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Abstract  This paper discusses the archaeological research and historical contextualisation of the Alto da Raia enclosure 
located on the border between northern Portugal and Galicia, identified as a possible Roman camp, following an interdisci-
plinary and multi-proxy approach. This included archaeological excavation, remote sensing and geophysical survey, as well 
as sample collection for archaeobotanical and geochemical studies by means of chemical and mineralogical analyses and 
absolute dating using radiocarbon and luminescence protocols.
The results seem to indicate that this site was a Roman camp probably built and occupied between the 1st century BC and 
the 1st century AD, when major changes occurred in Northwest Iberia driven by the expansion of the Roman State. The camp 
overlaps with previous prehistoric occupations possibly dating back to the Bronze Age and Iron Age.
Keywords  Roman camp, Remote sensing, Geophysics, Radiocarbon and Luminescence dating, Geochemistry, Archaeobotany.

Resumen  Este trabajo aborda la investigación arqueológica y la contextualización histórica del recinto del Alto da Raia, 
situado en la frontera entre el norte de Portugal y Galicia, identificado como posible campamento romano, siguiendo un 
enfoque interdisciplinar y multiproxy. Esto incluyó excavación arqueológica, teledetección y prospección geofísica, así como 
recogida de muestras para estudios arqueobotánicos y geoquímicos mediante análisis químicos y mineralógicos y datación 
absoluta mediante protocolos de radiocarbono y luminiscencia.
Los resultados parecen indicar que este yacimiento fue un campamento romano y que fue construido y ocupado probable-
mente entre el siglo I a.C. y el siglo I d.C., cuando se produjeron importantes cambios en el noroeste de Iberia impulsados 
por la expansión del Estado romano. El campamento se solapa con ocupaciones prehistóricas anteriores que posiblemente 
se remontan a la Edad del Bronce y a la Edad del Hierro.
Palabras clave  Campamento romano, Teledetección, Geofísica, Datación por radiocarbono y luminiscencia, Geoquímica, 
Arqueobotánica.

1.  THE ALTO DA RAIA ENCLOSURE AND ITS ARCHAEOLOGICAL LANDSCAPE

The Alto da Raia enclosure was recently located through remote sensing in the Salas 
River valley on the border between Portugal (Montalegre) and Galicia (Calvos de Randín). 
The enclosure has a rectangular layout, with rounded corners and straight lines connect-
ing them, occupying an area of approximately three hectares. It was built on a hill with a 
maximum altitude of 883 metres, with its rear located at its highest part to the north and 
sloping slightly downwards to the south towards the Salas River valley which it controls 
visually. This valley is a natural east-west routeway between the Larouco Mountain and 
the Lima River, marked since Prehistory by burial mounds (Eguileta Franco, 2003). The 
enclosure is defined by an earthen embankment, generally quite flattened and almost 
imperceptible on the southern side. In addition, there is an external ditch, nowadays 
filled, that complemented its defence. The morphology and location of the site fit very 
well with a Roman military camp.

The study of the Roman military presence in northern Portugal and southern Galicia 
has recently undergone significant advances, revealing a great diversity and diachrony 
of activities and materialities (Costa-García et al., 2019; Fonte et al., 2022; Fonte et al., 
2023). Alto da Raia is the first potential Roman military site of temporary nature to be 
identified in the Salas valley. The nearby permanent fort of Aquis Querquennis (Bande, 
Ourense) in the Lima valley dates to the second half of the 1st century AD, postdating 
the Roman conquest of Northwest Iberia completed in the late 1st century BC (Rodríguez 
Colmenero and Ferrer Sierra, 2006; Puente et al., 2018). The Alto da Raia camp very possi-
bly predates this time, which raises interesting questions regarding the early interaction 
between the local communities and the Roman army. The site overlooks the Salas River 
valley, exposed to and surrounded by several Iron Age hillforts (fig. 1).

The wider area raises additional information towards such an interpretation. A hoard 
composed of several pure-silver ingots was identified in a nearby Iron Age hillfort (Lorenzo 
Fernández, 1970), placed by Armada and García-Vuelta (2015, p. 375) in the Outeiro da Cerca 
hillfort, probably to be used as hacksilver (Centeno, 2011) (fig. 1). The charcoal associated with 
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one of the silver ingots was radiocarbon dated to 213-88 cal BC (Armada and García-Vuelta, 
2015). These ingots were not made locally and were probably related to the Roman army 
movements from southern to northern Iberia (Armada and García-Vuelta, 2021). The most 
significant Iron Age hillfort in the area is probably at Rubiás, located on a prominent hill 
immediately east of and intervisible with Alto da Raia. Though it is still practically unknown 
archaeologically, it controls visually a vast expanse of this valley, and its total extent of 10 ha 
is larger than normal for this region. The internal plan is distributed along several lines of 
walls which create artificial housing platforms, cut into the steep slope. Several tin and gold 
mines, probably Roman in date, were located nearby, adding to the bronze and tin metal-
lurgic production identified in the Outeiro de Baltar hillfort (fig. 1) (Figueiredo et al., 2022). 
Finally, the nearby Saceda hillfort (Vázquez Mato, 2021) seems to be part of a wider phenome-
non increasingly visible archaeologically, namely the presence of numerous raised granaries 
(horrea) in hillforts in Northwest Iberia dating from the Late Iron Age to the early Roman pe-
riod. At least in part, this process has been linked to the presence and supply of grain to the 
Roman army by the indigenous communities (Salido Domínguez, 2020; Seabra et al., 2020).

Figure 1. Location of Alto da Raia and its archaeological landscape.

2.  MATERIAL AND METHODS

An archaeological survey was recently carried out at Alto da Raia. The main objective was 
the validation of the site as a Roman military camp and the archaeological investigation 
and dating of its defensive structure, as well as its historical contextualisation. This survey 
included remote sensing, geophysical and metal detector survey, archaeological excava-
tion, and sampling for archaeobotanical and geochemical studies and absolute dating.
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2.1.  Remote Sensing

2.1.1.  Airborne LiDAR
The Alto da Raia enclosure was identified from the airborne LiDAR data provided by the 
Spanish National Geographic Institute (IGN) through the PNOA (Plan Nacional de Ortofo-
tografía Aérea) project (https://pnoa.ign.es/), which still covers a small part of the Por-
tuguese border. It includes data from two temporal coverages (from 2009 and 2016 for 
this area), with an average density of 0.5 points per square meter. The point clouds were 
processed to extract a 1-meter digital terrain model (DTM) from the points automatically 
classified as ground. From the DTM, different visualization filters were applied to enhance 
the perception of archaeological features, like local relief model (Hesse, 2010), positive 
openness (Doneus, 2013), visualization for archaeological topography (VAT) (Kokalj and 
Somrak, 2019) and sky-view factor (Zakšek et al., 2011) (fig. 2, A). For this, we used a com-
bination of different software, namely LAStools, Relief Visualization Toolbox (RVT) (Kokalj 
and Somrak, 2019; Zakšek et al., 2011) and planlauf/TERRAIN.

2.1.2.  Drone-derived photogrammetric survey
A high-resolution drone photogrammetric survey of the site was completed after vegetation 
clearance using a DJI Phantom 4 flying at 70 meters above ground level, in order to acquire 
images with a ground sampling distance (GSD) of 2 cm. A total of 230 images were obtained, 
covering an area of 360x420 m, with forward and lateral overlaps of 80% and 70% respective-
ly. A set of 10 markers were placed on the ground and surveyed with a GNSS dual frequency 
receiver, in real-time kinematic (RTK) mode, with a horizontal and vertical accuracy of 2 cm, 
to act as ground control points (GCP) for accurate georeferencing of the photographs.

The photogrammetric processing was completed using Agisoft Metashape Struc-
ture-from-Motion (SfM) and Multi-View-Stereo (MVS) algorithms (Verhoeven, 2011), which 
first performed an automatic image alignment. Upon identifying the GCPs in the imag-
es the dataset becomes rigorously georeferenced, with a total root mean square error 
(horizontal and vertical) of 3 cm. This allowed for the extraction of geospatial data: a 
dense point cloud, a digital surface model (DSM) with a grid spacing of 4 cm and an 
orthomosaic. The DSM was used to produce the orthomosaic. A classification algorithm 
was then applied to the dense point cloud in Metashape to filter out the ground points 
from the vegetation (Howland et al., 2022) and generate, based on the former, a highly 
detailed digital terrain model (DTM) and a hillshade visualization (fig. 2, B). The area was 
mostly clean of canopied vegetation, so the differences between the DTM and the DSM 
are minor, but several small trees could be removed from the model, allowing for a bet-
ter appreciation of the micro-relief of the enclosure.

Figure 2. Alto da Raia: IGN-PNOA LiDAR (2009) DTM-derived local relief model (A) and drone DTM-derived hillshade (B).

https://pnoa.ign.es/
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2.1.3.  Geophysics
Both magnetometry and ground-penetrating radar (GPR) surveys were conducted to 
map the defensive system, in particular the ditch, plus other potential anomalies, like 
the gates or combustion structures, and to confirm the presence or absence of perma-
nent structures within the enclosure. In addition, and to avoid disturbing archaeological 
deposits, a metal detector survey was carried out on the modern path that cuts through 
the site from west to east.

2.1.3.1.  Magnetometry survey
The magnetometry survey followed a 30x30 m grid. The first survey covering the entire 
site was made with a spacing between lines of 1m, and the second, focused on the de-
fensive system, with a tighter spacing between lines of 50 cm (fig. 3, A and B).

It was conducted by using the gradiometer produced by Bartington Instruments –
Grad601 with dual Grad-01-1000L sensors mounted on a rigid carrying bar collecting 
points every 12.5 cm, at a frequency of 50 Hz filter, and automatic collection at 1 m/s. 
The grid points were georeferenced using an RTK-GNSS Stonex 9A. The collected data 
were processed in Geoplot 4.0 from Geoscan, using a standard clip between -3nT and 
+3nT and a Dispike filter applied to remove the intensity of the ferromagnetic peaks. 
Zero Mean Grid (Threshold = 0.25) and Zero Mean Traverse (Grid=All LMS=On ZM=Mean 
Thresholds not applied) were also defined to set the background average of each grid 
and row within each square to zero, eliminating striping effects and discontinuities of 
lateral limits in the dataset. Two interpolation passes along the line (Interpolate X, Ex-
pand - SinX/X, x2) and between paths (Interpolate Y, Expand - SinX/X, x1) were used. The 
magnetic raster images were georeferenced in QGIS and examined visually for anomalies 
that might indicate archaeological features, using both different data thresholds or grey 
scale dynamics as well as intensity, polarization, and geometric shape. This supported 
interpretation to be drawn in new layers as points, lines and polygons.

2.1.3.2.  GPR survey
The GPR survey in Alto da Raia was carried out over an area of 15x60 m (900 m2) using 
equipment and methodology similar to research in other Roman camps in the Iberian 
northwest (García Sánchez et al., 2022), with the aim to investigate in depth a possible 
gap on the eastern side of the enclosure (fig. 3). A Noggin 250 Mhz mounted on a Smart-
Car by Sensors and Software was used in the survey of Alto da Raia. It was organized 
in two grids of 15x30 (450 m2) to focus better on the alleged structure. Only the Y tran-
sects, perpendicular to the camp’s embankment were surveyed with 50 cm between the 
sensor centre. The Stacking of radar signal was done every 5 cm, and depth of signal 
recording was set to 90.8 n/s. Radargrams at 10 cm depth slices were processed in Ekko 
Project, QGIS and visualized in Voxler.

3.  RESULTS

This multisensor approach including airborne LiDAR, drone-derived photogrammetry, 
and magnetic and GPR surveys allowed us to document in a non-invasive way different 
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realities of the site. The LiDAR and photogrammetry data enabled us to document the 
embankment and ditch of the camp. The magnetic survey confirmed the full extension of 
the ditch and more importantly allowed us to identify areas of suspected burning events 
such as the one excavated in trench 3 (fig. 3, B and C). No permanent built structures 
were identified. The GPR survey confirmed that the clavicula (measures= 5.7 m radius, 
10.34 m long inner arch and an outer arch of approximately 14.5 m) accommodated the 
eastern gate which probably was the case with the three other gates (García-Sánchez et 
al., 2022) (fig. 3, E). Other features were also detectable at a depth of circa 40 cm below 
de surface, including a berm separating a ditch from the clavicula and the compacted 
soil that has been interpreted as the bottom of a V-shaped ditch.

Figure 3. Geophysical coverages on the Alto da Raia enclosure (A); Combination of 50 cm and 1 m magnetometry 
surveys (B); Interpretation of magnetometry survey (C); Location of the gap on the eastern side of the enclosure, 
marked with white arrow (D); GPR depth slice at 60-80 cm from the ground level and indication of the location of 

the clavicula (E). Background imagery: Google Satellite.

3.1.  Archaeological Excavation

The main objectives of our excavation were the archaeological characterisation and the 
selection of samples for absolute dating of the Alto da Raia defensive system. Accord-
ingly, two archaeological trenches targeted the defensive system, one on the eastern 
side (trench 1) and another on the western side (trench 2) (fig. 4). A third trench tar-
geted a magnetic anomaly identified inside the southeastern corner of the enclosure 
(trench 3) (fig. 4).
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Figure 4. Location of the archaeological trenches in the Alto da Raia enclosure.

3.1.1.  Trench 1 (12x1 m)
Trench 1 focused on the eastern part of the Alto da Raia defensive system (figs. 4 and 5) 
and successfully documented here a V-shaped ditch 2 m wide and 1.5 m deep dug into 
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the bedrock (SU (Stratigraphic Unit) 110) and with a complex filling consisting of several 
deposits. The inner embankment built with material taken from the ditch (SU 104) was 
also documented here. The embankment overlapped an open pit dug into the bedrock 
(SU 115 and 116) of probable Prehistoric date.

Figure 5. Plan, stratigraphy and samples of trench 1.

3.1.2.  Trench 2 (8x1 m)
Trench 2 focused on the western part of its defensive system, again with the aim of ar-
chaeologically characterising and dating it (figs. 4 and 6). The same V-shaped ditch of 
about 2 m in width and 1.5 m in depth dug into the bedrock (SU 208) was documented 
here, although the filling on this side of the enclosure had a simpler stratigraphy. The 
inner embankment (SU 206) had been practically levelled due to post-depositional 
alterations.
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Figure 6. Plan, stratigraphy and samples of trench 2.

3.1.3.  Trench 3 (2.5x2.5 m)
Trench 3 focused on an anomaly identified in the magnetic survey (fig. 3), located in the 
southeast corner of the enclosure (figs. 4 and 7). This turned out to be a double combus-
tion structure excavated on the bedrock with a figure-of-eight shaped in plan (SU 305), 
consistent in morphology with field ovens found in camps located in other parts of the 
Roman Empire (e.g., Kenney and Parry, 2012; Arabaolaza, 2019) (fig. 7). Its concave walls 
and bottom have a reddish colour caused by exposure to high temperatures. Its filling 
(SU 303 and 307) consisted of charcoal and some charred seeds and fruits. A probable 
ash pit (SU 306) was documented next to the oven, filled will material (SU 302) taken 
from the combustion structures. Two notches dug into the bedrock were identified in the 
walls of the structure (fig. 8). These notches, located between both combustion struc-
tures, may be related to the operating system of the oven, serving as a support for its 
cover, thus retaining heat for longer and slowing down the cooling process.
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Figure 7. Plan and stratigraphy of trench 3.
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Figure 8. Oven: general view (A) and details of the notches (B and C).

4.  SCIENTIFIC LABORATORY ANALYSIS

A sampling strategy for archaeobotanical (anthracology, carpology and dendrology) and 
geochemical (chemistry and mineralogy) studies and absolute dating (radiocarbon and 
luminescence) was followed.

4.1.  Archaeobotany

Sediment samples were recovered in four SU from Alto da Raia, comprising 43.5 litres 
of sediment. Most sampling efforts were concentrated in the oven (SU 303 and 307) and 
ash pit (SU 302) in trench 3, and in one of the filling layers of the ditch (SU 114) in trench 
1 where an accumulation of charcoal was identified.
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Samples were processed through bucket flotation using meshes of 0.5 mm. Light 
fractions were sorted to recover fruits and seeds using a stereomicroscope. Wood char-
coal fragments of over 2 mm were hand sectioned and the three diagnostic sections 
were observed under a reflected-light microscope. Identifications of seeds, fruits and 
wood charcoal were carried out by comparison with material from reference collec-
tions and morphological and anatomical atlases (e.g., Schweingruber, 1990; Anderberg, 
1994; Vernet et al., 2001; Neef et al., 2012). In order to obtain information regarding the 
life-history of the tree or shrub, wood-gathering strategies and the fire event that led to 
its carbonization, each wood fragment was characterized and several dendrological and 
taphonomical features were recorded such as fragment dimension, tree-ring curvature, 
evidence of vitrification and radial cracks, among others (Marguerie and Hunot, 2007; 
McParland et al., 2010; Thery-Parisot and Henry, 2012).

Samples from Alto da Raia were poor in carpological remains (tab. 1). These are par-
ticularly rare at the ditch and the SU 302 and are restricted to a few seeds from wild 
species. In the levels associated with the oven, fruits and seeds are comparatively more 
frequent. In this structure, rare grains of hulled barley (Hordeum vulgare), broomcorn 
millet (Panicum miliaceum) and wheat (Triticum sp.) have been found. Unfortunately, 
the single wheat grain was too damaged to allow a more detailed taxonomic diagnosis. 
Two glume bases of hulled wheat have also been recovered, most likely belonging to 
spelt (Triticum spelta). A remarkable find is that of a fig seed (Ficus carica). The limited 
abundance and diversity of carpological remains from the oven suggest that the grain 
was probably introduced as fuel straws to light the fire, ruling out the possibility of a 
corn dryer (Kenney and Parry, 2012: 255).

The cereals that were found are common in Northwest Iberia both in Late Iron Age 
and in Early Roman sites. Contrary to other Iberian regions, hulled wheats – mostly 
spelt – were staple crops in the Late Iron Age and Early Roman sites in Northwest Iberia 
(Tereso et al., 2013; Teira-Brión, 2019; Peña-Chocarro et al., 2019), probably because they 
were particularly suited to the mountainous and humid conditions of the area, where 
they provided higher yields than naked wheats. Their presence at the site may relate to 
local supply routes, but further studies in this and other Roman camps and Late Iron Age 
hillforts in the region are necessary to test this hypothesis.

Though fig trees are native to Iberia, it is unlikely that they grew in the wild in the 
surrounding area of Alto da Raia. Therefore, the presence of a fruit in this context sug-
gests its consumption by the army, as attested elsewhere in the empire (Cavallo et al., 
2008), and brought on site from an unknown location. Both fig seeds (Seabra et al., 2023; 
Tereso et al., 2023) and wood (Figueiral, 1990; Vaz et al., 2016; Magalhães, 2020) have been 
found in 2nd and 1st century BC hillforts and sometimes earlier in Northwest Iberia. These 
are not abundant but testify to the consumption of the fruit before and during the early 
stages of Roman interaction in the region.

Seeds and fruits from wild species have been recovered in larger amounts, most like-
ly related to the use of wood as fuel. This is most likely the case of seeds from heather 
(Erica sp.) and Fabaceae, the most abundant in the assemblage, whose wood has been 
identified in the charcoal analysis. Other species are likely weeds from the cereals but 
may also have been present in multiple ruderal contexts, pastures or simply border-
ing forest areas. Polygonum amphibium and Polygonum lapathifolium, whose achenes 
have been identified, are currently found in north-western Iberia in humid areas, next to 
streams or in irrigated fields (Villar, 1990).
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Regarding wood charcoal, Alto da Raia revealed limited taxa diversity (tab. 1). The fuel 
used in the oven was mostly from shrubby Fabaceae, comprising most of the analysed 
fragments (84%). Quercus sp. type deciduous is also present with 7%, as well as residual 
evidence of Cistus sp. and Erica sp. The two remaining contexts, although providing less 
charcoal, displayed similar results. Given the spatial proximity between pit 302 and the 
oven and their similar charcoal results, it is likely that the charred contents of the for-
mer (probably an ash pit) originated from combustion events taking place in the latter.

Table 1. Anthracological and carpological data.

Context Ditch Pit Oven Total

SU 114 302 303 307

Wood charcoal - taxa

Cistus sp. 5 4 9

Erica sp. 2 2

Fabaceae 1 31 12 203 247

Fabaceae type Adenocarpus 5 5 61 71

Fabaceae type Cytisus scoparius 8 1 9

Quercus sp. type deciduous 2 9 20 30

Dycotiledon 11 3 8 22

Undetermined 1 1

Total - charcoal 17 50 30 295 391

Carpology - Cereals

Hordeum vulgare subsp. vulgare (grain) 1 3 4

Panicum miliaceum (grain) 3 1 4

Triticum sp. (grain) 1 1

Triticum cf. spelta (glume base) 2 2

Triticeae (grain - frag.) 1 1

Carpology - Other taxa

Chenopodium sp. (seed) 1 1

Corrigiola sp. (seed) 2 4 6

Erica sp. (seed) 22 22

Fabaceae - Genisteae type (seed) 2 5 3 10

Ficus carica (seed) 1 1

Ornithopus sp. (loment-frag.) 1 1

Poaceae (grain) 2 2

Polygonaceae (achene) 2 2

Polygonum amphibium (achene) 8 8

Polygonum lapathifolium (achene) 1 1

Rumex acetosa (achene) 1 1

Rumex sp. (achene) 1 1

Trifolium sp. (semente) 1 1 2

Undetermined - unit 2 2
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Dendrological data obtained from these charcoal remains revealed extremely high 
percentages of strong tree ring curvatures (87,5%) across all taxa, suggesting not only the 
exploitation of shrubby taxa but also small branches of deciduous oak (tab. 2). Moreo-
ver, the number of fragments with vitrification (17%) and radial cracks (23%), mostly in 
Fabaceae, is not without relevance, particularly the latter which is usually associated 
with the burning of green wood (Thery-Parisot and Henry, 2012). The combined analysis 
of these results follows a pattern of wood use clearly in line with the type of short-span 
occupation of such temporary military sites. Wood procurement would have taken place 
in the immediate vicinity and availability would be its most likely driver since all taxa re-
corded are common in the region, particularly Quercus robur and Quercus pyrenaica and 
several shrubby Fabaceae from different genera (e.g., Cytisus, Adenocarpus and Ulex). 
However, the use of these scrubs in combination with larger and longer-lasting wood 
from Quercus is also a staple in regard of the fuelwood used in combustion structures 
throughout Northwest Iberia during this period.

Table 2. Dendrological data.

Tree-ring curvature Radial 
cracks

Vitrification

Taxon Total ID Strong Moderate Weak

Cistus sp. 9 9 3 5

Erica sp. 2 2 1

Fabaceae 247 234 4 1 55 37

Fabaceae type Adenocarpus 71 70 1 16 10

Fabaceae type Cytisus scoparius 9 9 5 2

Quercus sp. type deciduous 31 16 1 3 4 4

Dicotelydon 22 2 9 9

Undetermined 1 1

4.2.  Geochemical studies of infill materials

Considering the defined SU and the textural changes along the infill sequence, small 
samples of around 10 g of material were collected through the cut section of trenches 1 
and 2, to perform geochemical studies (tabs. 3 and 4). The samples were milled in agate 
mortars into a fine powder prior to the chemical and mineralogical analysis.

The chemical composition of the samples was obtained by using a lithium me-
taborate/tetraborate fusion with subsequent analysis by X-Ray Fluorescence (XRF), 
Inductively Coupled Plasma (ICP) and ICP/MS (Mass Spectrometry), performed at Acti-
vation Laboratories Ltd. (Actlabs, Canada: http://www.actlabs.com), using their stand-
ard analytical techniques and detection limits. The mineralogical composition was 
achieved by X-ray diffraction (XRD) using a Bruker D2 Phaser diffractometer equipped 
with a Cu-Kα radiation X-ray tube (monochromatic radiation λ = 1.5406 Å). Non-ori-
ented aggregate powders were prepared for the bulk material and scanned at 1° 2θ/
min, from 2-70° 2θ. Diffractograms were compared with reference angle and intensity 
for identification of minerals (Brindley and Brown, 1980). Semi-quantitative analysis 
of mineral assemblages was undertaken to measure the principal peak areas with 

http://www.actlabs.com
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intensities correction, using the recommended weighting factors (Schultz, 1964; Bis-
caye, 1965; Martin-Pozas, 1968; Trindade et al., 2010). The mineralogical composition 
(additional data are given in Supplementary Material 1) fits the weathered granitic ge-
ological context (Martins and Ribeiro, 1979). Samples are mostly composed of quartz 
(26%-68%) and alkali feldspars (22%-67%). A lower proportion of phyllosilicates (2% 
- 33%), including micas and kaolin minerals was detected. Traces of plagioclases were 
also identified.

Table 3. Description of the samples collected at trench 1 for chemical and mineralogical studies, and luminescen-
ce dating (marked with*).

Samples from trench 1 Description SU Depth 
(cm)

AR1#16 Modern soil covering the ditch infill sequence and the 
embankment 100 5

AR1#15*

Embankment

Yellowish sandy sediment with 
contribution of weathering material 

from geological substrate
104 44

AR1#14*
Yellowish - brown sandy sediment with 

contribution of weathering material 
from geological substrate

111 64

AR1#13
Brownish-yellow sandy sediment, with 

contribution of weathering material 
from geological substrate

109 89

AR1#12

Ditch infill 
sequence

Brownish sandy sediment – at the same 
depth of the embankment bottom 102 12

AR1#11 Light brown sandy sediment with 
inclusions of roots and small quartz 

stones
105

60

AR1#10 75

AR1#9 Yellowish brown (darker at top) 
sandy sediment with contribution of 
weathering material from geological 

substrate

109

83

AR1#8* 91

AR1#7 105

AR1#6 Black sandy sediment

112

120

AR1#5
Brownish-yellow sandy sediment, with 
inclusions of small-sized quartz stones 

and dark and whitish spots
130

AR1#4 Whitish sandy sediment 145

AR1#3 Layer of black sandy sediment

114

157

AR1#2*

Brownish-yellow sandy sediment, with 
contribution of weathering material 
from geological substrate and black 

spots

183

AR1#1 Geological background - weathered granite – base of the 
ditch infill sequence and the embankment 106 190
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Table 4. Description of the samples collected at trench 2 for chemical and mineralogical studies, and luminescen-
ce dating (marked with *).

Samples 
from Trench 2

Description SU Depth (cm)

AR2#10 Modern soil covering the ditch infill sequence 200 5

AR2#9 Ditch infill 
sequence

Dark brownish sandy sediment with some small 
quartz stones

201 35

AR2#8 2nd moment of ditch infill - light brownish 
sandy sediment, with a great contribution of 

weathered granite and inclusions of roots and 
small quartz stones

203 63

AR2#7 80

AR2#6 100

AR2#5* 1st moment of ditch infill - brownish sandy 
sediment, with a great contribution of 

weathered granite and inclusions of quartz 
stones

205 110

AR2#4 127

AR2#3 150

AR2#2* 160

AR2#1 Geological background - weathered granite – base of the ditch infill 
sequence

207 165

The mineralogical index of alteration (MIA) which evaluates the degree of mineralog-
ical weathering, i.e. the transformation ratio of a primary mineral into its equivalent al-
teration mineral (Bahlburg and Dobrzinski, 2011). In this work, it was calculated by the ra-
tio between the content of quartz and the content of all the silicates (quartz + feldspars) 
(Johnson, 1993; Haskins, 2006) so the high MIA values (27%<MIA<74%), point to a process 
of accumulation of locally sourced materials. In general, higher proportions of quartz 
and phyllosilicates are observed in samples subjected to weathering processes, tending 
to increase from the bottom towards the top of the infill sequences, with the highest MIA 
detected in modern soil and at the top of each infill phase. The discontinuity observed 
in the mineralogical proportions, as well as the MIA values, are good markers to estab-
lish distinct phases/moments/events in the infill of negative structures (Rodrigues et 
al., 2013, 2019). It should be noted that, towards the top of the infill sequence at trench 1, 
high MIA levels (like soil) alternate with lower MIA levels (like the geological substrate), 
indicating a greater contribution of geological material in those infill levels. Based on 
the mineralogical composition, towards the top of trench 1, three main infill phases can 
be considered: i) a first phase comprising the materials from the bottom to about 100 
cm of depth (SU 106, 114 and 112; tab. 3), more heterogeneous and with samples AR1#4 
and AR1#6, whitish and black sandy distinct materials from SU 112; ii) a second phase 
containing materials between 100 cm and 20 cm of depth (SU 109 and 105; tab. 3), with 
an increase in the proportion of quartz and a decrease in feldspars, indicating a gradual 
increase in the weathering; iii) a final phase containing the materials collected at 12 cm 
of depth and the topsoil (SU 102 and 100; tab. 3), with the trend already identified in the 
previous phase. In the embankment, the mineralogical composition of materials sam-
pled at 89 cm of depth is similar to the modern soil. Above this layer, the materials ac-
cumulated are similar to the geological substrate, being less weathered. This alteration 
in the expected sequence corroborates an inversion of the stratigraphy, which is con-
sistent with the embankment formation processes, using material from the excavation 
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of the ditch. Similarly, at trench 2, the infill processes may have occurred in three phas-
es: i) an initial infill phase, more heterogeneous and with a top layer including a higher 
clayed material content (at 110 cm of depth; SU 207 and 205; tab. 4); ii) a second phase 
between 110 cm and 35 cm of depth (SU 203 and 201; tab. 4), with a more homogeneous 
composition, with highly weathered materials; iii) a final phase containing material col-
lected at 35 cm of depth and the modern soil (SU 201 and 200; tab. 4). The compositional 
variation along the sequence could point to an intentional selection of infill materials. 
The chemical element contents variations observed along the infill sequences and at 
the embankment (see Supplementary Material 1) enable to confirm the discontinuities 
already observed within the mineralogical composition. This corroborates the idea of a 
sequential infill, in which three phases are distinguished in the ditch of both trenches.

Multivariate statistical analysis was employed using the Statistica software (TIBCO 
Software Inc.) to compare the sampled materials with the chemical contents and the ‘loss 
on ignition’ (LOI) value as variables. The non-hierarchical clustering method (k-means) 
was applied to classify samples into a specified number of clusters (k) and emphasize 
the more relevant chemical elements for their distinction, enabling the associations 
between samples, especially between ones from the embankment and the upper infill 
phases of the trench 1. Four clusters were defined for samples from trench 1 (fig. 9). Clus-
ter 1 includes samples collected at 91 cm (SU 109) and 75 cm (SU 105) of depth (second 
phase of infill) and the sample collected at 44 cm of depth (SU 104) at the embankment 
– samples had the lowest content of Si and the highest content of almost all chemical 
elements determined (with the exception of Ca, Na, V, Ba, Sr, Cu and Ta), as well as the 
highest content of organic matter (highest LOI) Cluster 2 comprises samples collected at 
105 cm ( SU 109) of depth (corresponding to the top of the first phase) and those from 
83 cm (SU 109) and 60 cm (SU 105) of depth (second phase of infill), 12 cm of depth (SU 
102) and modern soil (SU 100) (final phase) and samples collected at 89 cm (SU 109) and 
64 cm (SU 111) of depth at the bottom of the embankment – samples with the lowest 
content of Ba, Sr and Eu. Cluster 3 contain the sample of geological background (SU 106) 
and samples collected at 183 cm (SU 114) and 130 cm (SU 112) of depth (first phase of 
infill) - these samples have the lowest contents of Ca, Na, Ti, P, V, Y, Zr, Sn, Cs, REE, Hf, Ta, 
W, Th, U and organic matter (lowest LOI). Cluster 4 consists of three detachable samples, 
collected at the first phase of infill - at 157 cm of depth (SU 114; layer of black sandy sed-
iment), at 145 cm of depth (SU 112; whitish sandy sediment) and at 120 cm of depth (SU 
112; black sandy sediment) - samples with the highest content of Si, Ca, Na, Ba, Sr and 
Ta and the lowest content of Al, Fe, Mn, K, Co, Cu, Zn, As, Rb, Tl and Pb. The multivariate 
analysis, based on the chemical composition of the samples, allowed: on the one hand, 
to identify the similarity of some infilling materials with the local geological material, 
revealing the high contribution of the latter in the ditch infilling process; on the other 
hand, it enabled to associate the infilling materials with the embankment materials, 
corroborating that the infilling of the ditch may have occurred due to the collapse of the 
embankment, especially between the end of the first phase and the second phase.

Figure 9. Plot of means for each cluster (K-means method) for samples from trench 1, using chemical results of 
chemical analysis as variables.
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4.3.  Absolute dating

4.3.1.  Radiocarbon dating
The radiocarbon dates were calibrated using the program OxCal 4.4 (Bronk Ramsey, 2009) 
and the IntCal 20 calibration curve (Reimer et al., 2020). Three samples were collected for 
radiocarbon dating: one charcoal in the fifth filling layer (SU 114) of the ditch in trench 1 
(AR.S1.114.01) where a concentration of burned material was identified, and two charred 
barley seeds from the infill of the oven in trench 3 (AR.S3.307.01 and AR.S3.307.01). As-
suming the oven is contemporary with the camp given its location strictly within its 
southeast corner, the calibrated dates of samples AR.S3.307.01 [48 cal BC – 80 cal AD] and 
AR.S3.307.02 [47 cal BC – 72 cal AD] point to a probable occupation of the site between 
the second half of the 1st century BC and the first half of the 1st century AD (fig. 10). The 
calibrated date of sample AR.S1.114.01 [368 cal BC – 173 cal BC] is more likely to be related 
to an Iron Age activity on site and was mixed with the filling material of the ditch (fig. 10).

Figure 10. Calibrated radiocarbon dates.

4.3.2.  Luminescence dating
At trenches 1 and 2, samples (AR1#2, AR1#8, AR1#14, AR1#15, AR2#2, AR2#5) from selected 
deposits of accumulated material (tabs. 3 and 4) were collected for absolute dating by 
luminescence protocols. These samples were chosen to obtain the luminescence age 
of the materials considered, at the time of excavation, as the most relevant for under-
standing the dynamics of the ditch filling and the formation of the embankment. Six 
samples of around 500 g were collected by using stainless steel tubes for the lumines-
cence age of the most relevant materials deposited, avoiding sunlight exposure. In situ 
field gamma spectrometry was performed in the sampling holes in order to obtain the 
environmental K, Th and U contents, crucial to dose rate calculation. Absolute dating by 
using luminescence techniques implies the use of chemical and dosimetry measure-
ments, considering the luminescence age equation:

Luminescence Age (ka) = Absorbed Dose (Gy) / Dose Rate (Gy/ka).

The absorbed dose (De) was obtained by dosimetry, applying luminescence protocols 
and represents the laboratory dose of radiation (accumulated energy) needed to induce 
‘artificial’ luminescence equal to the natural signal (Aitken, 1999). The laboratory procedures 
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for the preparation of a quartz coarse grains fraction of samples were performed following 
the suggestion by Rodrigues et al. (2013, 2019). Quartz purity check (Duller, 2003) and the 
dose recovery test (Murray and Wintle, 2003) were conducted, and luminescence quantita-
tive measurements were performed using a SAR-OSL (Single Aliquot Regenerative-Optically 
Stimulated Luminescence) protocol with an internal pre-heat test (Murray and Wintle, 2000). 
Forty-eight aliquots were measured using Risø readers DA-20 equipped with a 90Sr/90Y beta 
source delivering 0,072 ± 0.002 Gys-1 (Risø reader 1 – Sample AR1#15) or 0.107 ± 0.00 Gys-1 (Risø 
reader 3 - AR1#2, AR1#8, AR1#14, AR2#2, AR2#5) with Hoya U-340 detection filter. The accepted 
results following the criteria described in Rodrigues et al. (2022) and Eixea et al. (2023) were 
analysed statistically to estimate the absorbed dose for the sample using the robust mean 
and the respective uncertainty calculated by Robust Statistics V1.0. The dose rate (Dr) was 
estimated by using a conventional protocol (as described in Rodrigues et al. 2019) and in-
cluded alpha, beta, gamma and cosmic radiation, based on chemical analyses and dosime-
try measurements and defines the rate at which energy is absorbed from the flux of nuclear 
radiation. It was evaluated by assessment of the radioactivity of the sample and its sur-
rounding burial material. This was carried out both in the laboratory (chemical analyses and 
estimative of cosmic radiation) and in the field (in situ gamma spectrometry) (Aitken, 1999; 
Burbidge et al., 2014; Marques et al.,. 2021). The dose rate was corrected to the water content 
and granulometry of the studied material (Odriozola et al., 2014; Rodrigues et al., 2019).

The content of K, Th and U obtained in situ by gamma spectrometry are on average 
3.1%, 6.3 mg/kg and 4.8 mg/kg, respectively (tab. 5). Considering the chemical analysis 
performed, the average chemical contents of K, Rb, Th and U are 4.6%, 185 mg/kg, 10.1 
mg/kg, and 6.6 mg/kg, respectively. The estimated water content during the burial time 
ranges between 13% and 30%. The dose rate average obtained is 5.6 Gy/ka. Considering 
the results of the quartz purity (OSL/IRSL depletion ratio around 1) and recovery dose 
tests (in the range of 0.98-1.10), a quantitative SAR-OSL protocol was applied for the 
determination of De. The robust mean of the results obtained for all samples ranges 
between 12.8 Gy and 48.7 Gy, with uncertainties between 1% and 4%. The uncertainties 
are a consequence of the dispersion of the absorbed dose within each sample. The lu-
minescence ages of the samples were calculated and ranged between 2.15 ka and 7.3 ka, 
with uncertainties between 4% and 9%.

The materials accumulated in the ditch, and sampled for luminescence dating, com-
prise a portion of weathered geological material, in a non-negligible amount. The com-
positional analyses confirmed this contribution of geological material in the infill layers. 
Thus, the luminescence ages obtained must be affected by the presence of this geologi-
cal material, especially sample AR1#15, collected at the bottom of the embankment. The 
analysed material was not adequately exposed to sunlight (incomplete bleaching) be-
fore deposition in the ditch, probably because of rapid events which mixed more super-
ficial and exposed materials with fragments of geological material. As such, a residual 
geological dose is preserved in the quartz grains, leading to an overestimation of the ab-
sorbed dose (De) and, consequently, of the luminescence age. Although overestimated, 
the ages obtained are stratigraphically consistent with each other (luminescence ages 
decrease upwards) within each trench, as well as with the radiocarbon date obtained for 
the material collected in trench 1 (SU 114). An aspect to note is the inversion of the lu-
minescence ages obtained for samples from the embankment, pointing to an inversion 
of stratigraphy, as already suggested by the compositional studies. This is in accordance 
with the construction of this structure with geological material taken from the ditch.
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Table 5. Chemical content of K, Tb, Th and U determined by chemical and dosimetric analyses, water contents, dose 
rate (Dr) and absorbed dose (De) determined by luminescence for coarse quartz grains and luminescence ages.

Sample AR1#2 AR1#8 AR1#14 AR1#15 AR2#2 AR2#5
SU 114 109 111 104 205 205

In situ gamma 
spectrometry

K % 3.17 3.16 3.20 3.15 3.30 2.88
± 0.04 0.04 0.04 0.04 0.04 0.04

Th mg/kg 4.70 4.71 4.80 4.69 4.72 5.09
± 0.44 0.44 0.44 0.44 0.44 0.47

U mg/kg 6.47 6.50 6.48 6.52 5.03 6.72
± 0.63 0.63 0.63 0.63 0.50 0.65

FUS-ICP K % 4.43 5.56 4.33 5.12 4.47 3.96
± 0.01 0.01 0.01 0.01 0.01 0.01

FUS-MS U mg/kg 4.8 8.3 5 9.6 5.2 6.5
± 0.1 0.1 0.1 0.1 0.1 0.1

Th mg/kg 7.4 12.6 7.2 18.1 5.4 9.9
± 0.1 0.1 0.1 0.1 0.1 0.1

Rb mg/kg 160 205 158 201 175 212
± 2 2 2 2 2 2

Water Content % 16 13 13 13 13 30
Dr Gy/ka 5.1 6.6 5.3 6.7 5.2 4.6

± 0.2 0.2 0.2 0.2 0.2 0.2
De Gy 14.8 14.2 14.8 48.7 15.5 12.8

± 0.6 0.1 0.4 4.1 0.5 0.4
Luminescence 

Age
ka 2.9 2.15 2.8 7.3 3.0 2.8
± 0.1 0.06 0.1 0.6 0.1 0.1

cy (BC) 980 - 780 190 - 70 880 - 680 5880 - 4680 1080 - 880 880 - 680

4.4.  Material culture

Roman military sites with temporary occupations are notoriously limited in material cul-
ture and this site was no exception (Peralta Labrador, 2002; Fonte et al., 2023). The metal 
detector survey on the modern path allowed some recent metal rubbish to be recovered, 
but also two hobnails of probable military origin, albeit in a poor state of preservation. 
Regarding pottery, only a few small-scale ceramic sherds were recovered, 21 in total, one 
rim, and twenty wall fragments (tab. 6). The classification and description of the ceramic 
fragments were based on the regional analytical criteria for the Bronze Age pottery of 
Bettencourt (1999) and for the Iron Age pottery of Martins (1987, 1990). The fragmentation 
study criteria of Brudenell and Cooper (2008) was also applied, enabling to relate the 
level of fragmentation and erosion rates of ceramics with the depositional and post-dep-
ositional phenomena. Aspects such as shape, production form, firing conditions, paste, 
non-plastic elements (NPE) and surface treatments of these fragments were considered, 
alongside the degree of erosion and use over fire (presence of soot). Accordingly, most 
of the ceramic fragments analysed are small (less than 4 cm), except for two larger frag-
ments between 4 and 8 cm in size (SU 201 and SU 206). In addition to the strong fragmen-
tation, the ceramic sherds present significant erosion suggesting that they were affected 
by depositional and post-depositional processes for a considerable time.
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Although the ceramic fragments are too small to reveal their form or function, their 
technical-morphological analysis points to two main different production contexts. A 
first, older production context is characterised by medium to coarse textured pots with 
sandy-micaceous and sandy paste, produced under reducing fire conditions, with medi-
um/large NPE. The surface of these pots was mostly smoothened, though three of them 
had been polished. This is followed by a second, more recent production context, char-
acterized by vessels of medium to fine texture made of micaceous paste with small NPE 
and produced under oxidizing fire conditions and with smoothened surfaces.

The technical and formal characteristics of these ceramics seem to indicate that they 
were produced prior to the Roman occupation. We can separate them into two produc-
tions, most likely pre-Roman: the first group appears to be a production that we can 
generally place in the Bronze Age and the second group generally dated from the Iron 
Age. As no structures or other materials were found, for example imported, it is quite 
difficult to determine whether or not this site was occupied before the Roman period.

Considering that these materials were found in the context of their last deposition 
and therefore in a secondary context, it must be assumed that the ceramic fragments do 
not have a direct chronological link with the structures and contexts found, namely the 
defensive enclosure and its oven. Several anomalies detected in the magnetic survey 
seem to be related to these prehistoric occupations (fig. 3, B and C). However, this still 
needs further investigation.

Figure 11. Bronze Age (A and B) and Iron Age (C and D) ceramic fragments.

Table 6. Chronology of the ceramic fragments from each trench.

Chronology
Trench 1

SU 103 SU 104 SU 107 SU 111

Bronze Age 1 4 1 2

Iron Age – 1 – 1

Trench 2

SU 201 SU 202 SU 203 SU 206

Bronze Age 3 1 3 3

Iron Age – – – –

Trench 3

SU 303

Bronze Age –

Iron Age 1
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5.  DISCUSSION AND CONCLUSIONS

The results of this interdisciplinary and multi-proxy approach seem to indicate that the 
Alto da Raia enclosure was a Roman military camp that was probably occupied between 
the second half of the 1st century BC and the first half of the 1st century AD. The location, 
morphology, defensive system, absolute dating, and some of the material culture recov-
ered, support this hypothesis. The data suggests that the camp was possibly abandoned 
gradually, or at least its abandonment did not imply its complete destruction. The ditch 
seems to have been filled sequentially and selectively and the embankment was not 
entirely thrown into the ditch, which only happened after the ditch was already half full. 
This indicates that the embankment, built with geological material taken from the ditch, 
might have collapsed by natural erosion rather than by human action.

However, the camp probably overlapped previous prehistoric activity on site in the 
Bronze Age and in the Iron Age. Research into these contexts needs to be further devel-
oped in order to establish their nature and extent.

The function of this Roman temporary camp is less evident as it does not seem 
to be directly related to military campaigning. Due to its exposed location and the 
fact that it is surrounded by several Iron Age hillforts, it does not seem to have been 
related to conquest wars. Perhaps it was related instead to a context of territorial 
reorganization and resource exploitation that occurred immediately after the end of 
the conquest and integration of this area into the Roman Empire at the end of the 1st 
century BC under Augustus (González-Álvarez et al., 2019; Morillo et al., 2020; Fonte, 
2022). If so, this raises interesting questions regarding potential diplomatic interac-
tions between the Roman army and the indigenous communities that inhabited this 
area which requires further research. The indigenous communities of this area were 
probably actively involved with the Roman army in the exchange of various products 
and materials, including the transfer of know-how and different practices, as the ma-
terial evidence recovered from several nearby Late Iron Age hillforts seems to point 
out. The Alto da Raia Roman camp is in the same chronological horizon as several 
indigenous and Roman sites, both military and civilian, in Northwest Iberia that were 
directly related to the restructuring of this territory operated by Rome after the Can-
tabrian Wars (29-19 BC) that ended the long conquest process of Hispania (Peralta 
Labrador et al., 2019; Morillo et al., 2020).

This camp fits into “group 2: medium-sized temporary camps” (Costa-García et al., 
2019, pp. 25-30) that might have housed “several thousand men (ca. 2000-4000) (…), 
[and] they reveal the enormous operative versatility of the Roman army when deploying 
vexillationes (detachments) with major tactical autonomy.” (op. cit.: 24). These medi-
um-sized camps were possibly related with this initial phase of Roman post-conquest 
territorial reorganization and resource exploitation in Northwest Iberia.

Appendix

Chemical and mineralogical composition of the samples.
https://revistascientificas.us.es/index.php/spal/…
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