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ABSTRACT 16 

The study of a set of marine arthropod shells from an archaeological excavation carried out in 17 

1991-1992 in the tholos of La Pastora (Cooper Age Mega-site of Valencina-Castilleja, S Spain), 18 

has highlighted the environmental implications and ornamental use as beads not cited so far for 19 

this purpose. It is the barnacle species Chthamalus montagui Southward, 1976, of which are 20 

preserved 71 complete specimens. In this study a taxonomic analysis of these organisms is 21 

carried out, determining their classification and their physical and ecological characteristics, 22 

which make them especially suitable for this use. The interpretation is made regarding the 23 

environment in which these organisms were collected during the 3rd millennium BCE. Thus, it 24 

points towards a protected coastal area, but with a predominant marine influence, such as the 25 

wide marine bay that formed the mouth of the Guadalquivir River in those times. Finally, a 26 
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radiocarbon analysis of one of these beads and two specimens of another species of barnacle 27 

collected in the rocks of the monument, provide a time range of 2760–2200 yr BCE. This range 28 

is consistent with the period of activity in the monument estimated by other authors. 29 

Key words: Valencina de la Concepción, tholos of La Pastora, barnacle shells, beads, Copper 30 

Age, Radiocarbon. 31 

 32 

Introduction 33 

Ornaments made of marine shells are among the most common materials found in the 34 

archaeological record (Álvarez-Fernández & Carvajal-Contreras, 2010). Although their 35 

identification and description is often difficult due to intensive reworking, it is known that 36 

during the Late Neolithic and the Copper Age in southern Iberia, most beads are 37 

characteristically constructed of locally derived raw materials (Thomas, 2011). There are, 38 

however, some types of beads that are scarce and limited in their use, requiring special attention 39 

with respect to their symbolic and social value, such as the specific examples introduced in this 40 

study. 41 

The marine shell beads presented in this paper are part of a limited amount of material that can 42 

be directly associated with the construction process and the period of use of the tholos of La 43 

Pastora, which is the best-known megalith of the Copper Age mega-site of Valencina-Castilleja, 44 

Spain (Fig. 1). This construction is located to the east of the current village of Valencina de la 45 

Concepción and forms part of one of the main areas of the site, where the most important 46 

monuments of the prehistoric necropolis such as Matarrubilla (Obermaier, 1919; Collantes de 47 

Terán, 1969; Gómez de Terreros Guardiola, 2005), Ontiveros, Montelirio (Fernández Flores et 48 

al., 2016) and Structure 10.042-10.049 at the PP4 sector (García Sanjuán et al., 2019) can be 49 

found. Excavated constructions are mostly identified as tholoi. These megalithic monuments 50 

are characterized by longs and narrows corridors that ends in a circular chamber. Its walls can 51 

be made of rock slabs (orthostats) or masonry and the roof of rocky slabs (capstones). The 52 

whole complex would be covered by an earthen or rocky fragments tumulus. The tholoi of 53 

Valencina featuring circulars chambers between 1 and 4.4 m diameter, and corridors which 54 

range from a few metres in minor tombs to several tens of metres in monumental examples. 55 

Structural variations include: 1) spectacular constructions featuring masonry walls, large 56 

capstones and burial mounds, 2) middle-sized corridors lacking burial mounds, 3) tombs 57 

featuring both chambers and corridors occasionally constructed of slabs, and finally 4) 58 
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examples where the walls were left bare (Cruz-Auñón et al., 2010; Mora Molina et al., 2013). 59 

In addition, there is evidence in the western edge of the site pointing to an area of specialised 60 

production (Nocete Calvo et al., 2008). Moreover, amongst the funerary constructions, 61 

domestic constructions have also been identified (Mora Molina et al., 2013) which highlight 62 

the degree of complexity found in this area of the Valencina-Castilleja mega-site (García 63 

Sanjuán et al., 2018). 64 

Figure 1 65 

The tholos of La Pastora was discovered by chance during the planting of a vineyard in 1860 66 

(Tubino, 1868). From a constructive point of view, it features a long corridor and a circular 67 

chamber, which together exceed 45 m in length. The chamber is circular with a maximum 68 

diameter of 2.6 m and is constructed of stone masonry walls closed by a false vault supporting 69 

a large closing capstone. The stone masonry corridor has a trapezoidal section and is articulated 70 

into three areas, separated from one another by protruding slabs acting as doors. In the second 71 

and third areas, the door jamb and lintel were preserved, while the area giving access to the 72 

chamber still had a threshold. The roofing was constructed of Neogene calcareous sandstone 73 

slabs and some granite capstones. The floor, the jambs and lintels of the doors and the upper 74 

rows of the chamber walls are also consist of Neogene sandstone slabs and blocks. 75 

The first area is in a poor state of preservation and lacks roofing and floor slabs, with the level 76 

of wall destruction reaching to the ground in some areas. This first area was not discovered until 77 

the 1963 excavation, for which only fragmentary references are preserved, as well as an 78 

unpublished documentary collection belonging to Professor Collantes de Terán, particularly 79 

with respect to the photographs therein. During this excavation, the overall floorplan and 80 

dimensions were established. The excavation removed all the infilling of the uncovered stretch 81 

of the corridor, and unveiled the so-called first door, as well as the façade and the pile of stones 82 

which blocked the entrance to the rest of the architectural ensemble.  83 

Some Neogene sandstones slabs (11 capstones, lintels and jambs of the doors) have an intense 84 

marine bioerosion, with the tracemaker (Petricola lithophaga Retzius, 1788) preserved in their 85 

borings, as well as encrusting epibenthic organisms on the rock surfaces including the barnacle 86 

Balanus crenatus Bruguière, 1789 and the oyster Ostrea edulis Linnaeus, 1758 (Cáceres et al., 87 

2014). This bioerosive and encrusting activity was developed during the 3rd millennium BCE, 88 

prior to the extraction of rocks for the monument. The presence of these organisms allows for 89 

the establishment of a direct connection between building elements of the monument and the 90 

shell beads described here found within the infilling sediment. The fact that both the building 91 
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stones and the beads were derived from the same environment is of key importance for the 92 

interpretations of the La Pastora site. 93 

In this work we present the first record of marine shells of the barnacle Chthamalus montagui 94 

Southward, 1976 used as ornamental beads. Its main objectives are (1) a taxonomic 95 

classification and description of these shells, (2) provide a geochronological framework for the 96 

shells via radiocarbon dating as possibility to obtain insights about the construction of the tholos 97 

of La Pastora, and (3) determine the palaeoenvironmental significance of the presence of 98 

Chthamalus montagui during the 3rd millennium BCE near the Valencina-Castilleja mega-site. 99 

 100 

Materials and methods  101 

Three inventory references in the Valencina Museum (numbers 5/1, 5/2 y 5/3) refer to material 102 

assemblages derived from the excavation of the tholos of La Pastora undertaken from the 103 

middle of 1991 to the beginning of 1992. This excavation took place immediately before the 104 

Universal Exposition of Seville (Expo 1992) and since the local authorities made an effort to 105 

invest in the heritage of areas surrounding Seville, an architectural adaptation of the monument 106 

was proposed. Although this planned restoration project was never realized, excavations were 107 

carried out in order to modify the access of visits to the monument. The aim was to change the 108 

access area into the prehistoric construction, a task that involved exposing the original corridor 109 

which still contained a small amount of archaeological fill. 110 

Figure 2 111 

This work took place in two well-differentiated sectors, on both ends of the first section of the 112 

corridor. In the eastern sector, the imprint of a former doorjamb was uncovered, as well as the 113 

continuation of the corridor’s side walls into an area which had been excavated to ground level 114 

in 1963, as can be seen in the archive images that have been consulted (Fig. 2A). At the other 115 

end, representing the beginning of the tholos, the excavation revealed an intact layer (Fig. 2). 116 

The depositional fill represented by this layer was removed, along with part of the structures 117 

that occupied the initial part of the corridor and the immediate outer area. These were the 118 

imprints of the vertical slabs which would have formed the first section of the corridor, the so-119 

called first door. In the small space between it and the beginning of the monument, the walls 120 

open slightly outwards. The interior is occupied by a structure composed of stones and clay, 121 

which was interpreted as a seal (Ruiz Moreno, 2013). Finally, on the outer side of the façade, 122 

the presence of an assemblage consisting of randomly arranged pieces of slate was recorded 123 

(Ruiz Moreno, 2013). 124 
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Following the archaeologists’ description, a set of beads (Fig. 3) were retrieved during the 125 

sieving of the infill material (Fig. 2) (Ruiz Moreno & Martín Espinosa, 1993). There is thus an 126 

absence of primary archaeological context which could allow for precise spatial referencing. In 127 

any case, the beads were recovered from some sediment that formed part of the lower area of 128 

the preserved sedimentary record, and most probably originated from the beginning of the 129 

corridor area where the sedimentary record was unaltered (Fig. 2B). 130 

Figure 3 131 

With respect to the sediment fill in which the beads were found, this can be linked to the 132 

aforementioned fill deposit inside the corridor which was mostly excavated in 1963; a record 133 

which, unfortunately, was never published. Through the revision of the graphic documentation, 134 

it is possible to notice that the initial section of the monument was covered by sediment without 135 

the presence of a covering slab (Fig. 2A). During the preparation work within the monument 136 

from 1991 and 1992, the façade and the side walls of the corridor were uncovered. The rich 137 

interior fill was excavated, and included besides sediment, also rock fragments, some of which 138 

belonged to the displaced stone masonry. Furthermore, abundant malacological and various 139 

human remains were also recovered from the sediment (Ruiz Moreno, 2013). 140 

As mentioned above, from the excavation of 1991-1992 a set of beads was extracted and 141 

deposited in the Valencina Museum. The set adds a total of 98 beads divided into three groups 142 

or references in the Museum: 5/1, 5/2 and 5/3. Of these, those corresponding to references 5/1 143 

and 5/3 are specimens of Chthamalus montagui (Fig. 3A), which can appear isolated or paired. 144 

The rest, corresponding to reference 5/2, are a set of 30 circular beads mainly of bone and some 145 

of lithic material (currently under study), with diameters between 3 and 11 mm (Fig. 3B). All 146 

of them probably belonged to the same ornamental object. The shell and bone beads were the 147 

only pieces found, other than the odd human tooth (Ruiz Moreno, 2013). This distribution of 148 

elements represents a typical funerary record, which serves as a link between this material 149 

record and the monument itself. It can thus be asserted, that the described beads must have 150 

formed part of the original funerary depositional context from within the tholos and were later, 151 

but still within Prehistoric times, redeposited within the initial part of the corridor. 152 

This above described situation is that which is reflected in the earliest photographic images and, 153 

to a great extent, the current state of conservation, showing the initial part of the monument. 154 

The lack of any preservation of remains inside the monument (Tubino, 1868), especially when 155 

compared with the uniqueness of monumentality of the construction might be associated to an 156 

episode of destruction or other intrusive events which cannot be ruled out. Furthermore, the 157 

association of the shell beads with the records of marine fauna preserved within and on the 158 
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sandstone slabs represent a clear conformity with respect to the environmental context from 159 

which these resources were derived. This thus highlights the great significance of the marine 160 

environment with respect to both the monument itself and the burial context. 161 

 162 

The shells of barnacle Chthamalus 163 

71 specimens of balanomorph barnacles belonging to the species Chthamalus montagui 164 

Southward were studied (Fig. 3). Of those, 65 are isolated specimens (including one 165 

fragmented) and three are pairs of united individuals and are also complete. All specimens are 166 

deposited in the Valencina Museum and are stored under the inventory numbers 5/1, which 167 

include units 1 to 53, and with number 5/3, which refers to units 54 to 68. The terminology used 168 

in the description of samples follows that of Southward (1976, 2008), Crisp et al. (1981), 169 

Anderson (1992), Burrows et al. (1999). Photographs were taken with Canon Power Shot 170 

SX50HS and Nikon D50 cameras. For detailed studies, an Ultralyt 20x-40x stereoscopic 171 

microscope and a digital camera for DCM130 binocular were used. This methodology would 172 

aim to identify the non-artificial origin of the central "hole". Barnacles have a natural "hole" 173 

(opercular opening) and implies any trace of use (erosion, cut, cracks, for example). 174 

 175 

Laboratory: Radiocarbon dating 176 

For the present study, two samples of the barnacle Balanus sp. (VA1101 and VA1118) 177 

preserved in their original position, were collected. The dating of these two samples were 178 

compared with the AMS calibrated date of a specimen of Chthamalus montagui (VA1304) 179 

belonging to the set studied in this research (García Sanjuán et al., 2019) (Tab. 1). The 180 

radiocarbon analysis by AMS was performed in the “Centro Nacional de Aceleradores” (CNA) 181 

in Seville (Spain). Conventional radiocarbon ages have been converted to calibrated ages (cal 182 

yr BP) with the CALIB 5.0.1 program (Stuiver & Reimer, 1993), using the Marine13 calibration 183 

dataset (Reimer et al., 2013) for marine samples (Tab. 1). An additional regional marine 184 

reservoir correction (ΔR) of -108±31 yr14C (Martins & Soares, 2013) was also applied for 185 

marine samples, which will be explained in more detail in section 4.1. 186 

Table 1 187 

A stable isotope analysis δ18O and δ13C (Koch et al., 1994; Koch, 1998) was performed of a 188 

barnacle specimen. Approximately 0.5-0.8 mg of carbonate powder was treated for analysis, 189 

according to the method of Bocherens et al. (1994). The isotopes were analyzed in the 190 

Department of Geosciences facilities within the University of Tübingen (Germany), being 191 

calibrated (using NBS-18 y NBS-19), expressed relative to the V-PDB (Vienna Pee-Dee 192 
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belemnite) and converted to V-SMOW (Standard Mean Ocean Water) (Coplen et al., 1983; 193 

Iacumin et al., 1996). 194 

 195 

The barnacle Chthamalus  196 

Taxonomy 197 

Phylum Arthropoda von Siebold 1848 198 

Subphylum Crustacea Brünnich 1772 199 

Class Maxillopoda Dahl 1956 200 

Subclass Cirripedia Burmeister 1834 201 

Superorder Thoracica Darwin 1854 202 

Order Sessilia Lamarck 1818 203 

Suborder Balanomorpha Pilsbry 1916 204 

Family Chthamalidae Darwin 1854 205 

Genus Chthamalus Ranzani 1817 206 

Type species: Chthamalus stellatus (Poli, 1791) original designation. 207 

 208 

Diagnosis of Chthamalus montagui (only referring to the shell) 209 

Shell usually conical to low conical, but often elongated or columnar. Opercular opening nearly 210 

always kite-shaped or sub-quadrangular. Wall with six plates, rostrum and carina provided with 211 

radii, rostrolaterals without radii, carinolateral lacking, parietes and radii not permeated by 212 

pores, basis membranous (from Southward, 1976; Chan et al., 2016). 213 

Figure 4 214 

Description of the material studied 215 

For the Chthamalus montagui samples studied, only the six parietal plates are preserved 216 

(rostrum, pair of rostrolaterals, carina and pair of carinolaterals) (Fig. 4A), connected with each 217 

other and with a low-profile conical morphology (Fig. 4C). The sutures between the plates are 218 

closed; in some samples they can be observed (Fig. 5AI, B and CI) while in others they are 219 

hidden (Fig. 5C II and III). The rostrum and carina are elongated and narrow, the rostrolateral 220 

plates are semitrapezoidal and the carinolateral irregular and larger in size than the rest of the 221 

plates. In apical view, the opercular opening presents the typical kite-shape (Figs. 4 and 5) that 222 

defines this species. Three of the studied samples correspond to individuals attached to one 223 

another (Fig. 5B). The opercular plates, which consist of two terga and two scuta are missing. 224 

These were most likely removed during the application of the articulated wall plates to a 225 

necklace. Besides, the opercular plates are only attached by soft tissue to the rest of the shell, 226 
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which readily decays after death of the individual barnacles. Furthermore, the membranous 227 

basal plates are missing, which were either removed upon collection or during the handling of 228 

these objects. 229 

The height (h) (Fig. 4C) of the specimen ranges between a minimum of 1 mm and a maximum 230 

of 4 mm. In apical view, the average mean obtained for the lateral width (LW) (Fig. 4B) is 5.4 231 

mm and the rostrum-carina length (RCL) is 5.7 mm. The maximum LW y RCL values are 7 232 

mm y 7.5 mm, respectively, minimum values are 4 mm and 3 mm, respectively. 233 

Figure 5 234 

Results and discussion 235 

Environmental implications of the presence of Chthamalus montagui 236 

The Cirripedia are marine crustaceans (Order Sessilia) which are permanently attached to the 237 

substrate (post-larvae stage) and are surrounded by a calcified, multi-plated skeleton. They affix 238 

themselves to a substrate through the formation of a basal plate (Bourguet, 1987; Southward, 239 

1976; Walker, 1992), which can be calcareous or membranous depending on the species. This 240 

basal plate, when this is calcareous, can sometimes create bioerosion structures on specific 241 

substrates such shells (Santos et al., 2005) or rocks. In the case of the basal membranous plaque, 242 

such as Chthamalus montagui, this does not produce any type of erosive structure or “scar” 243 

(Southward,1976) over the rock where it is fixed, in addition of being a weaker and perishable 244 

fixation. 245 

In general, sessile cirripedes are key species in ecological communities of rocky coasts 246 

(O’Riordan et al., 2004). Within this Order, the genus Chthamalus Ranzani is widely known 247 

from rocky intertidal zones (Southward, 1976; Crisp et al., 1981; Burrows et al., 1999; Pitombo 248 

& Burton, 2007; Wares et al., 2009; Chan & Cheang, 2015; Chan et al., 2016 amongst others). 249 

This genus contains around 23 accepted species (Chan & Cheang, 2015; Chan et al., 2016; 250 

Wares et al., 2009) including Ch. montagui Southward, which is the species object of this study, 251 

and Ch. Stellatus Poli, 1791. Both species are sympatric in their geographic distribution and are 252 

found along the Atlantic coasts of the British Isles, France, Spain, Portugal, Morocco and 253 

Mauritania, as well as in the Mediterranean coasts of Spain (Iberian Peninsula and Balearic 254 

Islands), France, Italy, Croatia, Algeria, Tunisia and Israel (Southward, 1976; Crisp et al., 1981; 255 

O’Riordan et al., 2004). 256 

Ecological aspects of both Ch. montagui and Ch. stellatus have been studied in detail (e.g. 257 

Delany et al., 2003; O’Riordan et al., 2004). They both occur in the intertidal rocky zones with 258 

overlapping horizontal and vertical distributions (Southward, 1976; Crisp et al., 1981; Burrows 259 

et al., 1992 Pannacciulli & Relini, 2000; Ross et al., 2003). According to Burrows et al. (1999) 260 
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and Pannacciulli & Relini (2000), these two species have separate habitats, with Ch. montagui 261 

being more abundant in sheltered areas such as bays or estuaries, while Ch. stellatus prevails in 262 

high energy, openly exposed coasts. With respect to vertical distributions, Ch. montagui 263 

prevails in the upper area of the “barnacle zone” encompassing the mean high water of spring 264 

and neap tides. Burrows (1988) suggests that in juvenile stages, Ch. montagui possesses a 265 

certain tolerance to being exposed to aerial conditions. The tight closure of the opercular plates 266 

is known to counter stress by desiccation allowing this species to colonise the upper intertidal 267 

zone, which is exposed during low tide and high wave movement. 268 

With respect to reproduction and life cycles, balanomorph barnacles are, in general, 269 

hermaphroditic and usually reproduce through cross fertilization (Klepal, 1990). It is estimated 270 

that Ch. montagui attains sexual maturity when the rostrum-carina diameter reaches 4.5 mm 271 

(O’Riordan et al., 2004). Ch. montagui starts reproducing nine to ten months after fixation to 272 

the substrate (Crisp et al., 1981). The growth of balanid barnacles is directly influenced by both 273 

abiotic (including temperature, currents, light, swells, tidal levels, etc) and biotic factors (such 274 

as food availability, population density, size, etc.) (Chan et al., 2016). Growth rates of Ch. 275 

montagui are influenced both by the tidal gradient and by the exposure to swell (Burrows 1988). 276 

Pannacciulli & Relini (2000) mentions that Ch. montagui can reach an age of ten years in 277 

protected coasts 278 

The specific characteristics of Chthamalus montagui regarding their membranous basal plaque 279 

makes it easier for its extraction and gathering from the rock surface. The separation of this 280 

element from the rest of the shell is also readily possible once the specimen is no longer attached 281 

to the substrate surface. In addition, the fact that the terga and scuta are attached by soft tissues 282 

to the rest of the shell means that they can also be easily removed exposing the internal organs 283 

of the animal through the opercular aperture. This results in a continuous ring of wall plates 284 

consisting of the rostrum, rostrolaterals, carina and carinolaterals after removal of the basal 285 

plate and opercular membrane with terga and scuta. 286 

The presence of Chamalus montagui suggests that the barnacles were collected in more 287 

sheltered areas such as bays or estuaries than an exposed high energy coastline in which the 288 

species Ch. stellatus should be predominate. The stable isotope data (δ18and δ13C) correspond 289 

to a marine environment rather than a mixed environment, so that the barnacles specimens could 290 

come from a protected area but with a predominant marine influence. In this sense, Cáceres et 291 

al. (2014) concluded that, with a level of the sea similar to the current one, corresponding to 292 

the 3rd millennium BCE, the bioeroded Neogene sandstones of La Pastora could come from the 293 

surrounding of current town of Coria del Río (Fig. 1), about 15 km south of Valencina. This 294 
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sector was part of a wide marine bay, currently occupied by marshes that constitute the mouth 295 

of the Guadalquivir River (Fig. 1). In this environment, Neogene sandstones would have 296 

cropped out on a coastal wave-cut platform subject to tides, waves and biological coastal 297 

activity. This described situation coincides with the data provided in this study. Thus, the multi-298 

proxy methods used here suggest that the shells used as ornaments were collected during the 299 

same time period and possibly from the same coastal source as the Neogene sandstone used as 300 

building material of the tholos itself. 301 

 302 

Use of barnacle shells 303 

The use of elaborate (or not) marine shells as artefactual elements during the Chalcolithic Age 304 

in the Valencina area is poorly documented, despite the obvious proximity of the site to the sea 305 

(Cáceres et al., 2014; Díaz-Guardamino Uribe et al., 2016; Pajuelo Pando, 2016). Marine shells 306 

registered to date are exclusively bivalve mollusc belonging to the following species: Petricola 307 

lithophaga Linnaeus, 1758 and Ostrea edulis (Cáceres et al., 2014), Ruditapes decussatus 308 

Linnaeus, 1758 (Pajuelo Pando, 2016) and Pecten maximus Linnaeus, 1758 (López Aldana, 309 

2001). As for the use, Cáceres et al. (2019) propose that the presence of Petricola lithophaga 310 

and  Ostrea edulis attached on the capstones and floor slabs of the La Pastora monuments, 311 

denote highly aesthetic qualities and an intentional arrangement to highlight as specific 312 

decorative or symbolic elements; complete valves of Pecten maximus were recognized as ajuar 313 

in several burial structures of the PP4-Montelírio sector (López Aldana, 2001); Pajuelo Pando 314 

(2016) considers that the presence of Ruditapes decussatus may have some symbolic meaning 315 

and not exclusively of consumption and, finally, Díaz-Guardamino Uribe et al. (2016) cite the 316 

manufacture of bivalve shells (taxonomic classification under study) for the creation of 317 

perforated beads that characterized the exceptional garments documented in the tholos of 318 

Montelírio. In this sense, the unusual finding of barnacles used as ornaments is exceptional and 319 

unique in the archaeological record and provides insights into the age, habitat exploitation as 320 

well as the symbolism of the Copper Age communities in Iberia. This is the first evidence that 321 

barnacles were gathered within the vicinity of the Valencina-Castilleja mega-site by the 3rd 322 

millennium BCE. Taking advantage of the specific anatomical characteristics of Chthamalus 323 

montagui, the membranous basal plate that facilitates extraction and the opercular opening as a 324 

central hole, made it possible to deliberately collect these shells and were given special 325 

symbolism due to their use as personal ornaments. 326 

Concerning the age of the shells, there is a conformity of some dates which are key to 327 

understand the function of the monument within the Valencina-Castilleja mega-site. Cáceres et 328 
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al. (2014) dated three samples of bivalves (Petricola lithophaga) preserved within the bore 329 

holes. The radiocarbon dates obtained from these bivalve shells provided a time range between 330 

4780 and 4400 cal yr BP (2830−2450 yr BCE) as the highest probability for rock extraction 331 

and the subsequent construction of the tholos (“Terminus Post Quem”). In addition, the two 332 

samples of barnacles (Balanus sp.) preserved in their original position on the sandstone slabs, 333 

one attached to a rock in the floor (VA1101) and the other on a chamber jamb (VA1118) are 334 

comparable to the AMS calibrated date of a specimen of Chthamalus montagui (VA1304) 335 

showing a time range of 2760−2200 yr BCE (Tab. 1). This range is also comparable to that 336 

obtained for the lithophagous bivalves mentioned above. 337 

In García Sanjuán et al. (2018), using a Bayesian model in which these radiocarbon dating with 338 

others of human bone are combined, it is determined that the activity in La Pastora began in 339 

2755–2465 yr BCE (95% probability), probably in 2615–2480 yr BCE (68% probability), and 340 

ended in 2485–1360 yr BCE (95% probability), probably in 2435–2035 yr BCE (68% 341 

probability). 342 

 343 

Analytical results 344 

Radiocarbon dates on marine samples have not been used as extensively as terrestrial biosphere 345 

dates for establishing absolute chronologies, as interpreting these dates is complicated due to 346 

oceanographic factors. In order to set up chronologies for a particular coastal area using marine 347 

samples, previous research concerning the oceanographic conditions and the marine reservoir 348 

effect for that coastal area is needed if accurate and reliable results are to be obtained (Stuiver 349 

& Braziunas, 1993). 350 

Stuiver et al. (1986) modelled the response of the world's oceans to atmospheric 14C variations. 351 

Regional differences in radiocarbon content between the sea surface water of a specific region 352 

and the average world sea surface water are linked to several factors and anomalies, such as the 353 

upwelling of deep water. ΔR is the parameter that has to be known when a marine radiocarbon 354 

date is calibrated, i.e. converted into calendar years, and can be defined as the difference 355 

between the reservoir age of the mixed layer of the regional ocean and the reservoir age of the 356 

mixed layer of the average world ocean in AD 1950. Marine13 is the last calibration curve 357 

published (Reimer et al., 2013) for the mixed layer, the most widely used and its use 358 

internationally recommended. 359 

Soares (2005) was the first to determine an accurate marine radiocarbon reservoir effect ΔR for 360 

the eastern coast of the Gulf of Cádiz. For the last 3000 years on the Andalusian Atlantic coast, 361 

ΔR has been calculated as 10831 BP, which is in accordance with the oceanographic 362 
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conditions present in the area. For 14C dates between 4600–4000 yr BP, two sets of ΔR values 363 

were considered in the calculation of the weighted mean value (Martins & Soares, 2013). These 364 

ΔR values must be used together with the Marine13 calibration curve (Reimer et al., 2013) in 365 

order to convert the conventional radiocarbon dates of marine shells collected at La Pastora into 366 

calendar dates (Tab. 1). 367 

Three samples of barnacles were taken for radiocarbon dating (Tab. 1). Of them, two (Balanus 368 

sp.) of the sandstone slabs and one (Chthamalus montagui) bead belonging to the set studied 369 

here. The ages obtained showed a maximum relative time range of 2760 and a minimum of 370 

2200 yr BCE. Two samples were very similar in age and a third one was younger. The three 371 

samples are graphically represented in Fig. 6, which shows the time period in which the marine 372 

bioerosive episodes would have been most likely to occur (Cáceres et al., 2014). 373 

Figure 6 374 

On the other hand, the results of δ18O and δ13C analysis in Ch. montagui are:  δ18
V-OSMOW of 375 

30.67‰, δ18OV-PDB of -0.18‰ and δ13CV-PDB 0.20‰. These values can help discriminate among 376 

ecosystems terrestrial vs. marine or mixed environments such as restricted estuaries. In this 377 

case, although the results correspond to a marine environment, the analysis of a single sample 378 

is considered insufficient and the values obtained here are needed to increase the dataset 379 

concerning the geochemistry of marine shells. 380 

 381 

Conclusions 382 

The identification of the barnacle species Chthamalus montagui and the application of multiple 383 

methods of analysis point towards a protected coast area but with a predominant marine 384 

influence environment. 385 

This unique find of the use of barnacles as ornaments represents an exception in the 386 

archaeological record of the Iberian Chalcolithic and has far reaching implications with respect 387 

to the environment, habitat exploitation and use of building materials as well as burial rites of 388 

the La Pastora tholos from the Valencina-Castilleja Copper Age mega-site. 389 

The radiocarbon dating of one of the beads and two balanus attached to the rocks of La Pastora 390 

shows a time range of 2760-2200 yr BCE, which is consistent with the period of activity in the 391 

monument published in García Sanjuán et al. (2018). 392 

This finding, along with the previous publications, allows us to redefine the indirect date of the 393 

construction of the monument as well as giving some hints about the use of this monument by 394 

the Copper Age communities who inhabited the site of Valencina-Castilleja. Furthermore, the 395 

link between the shells used as ornaments and the Neogene sandstones from the tholos directly 396 
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relates the builders of the monument to the occupants of the tomb emphasizing the significance 397 

that the marine environment and their resources had for them. 398 
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 628 

Field code Laboratory 

code 

Material 14C yr BP 

 

δ13C‰ Age cal 

BP/BCE 1σ 

Age cal 

BP/BCE 

2σ 

VA1101 CNA-1485 cirriped 4245±30 -9.1 4540–4420 

2590−2470 

4640–4380 

2690−2430 

VA1118 CNA-1495 cirriped 4095±30 -4.0 4370–4230 

2420−2280 

4410–4150 

2460−2200 

VA1304† CNA-2504 cirriped 4280±35 -1.5 4600−4450 

2650−2500 

4710−4400 

2760−2450 

Note: †García Sanjuán, et al., 2018 629 

Table 1. AMS Radiocarbon dating (BP: Before Present) and calendar dates (BCE: Before 630 

Common Era) of barnacle shell samples collected in the tholos of La Pastora. 631 
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Figure captions 633 

Fig. 1. (A) Map of Iberia with location of Valencina de la Concepción. (B) Extensión of the 634 

Copper Age mega-site of Valencina-Castilleja and location of La Pastora.  635 

Fig. 2. (A) Excavations from 1963 at the first part of tholos of La Pastora (from Collantes de 636 

Terán archive, Departament of Archaeology and Prehistory, University of Seville). (B) Plan of 637 

La Pastora with indication of the place where the shell beads were found. 638 

Fig. 3.  Set of beads from the 1991-92 excavation of tholos de la Pastora (Museum of Valencina 639 

de La Concepción). (A) 71 specimens of Chthamalus montagui (three of them double). (B) 30 640 

bone and rock beads. 641 

Fig. 4. Chthamalus montagui shell morphology. (A) External morphology and outline sketches 642 

of external plates, dorsal view. (B) External morphology with indication of LW (lateral width) 643 

and RCL (rostrum-carina length), dorsal view. (C) External morphology, lateral view, h 644 

(height). 645 

Fig. 5. Chthamalus montagui shell morphology. (A) Specimen in dorsal (I) and ventral (II) 646 

view, it is possible to observe the typical Kite-shape of the natural opercular opening. (B) Two 647 

specimens attached, dorsal view. (C) Specimens where the sutures between the plates can be 648 

observed (I) or they are hidden (II and III), dorsal view. 649 

Fig. 6. Graphic representation of three calibrated AMS dates (2σ) from barnacle samples into 650 

the tholos of La Pastora and the time range published by Cáceres et al. (2014). (*) 651 

archaeological sample.  652 














