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Abstract: La Pastora tholos is the most complete and characteristic megalithic monument of the
Valencina de la Concepcién-Castilleja de Guzman mega-site. This monument was built using three
types of rock, each with different functions and coming from three different places: Paleozoic
quartzarenite, granite, and Tertiary calcareous sandstone. A detailed petrological study of the rocks
of the tholos and outcrops of similar rocks in the surroundings has been carried out, locating the
possible source areas in areas at least 30 km to the N of the monument for the quartzarenite, 15 km for
the granite, and 15 km to the S for the sandstone. Therefore, the community that built the monument
has a high knowledge of the nature by, which allows them to locate these resources, and a sufficient
social organization to exploit them and move them to the mega-site. In this sense, the layout of the
outcrops suggests the possible use of boats or rafts to facilitate their displacement, or at least part of
their movement.

Keywords: geoarchaeology; megalithic monument; La Pastora tholos; copper age; third millennium
BC; guadalquivir estuary

1. Introduction

The third millennium BC mega-site of Valencina de la Concepcion-Castilleja de
Guzman (henceforth Valencina), located about 8 km west of the city of Seville, sits on
the Aljarafe plateau, which, with a drop of more than 100 m (even 150 m at some points
of the site), dominates the current floodplain of the Guadalquivir River. This floodplain
was mostly flooded by oceanic waters [1,2] since the Flandrian maximum, 6500 years
ago [3], and in subsequent millennia, constituting a marine inlet part of which was known
in Roman times as Lacus Ligustinus.

Thus, the Copper Age site of Valencina was in a privileged geographic position due
to its location, topographically dominating the palaeoestuary of the Guadalquivir and
the marine gulf the river emptied into. This is very significant in terms of the economic
resources as well as the connectivity and communication affordances locally available at
the time. In addition to being located on the sedimentary terrains of the Guadalquivir basin,
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which are very fertile for agriculture, its location was also strategic due to its proximity to
the Sierra Morena Mountain range and all the natural resources that this region has to offer
(multiple rocky and mineral materials, including copper, biomass, etc.). As a result, the
development of the site (Figure 1) reached an extension that far exceeded that of any other
sites at the time: with c. 460 ha. [4], it is the largest third millennium site in the Iberian
Peninsula and Western Europe [5].
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Figure 1. (A): Location and extent (brown) of the Valencina mega-site and position of its main
megalithic monuments: 1: La Pastora; 2: Matarrubilla; 3: Montelirio; 4: Structure 10.042-10.049;
5: Ontiveros (background image by Google Earth). (B,C): Views of the interior of La Pastora tholos:
from the access towards the interior (B) and from the chamber towards the corridor (C).

There is currently no consensus on the interpretation of the site. For some authors, it is
a continuous and permanently settled dwelling site (a village) with areas of specialization
in different manufactures [6]. However, other authors have pointed to reasonable doubts
as to the true entity of the site, interpreting it as an aggregation center that, seasonally and
at certain symbolic times or periods, would bring together the surrounding communities
during the third millennium BC [5]. In any case, the society that occupied the site reached
a high degree of development and sophistication.

Proof of the complexity of the site and of the society that inhabited it are the megalithic
constructions that are still preserved today, such as Ontiveros, Montelirio, La Pastora,
Matarrubilla, and Structure 10.042-10.049 (Figure 1). In addition, each of these monuments
has its own distinctive characteristics in terms of its architecture and construction materials.
Thus, for example, La Pastora and Matarrubilla have masonry walls and capstones made of
sandstone and granite, but in Matarrubilla, its chamber is occupied by a large quadrangular
monolithic basin carved in gypsum [7,8]. On the other hand, in Montelirio and Ontiveros,
the walls are formed by vertical orthostats of shale, but the first one has two chambers, and
the roofing was achieved by means of domes of sun-dried marl and clay [9]. For its part,
the structure 10.042-10.049 is smaller and has slate slabs covering the walls but without
supporting function, neither in the corridor nor in its two chambers [10].

The study of the geological materials with which the megalithic monuments were
built is the first step in their geoarchaeological analysis. This analysis is basic for the
determination of the source areas (i.e., quarries) and the estimation of transport distances.
With this knowledge, it is more feasible to approach the characteristics of the societies
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that built them, including their social organization, worldview, knowledge of the natural
environment, and even their technical capabilities [11]. Among these capabilities, those
related to the extraction of rocks and their transport are very significant, although it is not
always possible to obtain direct data on these activities. Whenever specific quarries can be
identified, it is possible to look for evidence of the extraction procedures and tools used.
On the other hand, the evidence of the means of transport used will always be more linked
to speculation and experimental tests than to the finding of empirical evidence.

Geoarchaeological studies along the lines mentioned above have been carried out at
major world sites, such as Stonehenge (Great Britain) [12,13] or Easter Island [14], providing
fundamental data on quarry areas and rock transport. In the Iberian Peninsula, where
thousands of megaliths have been discovered and catalogued, however, geoarchaeological
approaches have been undertaken only in a few cases. These include La Chabola de la
Hechicera, Dolmen de Aizkomendi, and Puigseslloses [15-18], in the north; Vale Rodrigo,
Anta da Lajinha, and Freixo-Redondo, in Portugal [19-21]; El Portillo in inner Iberia [22];
and Alberite [23], Palacio III [24], Panoria [25], El Pozuelo [26], and Menga [11] in the south.

Regarding Valencina, characterization studies of the rocks used to build the tholoi
of La Pastora, Matarrubilla, and Montelirio have been carried out [7,8,27], but a detailed
analysis of the provenance of these materials has not been addressed so far. In this paper,
the main objective will be to determine the source areas of the three types of rocks used
to build La Pastora, establishing the minimum distances to the deposit itself. We will also
suggest possible means and types of transport that could have been used. Therefore, the
study presented here is geoarchaeological in character, although its approach differs from
the traditional currents developed by the French and Anglo-Saxon schools [28]. The main
aim of our work is linked to the analysis of the organization of settlements at the regional
level, based on the development of models of resource exploitation and management. The
resources, in this case, are the lithic elements used for the construction of the megalithic
monument of La Pastora.

2. La Pastora Tholos

Of all the major megalithic monuments currently known at the Valencina mega-site
La Pastora is perhaps the most representative, complete, and least altered. It is a tholos-type
structure with a long corridor and a circular chamber roofed by corbelling topped with a
massive capstone (Figure 2). The roofs of both the corridor and the chamber are made of
large stone slabs, and the whole is covered by a tumulus of loose materials. In this case,
the tumulus is very degraded, but it is known to have reached, at least at the time of its
discovery in 1860, a maximum thickness of about 2 m [29].

The corridor of La Pastora is 44.36 m long, making it the longest of all Iberian megaliths,
while its average width is 1 m, although its section is slightly trapezoidal. This corridor is
divided into three sections that are separated by vertical and protruding orthostats, like
“doors” with jambs, a lintel (the middle “door”), and a threshold step (in the access into
the chamber). These “doors” are preserved between the second and third sections and
at the threshold of the entrance to the chamber. Of the three sections of the corridor, the
two closest to the chamber are in perfect condition, while the first (the most external) does
not preserve the capstone cover. Thus, the height in these two sections varies from 1.4
to 1.8 m. On the other hand, the chamber has a diameter of 2.6 m and a height of 2.7 m.
Therefore, the total length of the monument is 46.96 m [30]. Another relevant feature is its
orientation towards sunset (243°), which runs counter to that of most Iberian megaliths
towards sunrise [31].

La Pastora was built in a uniform manner, with no recognizable phasing, distinctions,
or later reconstructions. The only alterations are recent, after its discovery, and of minor
importance, such as the niche in the chamber and the specific place where it was accessed
in the 19th century [30].

The monument is built with three types of rocks (Figure 2): quartzarenite in smaller
blocks, forming the dry masonry walls; large granite blocks used as capstones in the
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chamber and part of the corridor (six preserved in total); and calcareous sandstone used
with diverse functionalities: in the two upper rows of the chamber wall, capstones in a
large part of the corridor (20 of which are preserved), jambs, lintels, and floor slabs [7,8].

Longitudinal croos section

LA PASTORA

Tumulus

Capstones
22_20_18 16 14 12

)

H | = 1

Granite

LEGEND

Calcareous Quartzarenite Recent
sandstone alterations

Figure 2. La Pastora section, capstones, and floor plans, with the lithology of their constructive
elements and numbering of capstones and floor slabs of the monument ordered from the entrance to
the chamber. (modified from [8]).

3. Geological Setting

La Pastora tholos is built on sediments deposited in the Guadalquivir Basin (Figure 3),
one of the main Cenozoic sedimentary basins of the Iberian Peninsula. It has an ENE to
WSW elongated triangular outline, with an approximate length of 360 km and about 110 km
on its SW side. Towards the northern margin, the sediments are autochthonous and are
unconformably disposed on the Paleozoic rocks of the Iberian Massif, a large geological unit
that occupies most of the western Iberian Peninsula. On the southern margin, sedimentary
deposits are related to orogenic activity in the Betic Cordillera [32,33].

Valencina and La Pastora are located on the northern margin of the Guadalquivir
Basin, where the stratigraphic sequence presents the following lithologies from the base to
the top:

(1) Sandstone and conglomerates with carbonated cement date back to the late Torto-
nian [34].

(2) Blue Marl Unit [34]: marine gray-greenish marl from the Miocene (late
Tortonian—-Messinian).

(3) Transition facies [35]: marly clay, sand, and sandstone deposited in the Upper Miocene.

(4) Pliocene sand and silt [34]: yellow sandy silt with calcareous nodules (Lower Pliocene),
sandier and more reddish upward.

(5) Finally, the Quaternary is basically made up of eolian and coastal sandy deposits,
fluvial sand, gravel, and marsh clay (Figure 3).
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Figure 3. Geological setting of the southwest of the Iberian Peninsula, around the Valencina mega-site.
Key: 1: Devonian quartzarenites and shales, the PQ Group; 2: Carboniferous Volcanic Sedimentary
Complex; 3: Granitoid (SNSB); 4: Basic plutonic rocks (SNSB); 5: Carboniferous greywackes andshales,
the Culm Group; 6: Permian volcanic and sedimentary rock (PVB); 7: Triassic clay and gypsum;
8: Miocene marl, sandstone, and flint stone; 9: Tortonian sandstone and conglomerate; 10: Miocene
marl, Blue Marl Unit; 11: Transition Facies; 12: Pliocene sand and silt; 13: Quaternary sand (dunes
and beaches); 14: Quaternary fluvial deposits (conglomerate, sand, and clay); and 15: marshland. In
color, the geological formations from which the stones of La Pastora tholos come (modified from [7]).

About 15 km north of Valencina, the Iberian Massif outcrops extend widely to the east
and west. The Iberian Massif is divided into several zones with different lithological and
structural features. Thus, in the study sector, the sedimentary rocks of the Guadalquivir
Basin were deposited on the southernmost area, named the South Portuguese Zone (SPZ).
This zone is formed by rocks from the Upper Devonian to the Permian and is divided
into various geological domains. The Iberian Pyritic Belt (IPB) and the Sierra Norte de
Sevilla batholith (SNSB) are the domains that crop out in this area, as well as volcanic and
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sedimentary formations of the Permian Viar Basin (PVB). The IPB is further subdivided

into three groups [36,37] (Figure 3):

(1) The Phyllite—Quartzite (PQ) Group is formed by quartzarenites and shales of late
Devonian age.

(2) The Volcano-Sedimentary Complex has a predominance of volcanic and sedimentary
rocks interstratified, as well as rocks of chemical origin. The largest massive sulfide
deposits are located in this complex.

(3) The Culm Group is formed by greywackes and shales. The age of this and the previous
group is Carboniferous.

The rocks of the SNSB intrude into the previous formations from the Devonic to the
early Carboniferous and are characterized by their abundance and types of plutonic rocks,
from ultramafic/mafic to granitoid rocks [38].

4. Materials and Methods

The geoarchaeological study of the stones from La Pastora tholos has been approached
from the perspective of their characterization and petrographic analysis. Petrography is
a discipline that studies rocks from the point of view of their description, mineralogical
composition, and structure. Thus, a petrographic study includes a visual analysis of the
rock and a detailed petrographic microscopic study. In this way, the rocks are characterized
in terms of their arrangement, texture, mineralogy, organic components, and classification.
With these well-defined characteristics, it is possible to compare samples from megaliths
with those from rock outcrops to determine, based on their similarity or difference, the
possible provenance of the stones used to build each monument.

First, the rock was analyzed as a whole by direct observation, both in the monument
and in the outcrop identified as the most probable source area. In both cases, the properties
concerning the appearance, fabric, general color, texture, fossiliferous content, and miner-
alogy are determined visually. On the other hand, structural characteristics, including its
disposition, the existence and characteristics of discontinuities such as fractures, foliation,
or stratification surfaces, as well as the relationship with other rocks in the surrounding
area, are examined through fieldwork.

Secondly, thin sections of rock samples from both monument and outcrops are studied
by petrographic microscopy. In this case, a Nikon Eclipse LV-100 POL polarized light micro-
scope connected with a Nikon DS-Fi digital camera (Nikon Instruments Inc., Tokyo, Japan),
available at the Laboratory of the Department of Earth Sciences, University of Huelva
(Huelva, Spain), has been used. The thin sections were made at the Central Laboratories of
the University of Huelva and were analyzed under plane and cross-polarized transmitted
light. This analysis reveals the shape and size of the minerals that make up the rock, the
nature of these minerals, their abundance, the spatial relationship between them (texture),
the existence and percentage of the matrix, the microstructure, microfossils, and a whole
series of evaluable properties. In this way, the rock can be classified and some specific
aspects related to its formation and evolution can be determined [39—41].

The rocks were sampled for thin sections differently depending on whether they were
from the monument or the field. In the case of the latter, it has been possible to extract
a larger number of samples of greater size. On the other hand, given the monument’s
protected heritage status, sampling has been much more restricted. Loose or nearly loose
fragments of La Pastora stones have been taken in most cases, and always in inconspicuous
areas of the monument. Therefore, in this case, the sampling has not been intensive, nor has
it encompassed all the stones of the monument, although, overall, the sampling achieved is
considered sufficient to account for the diversity of rock types present in the monument.

5. Results and Discussion
5.1. Petrography of the La Pastora Stones

Quartzarenite is the stone material used in the masonry walls of the tholos (Figure 2).
They are natural “bricks”, with commonly rhombohedral shapes and variable sizes but in
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the decimetric range (Figure 4A). Their faces are natural and correspond to stratification,
foliation, and/or jointing surfaces. These rocks have fine intercalations of shales. Both
materials show horizontal and cross laminations. Thin sections show a well-sorted, very
fine-grained quartzarenite formed by quartz and, to a lesser extent, feldspars, white mica,
green mica (chlorite?), and opaque minerals included in a sericitic matrix. The shale
intercalations have a mineralogical composition similar to quartzarenite but with a greater
abundance of sericite. The alternation of quartzarenite and shale can also be observed in
thin sections, as layers of lighter color and coarser grain size (sandstone) and layers of
darker color and finer grain size (Figure 4B).

Figure 4. Quartzarenite. (A): Blocks of this lithology as masonry in the walls of La Pastora. (B): A
representative thin-section photomicrograph of a block from the monument. (C): Outcrop of the
PQ formation in the Cuesta de la Media Fanega area. (D): A thin section of quartzarenites in the
latter outcrop.

The granite slabs all appear to be fairly homogeneous, except for one of them, which
has an aplite dyke on one of its edges (Figure 2, capstone number 8), resulting in an
interesting contrast of texture and color.

The structure of these blocks is massive (Figure 5A), and the texture under the micro-
scope is equigranular hypidiomorphic, with a grain size between 1 and 2 mm (Figure 4B).
Its essential mineralogical components are quartz, plagioclase, alkali feldspar, and biotite,
although the latter in a smaller proportion. Apatite, opaque minerals, and zircon are
accessory minerals. Chlorite, which appears because of the alteration of biotite crystals,
and sericite, due to the alteration of alkali feldspars, are secondary minerals. An interesting
textural characteristic of these granites is a micrographic texture with intergrowths of quartz
and alkali feldspar, which gives rise to singular black and white patterns when viewed
under the petrographic microscope with cross-polarized transmitted light. (Figure 5B).
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A Quartzarenite_block-masonry

Figure 5. Granite. (A): Capstone of granite in La Pastora (view from below). (B): A representative
thin-section photomicrograph of this stone. (C): Outcrop of the granite near Guillena. (D): A thin
section of granite in the latter outcrop.

As mentioned above, granite capstone number 8 (Figures 2 and 6) partially includes
an aplite dyke on one of its edges. Aplite is a subvolcanic rock with a composition similar
to granite but with a very fine grain size and a whitish color due to the absence of black
micas (biotites).

A - -."j"’ -—h : : = :,: 1 2 B S

Aplite, Grahite ; L;' “Granite

Ve

Figure 6. (A): Capstone 8 of La Pastora. It is a granite block with an aplite dyke on the right and is of
a lighter color. (B): Same situation in the field outcrop in the Guillena area.

Calcareous sandstone is the third rock type found in the monument (Figure 7A) and
is the one that has been used with greater functionality, as mentioned above (Figure 2).
These are rocks of the Neogene age that present numerous sedimentary and biogenic
structures original to the deposit (synsedimentary) and prior to the diagenetic processes of
consolidation of these deposits. Among the sedimentary structures, there are very evident
current marks as well as laminations, mainly horizontal. Regarding the bioturbation
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structures, the Ophiomorpha ichnogenus, which are vertical and horizontal burrows related
to the activity of decapod crustaceans, stand out for their abundance.

an

A - Quartzarehite blogk m&sdﬁw

Figure 7. Calcareous sandstone. (A): Capstone of the sandstone in La Pastora (view from below).
(B): A representative thin-section photomicrograph of this lithology from the monument. (C): Outcrop
of calcareous sandstone of transition facies in Coria del Rio. (D): A thin section of this rock is in the
latter outcrop.

On the other hand, some sandstone slabs present bioerosion structures and remains of
recent marine organisms, such as ostreids, barnacles, and petrophagous bivalves, the latter
(Petricola lithophaga Retzius) inside their boring excavated in the rock itself (Figure 7A) [7,8].

In thin sections, the calcareous sandstone has a very fine grain size (around 0.1 mm)
and is generally well sorted (Figure 7B). Mineralogically, it is essentially composed of quartz
grains in a percentage of around 60%, with angular to subangular shapes, and abundant
fossil remains (foraminifera, bivalves, spicules, and echinoderm plates) in a percentage of
around 20%. Minor mineral components include plagioclase, white micas, tourmalines,
and opaque minerals. The rest of the rock (20%) is carbonate cement.

5.2. Petrologic Relationships between the Stones of the Tholos and Nearby Outcrops

La Pastora tholos is located on a substrate of soft sediments, specifically on yellow
sandy silts with calcareous nodules from the Lower Pliocene of the Guadalquivir Basin
(Figure 3). Therefore, the stone materials used in its construction were quarried from areas
not in its immediate surroundings. In order to fulfill the main objective of this study, once
the materials of the monument have been characterized and classified, the next step is the
analysis of the nearest outcrops of similar rocks, according to the geological framework
seen above. In this way, a detailed petrographic comparison of the different lithofacies
used for the construction of the tholos with the geological outcrops can then be made.

Quartzarenite, which occurs in the corridor blocks, is described in the region among
the PQ group materials [42] (Figure 3). In fact, they are alternations of quartzoarenites and
shales, with a predominance of the former. Despite showing fairly homogeneous lithofacies
throughout the outcrops, their structures and textures are regionally variable. Thus, the
facies closest to the granites show features of contact metamorphism, with the formation of
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hornfels and spotted slates, which is reflected in the outcrops extending further south and
west [43]. On the other hand, facies that have undergone more deformation and show very
penetrative tectonic foliations are frequent, making them very weak and fracturable rocks.
Neither of the above two characteristics is observed in the La Pastora quartzarenites, so
examination somewhat further north is necessary to find outcrops of similar rocks. Thus,
in the area known as Cuesta de la Media Fanega (Figures 4C and 8), c. 30 km north of
Valencina, this particular type of sandstone appears, very similar to that which makes
up the walls of La Pastora tholos. In addition, it can be observed in the outcrop how this
rock is affected by double jointing, which adds to the stratification surfaces typical of its
sedimentary nature. These natural surfaces form angles between each other and define
decimetric blocks very similar to those observed in the masonry of La Pastora’s walls.
This situation also facilitates the possible extraction in the outcrops themselves by simple
levering between the discontinuities, which means that these already defined blocks can
be detached without having to make much effort and without the need for subsequent
retouching work. Also, the size of the blocks facilitates their transport, as they are not too
heavy or large.

Figure 8. Map showing the approximate situation of the area around Valencina in the third millen-
nium BC. Location of the possible areas of provenance of the rocks of La Pastora with distances to the
Valencina mega-site: 1: Cuesta de la Media Fanega. 2: Gerena (west point) and Guillena (east point).
3: Coria del Rio. (map art by Francisco Sanchez Diaz).

The petrographic features observed in the thin section of the samples from Cuesta de
la Media Fanega (Figure 4D) are like those of the quartzarenites found in La Pastora: they
are rocks composed essentially of quartz grains of very fine grain size, well sorted, and
with accessory contents of feldspars, micas, and opaque minerals included in a sericitic
matrix. If both samples are compared, the similarities are evident (Figure 4B,D), as they
are basically the same rock with the same characteristics. Therefore, it is highly likely that
the quartzarenites from La Pastora came from this area (Figure 8), located 30 km north of
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the megalith. No extraction points, i.e., possible quarries, have been located, which seems
complicated given the rugged and forested characteristics of the area.

The granite outcrops are closest to the La Pastora tholos and, with the same mineralogi-
cal and textural features, are found in the batholith of the Sierra Norte de Sevilla, specifically
in the vicinity of the towns of Guillena and Gerena (Figure 3), some 15 km to the north
of Valencina, where these rocks are still being exploited nowadays in open-air quarries.
As can be seen in Figure 5C, these granite formations display a very significant structural
feature, namely the existence of intersecting joints that delimit well-defined blocks. The
joints parallel to the topography are typical of massive rocks formed at great depths because
of decompression processes due to surface erosion, known as sheeting [44]. In addition,
tectonic processes can generate other subvertical joints. These geological processes lead
to the natural formation of slabs and blocks, which can greatly facilitate the extraction
of stones suitable for megalithic construction by means of levers and wedges probably
supported by fire and water. However, the size and thickness of these extracted blocks are
conditioned by nature, and their use by the Valencina megalith-builder must have been
adapted accordingly.

Under the microscope, the Gerena and Guillena granites also have a hypidiomorphic
equigranular texture, medium grain size (1-2 mm), and a mineralogical composition
identical to those found in the granite capstones of La Pastora (Figure 5D). In addition,
these granites also have a micrographic texture (Figure 5B), which is typical of epizonal
granites, i.e., those that crystallized in a relatively shallow emplacement.

Aplite dykes are also observed in these granite outcrops (Figure 6B). These dykes
are the result of the crystallization of magmas that intruded through fractures in previous
rocks, in this case, granites. Thus, they are included in the rock massifs, with clear and
planar contact with their host rocks, and outcrop without any physical separation between
them. Part of such a dyke is represented in block 8 of La Pastora’s corridor roof (Figure 6A).
Apart from aplites, these granite outcrops also have important diabase dykes. These latter
materials have been found in Valencina and are commonly used for axes.

Therefore, given the mineralogical and textural similarity, as well as the occurrence
of aplite dykes and the characteristics of the observed jointed, we can determine that the
sector around the towns of Guillena and Gerena is the most likely place of origin of the
granites that appear in La Pastora. Furthermore, these are the closest granite outcrops to
Valencina (Figure 8). On the other hand, these outcrops are probably the source of the
granite used to manufacture the fragments of grinding slabs commonly found in the pits
and ditches of Valencina [45].

The calcareous sandstone of the tholos and its palaeontological content indicate that
they are Miocene materials from the Guadalquivir Basin, specifically corresponding to the
Transition Facies. These facies outcrop in the vicinity of Valencina (Figure 3) and constitute,
from a stratigraphic point of view, the transition between the lower marly formations
and the upper sandy silts. It is predominantly a rhythmic alternation of clayey-silty
and sandy-sandstony terms, but towards the top of the series there are 10-70-cm-thick
levels of carbonated sand and sandstone alternating with 10-30-cm-thick strata of clay [35]
(Figure 7C). Therefore, it would be from these carbonate sandstone levels that all the
sandstones in La Pastora would come from (Figure 2).

Under the microscope (Figure 7D), the composition of the rocks sampled in the field is
mostly subangular quartz grains, like the sandstone of La Pastora (Figure 7B). Also notice-
able and comparable is the high content of microfauna and the remains of other organisms,
as well as the content of other minerals and carbonate cement and their proportion. The
only apparent difference between the two thin sections is the grain size, which is slightly
larger in the field sample. However, this small difference in grain size is very common in
sedimentary rocks, in which variations can occur between different levels or even lateral
facies changes within the same level as the energetic conditions of the environment in
which they were deposited change. Therefore, it is the same rock.
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As mentioned above, this geological formation outcrops in the vicinity of Valencina.
However, it does so at heights of around 100 m and does not show the bioerosion or the
remains of recent marine fauna that appear in many slabs at La Pastora. These organisms
have been radiocarbon dated to between 5460 and 4300 years B.P. [7], a period when the
sea level was at or slightly above the present sea level [3,46]. On the other hand, it has been
found that many of the borings excavated by lithophagous bivalves in the capstones of La
Pastora are filled with littoral sand with abundant marine microfauna [47]. Therefore, we
interpret that these stones were extracted from a coastal environment where this formation
was outcropping and where there was intense biological activity in the intertidal zone
and below it [7]. The alternation of clayey materials, which are weaker, and sandstones
cemented by calcium carbonate, which are more resistant, would mean that coastal erosion
would eliminate the weak sediments, and the resistant ones would remain as ledges or
detached blocks in the same intertidal zone. Therefore, the location of this outcrop should
correspond to a point where the Transition Facies outcrops at present sea level. This
situation occurs in the area around the present-day town of Coria del Rio, some 15 km
south of Valencina, thanks to the slight southward inclination, over 2%, of this geological
formation [7]. The geography at this place today is very different from that of the third
millennium BC, when, after the Flandrian transgression, the mouth of the Guadalquivir
River formed a wide bay and the sea entered many kilometers along its lower valley
(Figure 8). At present, this sector is largely covered by sediments of the river, which form its
alluvial plain and the marshes at its mouth, so that the exact outcrop where these calcareous
sandstones were extracted and then used to build La Pastora would be hidden and buried
under these sediments [7]. The sample studied (Figure 5C,D) corresponds to the sandstone
outcrops belonging to the Transition Facies in the locality of Coria del Rio at the lowest
levels where it has been possible to sample and, therefore, the closest in elevation to the
possible original quarry.

The map shown in Figure 8 synthesizes the location of the most likely candidate
sources for all the stone types identified at La Pastora, as described above. Furthermore,
this map is intended as an approximation to the geography of the third millennium BC in
the area around Valencina and the mouth of the Guadalquivir. The relationship that can
be deduced from this geographical situation and the places of origin of the rocks leads us
to think about the possibility of using boats to transport the materials. The quartzarenite
blocks are relatively easy to transport due to their size and weight, but the proximity of
the Rivera de Huelva River and its close confluence with the Guadalquivir suggest that
this river may have been used not only as a means of locating and accessing the outcrops
but also as a means of transporting the stones. At least, it is within reason to expect that
once the Guadalquivir River was reached, its greater flow and depth would allow the use
of larger rafts or boats, which may have been used to transport the stones. It should also be
borne in mind that a slightly higher sea level and the proximity in time of the Flandrian
maximum would represent a greater availability of water in the lower courses of the rivers,
which would make them more navigable.

In the same way, the granite blocks could also have been transported by land to the
Rivera de Huelva or to its confluence with the Guadalquivir, and from there by raft or boat
to the base of the Aljarafe plateau, where the Valencina mega-site is located.

Regarding the calcareous sandstones, the outcrop itself must have been on the coast
of the bay formed at the mouth of the Guadalquivir, as explained above, so it would have
been easier to move the rocks out to sea than overland. In this way, the main effort would
be to load the stones in the right place and in the right way, to later go up the palaeoestuary
to the landing area at the foot of Valencina.

However, although this type of transport seems the most reasonable, there is no
evidence to confirm it, and, therefore, we should not rule out the possibility that all this
type of lithological material was moved by land, given that all the locations are on the right
bank of the Guadalquivir River.
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From a social perspective, the catchment and transportation of these stones from
the quarries onto the building site would have been supported by a network of these
communities, which frequented the Valencina mega-site and were integrated into the very
socio-cultural fabric that led to its definition as a central place of supra-regional significance.
There is ample evidence of Copper Age occupation throughout the Lower Guadalquivir
River, in some cases very near the possible quarrying sites mentioned above—for some
examples, see Andalusia and the province of Seville [48-50], the area around Cuesta de la
Media Fanega [50], Gerena [51], Coria del Rio, and the surrounding area [52].

6. Conclusions

The location of the Valencina mega-site is, in addition to the advantages mentioned in
the introduction regarding its dominant position in proximity to the Guadalquivir River
and diversity of natural resources, the stability of the terrain on which it stands. The
Aljarafe plateau is made up of soft sandy sediments from the Guadalquivir basin but is
much more stable for construction compared to the expansiveness of the nearby clayey
soils somewhat further north. However, among these more immediate geological materials,
lithic resources are very scarce, so they had to be procured and brought to the site for a
wide array of uses and needs, including megalithic constructions.

Unlike other megaliths in southern Iberia, which were essentially built with materials
extracted from nearby areas (Menga, Soto, Alberite, or El Pozuelo), for the construction of
the La Pastora tholos, the Valencina builders had to source a greater lithological diversity
from areas farther afield. This shows that the lack of nearby lithic resources was not an
obstacle to the genesis and subsequent flourishing of the mega-site, particularly between c.
2900 and 2300 BC. The lack of immediate stone quarries was easily solved, firstly, thanks to
the social network Valencina was part of across a large territory, and secondly, through a
detailed knowledge of the environment. The latter allowed the architects of monuments
like La Pastora to choose the right types of rocks for their construction; the former facilitated
the acquisition and transportation of these materials from a host of locations to the site.
Another important fact is that, compared to the megaliths mentioned above, the lithological
diversity of the Valencina monuments suggests a greater concern for decoration, design,
and/or differentiation on the part of the builders [8].

In the particular case of La Pastora, three types of rocks from three different locations
were used:

Quartzarenite is used in blocks of decimetric size and placed as dry masonry to form
the walls of the monument. These rocks come from the geological formation known as PQ,
which belongs to the Iberian Pyritic Belt (IPB) of the Iberian Massif and whose outcrops
with rocks with characteristics more similar to those of La Pastora are located at a distance
of around 30 km to the north of Valencina.

Granite, used in large capstones, covers the chamber and part of the corridor. These
are rocks from the Sierra Norte de Sevilla batholith of the Iberian Massif. The nearest
outcrops of this lithology, and where these La Pastora materials probably come from, are
15 km north of Valencina.

Calcareous sandstone has been used as floor slabs, lintels, and jambs that delimit
the different sectors of the monument, blocks of the upper rows of the masonry of the
tholos chamber, and as capstones on the corridor. This rock comes from the Upper Miocene
Transition Facies geological formation that outcrops in the area around Valencina. However,
the presence of marine bioerosion, remains of marine fauna, and beach sand in bioerosioned
borings, all dated to the third millennium BC, has led us to determine that these stones
come from coastal outcrops in the area around the present-day town of Coria del Rio, some
15 km south of Valencina.

In none of the three cases has it been possible to locate the original quarries from which
these stones came, but at least it has been possible to determine the minimum distances
these materials had to travel to the location of the tholos. It also points to the means of
extraction of each one of them, largely facilitated by the existence of discontinuities such
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as fractures, joints, or stratification surfaces or by the work exerted by coastal agents such
as waves in the case of the calcareous sandstones. However, the greatest effort for the
builders must have been the transfer of the materials from their outcrops to the monument.
In this sense, given the situation of the source areas and the regional geography in the third
millennium BC, it is suggested that the easiest form of transport could have been by boat
both from the north, along the Rivera de Huelva and the Guadalquivir, and from the south,
bordering the palaeocoast of the post-Flandrian marine inlet and ascending the final stretch
of the Guadalquivir, to the foot of the Valencina mega-site.
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