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ABSTRACT

The use of complementary techniques in this paper contributes to a better understanding of the
long-term evolution of the riparian landscape on the southern banks of the lacus Ligustinus
(current Guadalquivir marshlands) through the knowledge of related human settlements. The
techniques used included field-transect surveys, malacology, anthracology, radiocarbon dating,
and magnetometry. With respect to the data, in-depth plowing at the archaeological site of Haza
de Santa Catalina revealed vestiges of different time periods. Comprehensive data sets based on
best archaeological practices were collected to explore holistic ecological perspectives and
changes over time. Here, we focus specifically on the transition between the fourth and third
millennia (Neolithic) and the first millennium B.C. (Iron Age — Early Roman period) in western



Andalusia. In addition, the theoretical frameworks related to the concepts of ‘riparia’ and
‘emptyscape’ are expanded with the knowledge gained in the archaeological fieldwork.
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INTRODUCTION

A complete understanding and therefore preservation of riparian spaces requires a perspective on
the human-environment interactions within the longue durée. This primary thesis underpins the
development of the LiguSTAR Project (Castro 2020), which in turn involves the concept of
‘riparia’, new methodological approaches to the ‘emptyscape’, and specific study cases in the
banks of the ancient lacus Ligustinus (western Andalusia).

The social concerns of sustainability and environmental preservation demand solutions from the
scientific community. Some new policies can exploit our knowledge of the past. For instance, the
United Nations posed the theme “Revive and restore degraded wetlands” for the 2023 World
Wetlands Day. From the archaeological point of view, a better understanding of their evolution
and relationship with humans can be offered. Within the Niche Construction paradigm and the
‘Good Anthropocene’ perspective, the reconstruction of ancient water systems is considered a
convenient measure (Rosen, 2024). Wetlands can offer a particularly accurate record of human
activity in surrounding landscapes. However, the evidence can be spread through the territory and
masked for recent transformations.

Our theoretical framework links the lacus Ligustinus to the ‘riparia’. This concept involves the
study of relationships between human populations and the environment, considering banks and
wetlands (Hermon 2014, 5-7). Framing the concept in longue durée, researchers address
comparative environmental history (Hermon 2021) and social representations from Antiquity to
modern times (Hermon 2022). Furthermore, these works address the research from the
perspective of the watershed scale, which invites us to consider the entire Guadalquivir Valley,
particularly for erosive and sedimentary infilling processes. Framing the concept of the ‘riparia’
in a more restricted historical period, Latin land surveyors provides valuable insights on water
management practices (Hermon 2020). From this theoretical framework, studies on different
riparian formations have been carried out by discussing specific Baetican cases (Castro, Bastos,
and Bocanegra 2014; Lagdstena 2015; Lagostena, Castro, Bastos 2015).

Regarding the survey methodology, LiguSTAR was used to explore the concepts of ‘emptyscape’
and ‘archaeological continuum’ (Campana 2018). The ensuing approach increased the attention
given to the space between archaeological sites, where scattered pieces of evidence may be
essential for interpreting ancient settlement patterns. Furthermore, there is another type of
‘emptyscape’ in our study zone: Ancient marshlands. Traditional field surveys have been avoided



in these wide areas with very scarce archaeological surface records. Within the LiguSTAR
project, these areas have been explored near several Roman sites.

Further investigation could be afforded with the help of a large-scale geophysical survey, as
carried out by the emptyscapes initiative of the University of Siena for the Grosseto-Roselle valley
(South Tuscany, Italy) (Saito 2023). A bibliometric analysis of the use of GPR and geophysical
methods offers an overview of the increasing number of works within this emerging subdiscipline,
though with challenges involving aspects such as the valorization of the resulting data as primary
sources (Lagostena and Aragon, 2023). The combination of non-invasive methods (geomagnetic
survey, GPR, electric tomography and LiDAR) has offered interesting results for the fortified
settlement of Cerro de la Brefia (Talavan, Céaceres, Spain) (Mayoral et al. 2023). From this
methodological approach, a survey on the Iron Age necropolis of EI Toro (Alcubillas, Ciudad
Real, Spain) (Catalan et al. 2022) offers possible parallelisms for Haza de Santa Catalina (HSC),
in the LiguSTAR’s study zone. In addition, explorations of other sites via GPR are being
undertaken near our study area (Lagdstena 2021; Lagéstena et al. 2021).

LACUS LIGUSTINUS

The geographical framework of our study is the ancient marshlands of the lower Guadalquivir
valley. Literary sources, archaeological evidence, and paleoenvironmental records provide
information on this framework. Literary sources address different aspects of this region according
to the changing interests and perceptions of ancient Mediterranean societies (Lagdstena 2014).
Here, the lacus Ligustinus appears between the coast and the river, related to waterways and
shallows that offer navigation opportunities and risks. In this realm, interpretation requires a
thorough exegesis involving the understanding of partial descriptions of an evolving landscape
given by different authors with their original sources of information (Ferrer 2012).

As a part of the paleoenvironmental record, sedimentary infilling provides information on
catastrophic events, the evolution of the lacus, and the inland exploitation of natural resources.
Extreme wave events could have affected ancient settlements and/or archaeological evidence.
Micropaleontological analysis of sediments from a core (Guerra et al. 2020, 11) extracted 17
kilometers to the north of Cortijo de Evora points to the existence of a lagoon with marine
connections during the Roman period. Marine connections were progressively limited until fresh
waters were predominant during the 4"-5" centuries AD. Another core, 13.5 kilometers to the
northwest of Cortijo de Evora, offers information about three different phases (Gonzélez-
Regalado et al. 2020). The first phase (900-218 BC) was defined by the alternation of lagoonal
silty sediments and marsh deposits, the latter with slight pollution from mining activities. The
second phase (218-60 BC) was a tsunamigenic period characterized by the erosion of previous
dune systems. The third phase (60 BC-present day) involves a regressive sequence with the final
implantation of the present-day dune systems and evidence of increased metal pollution from
Roman mining. On the other hand, organic remains from archaeological excavations have been
examined at several sites (Garcia-Vifias and Bernaldez 2018). Concerning the possibility of
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comparison with the HSC records, a limited scope is given by the chronological and geographical
framework of this work, which focuses on the Iron Age and the eastern side of the Ligustinus.

EBORA

Different cities named Ebora are on the Iberian Peninsula (Carriazo 1970, 28-29). In the context
of the Atlantic coast near the ancient city of Gades, Ebora is mentioned both as a polis (Strabo,
3.1.9) and as a castellum (Mela, 3.1.4) in written sources from Roman times. Traditional research
has identified Ebora with superficial remains from Cortijo de Evora, consisting basically of
sherds. Despite the interest following the discovery of an ancient treasure (dated between the 7™
and the 2" century BC), only a restricted excavation was implemented in the 1950s. Later, the
investigation recorded other aspects of the site, but in-depth research has not been carried out (see
bibliography in Parodi et al. 2019, 251-256; Castro 2020, 2-3). Recent research has focused on
interpreting the treasure regarding its eastern religious symbols (Gdmez 2018) and its possible
relationship with a Turdetanian sanctuary in Cortijo de Evora (Martin 2018-2019).

From the literary sources, descriptions of the connections between the lacus Ligustinus and the
sea are particularly interesting for determining the strategic relevance of Ebora, both as a military
and a trade port. Navigability in the zone was related to items such as the Monumentum Caepionis
and the sanctuary of Lux Dubia (Fig. 1), but special attention must be given to the process of
enclosing the southern mouth of the lacus because of the formation of the tombolo of La Algaida
between the 1%t century BC and the 2" century AD (Rodriguez et al. 2016, 115; Castillo and
Iguacel 2021, 124). This tombolo was presumably well consolidated when an extreme wave event
occurred between the years 100 and 300 AD, which failed to breach it by means of inlets
(Rodriguez et al. 2022, 141).

Analyses of archaeological data provide insights into physical and human aspects of Ligustinus
as a geographical framework for this research. Regarding the surroundings of Ebora, the salt-fish
factory beside the sanctuary of Lux Dubia has been interpreted as evidence of the navigability of
Cafio Cardales during the 1%t century AD (Menanteau and Vanney 2011, 19). As an ancient
waterway, Cafio Cardales can be considered the main connector between Ebora and the river.
Furthermore, the exploitation of banks on the southern side of Ligustinus has been explored at
two different scales: the urban network and its terrestrial interconnections (Lagéstena 2016) and
the territorium of Hasta Regia (Ruiz et al. 2019), which includes the hinterland of Ebora (Martin-
Arroyo 2018, 267-268). Here, villae and amphorae workshops can be studied regarding the
network of piers that configures trade routes through the Ligustinus.

Ebora was located at the northeastern extreme of an ancient peninsula bordered by two branches
of the lacus Ligustinus (Fig. 1). Within the LiguSTAR Project, the surveyed area encompassed
approximately three square kilometers of this mainland and a narrow buffer of former marshes.
This included the sites of Evora A and B, which were probably the result of the displacement of
the first center of activity toward the second at some point at the beginning of Roman imperial
time (Castro 2020). In the southwestern part of the surveyed area, the 100-meter-wide transects
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allowed us to record some archaeological evidence, although at the time, it was not possible to
establish any chronological context. Later, a sherd of black gloss pottery was found during a new
visit to HSC (Fig. 1). A more exhaustive survey (25 meter-wide transects) offered few eroded
sherds of black gloss and red-painted pottery. A year later, an 80 cm deep plowing (deeper than
traditional plowing) brought to light many new and more diverse remains. After informing the
provincial authorities (Delegacion Provincial de Cultura de Cadiz), a formal archaeological
project was carried out, the main results of which are detailed in this paper.

OBJECTIVES

Our objective was to explore different epistemological approaches for landscape archaeology
from a specific case study, with particular regard to inhabitation and settlement patterns in riparian
environments. According to this objective, a secondary aim was to offer solutions for strategic
fieldwork design in similar projects, including the selection of study zones and samples, as well
as the management of resources and different technigues for obtaining comprehensive data sets.
Another secondary aim was to assess the potential of different field archaeology methods, their
limits and their positive results according to experiences in HSC. The last aim was to interpret the
evidence from HSC within the theoretical frameworks about the related environmental contexts
and settlement patterns. Moreover, the distributions of surface materials and their relationships
with missing or partially preserved structures were investigated. Then, we aimed to identify
chronologies and original functionalities, including comparisons with other archaeological sites,
mainly from the surrounding region.

METHODOLOGY

The archaeological record at HSC (Fig. 2) consisted of field surveys performed on foot, including
the collection of samples for analyses of paleobotany, *4C, malacology, and metals. Furthermore,
an archaeological trench, drone surveys, and magnetometry were carried out.

A systematic field survey was performed with the help of three sets of transects that were 50, 25
and 10 meters wide. After a previous visual inspection, distances between the transects were
established according to the perceived density of the vestiges and the resources (time and labor)
available for implementing the survey project. The orientations of the transects were aligned with
the topography (contour lines). Survey resources consisted of two archaeologists and a
collaborator who were organized in two groups with their respective GPSs to survey even and
odd transects. The nature of the positioned materials was recorded in notebooks. Every diagnostic
sherd (rims, bases, and handles) was collected in a separate bag with a label indicating the used
GPS and the recorded position. These bags were stored in separate common bags every survey
day. This procedure enabled efficient use of time during the field survey and proper organization
of scattered pieces of information.

The entire plot of land was surveyed (Fig. 2), although only the eastern half had been plowed. In
this respect, comparisons could be made according to the density of the findings on both sides of
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the plowed area, particularly in the more intensively surveyed area. The zone that was surveyed
with 10-meter-wide transects was defined based on three factors: former findings, new findings,
and topography. Findings from the previous survey (25-meter-wide transects) indicated a
presumably unearthed burial area to the west of the plowed zone that required a more detailed
survey. Here, an archaeological trench (Fig. 2) was used to explore the stratigraphy in the zone
unaffected by recent plowing. The high degree of compaction of the substrate enabled only the
manual digging to 50 centimeters depth to be performed. This trench provided no other relevant
information. Preliminary visits to the plot determined that artifacts were densely distributed
between the former area and the next land elevation to the east (see lines of elevation in Fig. 2).
From here to the eastern extreme of the plot, the presence of materials was strongly affected by a
deep trough, although the density of the materials was recorded in the elevated terrain on the
opposite side. However, this narrow fringe was of little interest because the remains have not been
dated or identified to ancient activities or structures. Here, the limit of the land plot coincided
with the boundary of the official protection area of Cortijo de Evora.

The 80-cm-deep plowing removed large blocks of compacted soil, which affected the mobility of
the surveyors, the visibility of the remains, and the sampling (Fig. 3). Every piece of evidence
was georeferenced, and the most relevant items were collected (diagnostic sherds, stone tools,
metals, complete malacological remains, etc.). Other vestiges, such as building stones or earth
displaying traces of rubefaction due to exposure to fire, were also recorded via both GPS and
photography. However, for a more detailed view of the terrain, two sets of axial photographs were
obtained by a drone (Mavic 2 DJI) flying at 70- and 7-meter heights (Fig. 2). These photographs
could enable the study of different natural and archaeological substrates by identifying them
through their colors and analyzing their spatial distribution as they were brought to light through
plowing. This research requires future efforts in the computational data management of large sets
of photographs and interdisciplinary identification of the substrates.

After finishing the superficial record, sample collection for analyses was facilitated by the
concentration of evidence at very restricted points, defined by the presence of ash that was
frequently compacted within blocks of earth (Fig. 3).

A total of 15 samples of ash and charcoal were collected for paleobotanical analysis (Tables 1
and 2), considering well-preserved blocks of earth with abundant remains. In this way, they were
directly collected from the ground, avoiding intrusive materials. Twelve samples were taken from
the burial zone dated to pre/early Roman times, over the alignment of vestiges that were later
identified by magnetometry. One sample (A-007) was associated with an undefined settlement in
the center of the intensively surveyed area, as explained in the Results section of this paper. Three
other samples (E-175, E-176, and E-179) were extracted from the Neolithic site to the east.
Sample E-175, with a volume of 8.100 g/5 L of sediment, provided no suitable material for
analysis.



The collected samples were studied by the Portuguese laboratory of ERA Arqueologia, S.A. They
used flotation to extract charcoal and seeds using a bucket and a 0.25 mm grid to recover larger-
and smaller-sized samples, respectively. Charcoals larger than 2 mm in diameter were collected.
Twenty samples for practically every context were randomly selected, for a total of 252
fragments. Three sections (transverse, longitudinal tangential, and longitudinal radial) of these
samples were examined via incident light microscopy (100x and 200x) for identification. The
taxonomic identification of charcoal was conducted with the help of an anatomic atlas of trees
(Schweingruber 1990) and a reference collection of modern coals at the ICArEHB — University
of Algarve.

During the collection of ash and charcoal, 17 samples were collected for **C analysis. Two main
criteria were followed to ensure their validity. Samples were collected from well-preserved
contexts, such as blocks of compacted earth, avoiding intrusive materials. The largest charcoals
available were selected, and clay was preserved when it surrounded the sample. Sterilized
materials were used to pick up and transport the samples. Recently, two samples (D598 and D637)
were selected because of their position over two of the presumably tumular structures that were
attested by magnetometry (Fig. 2). Chemical pretreatment was carried out by the iCONa
laboratory, the laboratory for the analysis of isotopic relationships, at the Department of
Environmental, Biological and Pharmaceutical Sciences of the University of Campania ‘Luigi
Vanvitelli’. The radiocarbon contents were measured with accelerator mass spectrometry (AMS).

Malacology samples were collected during both the field-transect survey and, particularly, within
a more detailed examination of the Neolithic area (Fig. 2). The field-transect survey provided 99
samples of bones and shells, which were considered sufficiently preserved to be satisfactorily
examined by specialists. The Neolithic area was characterized by concentrations of ash associated
with sherds and stone tools. Malacological remains were present in different proportions,
sometimes in quite large numbers (Fig. 3). During the field-transect survey, all the concentration
areas were marked aboveground so that they could be revisited for further investigation.

Twelve one-kilogram samples of substrate were collected from their respective concentrations,
selecting those with higher quantities of visible remains. The malacology was extracted by using
flotation and a 0.5 mm grid. The remains were clustered into different groups according to their
homogeneity and identified species. Vestiges of probable intrusive species from places other than
the archaeological substrates were identified using a binocular loupe and removed. They consisted
of the remains of three species of terrestrial snails: Otala lactea (Mdiller, 1774), Xerotricha
apicina (Lamarck, 1822), and Theba pisana (Miiller, 1774). Similarly, lacking a relationship with
the archaeological substrate, the presence of Pecten maximus (fossil) was confirmed. Evidence of
eight other species was found, which will be discussed in the Results section.

After sampling, a more exhaustive visual examination of the concentrations of ash was carried
out by breaking the blocks of earth and digging the substrate. The objective was to collect stone
tools and sherds, including both diagnostic and nondiagnostic fragments, to reconstruct pottery
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forms. The possibility of total or partial reconstruction of pottery shapes was given by considering
the ash concentrations as probable stratigraphic units, in which large or complementary fragments
could have been preserved with minimal alteration after plowing. The concentrations were
graphically recorded using archaeological meter scales. A more exhaustive recording in this
respect was carried out through the drone survey. To obtain an indicative sample, the volumes of
two concentrations of ash in the Neolithic area were measured: 1) 3.300 g/35 L froma 0.5x 2 m
concentration and 2) 2.300 g/25 L from a 0.6 x 1.1 m concentration.

The preliminary identification of a burial zone dating from pre/early Roman times was linked to
the detection of other concentrations of ash that were smaller than the Neolithic concentrations
and frequently associated with sherds and small fragments of bones. They were also marked
aboveground for further investigation to recover funerary offerings and sherds of complete pieces
of pottery. Here, the remains of metallic objects were recurrently attested during the field-transect
survey. In this respect, a more exhaustive visual examination of these ash concentrations was
preceded by inspection with a metal detector (Fisher M-scope 1225-X model) (Fig. 2). The use
of a metal detector yielded mixed results. Sometimes the signals did not correspond with the
finding of metallic remains, or it was impossible to find them. Despite these anomalies, this one-
day survey with a metal detector obtained 52 of the 71 inventoried metallic remains in HSC.

Magnetometry can be used to successfully find materials with abundant magnetized remnants that
were caused by fire. The magnetometer generates unique images (i.e., magnetograms) from
vestiges located at depths up to 1.5 m. In HSC, the main objective was to record structures from
the necropolis. Beyond the disruptions caused by plowing at different depths, the expected results
would reveal features/structures from depths ranging from 20-80 to 150 cm. The MX V3 model
(fluxgate gradiometer FGM®650/3) of Sensys is a modular multichannel magnetometer with up to
16 fluxgate gradiometers on a 3.85-m wide trailer. It provides images with a resolution of <0.2
nT and a standard measurement range of +10 uT. Geopositioning was carried out with a
performance and precision GPS/GNSS system for real-time kinematics (RTK), Stonex S10. The
equipment used as the base was a Stonex S10 and Rover S10A, with a precision of +1 cm. Data
postprocessing was accomplished with DLMGPS and Magneto software. The specialized
equipment belongs to the Unit of Geodetection, Analysis and Georeferencing of the University
of Cédiz.

Two magnetograms were obtained from three campaigns (one of them failed). They covered
22.084 m? within the zone surveyed with 10-meter-wide transects, which was an approximately
300 x 100 m area (Fig. 2). The first campaign was conducted in October 2020. The modular
trailer, with 16 gradiometers (25 cm from each other) and a configuration of 20 Hz, was pushed
by two operators. The orientation of the 385 cm wide transects was southwest—northeast
according to the direction of plowing. The presence of parked farm machinery at the higher point
in the western region made it impossible to complete the survey in this area. The resulting
magnetogram covered 12.069 m? in the western part of the more intensively surveyed area. In the
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second campaign (2021), the magnetometer was pulled by a car. Due to the survey speed and the
irregularity of the terrain, we were not able to obtain satisfactory data. During the third campaign,
a survey with 120-centimeter transects (5 gradiometers spaced 30 cm from each other) was
conducted. The northwest—southeast direction of the transects corresponded with more recent and
less aggressive plowing that allowed for better coverage of the terrain. There were fewer observed
archaeological features in the eastern 10.015 m? area than in the former area, but the magnetogram
more faithfully imaged minor features related to the concentrations of ash on the land surface.

RESULTS

The first set of outcomes included the data from the surface records and the collected samples.
Afterward, more detailed descriptions and interpretations of the evidence from the Neolithic and
pre/early Roman phases of the site are provided.

Overall record

Fig. 4 shows 2519 points representing the locations of the materials. Kernel analysis involves a
density probability function that considers two dimensions. Departing from every nucleus, with
X and Y coordinates, a smoothed approximation of the centrifugal distribution is calculated for
the point data set (Conolly and Lake 2009, p. 234). In Fig. 4, this geodesic density was calculated
according to default parameters established by ArcGIS (v. 10.4.1). The indicated number of points
(N) was given according to the square meter, which was the size of the pixels in the resulting
raster layer of ArcGIS.

Kernel density analysis revealed the main area where findings from the pre/early Roman phase
were concentrated. The secondary concentrations of points included the surroundings of the
abovementioned area, the Neolithic area and the northeastern site of the plot, among other minor
gatherings of materials. In 2020, a preliminary report was sent to the Delegacion Territorial de
Cultura y Patrimonio Historico de Cadiz to protect three delimited areas (Fig. 8): polygon A-1
(1.2 ha.), A-2 (0.6 ha.), and A-3 (1.3 ha.). Polygons of protection indicated areas where the most
relevant pieces of evidence were recorded, including those where underground vestiges were
attested or could remain untouched immediately below the 80-centimeter-deep plowed level (20
centimeter-deep on the western side of Polygon A-1). The remaining concentrations were related
to two main factors: hydrotopography and contamination. A hydrotopographical effect could be
assumed on both sides of Polygon A-1. It was delimited within a gentle slope to the southeast,
with numerous materials displaced in this direction. Two minor troughs, with their respective
concentrations of materials, descend to the northwest of the mentioned polygon, while higher
densities of materials were recorded along the main trough from the eastern side to the northern
limit of the plot. These troughs converge at a central drainage ditch in the incoming branch of the
ancient marshland. Along the central section of the northern border of the plot, contamination
from intensive cultivation of the neighboring vineyard was observed (from manure and added
earth containing abundant waste). This phenomenon was also observed at other sites in the region
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(Castro 2020, 14). In this sense, surface records of the neighboring sites of Caser6n de Evorilla
(0.5 kilometers to the east of HSC) and Cabeza Gorda (0.7 kilometers to the north) were
practically imperceptible. Adding earth to improve agricultural soils in lowlands usually involves
few artifacts but can also mask ancient vestiges and the original topography, as observed between
Evora A and Evora B (Fig. 1) during the fieldwork of the LiguSTAR Project. Paths along the
southern and western borders of the plot also exhibited contamination, as they were repaired with
contemporary debris (Fig. 8).

To explore more holistically diachronic changes within these landscapes, we now turn to specific
material indicators, notably ceramic analyses. Among the collected 1746 pieces of evidence, there
are 11 fragments of glass, 19 fragments of adobe, and 71 fragments of metal, as well as 40 lithic
elements and 99 animal remains (shells and bones). Most of the 1506 recorded sherds consisted
of diagnostic elements, but a certain number of other less relevant pieces were retained due to the
possibility of a more complete reconstruction of some pots from well-defined contexts
(concentrations of ashes). Further typological information about the recorded sherds will be
presented in this paper with respect to the Neolithic and pre/early Roman areas.

Neolithic area

Within Polygon A-2, the initial evidence consisted of concentrations of ash containing different
proportions of materials (Figs. 3 and 5). Currently, no radiocarbon dating has been performed for
this area, but malacological samples are available for future research in this respect. A preliminary
analysis of the pottery records points to the transition between the fourth and third millennia B.C.
The record of Los Castillejos (Montefrio, Granada) (Arribas and Molina 1979) has been used as
a reference study for HSC, as has the typological series from different southern Iberian sites.
Particularly relevant are two sites with published stratigraphic records, namely, La Esparragosa
(Chiclana de la Frontera) (Vijande et al. 2019) and SET-Parralejos (Vejer de la Frontera) (Cantillo
2014; Villalpando and Montafiés 2009; Villalpando and Montafiés 2016), both of which are in the
province of Céadiz.

In HSC, pottery fired in a reducing atmosphere is predominant with respect to those from
oxidative atmospheres, but evidences of regular and irregular firing are similar in quantity. The
coloration of the sherds is quite homogeneous and dominated by orange, brownish and beige
tones. In contrast, some sherds have a darker coloration, with black or grayish tones. In most
cases, the corrective additives in clays are abundant (69 sherds) and large (69 sherds). Middle
(19) or scarce quantities (37 sherds) have been observed in a certain number of cases, as have the
medium (20) and small sizes (41 sherds) of the corrective additives. This pottery record from
HSC consists of 896 fragments: 761 nondiagnostic sherds, 111 diagnostic sherds (rims and bases),
and 24 decorated sherds (including those with prehension elements). The typologies of cooking
pots and bowls are predominant, as usual in late Neolithic contexts. Cooking pots with slightly
incurved rims stand out in HSC, as do those with spherical or hemispherical bowls. Furthermore,
S-shaped vessels and various types of platters were recorded. The prehension elements consisted
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of two mamelons and two handles. There are fragments with incised and printed decorations, as
well as perforated sherds and others with traces of paint.

A total of 21 flint tools and fragments were recorded, including evidence of every phase of lithic
reduction. According to the Sistema Lo6gico Analitico (SLA) (Carbonell, Guilbaud, and Mora
1983), the records in HSC include cores (BN1G), flakes (BP; including a wide variety of results),
retouched artifacts (BN2G), and splinters (OTR; other remains of lithic reduction). For further
research, some reference assemblages were obtained from Cantarranas (El Puerto de Santa Maria)
and EI Trobal (Jerez de la Frontera) (Ramos et al. 1991-1992).

Furthermore, 7 polished lithic tools and 5 other fragments were recorded, in addition to a large
carved block of stone. Polished artifacts on the Atlantic coast of the province of Cadiz have been
common since the late fifth millennium B.C. Here, they have been related to increases in both
natural resource exploitation and new economic practices in Neolithic communities (Dominguez-
Bella and Pérez 2008). Details on the sources, manufacture, utility, and depositional processes of
the polished stone tools can be found in some specialized studies for the Neolithic and Copper
Age in Southern Iberia (Dominguez-Bella et al. 2010).

As our work is keenly interested in scalable data sets and, notably, zones apparently void of
cultural markers in the archaeological record, we now turn to an exploration of our emptyscape
framing. A previous survey in HSC (Parodi et al. 2019, Fig. 4) and our own archaeological
prospecting before deep plowing did not provide information regarding this phase. Within the
municipality of SanlGcar de Barrameda (170 km?), no other Neolithic site has been detected.
Surface records (site of Bustos) or isolated findings (Alventus-EI Nono) (Fig. 6) are the usual type
of evidence for open-air settlements, as traditional research has focused on caves. An exception
can be found in El Cabezo de Lebrija (Fig. 6). Few sites are known in the neighboring region, in
contrast with the number (at least 55) recorded in the southwestern region of the province of Cadiz
(Ramos et al. 2017; Fig. 4). In this respect, the lack of research can be added to the effects of the
transformation of the territory, including sea level rise, a receding shoreline, aeolian dune
formation, and successive tsunamis that have eroded the archaeological surface record
(Rodriguez-Ramirez et al. 2014, 134-135). The case of Rajaldabas, a nearby Bronze Age site, is
notable because it was located at a low-altitude point that was later affected by sea level rise and
the formation of marshes (Parodi et al. 2019, 62) and/or by a tsunamic event ca. cal yr 1150 BC
(Rodriguez et al. 2022, 139). This case highlights the importance of paying more attention to the
apparent ‘emptyscape’ beyond the recorded sites.

Regarding the riparian character of the site, the Neolithic settlement at HSC was located
approximately 30.5 meters above the current sea level (Fig. 5). The surrounding areas within one
kilometer have higher elevations (49.5, 43.5, and 40.5 m.a.s.l.). However, the site is located
between two alluvial formations, which can mask longer penetrations of ancient marshes or ways
of accessing riparian environments. In fact, the current elevation of the incoming branch of the
ancient marsh to the northwest is barely 2.5 m.a.s.l., involving steep slopes at some points that
could have been difficult to pass. Even if shellfish could have been collected far from the site,
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most of the HSC evidence could be associated with the surrounding ancient marshland, providing
data for paleoenvironmental reconstruction. Seven species have been identified in the Neolithic
phase at HSC. In order of abundance, the following four species were noted, all of which are
edible: Crassostrea sp. (a genus of true oysters (family Ostreidae) that generally live in the
intertidal zone), Solen marginatus (Pulteney, 1799; common name, the ‘grooved razor shell’),
Eastonia rugosa (Helbling, 1779; bivalve), and Bolinus brandaris (Linnaeus, 1758; the purple
dye murex (or spiny dye-murex) is a species of medium-sized, predatory sea snail living in sandy-
muddy or detrital seabeds near the marine wavebreak zone). The other identified species were as
follows: Parvicardium exiguum (Gmelin, 1791; bivalve), Cerithium vulgatum (Bruguiére, 1792;
sea snail), and Ruditapes decussatus (Linnaeus, 1758; edible bivalve).

The anthracological evidence offered by E-176 and E-179 was scarce (Fig. 2 and Table 2).
However, the presence of Quercus sp. pointed to a ‘Dehesa-type’ landscape (open savannah-like
woodlands), which is associated with the Copper Age in the region and linked to intense human
activity. According to the record of the Middle Neolithic A period of the Dehesilla Cave (ca.
4800-4500 cal BC) (Fig. 6), a turning point can be detected related to a strong decrease in forest
cover and the creation of thermophilic forests likely caused by extensive agricultural systems
(Garcia-Rivero et al. 2022, 552). On the southeastern shores of the bay, the presence of Cardial
wares during the Early and Middle Neolithic was related to human groups who utilized
agricultural practices; moreover, their absence on the northwestern shores was linked to
pastoralism. The different natures of the soils on both sides of the ancient bay support this
hypothesis. Finally, changes in the composition of the archaeological records in southern Iberia
during the second half of the fourth millennium B.C. were related to the influence of the Maghrebi
Neolithic (Escacena 2014, 88-90).

The exploitation of coastal resources and open-air settlements have been insufficiently studied
due to the conditions mentioned above in this epoch's surface record. In turn, this is highly
inconvenient for reaching a satisfactory understanding of the expansion of agricultural practices
and the associated landscape transformation as a paradigm of the Neolithic Age. Data from
resource consumption and topographical emplacement at HSC are interesting for the elaboration
of predictive models to detect new sites and elaborate explanatory hypotheses on the spatial
distribution of the evidence.

Pre/early Roman area

The vestiges within Polygon A-1 included evidence of a necropolis dating from the 8™ to the 2™
centuries BC and a postancient site with an undetermined chronology and functionality. However,
both phases require further investigation to determine their chronologies. Particular attention must
be given to the eastern part of the polygon, where traces of both phases overlap.

With respect to the pre/early Roman area, the collected sherds included a variety of shapes of
different types of objects (plates, bowls, urns, cooking pots, amphorae, etc.). A relevant portion
of them fit the dates indicated by the 4C analyses: 212 (+50) (for D637; related to Group 3 in Fig.
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7) and 138 (+48) BC (for D598; Group 5). However, the prolonged craft tradition of the
Turdetanian painted pottery (Ferrer and Garcia 2008, 202) and the Phoenician-Punic amphorae
allows us to provisionally expand the proposed chronological framework of the site toward the
8™ century BC. Moreover, a few finds can be dated back to the Early Iron Age (Tartessian period,
8-mid-6" centuries BC). These include hand-thrown sherds with typological parallels in the
Mesas de Asta necropolis (Barrionuevo and Torres 2021). Tumular structures, as stated below,
can be generally dated within this enlarged chronological framework. Other elements related to
burial are the concentrations of ash, with or without fragmented bones, sherds or traces of earth
that was rubefacted due to fire exposure. Their diversity can be related to graves as well as to
associated rituals and structures, such as silicernia and ustrina. Other relevant artifacts consisted
of a group of five astragalus bones, three spindle whorls, a glass bead and a spearhead.

The anthracological record of this phase consists of 225 coals, with sample D-598 dating back to
138 (+48) BC (Table 2 and Fig. 2). More than two-thirds were composed of the families Ericaceae
(including Arbutus unedo, commonly referred to as ‘strawberry tree’; 4%) and Oleaceae (olives
and others; 45%), as well as the genus Pinus (pines; 23%). Considering the representativeness of
the record in terms of the environmental context, the selection of woods and plants for a specific
use in cremation and rites must be considered. However, the three mentioned groups of trees
provide edible fruits, which can be interpreted as remnants of forestry practices. This record from
HSC can be contrasted with those from the Dofia Blanca (L6pez and Lépez 2003) and Pocito
Chico (L6pez, Lépez, and Martin 2001, 55) sites. According to records from Paocito Chico, at the
regional scale, Mediterranean coastal pine forests on fixed dunes were dated to the Late Bronze
Age and the beginning of the Iron Age. On the other hand, southern Spain is a hot spot of oleaster
genetic diversity and traditional olive varieties that are particularly interesting for understanding
their domestication and diversification processes (Diez et al. 2015, 443). Based on the
palynological record, large-scale olive horticulture was detected on the Iberian Peninsula as early
as the mid/late 3" millennium BP (Langgut et al. 2019). The initial coastal cultivation was related
to the influence of the Phoenicians and Greeks, followed by an inland spread in Roman times
(Voropaeva and Stika 2018, 879-880). The economic importance of wild and/or domesticated
olive groves in the hinterland of Ebora should not be disregarded, nor should viticulture, which
was attested to in regional contexts dating from the 5™ to the 3" centuries BC (Martin-Arroyo
2018, 258). By Roman times, these agricultural practices could have generated a cultural
landscape in the surroundings of Ebora, including places such as the sacred woods (lucus)
Oleastrum (Mela, 11, 1, 4).

To describe the magnetometry results (Fig. 7), the anomalies were divided into sets. To further
understand this record, consulting the classification scheme of magnetic anomalies by G. Tol et
al. (2021, Table 3) is recommended. At HSC, the anomalies can be divided into ten sets based on
their classification: seven groups (1-7), two alignments (8-9), and one zone of dispersion (10).
Groups 1 to 3 are sets of single anomalies, partially (1) or totally (2-3) recorded by magnetometry,
with different probabilities of disruption by the different types of plows. Groups 4 and 5 are
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configured with well-defined circumferential shapes approximately ten meters in diameter. Group
4 is basically composed of differentiated single anomalies, while within Group 5, a single linear
anomaly is the main element. Although they also have circumferential shapes, groups 6 and 7 are
located at a significant spatial distance from the aforementioned sets. They also differ in size, with
diameters of approximately eight and five meters, respectively. Group 6 basically consists of one
linear anomaly and one single anomaly. The linear anomaly seems to be composed of single
anomalies with remarkable dipole characteristics. Partially surrounded by the linear anomaly, the
second anomaly is a well-defined circular single anomaly with a negative amplitude. This type of
anomaly is usually related to pits or postholes (Tol et al. 2021, Table 3). Group 7 consisted of a
linear anomaly with a semi-circumferential shape. Groups 8 and 9 are alignments with the same
overall orientation (SW—NE) observed in the remaining aforementioned evidence. Group 8§ fits
the distribution of concentrations of ash, as observed for Groups 3 to 7. However, this is not the
same case for Group 9. In this respect, Groups 9 and 10 could not be related to the necropolis. On
the other hand, anthracological samples and '“C dates (Fig. 7) could differ in their relationships
with the observed anomalies. They could be related to preserved underground structures or
disrupted structures or to coetaneous structures or overlapped structures with different
chronological contexts.

Several factors must be considered in the interpretation of these results. First, the necropolis can
be linked to the city of Ebora in the period when it was located at Evora A. The emplacement of
this necropolis could be related to the connection of the Cafiada de Burujena to the ancient city
(Fig. 1); furthermore, it was not in a very prominent position, with a relatively low altitude and
visibility from its surroundings. Several burial areas of the city could have coexisted, as suggested
for other sites, such as Cerro de los Infantes (Pachén and Carrasco 2005, 21) or Mesas de Asta
(Barrionuevo and Torres 2021). Even when areas other than HSC could have been preferred, HSC
seemed to have been in use long before the Roman imperial times. Long periods of activity and
different typologies of graves, including tumuli, have been recorded in necropolises such as El
Villar de Archivel (mainly dating from the 41" to the 15 centuries BC; Broténs 2008). Furthermore,
tumuli can contain diverse archaeological units (graves, ustrina, silicernia or ritual deposits), as
proposed for tumulus L127 (3" century BC) at La Albufereta (Garcia 2021). According to the
distribution of the concentrations of ash and magnetic anomalies at HSC, evidence of clustered
(sets 1 to 7) or simply juxtaposed (8 and 9) graves and/or ritual vestiges can be distinguished. The
circumferential shapes suggested that at least some of the aforementioned groups (4 to 7) can be
interpreted as tumuli.

The hypothetical tumuli were approximately located on the water parting but at different altitudes
(between 22 and 24 m.a.s.l.). Consequently, the preservation and recording of each one could be
considered separately. The building structure of Tadmulo 1 (Cérdoba and Ruiz 2000) could be
used to interpret the evidence at HSC. This tumulus, dating from the 8" century BC, was
completely excavated. It was located in the necropolis of Las Cumbres, related to the site of
Castillo de Dofia Blanca (8" to 3" centuries BC). This site was only 21 km southeast of Cortijo
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de Evora, and its location was related to the ancient riparian landscape of the Bay of Cadiz.
Although it was probably larger (20 m in diameter) than those from HSC, this tumulus could be
regarded as the most similar and well-recorded parallel, mainly due to its regional and cultural
framework. Overall syntheses of the tumuli in the southern (Ruiz, Risquez, and Molinos 2011)
and northeastern (LOpez 2008) Iberian Peninsula can be consulted in this respect. Tumulo 1 was
a structure with an average height of 1.5 meters, reaching a height of 1.8 meters in its central part.
At its lower level, a central ustrinum was surrounded by different kinds of cremation graves,
which were unequally distributed and clustered. The large single magnetic anomalies in groups 1
to 3 could be related to these types of items, perhaps involving little or no preservation of the
highest levels of the tumuli, or they could simply be related to other kinds of graves. The first set
of Tumulo 1 graves was consecutively covered with red clay. Other graves were excavated, and
rituals were carried out on the resulting red clay platform. Single anomalies in Group 4 could be
related to graves and vestiges of rituals that would have been arranged with respect to a similar
circular platform. In fact, the concentrations of ash were more abundant in groups 3 and 4;
however, they were less abundance in groups 1 and 2, which were not affected by in-depth
plowing. After building a levelled platform in Tamulo 1, a horseshoe-shaped wall was constructed
according to the slope of the terrain that embraced a last frustoconical layer of earth and small
stones. This type of wall could be related to the linear anomaly in groups 5 and 7. In the latter
case, a smaller tumulus size would have been advantageous for better preservation, even in a
higher terrain. The evidence from Group 6 could be related to a burial chamber. In fact, at Las
Cumbres, circular masonry chambers have been related to some tumuli.

Post-ancient area

In the postancient area (Fig. 8), a concentration of tile fragments has been associated with stones
found in a narrow area, which can be interpreted as evidence of a rural building. Other materials,
particularly sherds, have not been dated. Here, the presence of glasses and glazed ceramics is
particularly high (6 fragments) with respect to the remaining plot. In fact, among the vestiges of
this type (glasses, glazed ceramics, and modern materials), only 21 fragments were not directly
associated with the borders of the plot. The anthracological sample A-007 (Table 2 and Fig. 8)
supports this. The lack of remains of the genus Pinus (pines) or the family Ericaceae and the
presence of the genus Quercus (oaks) attested to a different landscape. In this sample, oaks
comprised three-fifths of the evidence related to trees in HSC, contrasting with the overall
predominance of the genus Olea (olives and others) in the 11 samples to the west of A-007.
According to these records, the related anomalies in the magnetogram (Fig. 8) could be considered
postancient remains, such as vestiges of pits and/or other structures, as well as single artifacts.
However, there were no signals of orthogonal structures that could be more precisely related to a
rural building. In this respect, the postancient archaeological layer could have been completely
removed from the stratigraphy by plowing. The circular shape of some groups of anomalies in the
zone (Fig. 7: groups 4 and 5) pointed to a certain continuity of the burial area from the west. The
record of ancient sherds in this zone also supported this. The main anomalies (groups 6 and 7)
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were 40 meters away from the nearest anomaly (Group 5) and were found at a higher position,
reducing the possibility of displacement of the materials from the west side. Minor displacements
could have occurred from Group 9, but this was not the case for the concentrations of ash that
were attested at this point.

CONCLUSIONS

Current research at HSC highlights the importance of comprehensive data sets to enhance the
understanding of historical landscapes and settlement patterns, as well as to protect the area’s
cultural heritage. Here, riparian space can be considered an attractive factor for the population,
providing an advantageous combination of resources and tightly linking the environment to the
transformation of human societies. In this respect, the banks of the ancient lacus Ligustinus
configured a densely occupied historic region where the concept of the ‘archaeological
continuum’ is outstanding. This wetland can be holistically understood only via the longue
durée perspective, which requires the integration of a large number of scattered pieces of
information, both from a vast open space and a long time. Further investigation requires
comparative approaches involving definitions of common dynamics for estuarine formations in
historical times. Extensive marshlands and remarkable tidal effects should be considered in this
respect. The complete examination will consider the ancient perceptions of these wetlands, as
attested by literary sources, and the inhabitation solutions and settlement patterns recorded by
archaeological research. Investigating HSC provides insight into related trends and elucidates
aspects that need thorough consideration. Firstly, and particularly in agricultural lands, in depth
transformations of riparian landscapes could have started as early as Neolithic times. Notably, in
this respect, there is evidence that marine shellfish gathering coexisted with the Dehesa-type
forestry. The related infilling should be understood as gradual processes within the longue durée,
though the disruptive effects of catastrophic events should not be underestimated. The
configuration of waterway networks and terrestrial routes through the marshlands depended on
these processes and events. Thus, wetlands can be observed as evolving spaces offering obstacles
and possibilities for communication and the appropriation of land. In this sense, we can note the
relationship between Ebora, Cafiada de Burujena, the necropolis in HSC, and the passage through
the surrounding marshes. All of these findings relate to our theoretical framework, the study of
the riparia and a methodological approach to the emptyscape within archaeological fieldwork.

Regarding the strategic fieldwork design, comprehensive data sets and complementary methods
confirmed the initial hypothesis of identifying an Iron Age necropolis, as attested by the location
of singular materials, radiocarbon dating, and magnetometry. The collection of other samples,
such as diagnostic sherds and charcoals for new radiocarbon dating, provides opportunities to
further investigate the hypothesis of prolonged use of the necropolis since the 8th century BC.

The assessment of the potential of field archaeology methods considers two aspects: The
availability of resources during fieldwork and the generation of enough information for the
prosecution of the research. The large quantity of files from the two axial photography sets
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increases the difficulty of managing these results. This handicap in using drones should be
thoroughly considered, for instance, reserving more time and effort to manage the files during
fieldwork or restricting the areas to be photographed. The marking of ash concentrations during
the field-transect survey resulted in a very functional practice, which enabled us to save time,
particularly concerning the later detection of metals. Magnetometry offers possibilities for
evaluating risks for surviving structures and planning future excavations, as in the case of the
necropolis area. However, from a more urging perspective, negative results from magnetometry
should be considered when planning archaeological trenches during fieldwork in zones such as
the Neolithic area in HSC, where at the moment, there is no other evidence of surviving
underground records.

Concerning the interpretation of the evidence from HSC, several aspects of the environmental
context must be highlighted, particularly those related to the watershed as a research unit, as
addressed by recent studies within the riparia theoretical framework. Human influence on the
transformation process of Ligustinus can be considered according to the presence of metal
pollution from sedimentary infilling. However, additional insight needs to be given regarding the
agricultural practices in the surrounding areas. The record from HSC points to an early impact,
with a Dehesa-type landscape during the Neolithic and other forestry practices during the Iron
Age. To properly assess the effects of related human activities, recognizing species from riparian
lowlands in archaeobotanical records can be an exciting aim for future research. Furthermore,
communication systems could be investigated using various techniques, such as geological cores
and archaeological prospection. One example of this approach considers the Algaida spit and
Cafio Cardales in the case case of Ebora. This type of item can focus a significant part of the
research from the emptyscape approach.

Regarding the interpretation of settlement patterns, the HSC study case points to a thorough
consideration of the bias of the surface archaeological record. Contamination and
hydrotopographical effects have been mentioned, but beyond these factors, difficulties in
detecting archaeological sites are demonstrated by negative results in HSC. Identifying surface
evidence from the necropolis required several interventions in the zone; moreover, discovering
the Neolithic settlement was achieved only after the in-depth plowing. Consequently, HSC was
not integrated within the nearby boundaries of the official protection area of Cortijo de Evora,
which could have prevented partial destruction of the site. In addition to other modern activities,
deep plowing involves gradual and constant damage to archaeological heritage, as has occurred
in the nearby necropolis of Mesas de Asta. GIS modeling and predictive analyses are suggested
for future research, both for a better understanding of settlement patterns and for the protection
of archaeological heritage sites. Observed topographical factors and considerations about
visibility and terrestrial communications in HSC can offer insights into some aspects of
developing such lines of research. Functional approaches to settlement patterns and spatial
analysis can be used to research emptyscape, as in the case of ancient necropolis locations.
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Our conclusion of this paper, as gained from the LiguSTAR Project’s experience in HSC,
concerns the criteria for selecting study zones regarding ancient landscapes, research methods,
and relevance of data. Riparian spaces are changing environments, which adds complexity to
landscape archaeological research. Nevertheless, intense human-environment interactions and the
vulnerability of such spaces offer singular opportunities to investigate historical phenomena and
dynamics. The bias of surface records and the limits of remote sensing and field surveys incline
us to prioritize intensive research, revisit sites and provide complete terrain coverage. This
strategy is particularly encouraging in riparian spaces such as the southern banks of Ligustinus,
where an archaeological continuum is expected due to dense settlement patterns. However,
surface records rarely offer paleoenvironmental data, which are fundamental for landscape
studies. To increase the possibility of recording these data, future research plans should consider
the transformation dynamics of the territory and consequently choose study zones. New
agricultural practices and infrastructure can bring this relevant part of the archaeological record
to light. As demonstrated in the case of HSC, synergies between rescue interventions and
systematic research can offer the relevant data that are required for further development of
landscape archaeology projects.
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Figure 1. Ebora and its main surrounding ancient places in the geographical context of lacus
Ligustinus (left). Emplacement of Haza de Santa Catalina with respect to Evora A, Evora B, and
Cafiada de Burujena (right).
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Figure 2. Field transects and data collection at HSC.
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Figure 3. State of the plot at HSC after 80 cm-deep plowing (A). Details of a concentration of
ash-coal (B) and complete pot (C), both of which are from the necropolis area, and a
concentration of vestiges from the Neolithic area (D).
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Figure 4. Kernel density of findings
topography and geology of the zone.
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Figure 5. Neolithic area at HSC. Distribution of findings and samples within Polygon of
Protection A-2.
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Figure 6. Locations of HSC and other nearby Neolithic sites.
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Figure 7. Magnetograms and division by sets of magnetic anomalies in the pre/early Roman area
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Figure 8. Evidence of recent contamination and postancient settlement in the HSC land plot.

Polygons of protection A 1-3.
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Grams Litres

[E179] 1440 1,0
[E176] 7750 4.0

[940] 5145 3,0
[A-001] 1885 1,5
[A-009] 8820 7.0
[D-477] 5860 5,0
[D-497] 7835 6.0
[D-598] 2425 2.0
[E-140] 3270 2.5
[E-154] 1785 1,5
[E-218] 2380 2.0
[E-249] 3535 3,0
[E-255] 6900 5,0
[A-007] 7440 5,0

Total 66470 48,5

Table 1. The weight and volume of each paleobotanical sample were measured before flotation.
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1
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[E179]
[E176]
[940]

[A-001]

[A-009]

[D-477]

[D-497]

[D-598]
[E-140]
[E-154]

[E-218]

[E-249]

[E-255]

[A-007]

Total

Table 2. Taxonomic identification of charcoals.
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