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ABSTRACT

The application of Geoscience to Archaeology has provided a great deal of information
about sites related to human activities and their environmental context. The knowledge
and techniques that geoarchaeological studies provide are very useful to interpret the
complexity of urban areas and their environment. In this article we present the case of
the Roman salt mines found in the city of Vigo (NW Spain). From a geoarchaeological
approach, we explain their evolution related to the city and its coastline. We integrate
pedo-sedimentary, coastal morphodynamic and archaeological information. The results
show an evolution from a peri-urban to an urban location. Museumization of the site
increased its value for the city, making it part of its cultural heritage. At the same time,
the associated pedo-sedimentary deposits should also be considered as part of this
(geological) heritage in that they are records which provide essential information
regarding the environment and human activity, which enables us to understand and
recognise the past. Therefore, in archaeological excavations in urban areas,
geoarchaeological work should be considered essential as far as the historical
interpretation of the city in question is concerned.

Keywords: Urban Geoarchaeology; coastal evolution; Roman Period; salt mines;
NW Spain

1. INTRODUCTION

The constant evolution of cities more or less guarantees the fact that they host a
multitude of archaeological remains (be they of urban origin or not), which, over the
course of time, may become features of the modern-day city, provided that they are
adequately looked after. This is the case of the Roman salt mine of “O Areal”
uncovered in the city of Vigo (in the province of Pontevedra, Spain) during the course
of public construction works. Their exceptionality and importance in the industry of the
age (Curras, 2007) has led to them being converted into a museum and becoming an
integral part of the environment of the city (they are located on layer -1 of the building
occupied by Sergas, the regional health ministry) (Castro, 2007). They were not
originally located in an urban setting but today, due to the growth of the city, they lie
within its urban nucleus.

Geoarchaeology applies knowledge and techniques originating from different Earth
Science disciplines in order to resolve historico-archaeological problems (Butzer, 1982;
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Bennedetti, Cordova, & Beach, 2010; Nicoll & Murphy, 2014; Panin & Bronnikova,
2014; Canti Dirk & Huisman, 2015) and is directly linked with paleo-environmental
reconstruction in archaeological and environmental archaeological contexts (Dincauze,
2000). One of the main focuses of attention of Geoarchaeology is the study of urban
sectors as their environment may contain a high degree of complexity in comparison
with settlements of a more rural nature (Rothschild & Zerega, 2008). Indeed, these
types of applications can be highly informative for urban processes, demographic
cycles, or the intersection between sites and their surrounding landscapes (Butzer,
2008). This can be seen in the growing number of research projects being carried out in
the fields of Urban Archaeology and the Earth Sciences (Shahack-Gross et al 2005;
Schuldenrein & Aiuvalasit, 2011; Butzer, Butzer & Love, 2013; Bini et al, 2015; Quiros
et al, 2014)

In Galicia (NW Spain) studies of this kind have been going on for several years within
our research group (Tallébn Armada, 2012; Tallon Armada et al, 2013), in collaboration
with specialists in Archaeology, highlighting the importance of carrying out these
studies in order to understand the complexity of urban areas. This article has been
developed along these lines.

This research aims to study the pedo-sedimentary record of Vigo’s salt mine, now
converted into a museum, as a methodological application of paleo-environmental
reconstruction in archaeological contexts with the ultimate goal of contextualizing and
providing an evolutionary framework for the archaeological information displayed in
the museum. In order to achieve these aims, it is necessary to analyse the soil and its
sediments in terms of stratigraphy, physical and chemical properties, elemental and
mineralogical composition and the carrying out of radiocarbon dating, along with the
study of the coastline of the area in question in terms of its morphodynamics and
evolution.

2. THE STUDY AREA

The study area takes in the site of coastal salt mine of the Roman Age located on the
coastal strip of the city of Vigo (NW Spain, Figure 1) on the lower slopes of the “Monte
Castro” hill which looks over the city. These days, this area is separated from the coast
by a relatively flat area produced by land reclamation processes which were carried out
during the last third of the 20" century as part of the city’s expansion to enable the
growth of its commercial port (Castro Carrera, 2007). This part of the city of Vigo
corresponds to a relatively shallow inlet modelled on schist rocks, flanked on the SW by
the coarse-grained granite projection of Punta De A Laxe and to the NE by the gneisses
of Punta da Guia (IGME (the Geological and Mining Institute of Spain), 2012). The old
beaches of O Areal and Guixar occupied this inlet, between Punta de A Laxe and Punta
de Sta. Tegra, which was located in the Guixar area.

The archaeological remains with which this study is concerned are the “Salt mine of O
Areal”, which is located in the street of the same name and on the afore-mentioned O
Areal beach. They present a series of characteristics which increase their exceptionality
among other such sites dedicated to the exploitation of salt of the same age. These types
of archaeological structures are not only the largest found in Galicia but are also of the
few in such a good state of preservation (Castro Carrera, 2007). Their location on the
Atlantic coast is not common for this type of industry, due to the particularities of the
climate in the area, with a high rate of precipitation and a lack of strong sun radiation
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and the absence of large areas for their installation (Alonso Villalobos & Menanteau,
2006). This site, along with another, known as the “Salt mine of Rosalia de Castro”
(Martinez Cortizas & Costa Casais, 2008; 2009), formed part of an industrial salting
complex during the Roman period. The archaeological structures found at the first of
these sites were dedicated to the final process of obtaining salt.

3. MATERIALS AND METHODS
3.1 Pedo-sedimentary study

Five sampling points were selected, from which three were chosen for the purposes of
this study, due to their greater variability in terms of facies and thickness. Three
sequences were sampled (Cel, Ce2 and Ce3; Figure 2), which were correlated with the
layers of support and filling-in of the salt mine. The structures of the salt mine are
located on a small silt pavement on the sands of the beach. Sequence Ce2 formed part of
the filling-in of an archaeological structure, possibly associated to a water channel.

The stratigraphy for each of the sequences analysed was defined from the field study
(provided by the archaeological company Anta de Moura S.L., who were responsible
for carrying out the sampling of the site) and the laboratory work (carried out by our
own research group). The taking of samples was carried out from bottom to top,
extracting sections with a thickness of between 5 and 1.5 cm, depending on the
stratigraphic layer, with the aim of obtaining a better resolution. The samples were air-
dried and sieved to separate the thick fraction (> 2mm) from the fine earth fraction (< 2
mm). Granulometric and soil reaction (pH) analyses were carried out on the latter in
water and KCI. The study of the size of the particles was performed on the ash resulting
from burning the samples at 550°C for 5 hours. The mineralogical study, by way of X-
ray diffraction with a Philips PW 1820, was carried out on selected samples which were
associated with the main points of geochemical and stratigraphic change.

The study of the elemental composition was carried out with a LECO Elemental
Analyzer, model CNS-2000 for C, N and with an X-ray fluorescence device for Si, Al,
Fe, Ti, K, Ca, Zr and Sr. Both of the machines belong to the RIAIDT (Rede de
Infraestrutura de Apoio a Investigacion e o Desenvolvemento Tecnoloxico - Network of
Infrastructures to Support Research and Technological Development) of the University
of Santiago de Compostela.

In order to establish the morphosedimentary evolution of the site in its chronological
context, radiocarbon dating was performed on selected samples. Those located in well-
defined stratigraphic layers with abrupt changes in sedimentation and/or in the values of
geochemical data were chosen. They were pre-treated, shaking subsamples of the fine
earth fraction for 16 hours in ultrapure water. Then, they were filtered through a 50 pm
mesh sieve in order to separate sand, roots and other undecomposed organic remains.
The resulting suspension was dried in an air heater at a temperature not higher than
35°C and then ground. The "*C measurement via accelerator mass spectrometry (AMS)
was carried out in the laboratory of Beta Analytic Inc. (Miami, USA). The results were
calibrated using the CALIB 6.0.1 program (Stuiver & Reimer, 1993; Reimer et al.,
2009) and were expressed in calibrated years BP (cal BP).
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3.2 Morphodynamic changes in the coastline of Vigo

The study of the morphodynamics of the coast was carried out on the area of coastline
in which the archaeological site is situated. The limits of the ancient coastline were
obtained via the georeferencing of 19" century maps dating from before the
construction of the port.

A calculation of the flow accumulation was made, with the aim of determining the
potential drainage network, using a 25 m Digital Elevation Model (DEM) employing
ArcGis 9.3 software.

4. RESULTS

4. 1 Pedo-sedimentary study
4. 1. 1 Stratigraphy and grain size

The three sedimentary sequences were characterised by the fact that they alternate
between: (a) layers made up of fine material, brownish sand-silt or silt-sand; (b) silt-
clay or clay-silt layers which are grey in colour with bands of iron and (c) layers of
coarse-grained or fine sand with either a horizontal or crossed stratification and, in some
cases, enriched by iron oxides. A granulometric study complemented and expanded the
data obtained in the field. Based on this information, the morphological characteristics
of each of the sequences were defined.

CE1l

This is the sequence that has the greatest thickness (250 cm). Fifty samples were taken
of this sequence (see Figure 3). Two stratigraphic layers can be defined (I and II).

I. Formed by bands of coarse sand (30-90%), with or without Fe precipitates (Ia/Ib, see
Figure 3), with horizontal stratification, interspersed with bands of grey silt of lesser
coarseness, with an abundance of organic remains (woods) and charcoals. Two sub-
layers can be distinguished (Ia and Ib, Figure 3).

II. Characterised by its higher content of silt and clay (40-60%) and the presence of
fragmented and eroded archaeological material. At its base (Ila, see Figure 3), the
content of fine material and iron oxides is greater, as is the presence of rounded gravel.
On the surface (Ilc, see Figure 3) it has an abundance of charcoals which are small in
size. This sub-layer can be identified archaeologically with the time of its use, following
the abandonment and collapse of the salt mine. It would correspond to a necropolis
used, according to archaeologists, between the 4™ and 7™ centuries A.D. (data from the
archaeological company “Anta de Moura”).

CE2

This sequence has a thickness of 73.5 cm and 18 samples were taken from it (Figure 4).
Six stratigraphic layers were identified, three of them were sandy and three had
alternating layers of silt and clay. They presented macro-charcoals.

I, III, V. These were composed of coarse sand with a crossed stratification and a high
content of iron oxides in the form of Fe spots or bands of precipitation. They are made
up of coarse sand (more than 60% in the case of layers I and III).

II, TV, VI. These were composed of fine compacted silt, with features of oxidation of
iron composites. Granulometrically, the fine silt and clay fraction is dominant (>50%),
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with sub-layer IV (Figure 4) showing the highest layer of content (up to 75%).
CE3

This sequence has a thickness of 197 cm, with 42 samples being collected (Figure 5).
Two stratigraphic layers can be distinguished (I, 11, see Figure 5). This is the sequence
that presented the greatest content of sand to the detriment of fine material (silt and

clay).

I. This is the basal layer. It is made up of sand (mainly coarse) with a horizontal or
crossed stratification or banded by iron oxides, forming horizontal lines on the sand.

II. This consists of fine material which is brown-grey in colour, rich in sand and mixed
with silt and clay (>40%). It contains a significant amount of fragmented archaeological
material. The quantity of silt and clay lessens gradually towards the surface and three
sub-layers can be distinguished. Ila, with a thickness of 1.5 cm (see Figure 5), is located
95 cm below the surface. It has the highest content of silt and clay and iron oxide
precipitates. The archaeological data indicates that this layer corresponds to the time of
use of the salt mine.

4. 1. 2 Soil/sediment reaction (pH)

The reaction of the soil in water is similar in the cases of sequences Cel and Ce3,
giving values higher than 6.0. In the case of Cel, it varies from slightly acidic (6.0-7.0)
to neutral-alkaline (7.0-8.0), with the highest levels being obtained in the basal layer,
coinciding with the high content in coarse sand. The pH values are more homogeneous
in the layers which are rich in fine material. The minimum level can be noted at a depth
of 200 cm, coinciding with a band of silt (Figure 6). In Ce3, the values are more stable,
between neutral-alkaline (between 7.0 and 8.0). The lowest pH values were found in the
basal layer, which is rich in coarse sand, whereas its progressive increase coincides with
the finer layers.

In Ce2, the reaction of the soil changes in comparison with the previous sequences, with
lower values oscillating between extremely acidic (<3.5) in layers II, III and part of
layer IV, and acidic-slightly acidic (>3.5-6.5) in layer I and part of IV, V and VI (Figure
6).

The pH in KCI follows extremely similar patterns of variation to those described for the
pH in water but with 0.1 to 1.4 units less.

In general, the soil reaction separates the sandy sequences of Cel and Ce3, of a neutral-
alkaline tendency, from sequence Ce2, which is rich in silt and clay, with a pH ranging
from extremely acidic to slightly acidic.

4. 1. 3 The elemental composition of the organic matter

The carbon (C) content of the sequences is generally low: Ce2 (0.05-1%); Cel (0.03-
1.15%); Ce3 (0.03-0.85%) (Figure 7). The highest values are associated with the layers
of fine material (silt-clay). For this reason, sequence Ce2 is the one which shows the
highest values, especially in layer IV (up to 2.5%). In sequences Cel and Ce3, the
carbon content is lower, except in the layers which have bands of silt and clay.

Nitrogen (N) follows a similar pattern of variation to that of carbon: Cel, 0.04-0.12%;
Ce2, 0.05-0.18%; Ce3, 0.04-0.08%. In sequences Cel and Ce3, sulphur (S) does not
follow a defined pattern, oscillating between values of less than 10 pg g and 400 pg g
! reaching maximums in the basal layer of >800 pg g " and 0-300 ug g respectively.
In Ce2, the values are higher, with concentrations oscillating between 200 pg g'1 and
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21.000 pg g, with maximums between layers IT and IV (see Figure 7), coinciding with
the lowest pH values.

4. 1. 4 The elemental composition of the mineral fraction: Si, Al, Fe, Ti, K, Ca, Zr
and Sr

The description of the characteristic chemical elements of the inorganic or mineral
fraction, majority or minority elements (Si, Al, Fe, Ti, K, Ca) and part of the lithogenic
trace elements (Zr, Sr) is included in this group, due to the fact that they are
conservative elements.

The elements analysed in the three sequences show similar ranges (Figure 8). Al, Fe, Ti,
and Zr present a similar pattern of variation: lower concentration and higher variation in
the sandy layers and maximums in the silt-clay layers or in the layers enriched with iron
oxides. These elements present a positive correlation with the silt-clay fraction, r=0.87,
0.92, 0.90 and 0.82 respectively. However, Si, K and Sr follow an inverse pattern to the
previous elements, which is correlated with the coarse sand fraction (Si r= 0.87, K r=
0.69 and Sr r= 0.63). Calcium and Sr are negatively correlated in Cel and Ce3 (r=0.71
and r=0.78 respectively), whereas in Ce2 no correlation can be observed. Zirconium
presents a higher level of concentration in the layers which are rich in silt and clay.

Sequences Cel and Ce3 present a similar evolution. They are formed by a basal layer,
which is rich in coarse sand, Si, K and Sr, and a superficial layer with a higher content
of silt, clay, Al, Fe, Ti, Ca and Zr. At the base of Cel accumulations of silt and clay and
interspersed precipitates of iron oxides can be noted. In Ce3, the superficial samples
presented similar granulometric and compositional characteristics to the basal layers
(Figure 8).

Sequence Ce2 alternates more between sandy layers with precipitates of iron oxides and
silt and clay, which is reflected in its elemental composition. The sandy layers (I, III and
V, see Figure 8), are rich in Si, K and Sr, whereas the silt-clay layers (I, IV and VI) are
rich in Al, Fe, Ti and Zr. Calcium does not present significant variations in depth.

4. 1. 5 Mineralogical composition

The samples analysed in the three sequences contain: quartz, feldspar, mica,
interstratified mica-vermiculite, 1:1 dioctahedral phyllosilicates of a kaolinite gibbsite
type (Table II).

Quartz and 1:1 dioctahedral phyllosilicates are the most abundant minerals and their
distribution follows an inverse pattern (Table II). In turn, the samples which are rich in
quartz contain more than 50% sand and those rich in 1:1 dioctahedral phyllosilicates
contain more than 40% silt and clay. This indicates that mineralogy is determined by the
granulometrics of the sediment.

The relative abundance of feldspars and micas is less (between present and trace). The
mica is of a muscovite type and its abundance is greater in the samples which are richer
in 1:1 dioctahedral phyllosilicates. Within the feldspars, potassium feldspar (microcline)
and plagioclase can be identified. In general, the sandy samples, with a higher quartz
content, also present a higher concentration of feldspars, with greater or the same
abundance relative to the two types described, whereas in the samples with a higher
concentration of 1:1 dioctahedral phyllosilicates, plagioclases are more abundant than
microcline. Gibbsite and interstratified mica-vermiculite appear as traces and follow a
similar
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4. 2 Morphodynamic changes in the coastline of Vigo in Roman times

The scarcity of available paleo-environmental and archaeological information does not
permit the position and configuration of the coastline in Roman times to be established
with any great precision. However, it is possible to consult documentation from 19"
century maps plotted prior to the construction of the different phases of the port of
Vigo, assuming that the configuration of the sedimentary bodies reflected therein
responds to natural morphodynamic parameters. In these maps, the beach of O Areal
constitutes a continuous sedimentary complex, with a broad intertidal surface and an
extremely dissipative profile, extending towards the east (Figure 9). Opposite the rocky
outcrop of Punta de A Laxe, where a bulwark was situated, a much narrower beach
must have existed, probably of coarser sediment which would have been completely
submerged at high tide.

Towards the north-east, the topography becomes more abrupt and, approximately from
the modern-day street named Isaac Peral, the lay of the land suggests the existence of a
stretch of cliff, which limited the internal part of the beach (Figure 10).

The coastline is an approximate reconstruction of the position of high tide prior to the
construction of the port at the beginning of the 20" century.

Today, the wave regime corresponds to a low energy coast, as is expected for a internal sector
of a Ria, protected by the Cies Islands.. There is no wave data available for the Ria. However,
we used the data from a point of the model of wave propagation of the Spanish Port Authority
(point WANA-1044069, situated to the west of the Cies Islands indicates that 80% of the
waves are between 1 and 3 metres in significant height, principally in the fourth (80%)
and third (11%) quadrants (Puertos del Estado, 2012). However, the location of the Port
of Vigo, in an internal sector of the ria, means that waves from open waters can only
spread in a highly attenuated manner and from the west or west-north-west, which
should result in a drift towards the east, partly nourished by the sediment coming from
the ancient beaches of Bouzas, Coia and San Francisco. This was the documented cause
of the silting of the iron dock built in Punta de A Laxe at the end of the 19" century
(Garrido Rodriguez, 2001).

The majority of the urban centre of Vigo is shaped in the form of an amphitheatre, in
which the drainage surface is necessarily reduced. In an attempt to reconstruct the main
flow lines, the potential drainage network was extracted from 5 and 25 m Digital
Elevation Models (DEM) from Spanish National Geographic Institute. Even taking into
account the fact that both are cases of DEMs in which the configuration of the land
reflects modifications produced by the urban development of the city, the eastern sector
of the beach can easily be identified as having a drainage network with greater flow
accumulation (Figure 11).
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5. RESULTS AND DISCUSSION
5.1 The evolution of sequences Cel, Ce2 and Ce3

These sequences are characterised by the fact that they present alternate sandy and silt-
clay layers, which are associated with a specific soil reaction and a specific elemental
and mineralogical composition.

The coastal system: beach facies

This sedimentary formation is identified in the sandy layers of sequences Cel (layer
Ia,b) and Ce3 (I and Ilc) (see Figure 12). It presents slightly acidic to neutral-alkaline
pH values (5.0-8.0), a higher content of coarse sands, Si, K and Sr, quartz and
potassium feldspar (microcline). It mainly consists of coarse sands which are rich in
quartz and potassium feldspar, resistant minerals which are concentrated in the coarser
fractions as resistates. Potassium feldspar is a mineral which does not alter much,
therefore it commonly appears with sandy fractions, be they coarse or fine. Sr is
associated with sands due to the fact that it is a mineral with a coarse fraction. Its
presence is determined by the isomorphic substitution of the Ca, which indicates
possible inclusions of calco-sodic feldspars. These layers also present crossed or
horizontal stratification, with a high level of Fe content and, in some cases, they are
interspersed with fine material. Furthermore, in the field, flat rounded gravel was
observed, along with marine erosion in the sands (Barral, Guitian, & Guitian Ojea.
1985; Costa, Martinez & Pérez, 1994; Martinez et al, 1997). Its situation in a coastal
sector and the morphometric characteristics present in the sands indicate a marine
origin.

The system of continental and marine interaction: “lagoon” facies

This sedimentary formation can be identified in the silt-clay and silt-sand layers of
sequences Cel (II a, b, c) and Ce3 (Il a, b). It contains a higher degree of content in
silts, clays, Al, Fe, Ti, Ca, Zr, C, N, 1:1 dioctahedral phyllosilicates, plagioclases and
traces of gibbsite and interstratified mica-vermiculite. Its pH values range from slightly
acidic to neutral-alkaline (5.0-8.0). Its origin can be related to the development of low
energy fresh water courses which may have formed small channels where water would
have flowed slowly, thus favouring the decantation of fine material, which would
progressively block these channels. The type of sediment deposited is essentially of
continental origin, coming from mineral weathering and the precipitation of secondary
compounds. The result of this is that they are dominated by fine minerals which are rich
in Al, Fe and Ti, such as 1:1 phyllosilicates of a kaolinite type, interstratified mica-
vermiculite, gibbsite and minerals rich in Ca, such as plagioclases, with a high degree of
alterability. They also present zircons and are enriched in organic material (a higher C
and N content), due to its fine nature.

The anthropized intertidal System: “marshland” facies

This sedimentary formation can be identified in sequence Ce2, in the silt-clay layers 11
and IV and in the sandy layer III. Its elemental and mineralogical composition is very
similar to that of the sandy and silt-clay layers described previously, albeit with a high
content of organic material, low pH values (<3.0, extremely acidic) and a high degree of
S. These are typical characteristics of acid sulphate soils formed in coastal marshland,
preferably on fine sediment which is rich in sulphurs which, due to oxidation, generate a
high degree of acidity (Schlesinger, 2000; Otero & Macias, 2001). According to the
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FAO-WRB (2006), these acid sulphate layers can be classified as hyperthionic fluvisols
due to their low pH values. Their formation depends on sediments which are rich in fine
material (fine sands and/or silt and clay) being flooded by sea water (rich in sulphates),
thus favouring the precipitation of sulphurs in these layers. The variations in redox
conditions, due to the fact that they are developed in an intertidal zone, lead them to
become acidified by the oxidation of the sulphurs and cause them to evolve towards
soils of an acid sulphate type. The high degree of content of organic material is
associated with in situ accumulation by biological colonization typical of coastal
marshland areas and by the deposition of fine material which is trapped in the
vegetation network. They are formed in the area behind the beach, in water channels or
small intertidal areas with a certain degree of biological colonization, in which
marshland would develop. The sedimentary formations of this type are characterized by
acid sulphate layers which are rich in organic material, marine sands and fine material
of continental origin. Layers with these characteristics can be identified exclusively in
layers II, III and IV of sequence Ce2 (see Figure 12), although the remaining layers of
this sequence are also related with similar dynamics but cannot be classified as acid
sulphate soils, possibly due to the fact that they received less influence from the sea.
Archaeological information on this sequence suggests it is related with the filling in of a
water-channelling structure for the salt mine. For this reason, its physical and chemical
characteristics are linked to anthropic processes as well as to natural ones.

Figure 12 shows a stratigraphic synthesis of each of the sequences. Sequences Cel and
Ce3 have similar patterns with a basal layer of the beach which is truncated by a layer
of silt and clay. The discontinuity between them indicates an abrupt change in
sedimentation, from one of a coastal environment, controlled by marine process, to one
of continental-marine interaction, dominated by the sedimentation of fine material
which is essentially of continental origin. Although they follow an almost identical
pattern, they have differences as far as granulometry and mineralogy are concerned,
with sequence Ce3 being sandier and richer in quartz. Ce2 presents a greater alternation
between sandy and silt-clay layers, whose physical and chemical and sedimentological
properties are related with an intertidal system of a marshland type, which was possibly
modified by the use of the salt mine.

5. 2 Chronostratigraphic reconstruction

The sector in question, which is currently situated in the centre of the city of Vigo (in
the province of Pontevedra), is a sedimentary fossil environment which is highly
complex and characterized by its anthropic use both in space and time, in which
structures connected to human activity are mixed with those of a natural sedimentary
origin.

Radiocarbon dating of the oldest layers corresponds to the base of sequences Cel and
Ce3, with beach deposits which would have been formed under marine influences and
would have originated before 1540-1420 BC and 1980-1760 BC respectively (Table I,
Fig. 13). From 1500 BC onwards, these dynamics were truncated and sedimentation of
fine material of continental origin began. This process continued until 790-450 BC, at
least in the area in which sequence Ce 1 is located. In this sequence and in Ce3 the
sedimentation has a “lagoon” facies while sequence three has a “marshland” facies. The
pedo-sedimentary interpretation of these sequences suggests a progressive
continentalisation of morphogenetic processes. The sedimentation of fine material of
continental origin over the beach layers would imply the evolution of the environment
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from a marine system to a system of greater marine-continental interaction.

Radiocarbon dating proves a chronological continuity in the sequences, with the
exception of the upper part of Cel, in which there is a temporal hiatus from 790-450 BC
to 220-400 AD. The superficial layer of this sequence correlates chronologically with a
necropolis dated archacologically between the 4™ and 7™ centuries AD. In turn, part of
this hiatus would coincide with the Roman Period (see Figure 13) and, therefore, could
be associated with the exploitation of the salt mine.

The initial chronostratigraphic proposal for this sector, based on archaeological data
(ceramic remains), interpreted the sediments rich in fine material of sequences Cel and
Ce3 as continental filling, dated later than the use of the salt mine and attributed them to
the late Roman Period. In addition, the exploitation of the salt mine was placed in the
first silt layers of both sequences, situated on the sands of the beach (see Figure 13). In
this way, sequences Cel and Ce3 would be contemporaneous and the formation of the
layers of silt would be related with anthropic use.

The archaeological hypothesis contemplated that the base of the silt layers of Cel and
Ce3 could correspond to the layer of the use of the salt mine. However, the age given by
radiocarbon dating (1300-1020 BC and 1540-1420 BC respectively) situates them long
before the Roman Age. Only the upper part of sequence Cel correlates with the Roman-
late Roman Period and the exploitation of the salt mine. The differing thickness of the
silt-clay layer of the three sequences analysed may reflect their conditioning prior to the
exploitation being carried out, in order to obtain an appropriate level to allow for the
suitable circulation of water in the salt mine, which would have caused part of the
truncation of the previous deposits and the absence of the most recent layers.

5. 3 The Reconstruction of the Coastline of the “O Areal” sector

Reconstructions of the rising of the sea level in the Late Holocene in the north west of
the Peninsula indicate a eustatic maximum which probably occurred between 5000 and
2500 BP, following which a relative fall and a new rise occurred until the sea level
stabilized at its current level not before 3000 years BP (Bao et al., 2007; Dias et al.,
2000; Costas-Otero et al, 2009). The pedo-sedimentary record studied in the Rosalia de
Castro and O Areal sites (Tallon Armada, 2012; Tallon Armada et al, 2013) appears to
point towards this theory, with a stabilization of the sedimentary system after 3500 BP
with the formation of the fluvial-marine complex. However, some authors have
suggested the existence of a transgressive pulsation with a higher sea level than today
around 2000 yr BP (Granja et al, 1996; Martinez Cortizas & Costa-Casais, 1997). The
elevation at which the pavement of the salt mine is situated shows a considerable
variation in the sites, between 2.6 and 3.7 m above geodesic zero. The current mean
tidal range is 2.4 m, with a maximum astronomic spring range of 4.19 m. The maximum
atmospheric surge registered between 1993 and 2003 is 0.69 m, although return periods
of more than 300 years have been calculated for surges of more than 0.9 m (Puertos del
Estado, 2005). If the elevations refer to the lowest low tide, we find that the pavement
of the salt mine lies between the tidal elevations of 4.4 and 5.5 m, in other words, higher
than the elevation of the maximum astronomic tide registered in Vigo’s tidal gauge.
This fact appears to suggest that the sea level was higher than it is today during the
period of exploitation of the salt mine, although it is necessary to be extremely prudent
in this regard given the number of factors which could affect the elevations referred to
here, from morphodynamic aspects of the beach itself to aspects concerning the working
of the salt mine.

The pedo-sedimentary record studied in the Rosalia de Castro and O Areal sectors
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(Tallon Armada, 2012; Tallon Armada et al, 2013) suggests a process of stabilisation
and progradation of the coastline following the stabilisation of the sea level around 3500
BP. When the Holocene sea-level rise stopped, the coastal system began a stage of
reorganization, leading to the configuration of a beach-dune complex, which gave rise
to the formation of a fluvial-marine system. Later, the whole coastal system underwent
changes in its configuration, possibly as a response to forcing of a climatic or
morphodynamic nature, essentially characterised by oscillations in the aeolian activity
and the position of the dune system, as well as by variations in the inputs of sediments
of continental origin. Furthermore, given that the sedimentary sequence corresponds to
a record on a highly modified environment, human activity significantly affected the
evolution of the system during and after the period of the exploitation of the salt mine.

6. FINAL REMARKS

The evolution of the study area was conditioned by its coastal position and its
relationship with the city of Vigo. The main changes observed in the pre-Roman Age
are associated with the evolution of climate during the late Holocene, which led to
progradation, stabilization and the reconfiguration of the coastline, which would go on
until the Roman Age. This is reflected in the pedo-sedimentary characteristics of the
sequences from O Areal analysed and described in this paper and in those of the
adjacent archaeological site of Rosalia de Castro described in Tallébn Armada (2012)
and Tallon Armada et al. (2013). The salt mining, which occurred in this place, provides
evidence of certain conditions concerning climate, morphogenetics and land occupation.
The evolution of the coastal system from beach to marshland offered the appropriate
conditions for the installation of a salt mine. This activity probably developed due to
more favourable climatic conditions (the Roman Warm Period had less precipitation
and more solar radiation; Martinez Cortizas & Vazquez Varela, 2002) and a possible
transgressive pulse or final reconfiguration of the coastline associated to the rising sea
level of the Holocene. Furthermore, as the remains found between the sector of O Areal
and Rosalia de Castro bear witness, the extension of the occupation, as is proper for an
industrial activity (Curras, 2007), would have taken in an extremely broad strip of the
coastline. This demonstrates the importance of the exploitation of salt in the Roman
Age and also the relevance of the city of Vigo as far as this essential industry of the
Roman Empire is concerned. Between the 4™ and 7™ centuries AD, the site became
abandoned, which led to the consequent spatial reconfiguration of the area and its later
use as a necropolis (Memoria técnica de excavacion -Technical excavation report,
2007).

Urban growth and new spatial dynamics led to a change in the position of the site with
regard to its city of reference. It went from occupying an outlying position of an
industrial kind to becoming incorporated within the city by fossilization. However, this
circumstance changed when the remains were exhumed. At this point geoarchaeological
research intervened, providing essential information about the environmental and
archaeological context of the site for its enhancement. From this moment on, the
archaeological remains took on a new meaning for the city due to the information
provided about its past. Thus, they became integrated into the city with a new focus via
the dissemination of the idea that Vigo had an important settlement based on the
exploitation of salt and, on the basis of this industrial activity, the city was an integral
part of the commercial networks of the Roman Age, which, without doubt, contributes
towards forming a new vision of the current city of Vigo.

The fact of converting this site into a museum increases its value for the city, making it
part of its cultural heritage. At the same time, the associated pedo-sedimentary deposits
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should also be considered as part of this (geological) heritage in that they are records
that provide essential information regarding the environment and human activity, which
enables us to understand and recognize the past. Therefore, in archaeological
excavations in urban areas, geoarchaeological work should be considered essential as
far as the historical interpretation of the city in question is concerned.
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FIGURE CAPTIONS

Figure 1. The location of the study area. Maps taken from Google Earth and
geographical information from the Xunta de Galicia.

Figure 2. The location of the archaeological structures and the sites selected for
sampling (circles); the studied sequences are labelled (Cel, Ce2 and Ce3). Map
provided by the archaeological company “Anta de Moura”.

Figure 3. Stratigraphy and grain size distribution of sequence Cel. (%Cs: percentage of
coarse sand; %FS: percentage of fine sand; %S+C: percentage of silt and clay)

Figure 4. Stratigraphy and grain size distribution of sequence Ce2. (%Cs: percentage of
coarse sand; %FS: percentage of fine sand; %S+C: percentage of silt and clay)

Figure 5. Stratigraphy and grain size distribution of sequence Ce3. (%Cs: percentage of
coarse sand; %FS: percentage of fine sand; %S+C: percentage of silt and clay)

Figure 6. Soil reaction in sequences Cel, Ce2 and Ce3. pH in KCl, black circles; pH in
water, white circles.

Figure 7. C (%), N (%) and S (ng g'l) contents in sequences Cel, Ce2 and Ce3
Figure 8. Content of Si (%), Al (%), Fe (%), Ti (%), K (%), Ca (%), Sr (ng g") and Zr
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(ug ) in Cel, Ce2 and Ce3.
Figure 9. A reconstruction of shorelines from maps produced in 1880 and 1850 AD.

Figure 10. Topography of the Vigo area taken from the IGN’s (Spanish National
Geographic Institute) 25 m DEM.

Figure 11. The potential drainage network calculated from a 25 m DEM.

Figure 12. A stratigraphic synthesis of the pedo-sedimentary and archaeological features
of Cel, Ce2 and Ce3.

Figure 13. Chronostratigraphic reconstruction of the sequences studied

TABLE CAPTIONS
Table 1. Radiocarbon dating of selected samples of sequences Cel, Ce2 and Ce3.
Table II. Mineralogy of selected samples of sequences Cel, Ce2 and Ce3. Q=quarz; F:

feldespars; M-V: interstratified mica-vermiculite; 1:1: 1:1 dioctahedral phyllosilicates:
Gib: gibbsite.
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Figure 2. The location of the archaeological structures and the sites selected for sampling (circles); the
studied sequences are labelled (Cel, Ce2 and Ce3). Map provided by the archaeological company “Anta de
Moura”.
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27 Figure 9. A reconstruction of shorelines from maps produced in 1880 and 1850 AD.
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Figure 10. Topography of the Vigo area taken from the IGN’s (Spanish National Geographic Institute) 25 m
DEM.
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Figure 12. A stratigraphic synthesis of the pedo-sedimentary and archaeological features of Cel, Ce2 and
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Sample | Depth (cm) | Age'™C BP | Age 'C cal yr 2 sig BP | Age '“C cal 2 sig BC/AD
Cet-2 75 1740440 1738-1541 220-400 AD
Cel-8 35,5 2500+40 2739-2454 790-490 BC
Ce1-33 160,5 2950440 3247-2975 1300-1020 BC
Ce1-42 204,5 3550+40 3928-3715 1980-1760 BC
Ce2-13 51,5 2700+40 2868-2749 920-800 BC
Ce3-20 95,75 3220+40 3490-3366 1540-1420 BC
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