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ABSTRACT

The discovery of iron objects in Portugal, dated from the end of the Bronze Age (12th-11th century BC) in the
context of habitats, forces us to reconsider the question of their significance. We present the results of a geo-
chemical approach by the comparative analysis of archaeological irons and Portuguese ores. The p-XRF anal-
ysis of 15 artifacts from 4 different sites in Beira Interior (Monte do Trigo, Moreirinha and Monte do Frade)
and Central (Baides), indicates that the smelted iron probably derived from two distinct ores. The local typol-
ogy and the association of the finds with bronze workshops requires a reexamination as to the question of
their origin. The chemical characterization of the irons of Beira Interior, indicates that they are of primitive
elaboration given their low quality, while that of Baides already shows a metallurgical evolution which would
be understandable if it were more recent. A comparison with other Bronze Age irons underscores their chem-
ical specificity. Local iron rich ores cropping out near Salvador (Penamacor, Beira Interior), were sampled and
analyzed by ICP-AES and ICP-MS and compared with various types of iron ores. The composition of Salvador
ores compared to that of the Beira Interior artifacts implies a definite consanguinity. The importation of fin-
ished objects, such as ingots with local forging must be excluded. The processing of the local ore and its forging
by experienced metallurgists but novices in iron metallurgy, is a new and robust explanatory hypothesis in
accordance with all the constraints already mentioned. This is the first time that Bronze Age irons can be
related to a very likely ore source. The Mediterranean influences, marking the importation of a new and ex-
tremely recent know-how, therefore correspond, at least in part, to exchanges from the east and perhaps even
to the movement of people. This exotic contribution would be linked to the profound movements in the Med-
iterranean context of the 12th century, probably from the Mediterranean East with possibly relays in the cen-
tral Mediterranean.

KEYWORDS: Late Bronze Age, Portugal, 12th-11th century BC, Beira interior, Baides, metallurgy, Mediterra-
nean, iron ore, chemical, forging
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1. INTRODUCTION

The economic and cultural relations between Iberia
and the Mediterranean at the end of the Bronze Age
and in the early Iron Age have been the subject of re-
cent studies which update our vision of these ex-
changes of goods and people, as well as technical and
cultural concepts (Krueger at al., 2021; Rodriguez-
Corral, 2017; Bottaini et al., 2017). In this context, iron
can be considered as an element of choice, as we will
see below, and this is one of the main reasons that led
us to deepen the nature and possible origin of recent
discoveries of iron in Portugal.

Iberian irons have been the subject of relatively re-
cent discoveries (Renzi et al. 2013; Alvarez Sanchis et
al. 2016). This modifies our vision of the Mediterra-
nean world and requires updating, or even recon-
structing, an old and now outdated pattern of iron
diffusion (see for example Yalcin, 1999).

The oldest irons of the Iberian Peninsula date from
the Late Bronze Age, at the end of the 2nd millennium
and the beginning of the 1st millennium B.C. The
discoveries in the context of Bronze Age settlements
in Portugal in the 1990s and later (Silva et al. 1984;
Almagro Gorbea 1993; Vilaga 1995, 2006), particularly
in the region called “Beira Interior”, constitute a
surprising result with regard to contacts with the
Mediterranean world during the Late Bronze Age
and the presence of well dated iron artifacts.
Independently, one of us recently argued that all
Bronze Age irons before 1200 B.C. are derived from
meteoritic iron (Jambon, 2017), the Final Bronze Age
being not a transition period but a period during
which here and there appear sporadically a few iron
objects. The exact date of the discovery of iron
smelting, if still to be clarified, would probably be
around 1150 BC, according to archaeological finds
from the eastern Mediterranean (Waldbaum, 1999;
Sanidas et al. 2016; Jambon and Doumet-Serhal, 2018).
The place of this invention cannot be precisely
located: this is to be linked on the one hand to the
troubles in the Middle East from the end of the 13th
century which led to the disappearance of the powers
in place and consequently to a certain discontinuity of
the archaeological record (writings and furniture) and
on the other hand to the finds of iron artifacts in
greater number than in previous periods and almost
simultaneously in geographically and culturally
distinct sites, suggesting a rapid diffusion in the
Eastern Mediterranean World.

Vilaga (2006, 2013a) showed that a number of irons
from Portugal could certainly be dated to the eleventh
century, and perhaps even to the end of the twelfth
for the oldest. This early date in the history of iron
metallurgy in a place far from the Mediterranean
East, the presumed region of invention, is unexpected

and undoubtedly indicative of rapid and long-
distance movements. Note here the contrast with
Europe north of the Alps where the oldest irons seem
to date from the ninth century (Hallstatt culture). It
follows that early Portuguese irons bear witness to a
recent invention and take an exceptional place in our
understanding of iron dissemination. Their
interpretation must therefore be reassessed in this
new perspective: do they result from the trade of
finished objects or were they crafted locally from
imported raw material (ingots, bars...) or to the local
mastering of iron smelting?

The first Portuguese irons come from settlements
concentrated in the central and especially interior
region of Portugual, although they are not limited to
it (Fig. 1). We know of five well-dated sites between
the 12th and 9th centuries B.C. (Vilaca 2013a, Fig. 3).
Other sites in the Iberian Peninsula from the same age
range or more recent will be the subject of future
investigations. Indeed, the first results obtained on
the late Bronze irons of Beira Interior provide a
reference for iron analyses of the first Iron Age (from
Cachouga, Idanha-a-Nova) and investigating to what
extent they differ from older local production. In the
region defined by the Douro and Tagus rivers, we
find a remarkable number of iron artefacts from five
settlements with an occupation also dated to the Late
Bronze Age. The first three are located in the “Beira
Interior” and the other two in the “Beira Central”.

‘\ 8

it
o

Figure 1. Location map of iron artifact find sites and ore
samples analyzed (according to Vilagca 2013a adapted and
completed). 1 Sdo Julido, 2 Baides, 3 Outeiro dos Castelos,

4 Monte do Frade, 5 Monte do Trigo, 6 Moreirinha, 7
Quinta do Marcelo, 8 Huelva, 9 Salvador.
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The objective of this work consists in discussing the
possible origin of these irons which could be
imported objects, objects of local elaboration from
imported iron ingots or even irons elaborated from a
local ore. In either case the significance will be
completely different from trading with the Levant to
the introduction of craftmanship in Portugal long
before the presence of Phoenicians. To this end we
compare the compositions of Beira Interior irons
(their inclusions) with other Bronze age irons already
published and various types of ores including
Salvador iron ore located a few kilometers from the
Bronze Age settlements. This strategy to determine
the origin of the irons is applied here for the first time.

2. SAMPLES AND METHODS

We focused on four of the five oldest sites for artifact
accessibility reasons: Monte do Frade (Penamacor),
Monte do Trigo, Moreirinha (Idanha-a-Nova ) and
Baides (Viseu). We analyzed 21 fragments from these 4
sites probably coming from 15 distinct artifacts,
(Almagro Gorbea 1993, Vilaca 2006 and Fig. 2).

Portable X-ray fluorescence (p-XRF) chemical
analysis makes it possible to obtain the chemical
composition of the surface of any mineral material. In
the case of sufficiently well-preserved metal objects, it
makes it possible to obtain reliable values for the
transition elements: manganese, iron, cobalt, nickel
and copper, as well as phosphorus, elements of
importance for determining the origin of the iron, but
also for the inclusions of slag contained in the metal
essentially from the values of silicon, aluminum and
calcium. The analytical method (p-XRF) was
presented previously by Jambon (2017). The
analytical errors are as follows (wt. %): Al : 0.52,
5i:0.15, P: 0.043, S: 0.025, Ca: 0.02, Ti: 0.012, V: 0.008,
Cr: 0.013, Mn: 0.015, Fe:0.50, Co: 0.035, Ni: 0.035, Cu:
0.013 and Zn:0.004. Conventionally the detection level
is three times the error.

Iron ores were analyzed in the same way initially,
in the field, then by ICP-AES and ICP-MS after
sampling of a few g according to the procedures
described by Barrat et al. (2012).

Table 1. Type and age of the specimens investigated.

Calibrated Age BC Mean Age

Site Age BP + Sample 2 sigma BC Reference
Monte do Frade Small blade
2805 15 Charcoal 1003-913 958 Vilaga, 1995; 2006
2850 45 Charcoal 1192-1132 1162
2920 50 Charcoal 1292-946 1119
2780 100 Charcoal 1257-790 1023.5
Moreirinha 8 pieces (knife and saw blades)
2910 45 Charcoal 1262-949 1105.5 Vilaga, 1995; 2006
2780 70 Charcoal 1117-808 962.5
2940 45 Charcoal 1296-1010 1153
2785 15 Charcoal 973-906 939.5
Monte do Trigo 11 pieces (knife and saw blades)
3020 60 Charcoal 1419-1057 1238 Vilaga, 2006 ; 2008
2990 50 Charcoal 1387-1056 1221.5
2960 45 Charcoal 1368-1022 1195
2960 45 Charcoal 1368-1022 1195
2913 41 Charcoal 1262-997 1129.5
2880 45 Charcoal 1211-925 1068
2880 33 Charcoal 1193-937 1065
Baides Bimetallic chisel
2650 130 Charcoal Vilaga, 2008
2745 40 Peas 993-979 986
2680 40 Peas 906-796 851
2650 35 Peas 895-787 841

Mediterranean Archaeology and Archaeometry, Vol. 23, No 2, (2023), pp. 109-125
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Moreirinha

Monte do Trigo

Monte do Frade

[ Baioes

Figure 2. The analyzed specimens. n° 1-8: Moreirinha, n° 9-19: Monte do Trigo, n° 20: Monte do Frade, n° 21: Baides.

3. RESULTS

The analytical results are reported in Tables 2-3. It
should be noted that the Ni is always below the de-
tection limit. From the detailed discussion presented

Letters correspond to Vilaca (2006: 90).

with irons of terrestrial origin without possible dis-

with previous interpretations.

in Jambon (2017), we conclude that we are dealing
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Table 2. Analytical results. Ni and Mg are below the detection limit. Na and K are not analyzed. The empty boxes corre-
spond to values below the detection limit. Note the absence of Ni. The values obtained for Al, Si, S and Ti correspond to
inclusions (slag).

Ref. Al Si P S Ca Ti \'% Cr Mn Fe Co Cu Zn
Moreirinha 1 5.42 529 279 052 063 007 0.01 007 0.09 8546 0.16 011 0.02
Moreirinha 1 1030 3050 346 150 051 024 0.04 009 0.06 53.66 0.02 0.01
Moreirinha 1 3.31 263 140 020 048 0.06 033 9177 0.26 0.01 0.02
Moreirinha 1 4.61 415 1.66 040 040 0.01 0.07 004 8885 0.16 0.05 0.02
Moreirinha 2 7.33 664 425 015 038 005 0.02 007 0.03 8104 037 0.03 0.02
Moreirinha 2 7.64 814 280 016 059 007 0.02 0.10 80.69  0.32 0.03 0.03
Moreirinha 2 6.13 550 262 010 0.30 0.01 0.06 85.28 0.22 0.03
Moreirinha 2 3.20 230 333 0.09 030 0.01 0.07 013 9058 0.25 0.02
Moreirinha 2 3.44 275 331 010 032 0.07 0.08 90.00 0.22 0.02 0.02
Moreirinha 3 9.15 721 207 014 053 0.03 001 007 0.05 81.02 021 0.02 0.02
Moreirinha 3 2.06 1.59 051 021 027 0.06 9533  0.20

Moreirinha 3 8.73 810 193 157 057 011 0.02 010 0.03 7895 042 0.02 0.02
Moreirinha 4 3.45 267 407 011 056 003 0.02 009 0.02 8915 0.28 0.08 0.03
Moreirinha 4 049 032 065 0.18 0.08 97.69  0.20 0.03
Moreirinha 4 0.89 055 050 0.08 0.20 0.07 97.66  0.20 0.03
Moreirinha 5 3.73 387 215 012 042 0.01 0.07 89.65 0.28 0.08 0.03
Moreirinha 5 421 445 294 013 050 003 0.02 007 002 8763 035 011 0.02
Moreirinha 5 3.55 329 209 011 0.39 0.06 90.49 0.26 012 0.02
Moreirinha 6 6.31 588 3.09 007 054 002 0.01 007 0.03 8418 0.28 0.06 0.02
Moreirinha 6 8.25 912 317 009 058 005 0.02 008 0.04 7876 0.33 0.06 0.02
Moreirinha 6 7.13 6.65 341 008 060 005 0.02 007 0.04 8218 0.29 0.05 0.02
Moreirinha 7 3.19 1.88 295 010 0.39 0.01 0.07 9155 0.23 0.01 0.01
Moreirinha 7 3.97 367 218 005 034 0.01 0.08 89.74  0.27 0.02 0.01
Moreirinha 7 4.08 3.08 257 0.09 042 001 0.08 002 8976 026 0.02 0.02
Moreirinha 8 5.22 293 187 0.09 032 0.01 0.06 004 8945 023 0.07 0.02
Moreirinha 8 5.16 287 209 010 035 001 0.06 003 89.39 020 0.07 0.02
Moreirinha 8 6.60 465 1.00 0.09 0.29 0.06 8722 0.17 014 0.02
MonteDoFrade 20 3.87 362 134 009 141 002 0.01 002 0.07 379 0.02 0.01
MonteDoFrade 20 786 1050 313 023 034 0.04 002 0.07 009 7771 019 0.06 0.02
MonteDoFrade 20 497 357 144 025 053 0.01 0.07 89.38 0.18 0.04 0.01
Baides 21 0.50 091 <01 015 4.10 0.05 94.22 0.50

Baides 21 0.10 133 <01 025 0.65 0.08 93.30 0.24 3.63

3.1 The Irons of Beira Interior (Penamacot, Idanha-
a-Nova)

We mentioned that Ni is always below the detec-
tion limit (< 1050 ppm). An addition of all the spectra
makes it possible to obtain an order of magnitude of
the Ni content of 850 ppm. This approach is justified
since, according to the other chemical criteria, the
population is very homogeneous. For cobalt (Co) only
two analyzes give a value below the detection limit.
Consequently, and taking into account the detection

limit for Ni, the Co/Ni ratio is >1 which is a charac-
teristic of metallurgical irons.

Iron metal contains neither silicon (Si) nor alumi-
num (Al). The analyzes yield Si contents varying be-
tween 0.4 and 10.5% - average 4.5% - and Al between
0.9 and 9.1% - average 5% - which are high and corre-
sponds to inclusion rich irons.

The objects analyzed have all an oxidized surface
and the reported values are calculated without oxy-
gen, which makes it possible to avoid variable de-
grees of oxidation. The Fe content then averages

Mediterranean Archaeology and Archaeometry, Vol. 23, No 2, (2023), pp. 109-125



114

A. JAMBON et al.

90.2% (79-99.5%). The copper content is considered
insignificant because of possible contamination by
copper or bronze objects found in the vicinity during
excavations.

The Al and Si contents therefore characterize the
nature and quantity of the incorporated inclusions
which appear quite abundant. We represent the re-
sults in an Al/Fe vs Si/Fe diagram. This procedure
permits to compare iron artefacts and potential ores

in the same diagram. It also makes it possible to high-
light a relationship between Si and Al independently
of the iron content as we shall see next. The excellent
correlation between Al/Fe and Si/Fe (Fig. 3) can be
interpreted as a mixing line between two constituents,
one of which is obviously the iron matrix (placed at
the origin of the coordinates) and the other the com-
position of the inclusions. If the points fall on a single
line, this means that the inclusions have a unique
composition.

Table 3. Monte do Trigo analytical results. The average value for Ni is 0.083% obtained by summing all the spectra.

Ref. Al Si P S Ca Ti \% Cr Mn Fe Co Cu Zn

MonteDoTrigoAl 6.81 592 263 016 030 013 0.03 008 016 8282 040 0.78 0.05
MonteDoTrigoAl 535 521 162 013 030 009 002 007 016 8557 036 134 0.04
MonteDoTrigoAl 5.01 524 193 0.09 036 011 002 007 021 8464 034 226 0.06
MonteDoTrigoA2 440 399 126 012 031 007 002 0.07 012 8943 026 018 0.07
MonteDoTrigoA2 588 499 117 015 033 004 0.01 006 012 8714 023 013 0.07
MonteDoTrigoB1 421 288 037 0.08 024 0.06 9227 010 0.02 0.01
MonteDoTrigoB1 368 247 045 008 023 0.01 0.07 93.09 013 0.02 0.01
MonteDoTrigoB1 410 271 063 010 0.26 0.01 0.07 9219 014 0.02 0.01
MonteDoTrigoB2 365 493 073 014 043 0.10 0.06 003 9018 014 0.01 0.02
MonteDoTrigoB2 498 459 126 015 055 0.07 0.06 0.04 8862 019 0.02
MonteDoTrigoB3 3.71 315 058 019 034 0.06 002 9213 013 0.01 0.01
MonteDoTrigoB3 504 529 063 014 030 0.08 007 006 8845 018 0.02 0.02
MonteDoTrigoB4 328 361 0.70 03 026 003 002 007 004 9157 023 011 0.05
MonteDoTrigoB4 347 364 068 028 026 003 002 007 003 9145 019 0.09 0.05
MonteDoTrigoB5 307 269 036 015 022 0.01 0.07 9347 015 0.01
MonteDoTrigoB5 275 254 037 016 022 0.07 9393 014 0.02
MonteDoTrigoB5 323 263 058 024 023 0.01 0.06 003 93.00 0.16 0.03
MonteDoTrigoC1 485 318 067 024 051 001 0.06 007 90.63 007 022 0.02
MonteDoTrigoC1 407 335 055 042 025 0.06 006 91.04 016 023 0.01
MonteDoTrigoC2 330 248 099 037 040 0.06 91.76 016  0.81 0.01
MonteDoTrigoC2 671 489 086 028 041 0.03 0.06 003 8634 017 057 0.01
MonteDoTrigoD 509 3.83 09 020 035 003 0.01 0.06 0.04 89.25 022 034 0.02
MonteDoTrigoD 6.09 427 070 019 035 0.01 0.01 0.06 0.03 8822 014 027 0.01
MonteDoTrigoD 543 375 132 018 048 0.03 0.06 0.04 88.51 025 040 0.02
MonteDoTrigoE 48 392 115 018 031 0.02 0.01 0.06 002 8949 015 015 0.01
MonteDoTrigoE 457 382 098 017 031 0.02 0.07 003 89.87 015 0.29 0.02
MEAN 452 384 093 019 033 006 0.01 0.07 006 92.04 021 033  0.03
SD 1.11 1.03 053 009 009 004 0.01 0.01 005 477 0.09 047 0.02
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Figure 3. Al/Fe vs. Si/Fe correlation for Portuguese artifacts. Comparison of Beira Interior irons with a: Sidon irons; b:
Marsal ingots; c: slag inclusions in Manching irons (notice the different scales). Sidon irons are of the same age but de-
rived from a different ore, both contain abundant inclusions. Marsal ingots are more recent (La Téne) with a signifi-
cantly lower level of inclusions. Manching data are EMPA analyzes from Schwab (2006). Notice that Beira Interiot, Si-
don, Marsal 4 and Manching exhibit different Al/Si ratios.

One single correlation is observed for the different
Beira Interior sites (Fig. 3), indicating that the slag in-
cluded in the metal is chemically identical, suggesting
a common ore source with an Al/Si ratio slightly
greater than unity, or a typically residual ore (later-
itic) possibly rich in kaolinite-type clays whose Al/Si
ratio is theoretically equal to 0.96 and devoid of
quartz (Al/Si = 0). The constant Al/Si ratio suggests
the presence of one single phase carrying both Al and
Si rather than a mixture of quartz and an Al rich phase
which would result in more variable Al/Si ratios.

The P content is quite high and not very variable
with a very low Ca/P ratio. The abundance of this el-
ement varies according to the nature of the ores, a ra-
ther interesting result for their characterization.

The abundance of all these elements in the metal
could be interpreted in two ways: the objects are pol-
luted on the surface by sediments (clays for example)
or they contain a large quantity of inclusions due to
poor slag removal during the purification step. The
samples analyzed are all relatively clean and the com-
parison with the analyses of other iron objects sug-
gests that these are rather inclusions contained in the
metal. It should be noted that the soil, a potential
source of pollution, is granitic (Al/Si = 0.1-0.2).

Electron microprobe analysis (see for example Erb-
Satullo et al. 2014, Schwab et al. 2006) therefore at the
micrometric scale has shown that inclusions are rich
in FeO. In the majority of cases, the Fe content of the
inclusions results partly from the composition of the
slag in the furnace, but also from a secondary evolu-
tion resulting from the incorporation of FeO into the
inclusions during forging (purification and /or shap-
ing) by oxidative dissolution of the surrounding

metal. If we therefore want to characterize the com-
position of the slag included, it is necessary to over-
come the iron content by considering, for example,
the Al/Fe and Si/Fe ratios: for a given slag, Al/Si will
not vary whatever the secondary dissolution of iron
in the slag. Among the archaeological objects that we
have been able to analyze as well as among the objects
analyzed by other authors, the Si/Fe ratios always re-
main low and are rarely greater than 0.04 and it is the
same for the Al/Fe ratio. In the case of Portuguese
irons, these ratios can be as high as 0.14 (Si/Fe) and
0.11 (Al/Fe), some of the values being normally low
(<0.04). We see there the mark of a moderate forging,
of an incomplete elimination of inclusions, character-
istic of a primitive metallurgy.

3.2 The Iron of Baides (Beira Central)

There is only one iron artifact in Baides. It is a com-
posite object with a bronze socket and the particular
geometry did not allow us to carry out more than two
analyses. The composition of the metal appears to dif-
fer from that of the Beira Interior in several respects
(Table 2). First of all, the quantity of impurities is
much lower as indicated by the Al and Si contents,
there is indeed only one Moreirinha artifact (one out
of 8 specimens; two out of three analyses) which is
roughly comparable. The two analyzes are however
quite different from each other, but in both cases the
Si/ Al ratio is much higher than for all samples from
Beira Interior. The low Al content therefore suggests
that the ore is of the quartzite type (presence of
quartz), unlike the previous set.

The Ca content is higher than for the previous set,
especially considering the low content of inclusions.

Mediterranean Archaeology and Archaeometry, Vol. 23, No 2, (2023), pp. 109-125
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Phosphorus is below the detection limit, excluding a
contribution of calcium phosphate and indicating an
indisputable excess of Ca, because silicates are almost
absent and no other mineral in the ore can provide
calcium. It indicates that in this case the ore was
smelted in the presence of lime (CaO), which fluidi-
fies the slag and significantly improves the separation
of the metal from the slag. The abnormal Ca value in
one of the analyzes (4.1%) likely corresponds to a mi-
cro inclusion of residual lime. All this can explain the
much lower level of silicate impurities in the metal.
So, if we consider these analyzes at face value, we
must conclude that the metal is of much better quality
than in Beira Interior and the high calcium content
implies the addition of lime, the witness of a more
elaborate iron metallurgy. Importantly, it is likely that
the quality of the metal is precisely the result of the
use of lime as a flux.

3.3 Discussion

The population analyzed in Beira Interior
(Penamacor, Idanha-a-Nova) appears to be homoge-
neous both with regard to the siderophile elements
dissolved in the metal and the inclusions of slag, sug-
gesting that all these irons have the same origin. The
high content of included slag included reveals a poor
control of the purification step as can be expected for
a primitive metallurgy. Moreover, a high Al/Si ratio
associated with a low Ca content leading to an exces-
sive viscosity of the slag, can be considered as a prim-
itive character of this metallurgy. Metallurgists of the
time mastered the bronze processing very well and
one can think that the composition of the slag should
be more or less understood, if not the role of the iron
oxide itself. In fact, in the extractive metallurgy of
copper, iron oxide can act as a flux, as it is a fairly
common constituent of the ore. In an iron ore, iron ox-
ide is the element to be recovered, letting it go into the
slag is a failure because it corresponds to a loss of
yield but it is a common character in the Iron Age slag
for lack of mastery of a complex process. Its abun-
dance in the slag partly depends on the reducing con-
ditions in the furnace: under slightly oxidizing condi-
tions, part of the iron will remain in the form of
wiistite (FeO) in addition to fayalite (Fe;SiO,) and
possibly hercynite (FeAlbOy). Under very reducing
conditions the slag will be low in FeO, with the unfor-
tunate consequence of the high viscosity of the slag
but a higher metal yield. Under such reducing condi-
tions, the melting of the slag and its fluidity would be
greatly favored by the addition of a flux. The question
of the fluidity of the slag could be resolved by adding
calcium in the form of lime (CaO), which possibly
poses the problem of its supply in a granitic region. In
Beira Interior, the Ca content is low since there is an

average Ca/(Al+S5i) ratio of 0.07, whereas this ratio
can be as high as 0.4 for lime-enriched slags.

Adding lime corresponds to the partial replace-
ment of Fe by Ca in the slag and Fe can then be re-
duced to yield more metal. Note however that for an
ore low in impurities, increasing the amount of slag is
a disadvantage for reasons of coal consumption. Solv-
ing this problem required the acquisition of know-
how and an economic evaluation depending on the
cost of the ore, the lime and charcoal and the quality
of the metal obtained. The option that was chosen in
Beira Interior is the simplest possible: rich ore and
charcoal, without any additions. Despite being a
primitive metallurgy it should also be noted that this
is possible in the case of an iron rich ore, giving little
slag.

The iron from Baides is unique in its kind and the
conclusions that we are going to draw about it are
therefore less firmly established. This iron is of much
better quality than those of Beira Interior suggesting
a better mastered metallurgy. The ore is most likely
different based on the Si/ Al ratio of the inclusions.
Moreover, the composition of the inclusions indicates
that the process used is different, with probably the
addition of lime as a flux. The dating obtained at
Baides are among the most recent for the sites studied
here, but it is by no means certain that any of the Beira
Interior irons are not contemporaneous, the *C da-
ting not allowing such fine dating. In all cases, the cul-
tural contexts based on the typologies of archaeologi-
cal materials, notably ceramics and metals, are simi-
lar. One can just suggest but absolutely not prove that
the irons of Baides corresponds to a more elaborated
metallurgy. It is perhaps this very difference that has
led to an evolution in metallurgical practices but this
evolution may have occurred over a very short laps of
time.

Another possibility according to the specificity of
the Baides specimen, including its typology and com-
position, would be an extra-peninsular origin.

3.4 Comparison to other early irons.

The comparison of Portuguese iron objects with
other contemporary objects, can be made from a
chemical and typological point of view.

3.4.1 Typological comparison.

Knives or saw blades are utilitarian objects, corre-
sponding to finds in habitats and not in burials. The
disadvantage of everyday objects such as knives is
that their typology is totally commonplace and inter-
cultural variability is low.

While the knives or saw blades may correspond to
replicas of native objects in bronze, it is important to
note that, from a typological point of view, the Baides
piece has no direct parallel in the contexts of the Late
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Bronze Age of Portugal. Indeed it is a bimetallic object
by necessity, because at the very beginning of iron
metallurgy the art of making a fitting by forging was
not available. An intermediate socket is then made be-
tween the iron blade and the handle, in copper or
bronze, using the lost wax technique, as was practiced
in the Bronze Age on meteoritic iron (e.g. Ugarit axe)
or at the very beginning of the Iron Age (axes from
Luristan) (Schaeffer, 1939). There is an obvious con-
vergence here, but the presence of a single object of
this type in Portugal does not allow us to affirm that
it is an oriental influence.

It follows that it will not be only the type of ore or
the more elaborate quality of production that distin-
guishes the iron objects of BaiGes.

3.4.2 Chemical comparison.

Surface analysis of corroded artefacts requires be-
ing cautious. The chemical composition recorded is
that of the metal to which must be added the inclu-
sions of slag as well as any surface pollution either by
the ground or by surrounding objects. An example of
the latter case is the occasional presence of copper
which comes from bronze objects found in the vicin-
ity at the time of the excavations. Precisely, some of

the iron objects from Monte do Trigo were part of
small bimetallic deposits (iron and bronze) in habitat
context (Vilaca 2006, 2013c, Fig. 4 to 6). To overcome
this difficulty, the replication of the analyzes makes it
possible to evaluate to what extent the result obtained
is robust or random, knowing that the scale of the
analysis is a surface of approximately 5 mm in diam-
eter and that the residual slag inclusions are signifi-
cantly smaller. The most significant elements are
those which characterize the metal (P, Mn, Cr, Co) on
the one hand and those which characterize the slag on
the other (Si, Al, Ca).

As for the metal, the Portuguese irons analyzed
here have a rather interesting feature. They have a
high average P content. To be sure, a comparison with
other smelted irons is necessary. We gathered compa-
rable results (p-XRF analyses) on irons from Byblos
and Sidon (Lebanon, eleventh century BC), Dijon and
Bourget lake (France, eleventh-tenth century and La
Tene), Neuchatel lake (Switzerland , eleventh century
BC), from Hallstatt and Stutzendorf (Austria, eighth
century BC)( Jambon, 2017; Jambon and Doumet-
Serhal, 2018; Jambon and Kerouaton, 2019). The re-
sults are shown in Fig. 4.

P % a

4

Al %

e Dijon (France) b
o Lebanon
o Latenium gBwitzerland)

Hallstatt/ (Austria)

Marsal/(France)

12
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Figure 4. Portuguese irons (a) compared to other early European and Near Eastern irons (b). Portuguese irons are on av-
erage significantly richer in phosphorus.

The diagram representing P as a function of Al (Fig.
4) sums up the essentials. Portuguese irons are rich in
Al and P, much more than all other irons except four
Lebanese specimens (out of 31). With regard to the sil-
icates presumably slags, the same comparison is es-
sential.

The two Lebanese sites (Byblos and Sidon) also
show a good correlation between Si and Al (Fig. 3),
which suggests a homogeneity of the ore with an av-
erage Si/ Al ratio of 3, much higher than that of the

Portuguese irons (Si/ Al = 1.0) with a restricted varia-
bility in each case precluding a common value (Fig.
3). If we rely on these results, we must conclude that
Portuguese irons have a well-defined signature char-
acterized by poor iron quality both in terms of its
chemical composition (rich in P) and the quantity of
slag inclusions. This can be interpreted as the signa-
ture of a sedimentary ore rich in phosphorus and a
poorly controlled metallurgy, which is not surprising
at such a remote date. The Al/Si ratio of the Lebanese
irons is quite banal unlike the case of the Beira Interior
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irons and their origin is therefore different. A second
example is that of the more recent Marsal ingots
(Meurthe et Moselle, France; La Tene) which exhibit
two types: one with an Si/ Al ratio comparable to the
Beira Interior but with a much lower level of inclu-
sions and the other Marsal 4, with a low Si/ Al ratio
and again a very low level of inclusions. The last ex-
ample is taken from the literature (Schwab et al. 2016).
Microprobe analyzes of slag inclusions in irons from
Manching (La Tene) show a high Si/Al ratio. We
therefore have four examples with a quite well de-
fined Si/ Al ratio, variable and characteristic of the
ores used.

3.4.3 Some thoughts on Portuguese Bronze
Age irons.

The “C dates, the stratigraphy, the number of ob-
jects and sites concerned do not allow us to minimize
the importance of the discoveries of iron objects dated
to the end of the Bronze Age (12th-9th century) in Por-
tugal, that is to say before the arrival of the Phoenici-
ans (Alvarez Sanchis et al. 2016).

The archaeological contexts of these irons include
other objects and materials of Mediterranean origin or
extent, such as glass, amber, weights, a typically Syr-
ian-Palestinian decorative style on bronzes, etc. (Vi-
laca 2008, 2013b). It has been underscored by several
scholars that irons were part of this corpus shared be-
tween different communities in the Center of Portu-
gal, also revealing the existence of regional networks
(e.g. Almagro Gorbea 1993, Ruiz-Gélvez Priego 1993,
2008, Vilaga 2006, 2008 , 2013a). Consequently, these
networks had to be articulated with others involving
different actors and regions, so that we cannot see this
presence of the Mediterranean in Beira Interior as an
epiphenomenon (Vilaga 2013b).

3.4.4 Hypotheses Regarding the Origin of Iron.
3.4.4.1 Import of objects.

This is in agreement with a contextualization with
Mediterranean influence, but the typology of the ob-
jects does not make it possible to affirm without am-
biguity an imported character. In any case, it can be
observed that among the iron objects there are essen-
tially knife blades, a type extremely rare in the indig-
enous contexts of the Bronze Age, but frequent in the
western Mediterranean (Vilaga 2006: 95, with refer-
ence therein; Waldbaum, 1999). The absence of any
iron processing workshop is in agreement with this
hypothesis but can in no way be considered as proof
since in the Near East, the first metallurgical work-
shops discovered are much more recent than the first
metallurgical iron objects ( Veldhuizen and Rehren,
2006). In the Iberian Peninsula it will only be at the
end of the 8th century B.C. and in the Phoenician sites

that are found the oldest testimonies of iron produc-
tion (Alvarez Sanchis et al.,, 2016, with references
therein). On the contrary, Portuguese iron objects are
associated with bronze objects and it is usually con-
sidered that the first iron craftsmen were bronze
craftsmen.

3.4.4 2. Iron importation in the form of semi-fin-
ished products (bars, plates, etc.) and local

shaping.

This would explain the local typology of some ob-
jects and the lack of identification of smelting work-
shops on the one hand and the association with
bronze objects. The bronze metallurgy in the back-
ground suggests that local craftsmen were able to ac-
quire mastery of iron shaping, as they mastered
bronze metallurgy (furnaces and forges) although
iron forging is a very specific technique. This hypoth-
esis was initially proposed by Almagro Gorbea (1993:
88) for the Iberian Peninsula and was considered
quite suggestive for the available and specific archae-
ological data of Beira Interior (Vilaga 2006: 95).

3.4.4.3 Local production.

This hypothesis is not favored by any author so far,
perhaps because it is totally revolutionary in relation
to the idea of a rather slow propagation wave of
know-how from the Near East. This idea in fact was
based implicitly on the assumption of iron smelting
in the beginning of the Bronze Age which, we learned
recently, is a wrong idea. The absence of meteoritic
irons in Western Europe may suggest that metallurgy
was clearly behind compared to what it was in the
East, while it was perhaps more simply a cultural
characteristics in particular in the Early and Middle
Bronze Age. As for the Final Bronze, the treasure of
Villena (Alicante) (Soler, 1965) is the only exception.

The absence of iron slag could be explained in this
hypothesis:

- by the low level of production at that time

- by the reduction on the site of the mines, there-
fore outside the habitats

- either in the habitats themselves, but in their
most peripheral zone (and not excavated); this hy-
pothesis could have some ethnographic and historical
inspiration because the production of iron is tradi-
tionally seen as a mysterious and therefore dangerous
process that must take place out of sight of the com-
munity (e.g. Haaland et al., 2002).

- by the association with the production of other
metals (copper and bronze) for which the slag is
more abundant and difficult to distinguish.

Most iron objects of the eleventh century were
found in a restricted area, close to potential iron ores;
the exceptions are Sdo Julido, which is about fifty km
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away, and Quinta do Marcelo, on the edge of the
ocean, which seems to have been occupied more re-
cently (Fig. 1).

A simple explanation would be that iron is origi-
nally found near deposits only and that this metal is
considered more of a curiosity than a utility. Produc-
tion is limited. The diversity of tools is not yet devel-
oped, weapons will only appear in the Iron Age.
Simply because it does not appear to be a necessity,
the potential of the new metal is not yet understood,
especially since at that time it is of poor quality com-
pared to bronze. Interestingly, Renzi et al., (2013) pro-
vide a metallographic analysis and hardness meas-
urement for Moreirinha 1 (their Fig. 1b) and a picture
of Monte do Trigo 9 (their Fig. 1a) incorrectly labeled
as being from Moreirinha (I. Montero pers. com.
2023). Beside the presence of numerous slag inclu-
sions, the hardness measurement on Moreirinha 1
shows the heterogeneous character of the carburiza-
tion and limited hardness (from 100 to 250 HV) con-
trasting with that of a modern steel of comparable
composition free of inclusions and very homogene-
ous (Araque et al., 2023).

The very frequent presence of bronze workshops
associated with iron objects suggests that this cannot
be a coincidence.

The diversity of objects is very limited and these
are objects of everyday use. The knife is, as in the east-
ern Mediterranean, the most common object. Part of
the explanation would be that it is technically the eas-
iest item to make; one can start from a small piece
taken from the furnace bottom and make a blade
without it being necessary to weld a second piece to
it. Oxidation of iron being quite easy, welding two
pieces of iron requires a new know-how.

Throughout the Mediterranean world, the oldest
smelted irons became frequent (but not yet very wide-
spread) in the eleventh century even if one can think
that this metallurgy began in the twelfth century (ob-
jects more or less well dated and not analyzed). The
discovery of iron smelting was probably made in the
eastern Mediterranean world but to date there is no
sufficient evidence to be able to establish it precisely.
The Portuguese finds must therefore be considered
extremely early and geographically exceptional.

For a certain number of reasons, the appearance of
(smelted) iron in the eastern Mediterranean was con-
temporaneous, during the second half of the twelfth
century approximately, with migrations of popula-
tions among which the "Peoples of the Sea" towards
the south, the Phrygians and Armenians to the east,
the Sicels and Serdanes to the west, and several peo-
ples from mainland Greece (Achaeans, Dorians, etc.).
These migrations would accompany the dispersion of
smelted iron in the Near East and throughout the
Mediterranean world on a short time scale. Notice

that N. of the Alps iron smelting will appear in the
ninth century only.

We can therefore consider that the introduction of
iron into Portugal, simultaneously with other Medi-
terranean influences, is an indirect manifestation of
intensive exchanges with peoples from the Mediter-
ranean East mainly via Sardinia, as previously men-
tioned, that need to be better documented. The exist-
ence of contacts, mobility, circulation of products,
etc., across the Mediterranean Sea since the 3rd mil-
lennium and even before is no longer questionable to-
day. The know-how necessary for the shaping of iron
and/ or its smelting from ores requires the permanent
installation of craftsmen who can pass on a complex
know-how that can quickly be assimilated by popula-
tions who master bronze metallurgy. This transmis-
sion of know-how for iron metallurgy is comparable
to the transmission of know-how for turned pottery
that we see appearing at the same time in the western
Mediterranean, but in Portuguese territory this only
occurs from the 8th century, with the Phoenician pres-
ence, therefore in the next phase to the one that con-
cerns us here.

The possible integration of these craftsmen would
have led to the manufacture of objects partly of local
typology. The presence of pre-Phoenician Mediterra-
nean artisans integrated into indigenous communi-
ties is a hypothesis previously proposed by Ruiz
Galvez-Priego (e.g. 2008: 39) and which finds addi-
tional arguments here.

In the case of iron, the importation of ingots would
allow this local shaping very well before smelting be
controlled. What arguments can we put forward to
support our hypotheses?

It is observed that iron objects are objects of com-
mon use and not very diversified, which is character-
istic for a new material whose applications are yet to
be discovered and tamed at the cost of changing hab-
its. Diversification will come when the metal has been
technically and culturally tamed, when its potential
has been discovered, starting with its low cost when
ore is available, a much more frequent case than for
copper, without even mentioning tin.

It has been written that the knives are inspired by
what is known in Cyprus and that they were used for
animal sacrifices. Without being so precise, the arrival
of Mediterranean objects would be associated with a
cultural influence, at the level of tastes and ideas. Re-
ligious tradition is always very conservative and
therefore the use of a new material for animal sacri-
fices of strong symbolic and cultural value would re-
quire further discussion. One could of course argue
that meteoritic iron was used for sacrificial knives and
then one could have switched from meteoritic iron to
smelted iron. However, there are difficulties. In the
Iberian Peninsula meteoritic irons are almost absent,

Mediterranean Archaeology and Archaeometry, Vol. 23, No 2, (2023), pp. 109-125



120

A. JAMBON et al.

the only notable exception being possibly the Villena
hoard. In the Near East, objects of meteoritic iron are
better known both from archaeological finds and
from texts. It will be noted that these are jewels, pres-
tige objects (royal) but not really cult objects except
possibly meteorites which are the subject of a cult as
extra-terrestrials (but in this case they are not metallic
apparently). No text mentions iron (meteoritic) as an
important element participating in sacrifices. The iron
knife typically appears as the archetype of the iron ob-
ject as early as the twelfth century (Waldbaum, 1999).
The bronze knives already existed, those of iron imi-
tate them from the typological point of view. The pre-
ponderance of knives at that time is probably linked
to technical difficulties not yet mastered to manufac-
ture other objects. It will be remembered that all other
metals are usually cast and that iron requires specific
shaping technique that will have to be acquired. The
Portuguese knife is probably not a remarkable import
from the eastern Mediterranean, it is first of all a tech-
nical evidence and this can be seen as a simple con-
vergence.

If iron were an import material, it would be more
profitable to trade in jewelry rather than knives or in-
gots. We are in fact at a time when iron is not yet es-
sential, so it is a product on which one could make a
substantial profit provided that it is desirable, we are
not yet in the weapon traffic where technicality is es-
sential and the motivation very different.

If ingots of a rare material were imported, would
the priority be to make knives? Wouldn't one make
more prestigious objects?

Finally, forging imported iron requires a specific
know-how as much as smelting. In the case where the
tradition of forging meteoritic iron already existed as
in the Near East, only smelting in a furnace is an in-
novation, but in the case of the Iberian Peninsula no
tradition of the use of meteoritic iron is documented.
Imagining that the iron was of local origin, however,
assumes that ore is available with chemical character-
istics compatible with the iron objects of that time,
which we will investigate now.

4. THE IRONS ORES OF PORTUGAL

The main resource in Portugal consists of ordovi-
cian quartzites, rich in magnetite and located mainly
to the north, in the region of Moncorvo (Tras-os-Mon-
tes) in particular. These are important deposits both

in terms of their thickness (up to 150 m) and their lat-
eral extension. The iron oxide content is on average
low for an ore (37% iron) at the current standard, but
the variability is significant and certain levels are suf-
ficiently rich to have given rise to recent exploration
permits. The ores pass laterally to iron-poor quartz-
ites. The extension of the Ordovician in the form of
folded layers during the Variscan orogen is clearly
visible on the geological map (Fig. 5) and a syncline
outcrops near Monsanto just one km east of More-
irinha near the village of Salvador (Penamacor). On
the satellite pictures a red soil is observed. We sam-
pled the ferruginous layers at the village of Salvador.
An initial p-XRF analysis of the sampled blocks con-
firmed that these rocks had a sufficient Fe content to
be considered as an ore. We then carried out labora-
tory analyzes by ICP-AES (major elements) and ICP-
MS (trace elements). The results are presented in Ta-
bles 5 and 6.
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Figure 5. Geological map of northern Portugal highlight-
ing the extension of Ordovician quartzites bearing iron
mineralization.
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Table 5. Major element analyzes (ICP-AES) for samples from Salvador (A-D), compared to the richest Fe203 samples
from the Moncorvo region (Urbano, 2018)

Salvador Felgueiras = Reboredo Mua

SA SB SC SD FEL1 SM-039 SM-096

FexOst 73.33 80.81 81.11 73.74 66.96 63.52 68.56
SiO: 11.72 6.91 5.47 11.93 20.99 27.02 20.41
TiO 0.46 0.14 0.23 0.42 0.13 0.12 0.25
ALOs 6.01 1.41 3.13 6.01 3.38 3.96 5.71
K20 1.32 0.11 0.69 1.35 0.45 0.81 1.33
CaO 0.03 <DL <DL <DL 2.67 0.09 0.09
P20s 0.95 1.45 1.02 0.73 2.32 1.86 0.88
Na:O 0.05 0.00 0.01 0.02 <0.01 0.15 0.21
MgO 0.11 0.02 0.05 0.09 0.54 0.05 0.09
MnO 0.03 0.09 0.05 0.03 0.07 0.04 0.04
LOI 6.63 8.12 7.67 4.13 2.28 1.73 1.59
Total 100.66 99.04 99.42 98.46 99.79 99.35 99.16

Table 6. Trace element concentrations (ppm) in Salvador samples and in the Moncorvo ores listed in table 4.

SA SB SC SD FEL1 SM-039 SM-096
Sc 7.78 8.83 3.01 7.64
A\ 471 249 28.5 46.4 230.0 459.0 369.0
Cr 85.0 78.6 62.8 117.4 41.0 50.0 30.0
Mn 269.9 660.1 365.8 206.6
Co 26.4 47.8 29.4 12.0 10.0
Ni 114.7 234.8 145.4 81.3 20.0
Cu 50.3 98.8 38.8 24.7 20.0
Zn 377.3 605.7 425.0 206.7 130.0
Ga 12.0 7.8 11.8 9.8 25.6 16.3 8.2
Rb 38.8 45 18.4 37.1 50.0 44.7
Sr 33.2 73.9 13.5 57.2 370 423 423
Y 32.5 10.5 7.5 18.7 82.7 783 67.6
Zr 169.2 90.2 54.4 133.5 460.0 67.0 49.0
Nb 8.8 2.8 3.8 7.7 14.0 4.0 3.0
Cs 1.7 0.2 0.8 1.6 2.6 3.0
Ba 358.1 598.2 174.5 326.7 179.0 1604.0 642.0
La 30.3 35.3 11.3 31.1 48.6 21.3 18.4
Ce 65.1 54.2 23.5 65.4 108.0 53.2 47.0
Pr 7.34 7.59 2.73 7.54 112.80 6.40 5.40
Nd 26.8 27.2 10.2 28.7 50.7 29.0 247
Sm 5.02 6.42 1.87 5.44
Eu 0.91 141 0.30 0.92
Gd 4.21 7.64 1.42 410
Tb 0.65 0.91 0.21 0.53
Dy 4.27 3.88 1.23 2.69
Ho 0.85 0.52 0.25 0.50
Er 2.20 1.07 0.72 1.40
Yb 2.43 0.76 0.73 1.43
Lu 0.29 0.11 0.11 0.21
Hf 474 2.73 1.60 3.99 1.80 1.30
Ta 0.69 0.22 0.31 0.61 1.10 0.20 0.10
Pb 10.21 9.54 5.42 7.83 10.00 0.00
Th 18.14 9.87 5.93 12.61 4.80 4.40
8] 8.81 6.93 10.02 11.34 6.10 5.20
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According to their chemical composition it appears
that the samples from Salvador are first quality ores,
significantly better than the samples from Moncorvo
analyzed by Urbano (2018). Reduction of this ore
would lead to a slag whose viscosity would be essen-
tially controlled by the incorporation of FeO since the
other cations (Ca, K, Na) are virtually absent. It is im-
portant to compare the composition of this ore with
the Beira Interior artifacts found a few km away. By
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plotting the compositions in a Si/Fe vs. Al/Fe it can
be seen that there is a similarity between these com-
positions and those of the artefacts (Fig. 6). On the
contrary, the Moncorvo ores located further north
show a significantly different composition in terms of
the Si/ Al ratio (Table 5). We also note that Portuguese
ores are rich in P a characteristic of slag inclusions in
the iron artefacts analyzed.

" ® salvador
0.30 ] m °
- = Moncorvo
..
0.25 A
0.20 A
o
w
@ 0.15
0.10
0.05 4
0

0.10 0.15

Al/Fe

Figure 6. Comparison between iron artifacts (Fig. 3 above) and ores from Salvador (right). In this diagram there is a sim-
ilarity for Si and Al normalized to Fe for artefacts and Salvador ores. Other ores including Moncorvo (Urbano, 2018) do
not match. Iron ores: average values for Australia, Brazil, Canada, China, France, India, Nigeria, Russia, Sudan,
Uganda, USA, South Africa, showing that the relationship of Si to Al can vary widely, in particular Moncorvo (Portu-
gal) is quite different from Salvador. Adeleke et al. (2010), Asuke et al. (2019), Bubenicek (1964), Dankwah et al. (2019),
Guo et al. (2015), Jiang (2016), Mohanty et al. (2010), Mousa and Ghali (2015), Muwanguzi et al. (2012), Rehren (2001)
and Zhiyun (2019).

To strengthen the argument, it is necessary to show
that different iron ores have specific signatures as was
shown for artefacts from different provenances. We
therefore plotted in Fig. 6 the compositions of iron
ores from different geographical origins and different
geological types. The Salvador ores exhibit the same
Al/Fe vs Si/Fe trend as the ions of Beira interior (Fig.
6), this trend being different from that observed for
Bronze Age irons of other locations (Fig. 3). Accord-
ing to the geographical proximity Salvador ores are
the most likely iron source for the Beira Interior spec-
imens. It is the first time that an iron ore can be con-
nected with Bronze age artefacts.

The multiplication of analyzes to document the
variability of ores is important. The geographic and
chronological dispersion of the sources collected is
such that there is no systematic a priori bias, the simi-
larity between two deposits being fortuitous. Several
authors have attempted to characterize archaeologi-
cal irons by the trace elements contained in the metal
and in the inclusions of slag with mitigated results.

We carried out the analysis of trace elements in the
ores of Salvador which can be compared to those ob-
tained on the ores of Moncorvo (Urbano, 2018). The
variability of the trace elements being much greater,
it can be seen that the difference is much less clear-
cut. Only Sr and V appear significantly different. For
the other elements either the variability is too great to
conclude or the data are missing. The comparison
with the traces in the inclusions of the archaeological
irons would obviously be interesting but in the state
of our current know-how this would require the re-
moval of a fragment from the core of the metal. It is to
be hoped that in the near future less invasive analyzes
will become possible; we can then compare the ores
of Salvador with the iron artefacts in terms of trace
elements.

5. CONCLUSIONS

According to our recent work, smelted iron was not
discovered before the mid 12th century BC. most
likely in the near eastern Mediterranean (Jambon,
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2017). Older irons were extremely rare and meteoritic.
Beira Interior's irons are dated from the very begin-
ning of iron metallurgy in a place far remote from
eastern Mediterranean possibly as soon as the end of
the 12th century. Finding such objects in Portugal is
therefore a priori surprising because it implies ex-
changes with the Near East well before the arrival of
the Phoenicians, in the phase that Almagro-Gorbea
(1993) described as "pre-colonial". In any case, it is im-
portant to note that the relations between the western
peninsular and the eastern Mediterranean in the post-
Mycenaean but pre-Phoenician phase were not neces-
sarily direct but perhaps rather developed through
Sardinia (where iron is known precisely since the 12th
century B.C.) and with multi-ethnic intermediaries,
Cypriots, Sardinians, etc. (Ruiz Galvez-Priego, 1993;
2008).

Moreover, the analysis of these objects rich in slag
inclusions and their comparison with iron artefacts
from abroad on one hand and local ores on the other
unambiguously shows the consanguinity of the two
types of materials excluding a foreign origin. The lo-
cal processing of the ore and the manufacture of these
objects therefore becomes a robust hypothesis with
strong implications on population exchanges be-
tween Portugal and the Middle East, perhaps via the
central Mediterranean, at the end of the 12th century,
beginning of the 11th, long before the arrival of Phoe-
nician traders, far from the ports that could have
served as their trading posts in a region where mining
activity was undoubtedly the main attraction and
therefore in a socio-economic register unrelated to the
activity of those who will be called Phoenicians about
two centuries later. This is the first time that Bronze
Age irons can be related to a specific iron ore, show-
ing that they are not a by product of copper metal-
lurgy, even though the craftsmen were certainly ex-
perienced copper metallurgists.

In summary: the communities had raw material for
the manufacture of iron objects; these potential re-
sources are compatible with the chemical signature of

the analyzed objects. Other potential iron ores from
Portugal or elsewhere, present sufficiently different
characteristics to be ruled out and although it can
never be said that all possibilities have been consid-
ered, the hypothesis of an ore from the region of Sal-
vador which is unique in its compositional character-
istics is the strongest hypothesis. The iron artefacts
were not traded but elaborated locally, which implies
the introduction of the new metallurgy by eastern
outsiders. Local communities could have learned iron
metallurgy thanks to the presence of locally settled
Mediterranean craftsmen; alternatively, local ele-
ments might have learned outside. The presence of
outsider craftsmen could be explained by the regional
mineral wealth in relation to trade towards the Medi-
terranean.

But in addition to the availability of resources and
know-how, it is equally important to ask whether the
local communities were socially prepared to develop
ironworking. In this case the answer is no, and exter-
nal cultural influences become necessary. The 12th
century Mediterranean was the scene of in-depth dis-
orders in relation to the activity of the Sea Peoples,
armed bands moving across the sea and if we are to
believe the ancient texts, of various origins. Their es-
tablishment in the Eastern and Central Mediterranean
could even be traced by Mediterranean influences for
which iron is one specific tracer. The question of the
route taken for these exchanges in the Iberian Penin-
sula is usually considered to be a land route from An-
dalusia, which is in agreement with the absence of
signs of violent incursions into the Beira Interior re-
gion and of incursions by Sea Peoples in the Iberian
Peninsula. The motivation for these exchanges being
partly linked to the presence of metallic ores, it would
not be surprising if the know-how related to iron met-
allurgy had been transmitted by this same route. It is
important to notice that the smelting of iron in Europe
north of the Alps, as far as we know of, did not
emerge until two centuries later.
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