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Salvador Moyà-Solà g,h,i , Jordi Nadal c,d

a Institute of Pre- and Protohistory of the Christian Albrecht University of Kiel, Germany
b Departament d’Arts i Conservació-Restauració, Facultat de Belles Arts, Universitat de Barcelona, c/Pau Gargallo, 4, Barcelona 08028, Spain
c Institut d’Arqueologia de la Universitat de Barcelona, (IAUB), Universitat de Barcelona, c/Montalegre, 6, Soterrani, Barcelona 08001, Spain
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Véraza
Copper age
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A B S T R A C T

This study examines a Late Neolithic-Chalcolithic ivory object (Véraza facies) found at the Bòbila Madurell 
settlement (Sant Quirze del Vallès, Barcelona, Spain). The main objective was to date the object and determine 
the provenance of the raw material. The radiocarbon analysis places it in the second quarter of the 3rd mil
lennium BC. FTIR analysis identified it as hippopotamus ivory, marking the first and currently the oldest dis
covery in north-eastern Iberia. While most Iberian ivory is attributed to Asian or African proboscideans, 
hippopotamus ivory is known in southern Iberia during the Chalcolithic and Early Bronze Age, reflecting 
emerging trade networks from the Near East and Africa. Though the object is fractured, the archaeological 
context, together with morphological and residue analyses, suggests a possible use in textile work.

1. Introduction

The earliest evidence of ivory in the Iberian Peninsula dates to the 
Chalcolithic and Early Bronze Age. Over the last two decades, there has 
been growing recognition of ivory artefacts in this region, with the 
Iberian Peninsula pioneering scientific methods applied to ivory studies 
since the 2000 s (Banerjee et al., 2008). Many items made from elephant 
ivory (from both African and Asian species, neither native to the region) 
have been found in southern Iberian sites, dating to the Early Chalco
lithic period. These discoveries have raised questions about the origins 
of the ivory, exchange networks, and the role of such objects in the 
increasing social complexity of the Chalcolithic Iberian Peninsula 
(García-Sanjuán et al., 2013; Luciañez-Triviño et al., 2022). While 
elephant ivory has been the primary focus of research, other sources of 
ivory, including sperm whales, fossil elephants, and hippopotamuses, 

have also been identified. Sperm whale and fossil ivory are generally 
considered opportunistic resources (Schuhmacher et al., 2013; 
Chapman, 1990), while the discovery of hippopotamus ivory is more 
rare but significant (Pau et al., 2018). African elephant ivory was 
traditionally thought to come from the Western Maghreb, where the 
species lived until Roman times, while Asian elephant ivory likely 
arrived from the Amuq and Orontes Valley in the Levant (Schuhmacher 
and Banerjee, 2012; Pfälzner, 2016; Schuhmacher, 2016, 2017; Morillo 
León et al., 2018). These sources suggest distinct trade networks in the 
Early Chalcolithic, with African elephant ivory found mainly at sites in 
Portugal and Extremadura, and Asian ivory more common in Andalusia 
(Schuhmacher, 2012a,b, 2016, 2017; Schuhmacher and Banerjee, 2012; 
Nocete et al., 2013). Fossil ivory from Palaeoloxodon antiquus has been 
identified in central and southern Iberia (Liesau and Blasco, 2011–2012; 
Liesau, 2016).
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In contrast, hippopotamus ivory has been found sporadically, 
excluding later colonial and Phoenician contexts (Banerjee et al., 2017). 
Notable examples include a trapezoidal pendant from Cerro de la Virgen 
in Granada, dated to before 2500–2450 cal BC, and V-perforated buttons 
from the same site, dating to the Bell Beaker and Early Bronze Age 
transition (Pau et al., 2018). Also associated with the Bell Beaker is the 
hippopotamus ivory button from the Convento do Carmo (Schuhmacher 
and Banerjee, 2019, in Carvalho, 2019). Processing remains of hippo
potamus ivory have also been found at Illeta dels Banyets in Alicante, 
dating to the early 2nd millennium cal BC (Belmonte and López Padilla, 
2006; Schuhmacher, 2012a,b).

In summary, the presence of ivory in Iberia was initially linked to the 
diffusion of Asian elephant ivory from the Near East, possibly the Syrian- 
Palestinian coast or Egypt (Schuhmacher et al., 2013). The movement of 
this material likely involved intermediary areas such as Early Minoan 
Crete (around 2200 cal BC), as suggested by the spread of Cretan tholoi 
or the remarkable similarities between anthropomorphic figures like the 
example in ivory from the Mitsotakis collection (Morillo León, 2019; 
2021; Mederos Martín, 2020; Bilotti et al., 2024). Whether the com
munities were directly involved in such exchange or just affected by the 
technocultural flow is beyond the scope of this work.

In this study, a Late Neolithic–Chalcolithic (Véraza facies) ivory 
object found at the settlement of Bòbila Madurell (Sant Quirze del 
Vallès, Barcelona, Spain) is examined. The main objective was to date 
the object and determine the provenance of the raw material. Radio
carbon analysis places it in the second quarter of the 3rd millennium cal 
BC. This study also addresses key questions to better understand the 
object. It seeks to identify the raw material, determine its origin and 
date, analyze use-wear traces, and characterize the reddish surface 
residue. These findings help infer the object’s function and discuss its 
broader significance within Late Prehistoric Iberian contexts.

The object, found on the floor of a hut, is fractured at one end, 
complicating its typological and functional classification. The Véraza 
group, which the item belongs, occupied regions between southern 
France and north-eastern Iberia, including Catalonia and parts of 
Huesca, and existed from around 3600/3500 to 2500 cal BC, before 
disappearing around 2100 cal BC (Martín et al., 2023). Their distinct 
ceramic typology included hemispherical bowls and large cylindrical 
storage vessels with plastic decorations. These societies, primarily 
agropastoral, managed livestock and agricultural lands and constructed 
communal structures, including collective burials in caves and dolmens 
(Martín and Ávila, 2023).

2. The site of Bòbila Madurell and the structure 3BM/4.2

The Bòbila Madurell site, located 20 km from the Barcelona coast, 
spans approximately 28 ha in a pre-coastal depression (Fig. 1). Along 
with the nearby Can Gambús site, it houses one of Europe’s largest 
Middle Neolithic funerary complexes, dated between 4210 and 3670 cal 
BC (Martín et al., 2017; Díaz-Zorita et al., 2021). The Bòbila Madurell- 
Can Gambús area was occupied from the Early Neolithic to Late Antiq
uity, with Late Neolithic to pre-Bell Beaker Chalcolithic structures 
mainly associated with storage and residential functions, reflecting 
stable land use. These are concentrated in the Can Feu sector (CF), where 
the ivory object was found in structure 3BM/4.2 (Fig. 1). Additional 
features include a deep ovoid pit (BM4.3) and five pits from the 3rd 
millennium BC. In the Mas Duran sector (MD), semi-subterranean huts 
(C1, C11) and nine silo pits, also dated to the 3rd millennium BC, were 
uncovered (Bordas et al., 1994; Díaz et al., 1995; Plasencia, 2016). At 
Can Gambús-1, 53 structures, including ovens and silos, were docu
mented (Roig and Coll, 2007, 2016), with radiocarbon dating indicating 
a late 4th millennium BC origin (Martín et al., 2023).

Faunal analysis from hut 3BM/4.2 and silo BM4.3 points to an 
agropastoral economy focused on cattle, goats, pigs, and cereal culti
vation, supplemented by wild resources, similar to findings at Mas 
Duran (Plasencia, 2016). The presence of silos and residential structures 

across sectors, along with the remodelling of huts, suggests a settlement 
with successive reoccupations (Plasencia, 2016; Martín et al., 2023). 
This pattern of repeated temporary occupations is also seen at other 
open-air sites like La Prunera in the Pre-Pyrenees (Alcalde et al., 2016).

Structure 3BM/4.2, excavated in 1974 and 1987, is interpreted as a 
semi-subterranean, subcircular hut, 1.50 m deep, measuring 4 m by 3 m. 
The walls are divergent and concave, with step-like benches around the 
perimeter, possibly for access or storage. No postholes were found, 
though some daub fragments were recovered. The floor featured a 
hearth, flat stones arranged as pavement, and a large fragmented pot. 
Materials include Verazian ceramics, two spindle whorls, faunal and 
malacological remains, and the object analysed in this work, initially 
identified as a bone awl or tool (Roig, 1974; Ten, 1977). Radiocarbon 

Fig. 1. Structures from the Middle Neolithic to the Late Antiquity in the 
archaeological area. Bòbila Madurell sectors (CF: Can Feu, MD: Mas Duran, B: 
sector B, MF: Madurell Ferrocarrils, MS: Madurell Sud) and Can Gambús 
(Cartographic Database of Gerard Remolins, ReGiraRocs SLU, Andorra).
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dating of cattle bones from the 1974 and 1987 excavations (Table 1) 
confirmed both contexts belong to the same period (OxCal R_Combine 
test).

3. Materials and methods

3.1. Description of the ivory object

The object measures 100.4 mm in length, 13.2 mm in diameter, and 
weighs 11 g (Fig. 2). Both faces are brightly polished, with a pointed 
distal end and a fractured proximal end. A reddish substance is clearly 
present at the object’s surface (Fig. 3). It has been proposed that it re
sembles a stylized human figurine or idol (Martín, 1985), similar to idols 
from southern Iberia (Mederos Martín and Jiménez Ávila, 2023). 
However, the lack of limbs, facial features or wear marks rules out its use 
as a pendant, and it remains unclear whether it represents a figurine or a 
functional tool.

3.2. Methodology in the analysis of the ivory object

3.2.1. Anatomic and taxonomic identification
After macroscopic examination and preliminary determination of a 

hippopotamus ivory object according to the methodology described by 
Espinoza and Mann (1992), FTIR analysis was carried out to discrimi
nate between different species (Banerjee and Huth 2012; Banerjee et al. 
2012; Banerjee et al., 2017) (S1). While the differentiation obtained 
through this method is certainly quite small, according to our previous 
experience with known samples offered consistently reliable results. Its 
combination with the canonical method described by Espinoza and 
Mann (1992) offers a double check strategy of species determination at 
the species level (Morillo León et al., 2018; Rodríguez González et al., 
2019).

This method is effective in discerning the provenance of pro
boscideans (African or Asian), but for the case of hippopotamuses, it can 
only be approximated by isotopic analysis, as hippopotamuses belongs 
to the same species in the different biotopes it inhabits. However, iso
topic analysis has not been carried out in this case study due to its 
destructive nature.

In the anatomical and taxonomical identification of the support, the 
morphometric characteristics of teeth from different taxa (extant forms 
such as H. amphibius and the dwarf Choeropsis liberiensis and fossils such 
as H. antiquus) have been compared (S1). The distinction was based on 
the congruence of size and shape (curvature) of the incisors with the 
shape of the object, as well as their excellent preservation, which 
allowed us to rule out the fossil option.

4. Functional nature of the ivory object?

4.1. Traceology

We carried out use-wear analysis following the methodology 
consolidated by the works of Bradfield (2015), Buc (2010), Évora 
(2015), Semenov (1964), Legrand and Sidéra (2007) and Stemp et al. 
(2015). The authors used the collections of experimental material from 
the IMF-CSIC (Mozota et al., 2017; Mozota et al., 2018) as reference 
material. We studied the object with the naked eye, with a stereomi
croscope (10x to 50x), and with a reflected light microscope (100× to 
200×) (S2).

4.2. Colouring materials

In order to locate and describe the red residues present at the surface, 
the object was first observed and photographed with an optical micro
scope (OM). Afterwards, it was submitted to microscopic and elemental 
analyses through a scanning electron microscope coupled with an en
ergy dispersive X-ray spectrometer (SEM-EDS). Subsequently, the red Ta
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residues were analysed by means of FTIR.
Finally, a proteomics approach was carried out with the aim of 

identifying organic binders by analysing the peptides present in a red 
residue micro-sample previously removed with a sterilized scalpel (S2).

5. Results

5.1. Ivory object: origin of the raw material through dentine 
characterization

Microscopic examination reveals fine concentric and wavy laminar 
lines, characteristic of hippopotamus ivory (Fig. 3), which are in 
agreement with the results of the FTIR analysis (S1). Extant and fossil 
hippopotamuses have a stable tooth formula consisting of incisors (2/2), 
canines (1/1), premolars (3–4/3–4) and molars (3/3). The size and 
essentially strait shape of the object are only compatible with one per
manent lower first incisor (I/1). In comparison, the lower I/2 is too 
small, and the upper and lower canines as well as the upper incisors are 
too curved to be the origin of the object. Obviously, the shape of molars 
and premolars is not compatible with the shape and size of 3BM/4.2 
object. Hippopotamus I/1 shows a slight mediolateral curvature that 
conforms a divergent pair of left/right incisors when are placed on the 
jaw. The apparent slight curvature of the specimen (Fig. 3) is compatible 
with the original incisor being from the right side. This will be correct, if 
the carving process does not have altered the original tooth curvature. 
One of the apical ends of 3BM/4.2 object shows an irregular area that 
has been interpreted as a fracture (Fig. 3). One possible alternative 
explanation is that this area corresponds to remains of the wear zone of 
the original I/1. However, if this is correct, the curvature does not reflect 

the original tooth curvature, indicating that the carving process has 
altered it. Close inspection of this apical area, however, cannot be 
interpreted unequivocally as the wear facet against the upper canine. It 
is irregular with an abrupt transition to the polish external region, facts 
that usually are not present in wear facets of Hippopotamus I/1.

FTIR analysis indicates a significant presence of organic material, 
likely collagen, associated with hydroxyapatite, suggesting a sub-recent 
origin rather than fossil (Dobberstein et al., 2009).

The ivory’s white colour contrasts sharply with the darker, iron- 
oxide-like appearance of fossil ivory from H. antiquus at the nearby 
Vallparadís site (Madurell-Malapeira et al., 2010; Fidalgo et al., 2023). 
Fossilized ivory from Vallparadís also exhibits increased fragility and 
would be difficult to polish without cracking.

5.2. Taphonomic analysis

Evidence from taphonomic assessments indicates micro-alterations 
with a corroded appearance that could suggest the functional nature 
of the artefact (S2).

The study of the reddish substance at the distal end of the artefact 
indicates it was composed of a mixture of iron oxyhydroxides and an 
organic binder such as animal fat, animal glue, blood, egg, honey, or 
milk (S2).

6. Discussion

The artefact from Bòbila Madurell, attributed to the Véraza Chalco
lithic period, is the first and currently the oldest documented hippo
potamus ivory piece in north-eastern Iberia. Its analysis provides 

Fig. 2. Drawing of the ivory object (Ramón Álvarez Arza, Universitat de Barcelona).
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significant insights into the long-distance networks involved in the trade 
of ivory, which had been previously established in southern and central 
Iberia but not in this region. The established dating, from the second 
quarter of the 3rd millennium BC, is notably older than any previously 
documented examples of this material across Iberia. The object’s nar
row, elongated shape with a distinct neck in the proximal area, along 
with comparisons to European weaving swords from a broad chrono
logical framework (Neolithic − Late La Tène) (Grömer, 2016), suggests 
its possible function as a weaving sword or hand-thread winder. Evi
dence of textile production in structure 3BM/4.2 is supported by the 
discovery of two ceramic spindle whorls (Fig. 4), characteristic of the 
north-eastern Iberian Chalcolithic (Basso Rial and Soriano, 2023).

To date, ivory artefacts in north-eastern Iberia have been rare. 

Previous examples, such as perforated buttons from Cova de Can 
Sadurní (Begues, Barcelona) and the Gardunya hypogeum (Barcelona), 
date to later periods, including the Bell Beaker Chalcolithic and Early 
Bronze Age (Oliva Poveda, 2014, 2023). However, the specific species of 
ivory in these cases has not been identified. The presence of a reddish 
residue composed of iron oxyhydroxides and organic matter (e.g., ani
mal fat, glue, blood, egg, honey, or milk) on the Bòbila Madurell piece 
suggests a purposely mixed mineral pigment with an organic binder, 
rather than the result of natural accumulation. The high symbolic value 
of red colour in Neolithic and Chalcolithic Iberian contexts, as evidenced 
in recent studies (Zarzalejos Prieto et al., 2020; García Sanjuán et al., 
2024), raises the possibility that this object was associated with the 
production of textiles for activities in which colour played a significant 

Fig. 3. Photograph of the ivory object (author: Ramón Álvarez Arza, Universitat de Barcelona) with detail images where the presence of a reddish substance on the 
surface is clearly visible.
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role.
The Véraza group, emerging after the decline of the Pit Graves Cul

ture, occupied a vast area north and south of the eastern Pyrenees. Early 
traditions persisted, as evidenced by the burial goods from the collective 
tomb at Cova del Frare (3634–3363 cal BC), which included Baltic 
amber, shell bracelets, large Monegros-type blades, Bedoulian flint, and 
local flint trapezoids (Martín et al., 2023; Murillo-Barroso et al., 2023). 
Regional and supra-regional exchange networks are evident in materials 
such as flint from the Ebro Basin, Ulldemolins, Apt-Forcalquier, Col
lorgues, and Grand Pressigny (Vaquer et al., 2014; Mangado Llach et al., 
2016; González-Olivares, 2023). Connections with contemporary groups 
in southern France, such as Ferrières, Fontbouisse, and Treilles, are re
flected in shared materials and technologies. The trade networks 
responsible for the appearance of ivory in north-eastern Iberia date back 
to the Middle Neolithic. The Pit Grave culture, marked by grave goods 
from local and foreign materials (variscite, flint, obsidian), facilitated 
exchanges across the north-western Mediterranean, from Sardinia to the 
Alps, including south-eastern France and the Pyrenees (Gibaja et al., 
2017). These networks collapsed, and Pit Grave necropolises were 
abandoned around 3655–3550 cal BC, giving way to new funerary 
practices (Morell et al., 2022).

The introduction of copper jewellery, awls, and gold beads marks the 
end of the 4th millennium BC and the beginning of the 3rd millennium 
in north-eastern Iberia (Soriano et al., 2012; Rovira et al., 2014). Bell 
Beaker culture and the arrival of the first tanged daggers in the second 
quarter of the 3rd millennium BC reflect increased contact and ex
change, as seen in the finds from Cova del Calvari (Soriano, 2013).

The presence of hippopotamus ivory in this region aligns with evi
dence of long-distance trade. A southern route, supported by findings in 
Andalusia (Bilotti et al., 2024), remains plausible. However, a northern 
land and maritime network may also explain the presence of ivory in 
Catalonia and south-eastern France, such as the V-perforated button 
from the Grotte-Basse de la Vigne Perdue (Guilaine, 1963). Earlier 
Neolithic exchanges, such as the distribution of Sardinian obsidian 
(Gibaja et al., 2017) and the presence of Asian elephant ivory in Bell 
Beaker contexts in Sardinia (Morillo León et al., 2018), further support 
these connections.

The colonization of the Balearic Islands may have been influenced by 
these networks, as evidenced by the discovery of materials such as 
tabular flint, ivory (e.g., the comb from Abric de Son Metge), and 
Beaker-associated artefacts, including archers’ bracers and V-perforated 
buttons. While these items often date to the Bronze Age and are linked to 
the megalithic phenomenon of Mallorca and Menorca (Calvo and 
Guerrero, 2002), the arrival of Baltic amber at Cova de Frare by the mid- 
4th millennium cal BC indicates terrestrial routes (Murillo-Barroso et al., 

2023).

7. Conclusions

The hippopotamus ivory object is an exceptional case of the Chal
colithic in the north-east of the Iberian Peninsula, verified by micro
scopic analysis, FTIR, dated between the second quarter of the 3rd 
millennium BC. It is a milestone for understanding the importance of 
these materials in the peninsular exchange networks of this period. The 
presence of hippopotamus ivory in this region is consistent with evi
dence of long-distance trade. A southern route, supported by finds in 
Andalusia, makes the arrival of materials by overland routes plausible. 
Earlier Neolithic trade, such as the distribution of Sardinian obsidian 
and the arrival of Baltic amber at Cova de Frare in the mid-4th millen
nium BC indicates long-distance routes in the northeast. On the other 
hand, the presence of elephant ivory in the Balearic Islands and Sardinia 
in Bell Beaker contexts supports maritime connections.

X-ray spectrometer analysis (SEM-EDS) in the red residues of the 
object indicate a composition of iron oxyhydroxides and organic matter 
suggesting the use of a mineral pigment mixed with an organic binder. In 
addition, the narrow and elongated shape of the object, with a pro
nounced neck in the proximal area compared to European weaving 
swords of a broad chronological frame, suggests a possible use of the 
object in textile work.
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measures 8.3 mm in diameter and the height ranges between 14.49 mm (in the center) and 10.1–9 mm (in the contour). Its weight is 29.7 g.
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López Padilla, J.A., Schuhmacher, T.X. (eds.), 2012. Elfenbeinstudien. Faszikel I. 
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García-Sanjuán, L., Luciañez Triviño, M., Schuhmacher, T., Wheatley, D.W., Banerjee, A., 
2013. Ivory craftsmanship, trade and social significance in the southern Iberian 
Copper Age: the evidence from the PP4- Montelirio sector of Valencina de la 
Concepción (Seville, Spain). Eur. J. Archaeol. 16 (4), 610–635.

García Sanjuán, L., Montero, R., Emslie, S., Lozano, J.A., Luciañez-Triviño, M., 2024. 
Beautiful, magic, lethal: a social perspective of cinnabar use and mercury exposure at 
the valencina copper age mega-site (Spain). J. Archaeol. Method Theory 31, 
1006–1061.
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Société Préhistorique Française 60 (11–12), 818–827.
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Ibérica? Nuevas aportaciones a partir de la cuenta áurea de Cau del Tossal Gros 
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