Pingel,
1992); and at Abia de la Obispalia were found four bracelets (Galan, 2017), two of them with ribs and inter-spaced
perforations.

None of these bracelets has either the high Ag and Cu contents observed for the bracelet from Lebugéo or the low
Ag contents observed for the bracelet from Cueva del Silo, and only the fragment from Cabezo Redondo matches
the copper contents observed for the bracelet from Cantonha. The bracelets from Villena contain 4 to 13 wt% Ag,
and those from Abia de la Obispalia more than 10 wt% Ag. We can also observe in the diagram that the majority
of the items contain up to 0.4 wt% Cu, where the bracelets from Toques and Ourense are included. Only a few
bracelets contain more than 0.4 wt% Cu, among which are the tubular bracelet from A Urdifieira and the bracelet
from Cantonha. The small group of objects containing less than 0.2 wt% Cu comprises the penannular bracelet
from A Urdifieira.

4.3 The bracelets from Moimenta

The two bracelets from Moimenta (nos. 5 and 6, Fig.1D), made by assembling several gold sheet components
show the use of an alloy containing €. 2 wt% Cu and c. 26 wt% Ag. The spot size of the XRF equipment used in
this work is too large to analyse separately the joining areas and to ensure the analysis of the frame components
without inclusion of solder containing areas. Data obtained for the small parts can only be considered as
estimations, allowing just to suggest that some of the frame components were made from an alloy containing
slightly lower Ag amounts than the band. The small increase in the copper contents observed in the joining areas
was that expected for the use of a hard-soldering process.

Considering the bracelets dimension, decoration, and elemental composition, we can assume that the bracelets
from Moimenta originally formed a pair. The amounts of Cu contained in the bracelets correspond to the use of
an intentional gold alloy obtained by addition of this element to Ag-rich native gold or by addition of Ag and Cu
to purer gold alloys. All the objects considered above tend to show that the earliest gold objects made in Galicia
contain lower Ag contents, but the two pieces from Atios and the fragment of a diadem from As Silgadas contain
more than 20 wt% Ag.

Two other bracelets from Galicia contain however, quite high copper and silver contents. Dated to the MBA
(Montero and Rovira, 1991), the two-solid cast penannular bracelets from Lamela de Silleda (Pontevedra) are one
of square-shaped section and the other of lozenge-shaped section with thinned terminals (Pingel, 1992). Two other
BA solid gold penannular bracelets with rounded section from an undetermined context in the region of Lugo, also
contain high copper contents (Martinén-Torres and Ladra, 2018). The diagram of Figure 9 shows that the bracelets
from Moimenta, Lamela de Silleda and Lugo clearly contain much higher copper contents than all the other objects.
The square-shaped section bracelet from Lamella de Silleda and the two bracelets from Moimenta also stand out
by their high Ag contents. The other bracelet from Lamela de Silleda, despite its high copper content, contains a
silver amount that, based on our data, is expected for Galician goldwork likewise the two uncontextualised
bracelets from Lugo.

Montero & Rovira (1991) attributed the composition of the bracelets from Lamella de Silleda to the introduction
during the MBA of the use of intentional alloys, but none of the other productions discussed in this work contain
such high silver and copper contents. In this work, we only came across high-Ag and Cu containing alloys when
we considered the bracelet from Lebugao, but, interestingly, Monge Soares et al. (2004) also pointed out the use
of Ag-rich gold alloys in NW Portugal. If two analysed rivets from a BA knife found near Chaves contain 24-29
wt% Ag and 0.3-0.4 wt% Cu, and can thus be considered made from native gold, one IA torc that contains 26-27
wt% Ag has shown the presence of 1-2 wt% Cu in the alloy.



We plotted in the diagram of Figure 9 with the bracelets from Lamela de Silleda, Moimenta and Lugo the data
obtained by several authors (Hartmann, 1982; Garcia-Vuelta and Montero-Ruiz, 2007; Ladra and Martinon-Torres,
2009; Martinon-Torres and Ladra, 2018) for the elemental composition of eighteen IA gold torcs from Galicia.
Four are unprovenanced torcs and the others are from Lugo (Castro de Viladonga, Castro da Ricadieira, Chaos do
Castro and A Madorra) and A Corufia (Castrelo de Centrofia, Castro de Bardaos, Castro das Modias and Castro de
Flores).

Only the neck-ring compositions were considered. The plotted torcs contain up to 9 wt% Cu (with an undefined
‘gap’ between 3.5 and 5.5 wt% Cu) and Ag contents ranging from 14 to 52 wt%, confirming the regular use in
Galicia during the IA of intentional gold alloys containing high copper and very high silver contents. The bracelet
from Lebugdo is compositionally close to part of these torcs.

However, the five torcs from A Madorra, plotted separately in the diagram, contain less than 1 wt% Cu and up to
21 wt% Ag, matching the Ag amounts expected for local native gold. In addition, only one of them contains more
than 0.3 wt% Cu. From a general point of view, the plotted torcs seem to separate into two groups, because made
from alloys that can be obtained by addition to native gold of either simply copper or copper and silver. Are
contained in the first group, indicated in the diagram by a rectangle, the bracelet from Lamela de Silleda with
rounded section and the two unprovenanced bracelets from Lugo. The second group (where the bracelet from
Lebugdo would have been contained if plotted) comprises the pair of bracelets from Moimenta and the bracelet
with square-shaped section from Lamela de Silleda.

5. Concluding remarks

The study of nine gold objects from Galicia allowed to gain further insight into their manufacture technologies
and provided, by comparison with data on objects from the same area, an overview of the alloys employed in NW
Iberia.

Although the technologies employed were known, we could reveal new details for the two sheet collars from
Monte dos Mouros and for one of the bracelets from A Urdifieira.

In addition to holes said for fastening, the small sheet collar from Monte dos Mouros has half holes of which two
could have originally made one hole of undetermined function. The hammering folds on the back sheet of the two
sheet collars, the incompletely cut bands, many of them still showing cutting leftovers, and the absence of marks
of use-wear on the gold sheet and inside the holes bring out that these ornaments have been barely or not worn.
Therefore, they may have only had a funerary or a ritual function.

For the penannular bracelet from A Urdifieira, with holes on the terminals, we could reveal the presence of marks
of use-wear both on the bracelet's body and inside the holes. This indicates that the object has been extensively
worn and thus had not had a (entirely) ritual function. In addition, its decoration was made in two phases. Such as
in EBA lunulae from the British Islands, over a motif is applied a less skilled one. The hatched triangles on the
bracelet’s terminals were expertly made first, and then partially remade, when the herringbone pattern was applied,
but we are unable to comment on time and/or space distance between these two attempts of decoration.

The composition of the gold alloys has brought more information on the objects. The composition of early objects
from Galicia (with <0.2 wt% Cu) was used to establish a range of Ag contents consistent with local native gold.
The two sheet collars from Monte dos Mouros are contained in this group and match the earliest Iberian goldwork.
The penannular bracelet from A Urdifieira is also contained in this group of alloys. Conversely, the tubular bracelet
from the same hoard containing similar Ag amounts shows slightly higher Cu contents; it could be a later
production. A similar increase of the Cu content is observed for the VE type bracelets, but not on chronological
grounds (Perea, 2005). Both some of the VE type and some of the IA evolutions (as well as some torcs also from
Galicia) are made from native gold, perhaps during a transition phase. The others are made from intentional gold
alloys. The IA bracelets from Cantonha and Lebugdo contain even higher Ag and Cu amounts, which is regularly
observed for torcs from Galicia (and from Asturias (Garcia-Vuelta et al., 2020)) produced by the Castro Culture
(Sastre, 2008).

In brief, when BA and IA torcs and bracelets from Galicia are considered, emerges a chemical pattern that suggests
the use of two types of intentional alloys. One type, perhaps a first stage of production, is obtained by simple
addition of Cu to local native gold, and the other type, characterised by higher Ag and Cu amounts, may correspond
to the addition of both metals to native gold or (perhaps later) to the addition of Ag and/or Cu to recycled gold
alloys. Further data on NW Iberian goldwork is however, necessary to check this possibility.
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Table 1 — List of the analysed objects in the collection of the Provincial Museum of Lugo, including museum accession
number, find site, dimensions (width, height, and diameter) and weight.
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Table 2 — Average elemental composition obtained by XRF for the bracelets and sheet collars studied in this work,
normalised to 100 wt%.
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Figure 1 — Objects in the collection of the Provincial Museum of Lugo analysed in this work: (A) the bracelets from A
Urdifieira, (B) the Ourense bracelet, (C) the hoard of Monte dos Mouros, (D) the bracelets from Moimenta and (E) the
bracelet from Toques.

Figure 2 — Details of the small sheet collar from Monte dos Mouros (no. 9) showing: (A) the holes of the aligned terminals
and (on the left) hammering folds on the back sheet; (B) the missing band (1), and one triple row of punched dots (two made
from the inside and one from the outside) with the strip cutting tool marks overlapping the punched dots (2); and (C) one of
the cutting leftovers.
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Figure 3 — The “hook-and-loop” fastening system of the bracelet from Monte dos Mouros (no. 4) where the arrow indicates
the change of sense of the decoration.
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Flgure 4 Detalls of the penannular bracelet from A Urdifieira (no.3) showing: (A) and (B) the hatched triangles and the
different tool marks and (C) the deeply incised herringbone pattern.
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Figure 5 — (A) The overlapf)ing of the circular tool used to make the conical spikes that decorate the Ourense bracelet (no.7).
(B) Back of one of the bracelets from Moimenta (no.5) showing the joining of the frame to the body.
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Figure 6 — The Cu and Ag contents obtained by XRF for the bracelets and sheet collars from Monte dos Mouros and A
Urdifieira, compared to Iberian EBA objects cited in the text that were analysed by Hartmann (1982). The line indicates the
highest Cu content observed for the EBA objects.

Figure 7 — The objects plotted in Figure 6 compared to data published by Hartmann (1982) for the bracelets contained in the
Treasure of Agolada and in hoard 1 from Caldas de Reis. The line indicates the highest Cu content observed for the NW
Iberia EBA objects.
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Figure 8 — The Cu and Ag contents obtained by XRF for the bracelets from Toques, Ourense and A Urdifieira compared to
the composition of Iberian VE type bracelets mentioned in the text (Pérez-Romero et al., 2018; Tissot and Guerra, 2017;
Hartamann, 1982; Hartmann, 1971).
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Figure 9 — The Cu and Ag contents obtained by XRF for the bracelets from Moimenta compared to data published for other
bracelets and torcs from Galicia (Hartmann, 1982; Garcia-Vuelta and Montero-Ruiz, 2007; Ladra and Martinon-Torres,
2009; Martinon-Torres and Ladra, 2018). The line indicates the highest Cu content observed for the NW Iberia EBA objects.
The rectangle contains the objects showing Ag contents expected for native gold from Galicia.
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