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Introduction: Archaeology 2.0 on the Ivory Coast

Owing to the methodological development and evo-
lution of the archaeological discipline itself, the role of
technology has become fundamental, with recent de-
cades witnessing the incorporation of tools that have
gone a long way toward supporting and supplement-
ing the more traditional archaeological record. The ar-
chaeological method is known to be destructive and
unrepeatable, thus it is essential to correctly document
each layer, structure, and discovered object in order
to create a graphic record. In this regard, analogue
cameras and rudimentary techniques for taking over-
head photographs (i.e. ladders or poles) have been
replaced over the past few years by digital techniques,
including a range of new data collection devices and
specific post-processing software packages: drones
(UAVs), LiDAR, high precision GPS, laser scanners,
and geophysics applications, to name a few. This tech-
nology has completely modernized archaeological
documentation in relation to graphic documentation
techniques. The drone industry has become profes-
sionalized to such an extent that there are now many
studies revolving around drone use (Pierrot & Labbe
2017; Verhoeven 2022), whose importance in archae-
ological research has been addressed in forums such
as the ‘Colloque : drone et moyens légers aéroportés

d'observation: recherche, développement, applica-
tions’ (Montpellier, 24-26 June 2014) and the ‘Inter-
national Colloquium. Beyond Excavation. Geophysics,
Aerial Photography and the Use of Drones in Eastern
and South-East European Archaeology’ (Piatra-Neamt,
Romania, 5-8 December 2016).

Traditional techniques, like manual drawing, are
being substituted by digital ones, such as photogram-
metry and orthophotography. Photogrammetry gen-
erates a 3D model with which to move through the
space in question to collect metric and morphological
data. Orthophotographs provide a deformation-free
orthogonal and cartographic plane, making them ide-
al for the vectorization and subsequent generation of
precise planimetries. The post-processing of this in-
formation with software packages facilitates the gen-
eration of much more precise ground plans, sections,
elevations and profiles, among other things, in less
time - in contrast to traditional methods - with practi-
cally anomaly-free georeferenced planimetries, thanks
to the generation of flat and vertical planes (Aguilar
et al. 2013). With a 3D model, it is possible to extract
sections, plus metric and volumetric data, which can
also serve as a basis for putting forward reconstruction
proposals, using anastylosis, thus generating interest-
ing infographic resources (Diaz et al. 2022). The wide-
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spread adoption of these technologies and other ICTs,
whose future potential is unlimited, offers the oppor-
tunity to disseminate this cultural heritage among the
general public, because moving through 3D models
is becoming an increasingly easier and more realistic
experience thanks to virtual and augmented reality,
among other means.

Many of these techniques have been applied in
recent archaeological studies performed in the frame-
work of the Ivory Coast-Spanish 'Archeo-Songon’ proj-
ect, in the well-known shell middens located on the
shore of Ebrié Lagoon, some 50 km to the west of
Abidjan, the Ivory Coast capital (Figure 1, A). As will
be seen below, an exhaustive data collection meth-
odology was employed for documenting Text Exca-
vation 2 (site of Songon-M'Brathé), for the purpose of
generating as many resources as possible, following a
method that had already been used at other sites (Diaz
et al. 2019; Portillo et al. 2022). Research was conduct-
ed using equipment belonging to the Prehistory and
Archaeological Laboratory of the University of Cadiz
(LABAP), including a DJI Mavic Air 2 drone with the DJI
Fly app (Figure 2), which was occasionally combined
with the use of a Nikon D7100 digital reflex camera,
all with the authorization of the Autorité Nationale de
I'’Aviation Civile de Céte d'lvoire (ANAC), according to
the Réglement aéronautique de Céte d'lvoire relatif
aux aéronefs civils télépilotés (RACI 3009). The use of
drones is currently fundamental. In the case at hand,
they offered a unique view of the site for understand-
ing sedimentation and human occupation processes
in the vicinity of Ebrié Lagoon, allowing to frame it in
its landscape and territory. In the Ivory Coast, the use
of drones is commonplace and well understood, be-
ing fully incorporated into tasks relating to crop con-
trol (e.g. the company WeFly Agri) and to monitoring
deforestation of the country’s fragile areas (Ouattara
et al. 2022). As to archaeology, drones made it possi-
ble to generate an orthophotogrammetric sequence
and digital copies of the entire stratigraphic sequence.
This exemplifies how drone support for archaeological
methods has led to a great qualitative leap forward
as regards research, results dissemination, and knowl-
edge transfer to society (Torres et al. 2010).

The shell middens of Ebrié Lagoon: the site of
Songon-M’'Brathé

The groundwork for the archaeological intervention
consisted of reconnaissance flights to photograph
the environment, thus offering a unique perspective
of the site and its connection to the Gulf of Guinea,
namely, through the coastal lagoon of Ebrié (Figure 1,
B-C). Additionally, this highlighted the important con-
temporary alterations caused by soil tilling for grow-
ing crops and by the excavation of shell extraction pits
for feeding poultry. In relation to these pits, aerial im-
ages offer an idea of the size of the shell middens of
Songon-M'Brathé, discernible in the concentration of
whitish blemishes, owing to the accumulation of shells,
principally Corbula (preliminary study in Cantillo et al.
in press).

Before planning Test Excavation 2, photographs
were systematically taken to document the topogra-
phy of a large area covering approximately 8.6 ha. To
this end, the photographic strategy involved a layout
of transversal ‘strips’ covering the entire site at an alti-
tude of 30 m, in which aerial photographs, with a fron-
tal overlap of no less than 80% and a lateral overlap
of no less than 75%, were taken (Figure 1, D-E). This
information was processed using Pix4dmapper soft-
ware, resulting in a georeferenced orthophotography
exportable in GeoTiff format, which incorporated a
metadata set including the type of projection, the co-
ordinate system, and all the necessary elements for
automatically positioning images in a spatial reference
system. In other words, the results can be subsequently
processed with other geographic information system
(GIS) software to generate very interesting data: car-
tographic studies, vector analyses, digital elevation
models (DEMs), raster analyses, calculating the best
routes between sites, generating visibility models, and
so forth. Likewise, a digital terrain model (DTM), that is,
a representation of the topography of the area under
study in fake 3D, was generated. In this model, it can be
observed how the land has been ploughed to a less-
er extent, although the archaeological levels have in-
deed been partially disturbed in view of the abundant
surface material, which is generally in a good state of
conservation.

Following this approach, it was decided to grid an
area for performing a systematic and georeferenced
microspatial (US 200/201) collection of movable sur-
face material. Accordingly, a 10x4 m perimeter was



Figure 1. Location of Songon-M'Brathé in the Gulf of Guinea and in the vicinity of Ebrié Lagoon (A); photographs of the landscape in-
dicating the site (B-C); and the orthophotography and DTM of the intervention area (D-E). (Maps by UCA, HUM-1126 Research Group.)



Figure 2. Working with the drone at the site of Songon-M'Brathé. (Photographs by UCA, HUM-1126 Research Group.)

established from the south-west to north-east and from
the north-west the south-east, respectively, before di-
viding the delimited area into 1 m-wide strips’ to facili-
tate geolocation. On this occasion, the documentation
method chosen combined the traditional techniques
of manual drawing, using a triangulation system, to
document the location of the collected materials. This
was supplemented by a georeferenced orthophotog-
raphy with photographs taken from an altitude of 5 m,
implementing the same photographic and post-pro-
cessing techniques described above. This method
facilitated the cross-referencing of the data obtained
through the observation of each piece, its boundaries,
and the relationship between these artefacts, with geo-
referenced information without distortions, such as the
radial distortion phenomenon, which always provides
new insights into archaeological remains.

Employing this method, twenty-eight microspa-
tially georeferenced artefacts were systematically re-
trieved (Figures 3 and 4, A), of which special mention
should go to a whetstone (M-16) and a large quantity of
- plain and decorated - pottery belonging to the same
tradition, judging by some common aspects such as
the production techniques plus their decoration, de-
tails, and pastes. Other aspects include their morpho-
logical features, since most of them are closed vessels
such as pots/urns, open ones being less frequent. This
pottery tradition typical of the area’s indigenous peo-
ples is known thanks to the work of S. Kouassi Kouakou
(2012) and E. N'Doua-Ettien (2019), among others.
Notwithstanding this, these ceramic artefacts still raise

many questions, which could be answered by perform-
ing a comprehensive morpho-functional study and, to
establish when they were made, radiocarbon dating
of both the artefacts and some land animal bones. At
present, the production techniques used seem to in-
dicate that they predate the Portuguese occupation in
the fifteenth century.

To the south-east of the microspatial collection
area, a 2x2 m trench (Figure 4, C) was excavated in a
sector that appears to have undergone few alterations,
although one of the above-mentioned contemporary
shell extraction pits (US 204), measuring 92 cm (N-S)
by 1.2 m (E-O), was discovered in its southern corner.
The aim of Test Excavation 2 was threefold: to docu-
ment the complete stratigraphic sequence of the site
and to gain further insights into the area’s functionality,
which at present reveals evidence of production and/
or handicrafts activities; to pave the way for a system-
atic analysis of the plain and decorated pottery; and
to record the ichthyo-malacological material to deter-
mine the extent to which marine resources were re-
used in the vicinity of Ebrié Lagoon.

Subsequently, and during the archaeological
work, the recording system involved three steps. First-
ly, the drone was used daily to capture different kinds
of images, including photographs and videos of the re-
mains and documented layers (overhead, angled and
frontal) and of the landscape and the archaeological
excavation.

Secondly, photographs of each one of the doc-
umented layers were systematically taken to create



Figure 3. Map of US 200 (microspace) with the georeferencing of ceramic material (M-6, M-7, M-8, M-9 and M-14). (Map by UCA, HUM-1126 Research
Group.)

digital copies with which to work in the laboratory
(Marin-Buzon et al. 2021; Whitford et al. 2022). The his-
torical phase relating to the site's indigenous occupa-
tion - without contemporary alterations - was recorded
in US 202 (Figures 5, A-B and 6, A-B). To this should be
added the sequence possibly linked to the formation
of Ebrié Lagoon, formed by layers of shells (above all
tiny bivalves - Corbula - and Pachymelania aurita and
Pachymelania fusca), silts, and sands in US 206, 205,
and 207, respectively (Figures 5, C and 6, C-D).

These data were collected throughout the excava-
tion area, including an outward 2-m perimeter to avoid
possible model distortions. The drone, equipped with
a digital reflex camera, generated five photogramme-
tries using Agisoft Metashape software, which facilitat-
ed the orientation of the photographs with respect to
each other through reference points and, consequent-
ly, the generation of a point cloud, the creation of a
mesh, and, finally, the application of a photorealistic
texture (see Figure 5).
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Figure 4. Concentration of pottery in the surface layer (A); remains of Corbula shells on the sur-
face (B); and the location of the microspatial collection area and Test Excavation 2 (C). (Map by

UCA, HUM-1126 Research Group.)

This process generated a true-to-scale 3D mod-
el exportable, for example, to .obj file format, which
can be manipulated with 3D modelling programmes
such as Blender, then facilitating the extraction of vol-
umetric data, plus sections and cuttings of the site,
among many other aspects. As another very interest-
ing resource for publicly disseminating archaeological
research, these digital copies can be reproduced with
3D printers and be posted and shared on 3D websites

such as Sketchfab (Scopigno et al. 2017). On these 3D
model platforms, specific data can be labelled as de-
tailed text or photographic information to make strati-
graphic sequences and any other elements that should
be highlighted easier to understand.

Metashape was employed to generate orthomo-
saics of the ground plan, which are very useful for illus-
trating the evolution of the excavation and for record-
ing the stratigraphic sequence (Figure 6, A-D). Other



perspectives, such as the elevation of the profiles and
the sections of the test excavation, can also be export-
ed. These procedures provide distortion-free scaled

images that are ideal for drawing layers and structures
with Adobe lllustrator vector graphics software (Fig-
ure 6, E). As an additional advantage, all of these or-
thophotographs include GPS data for georeferencing
Text Excavation 2 and the documented sequence with
the above-mentioned software and GIS tools, such as
ArcGIS and QGIS.

Figure 5. Photogrammetric sequence of US 202 (A), 203/204 (B) and
206/205 (C). (Figure by UCA, HUM-1126 Research Group.)

Lastly, the record of science communication and
dissemination is also important. Drone aerial pho-
tographs provide a view of the territory in which the
archaeological remains should be framed, and the
perspective of the photographs is very useful for gen-
erating resources for knowledge transfer and results
dissemination in an attractive and thought-provoking

way. Accordingly, Filmora software was used to create
an informative video montage of the first excavation
campaign of the ‘Archeo-Songon’ project, which also
includes all evidence of occupation discovered in the
locality of Songon-Kassemblé, some 8 km to the east.

Conclusions

It has been possible to observe how pooling all the in-
formation available provides new insights into the his-
torical development of Ebrié Lagoon. The preliminary
results obtained through the stratigraphic sequence
documented in Songdén-M'Brathé seem to point to as
many as three historical episodes in this area of the pa-
leolagoon (Gutiérrez-Rodriguez et al. 2026). The alter-
nation of a priori naturally formed layers (US 206) with
other layers containing ceramic material supports the
hypothesis that this area underwent episodes of flood-
ing which covered the indigenous occupation layers with
layers of sediment. Thin-section microstratigraphic anal-
yses were performed to identify the microlayers forming
these natural and anthropic levels (Gutiérrez-Rodriguez
et al. 2026). The sampled profile was documented with
photogrammetry. As to future interventions, geotechni-
cal bore holes could be manually drilled to obtain dat-
able sedimentary cores for explaining the evolution of
the sedimentation of Ebrié Lagoon.

The use of drones and the post-processing of
data with software packages allowed us to discern
three phases (Fiz et al. 2022). First, landscape views,
orthophotography, and MDT illustrated the phase
of contemporary land-tilling processes and shell
extraction for feeding poultry. Second, the georefer-
enced orthophotograph of US 200 (microspace) and
the photogrammetry of US 202 illustrated the site's in-
digenous occupation phase. Third, aerial photographs
of the paleolagoon helped us gain an understanding
of sedimentation processes. Moreover, we also gener-
ated 3D models of the silty clay of the lagoon’s ancient
bed (US 205) and some of the horizontal layers of cor-
bula (US 206).

All considered, the contribution of this type of re-
cord to archaeology - call it Archaeology 2.0 - and the
exponential improvement of graphic documentation
techniques versus more traditional methods is unargu-
able. Its potential is even greater considering the appli-
cations it could have in GIS software, such as in future
studies of the sedimentation of Ebrié Lagoon. Results
dissemination and knowledge transfer on platforms
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Figure 6. Orthophotographs of the documented layers: US 202 (A), US 203/204 (B),
US206(C), and US 205 (D); photogrammetry and drawing of the stratigraphic sequence
of the north-eastern profile (E). (Photographs by UCA, HUM-1126 Research Group.)

such as Sketchfab are also crucial. Our participation in
the ‘Atelier trilatéral dans le cadre de renforcements de
partenariats en Archéologie entre les universités Félix
Houphouét-Boigny (Céte d'lvoire), de San Pedro (Cote
d'lvoire) et de Cadix (Espagne), held in Bingerville
(UFHB) on 30 January 2023, with the paper entitled
‘Les nouvelles tendances en Archéologie: des drones
a la photogrammétrie’, reflected on the application of
these technological tools and presented the method-
ology and procedure for exploiting drones and 3D re-
sources to the full.
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