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Abstract
Geophysical imaging methods have been applied to reconstruct the cultural dynamics in the two different submerged sites 
in Delos island. The geophysical results provided useful information for understanding the complexity of the submerged 
archaeological sites.
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 Introduction

The island of Delos is located at the center of the Cyclades 
archipelago in the Aegean Sea of Greece. It was one of the 
most important parts of the ancient Greek world, known 
as a religious site, the treasury of the Athenian Alliance, 
and as trading port. The island hosts temples honoring 
the birthplace of the twin gods Apollo and Artemis and 
therefore, it is rightfully considered as one of the most im-
portant archaeological sites worldwide. 

The increased attention to coastal zone management 
contributed to the development and implementation of 
shallow-water mapping approaches for capturing current 
environmental and archaeological conditions (Simyrdanis 
et al. 2015, 2016; Papadopoulos 2021). The geophysical 
survey took place during early September of 2021 and its 
purpose was to map the extent of the settlement limits 
through offshore geophysical investigation and to locate 

possible archaeological relics buried below the sea bottom 
in two different submerged sites in the northeastern (Stadio) 
and northwestern (Skhardanas) bays of the island. 

Methodology and instrumentation

The digital bathymetry models in both bays were com-
pleted through a combined implementation of the Ohmex 

SonarMite BTX single beam echo sounder and RTK-GNSS 
measurements to survey the deeper and the shallower 
parts. The bathymetry models in Stadio and Skardhanas 
covered ca. 21,000 m2 and ca. 24,000 m2 respectively.

For the survey purposes, two different geophysical tech-
niques were used. The electrical resistivity tomography 
(ERT) method was used in two variations: the static mode 
in Stadio Bay and the dynamic mode in Skhardanas Bay. 
The choice of different ERT survey variants in the bays 
was based on the depth of the bays. Thus, the maximum 
depth of about 12 meters in Skhardanas was actually pro-
hibitive to use productively the static mode, whereas the 
maximum 4 meters water depth in Stadio facilitated the 
used of static ERT mode. The multisensor magnetic gra-
diometry method was used in the shallow part of Stadio 
bay, whereas ground penetrating radar was concentrated 
in a small section along the coast of Skhardanas.

For the dynamic survey, a 10-channel resistivity me-
ter was used, along with a special cable equipped with 
13 graphite electrodes with one meter spacing between 
them. The cable was pulled using a boat along 37 pre-
defined lines, employing the dipole-dipole array covering 
10,385 m2 of marine area. At Stadio Bay, the pole-dipole 
electrode configuration employing a fixed submerged ca-
ble position was used to complete the ERT survey in two 
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separate grids. The unit electrode distance along the lines 
was one meter and multiple combinations of N separations 
(distance between the current and potential dipoles) were 
utilized to increase the signal to noise ratio and to map the 
deeper stratigraphy, while the crossline distance was also 
set equally to one meter. The ERT survey was completed 
along multiple parallel transects in an effort to map the 
resistivity properties below the bottom of the sea within 
a 3D context. The tomographic data were processed with 
2-D and 3-D robust inversion algorithms, incorporating the 

sea bottom topography and the conductivity of the sea water 
(Loke et al. 2020), allowing for the extraction of vertical 
and horizontal slices describing the resistivity variation 
below the sea bottom.

A multichannel magnetic gradiometer system equipped 
with five SENSYS FGM600 gradiometers was used to log 
the gradient of the vertical component of the magnetic 
field, covering an area of 1,443 m2 at the very shallow part 

in Stadio Bay. The five magnetometers were mounted on a 
non-magnetic cart with 50 cm separation. and the spatial 
sampling resolution of the measurements along the track 
was about 10 cm. The whole system was mounted on a 
specific frame made of fiberglass for carrying the sensors, 
the RTK-GNSS and the electronic box.

Results

The geophysical results were rectified on the aerial photo of 
the site (Moretti et al. 2015). More specifically the magnetic 
gradiometer map in Stadio showed strong magnetic ano-

malies related to scattered metal fragments and the rocky 
outcrop on the seabed. Despite these external interferences, 
the magnetic results showed a number of linear and rec-
tilinear anomalies related to submerged archaeological fea-
tures in the coastal and ultra-shallow part of the bay (Fig. 1). 

Fig. 1: Diagrammatic interpretation of the magnetic anomalies at the northern section of Stadio Bay (orthophoto: Moretti et al. 2015). 
Units are in nT/m. Axis units are in meters.
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The ERT depth slices in the overlapping regions show a 
relatively good correlation with the magnetic maps. Further-
more, ERT gives additional information on the distribution 
of structural remains in the deeper sections of the bay and 
the boundary of the settlement that is presently submerged, 
completing in this way the picture of the habitation pattern 
(Fig. 2). 

Concerning the Skhardanas Bay Dynamic ERT data set, 
the 2D inverted lines failed to provide any information of 
archaeological value, since most of them were surveyed in 
a depth greater than 2 m. However, this data set provided 
valuable geological information, such as the existence of 

two faults in the area. On the other hand, the pseudo3D 
depth slices created from the ultra-shallow lines pinpointed 
many targets of possible archaeological interest, as well as 
a cultural layer that was already visible (Fig. 3).

Conclusions

The possibility of applying well-known geoinformation 
methods, such as ERT and magnetic gradiometry to un- 
(or under-) explored archaeological shallow-water con-
texts was very important from a methodological point 
of view and for the results obtained. Indeed, although 
the adaptation of commonly used tools to depths shal-
lower than 2 m presented some challenges and required 
the creation or customization of equipment, the results 
support such efforts and provide useful information for 
understanding the complex archaeological site of Delos. 
The innovative aspect of this work arises from the adap-
tation and development of well- established and conso-
lidated techniques (ERT and magnetic gradiometry) to a 
shallow water context. At the same time, this approach 
surely needs refinement and will benefit from inputs from 
different and complementary disciplines. In general, the 

Fig. 2: ERT depth slice of the northern grid in Stadio Bay (orthophoto: Moretti et al. 2015). Indicative linear resistive anomalies (E1 –E17) 
are marked with green lines. Units are in Ohmm. Axis units are in meters.
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manifold marine geophysical campaign at Delos provided 
promising results in the sections that were investigated. 
The high resolution geophysical approach was able to in-
dicate a number of candidate targets, thus completing to a 
certain degree the picture for the submerged built environ-
ment of the archaeological site.
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