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in terra rossa soils (Durn, 2003). In 2018, during a field 
survey of the Santa Marina site, magnetic susceptibility 
(MS) measurements were performed directly on surfaces 
of stone structures exposed in archaeological trenches and 
using bulk of the sediments. The stone walls are mainly 
made of limestone, whose magnetic susceptibility values 
range from 0.01 to 0.09 × SI units. Rich in iron oxides, the 
sandy-clayey terra rossa sediments surrounding the stone 
structures are characterized by much higher magnetic sus-
ceptibility values – from 1.07 to 1.74 × SI units. As a result, 
the Roman stone walls are visible on magnetic maps as 
areas with reduced magnetic field intensity relative to the 
background. Unfortunately, a large content of clay in terra 
rossa makes significant suppression of the EM waves and 
thus reduces the GPR depth range.

RESULTS OF APPLICATION OF ADCM

The most important data were delivered at Santa Marina 
by survey areas 1–3, located 60 m to the SW of the Roman 

Fig. 4. GPR survey results for survey area no. 2 (2018/1). Time-slices prepared for depth range 0.28–0.93 m (Processing and drawing: F. Welc).

Fig. 5. 3D model of the ancient Roman structures discovered within survey 
areas nos. 1–3 based on GPR survey results (depth ca. 0.7 m) (Drawing: 
F. Welc).
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cistern along a sea shoreline (Fig. 2B). GPR measurements 
were performed with additional gradientometer profiling 
made within the survey area 2. (Figs 3–4). The obtained 
GPR time-slices (GPR amplitude value maps) have revealed 
characteristic high amplitude linear anomalies oriented 
along the NW-SE axis and recorded at 0.5–1.5 m depth 
(Fig. 5). They are generated by shallowly buried stone walls 
belonging to the northern part of the Roman senatorial villa 
compound. Results of the additional magnetic survey per-
formed within the survey area 2 present numerous features 
marked by high values of magnetic field intensity (above 6 
nT) and most probably, they are generated by concentration 
of organics and ashes. For ADCM analysis, GPR reflection 
profiles marked as A, B and C taken from the survey area 

were selected and combined with the corresponding gradi-
ometer readings (Fig. 6). It is very important to note that the 
maximum depth of magnetic anomalies can be estimated at 
ca. 1 m, which corresponds to the maximum range depth of 
gradiometer prospection.

Analysis of the GPR reflection profile labeled as A 
(Fig. 6) and the corresponding magnetic amplitude values 
has revealed numerous features, which can be connected 
with a vertical stratigraphy of the Roman villa. Between the 
3rd and 10th m of the GPR profile at 0.5–1.0 m depth, there 
is a zone of electromagnetic wave attenuation (Fig. 7A: 1), 
reflected on the magnetic parallel profile by low values of 
magnetic readings (from 0 to -10 nT). This anomaly can be 
interpreted as an infilling of a room in the Roman building, 

Fig. 6. ADCM analysis of survey area no. 2. Upper left: GPR slice prepared for the depth of 0.7 m. Upper right: results of magnetic survey. Lower left: su-
perimposed GPR and gradiometer survey results. Lower right: ADCM interpretation: 1 – rectangular room filled with fine limestone rubble, 2 – depression 
filled with stone rubble mixed with organics and ashes, 3 – probable kiln construction, 4 – entrance to the compound, 5 – depression filled with a highly 
magnetic content (ashes and organics), 6 – partially preserved limestone walls (Processing, interpretation and drawing: F. Welc).
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composed of a mixture of sand and clay. It suggests that the 
interior of the building was left unearthed for some time to 
about 1 m below the ground. As a result, it became gradu-
ally (in the long term) and naturally filled with the flowing 
sediments.

At the depth of about 1 m – between 10th and 20th m of 
the same profile, there are numerous horizontal and oblique 
reflective surfaces, which correspond to particular phases 
of infilling of a vast depression located further to the north 
of the Roman structure (Fig. 7A: 2). This feature is marked 

on the corresponding magnetic profile as a high ampli-
tude magnetic zone (from 0 up to 18 nT). Therefore, sedi-
ments that fill this depression contain most probably much 
magnetic matter, mostly organics and ashes. Additionally, 
the mentioned numerous horizontal and oblique GPR re-
flection indicates that the hole is filled with packages of 
coarse material, most probably sands and fine stone debris. 
Between ca. 0.5 and 1 m below the surface, on the 3rd, 8th 
and 14th m of the GPR profile, there are concentrations of 
diffraction hyperbolas (Fig. 7A: 3), indicating location of 

Fig. 7. Results of ADCM analysis of selected GPR profiles and corresponding magnetic records for survey area no. 2. Profile A: 1 – non-magnetic sediments 
filling a room in the Roman building. 2 – vast depression filled with more magnetic and coarser material (sands and stone rubble) mixed with organics and 
ashes. 3 – location of the upper part of the limestone walls. Profile B: 1 – cross-section through limestone walls. 2 – shallow depressions filled with diverse 
and highly magnetic material. 3 – dipole anomaly, burning place? 4 – shallow hollow filled with slope sediments, mainly sands and fine limestone debris 
(Processing, interpretation and drawings: F. Welc).
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the upper part of the stone walls. These features correspond 
to lower magnetic amplitude values, because all walls were 
made from a non-magnetic limestone.

The GPR reflection profile labelled as B revealed a 
cross-section through three limestone walls, manifested as 
a set of reflection hyperbolas at 0.5–1 m depth (Fig. 7B: 
1). In magnetic records, these places are characterized by 
a slight decrease in amplitude values. The space between 
these walls is occupied by shallow (up to 1.5 m) depressions 
filled with diverse and magnetic material, which is attested 
by high magnetic readings (most probably silty sands, re-
deposited terra rossa, organics and ashes) (Fig. 7B: 2). A 
distinctive reflection surface at approximately 0.5 m depth 
(Fig. 7B: 3) occurs in the SW part of the GPR profile. A 
characteristic dipole anomaly is visible in this place on the 
magnetic profile, which may suggest a burning place. A 
wide zone characterized by a low value of the amplitude sig-
nal occurs between the 12th and 22nd m of the GPR profile, 
which harmonizes with lower values of the magnetic ampli-
tude. Therefore, this zone can be interpreted as a vast and 
shallow hollow filled with non-magnetic sediments, mainly 
sands, and fine and very fine limestone debris (Fig. 7B: 4).

The last analyzed GPR profile, labeled as C (Fig. 8), 
reveals a stratigraphy similar to profiles A and B. The GPR 
signal boost zones are slightly less pronounced in places 
of stone walls (Fig. 8: 1), which corresponds to lower mag-
netic amplitudes. A shallow depression is visible between 
the walls, most probably filled with organic matter and pos-
sibly burnt material, which can be judged by a correspond-
ing high value of the magnetic amplitude (Fig. 8: 2). An 
analogous depression is filled with organics and ashes, vis-
ible between the 12th and 15th m of both profiles (Fig. 8: 3).

The area, located immediately north of survey areas 
and labelled as the survey area 4, was tested using the GPR 
method. All profiles were measured at distances of 0.4 m 
using an antenna with a nominal frequency of 450 MHz 
(Fig. 9). Time-slices prepared for the depth interval of 0.3–
1.0 m, present in the SE and S part of the survey area linear 
anomalies, produced by the top of a solid stone wall. The 
feature belongs undoubtedly to the Roman villa complex. 
Time-slices prepared based on GPR surveys within areas 5 
and 6 have also outlined a series of stone walls at different 
orientations, which form another, SE part of the Roman 
villa structure (Fig. 9).

DISCUSSION

Within the low terrace along the sea coast in Santa 
Marina, six survey areas for geophysical measurements 
(using GPR and magnetic methods) were selected. The GPR 
system ABEM/Malå Groundexplorer was used during the 
survey (Fig. 2). The prospection was carried out with ap-
plication of a screened transmitting bimodal antenna, with 
a nominal frequency of the emitted EM wave at 450 MHz. 
The survey was supplemented by gradiometer measure-
ments performed in survey area 2. In the following step, 
collected magnetic and GPR data were used to analyze the 
stratigraphy of the site using the ADCM. The produced 
GPR time-slices, reflection profiles and magnetic maps 
clearly indicate that the integration of these two methods 
allows for a detailed and effective identification of buried 
archaeological structures in a 3D perspective. GPR time-
slices prepared for the depth range from 0.5 m downwards 

Fig. 8. Results of ADCM analysis of the GPR profile labelled as C from survey area no. 2: 1 – location of remains of the limestone walls, which correspond 
to lower magnetic amplitude values. 2 – shallow depression between the walls, filled with organic matter and possibly burnt material, 3 – an analogous 
depression located further to the NE (Processing, interpretation and drawing: F. Welc).
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reveal numerous distinctive NW–SE and SW–NE-oriented 
linear anomalies, which are generated mostly by shallow 
buried limestone walls. The wall remains belong undoubt-
edly to the senatorial Roman villa complex. The outline of 
the stone remains preserved on the sea shore indicates that 
they continued seawards, which confirms much lower sea 
levels in Roman times compared to the present-day level.

The plan and distribution of the structures excavated 
around the Roman cistern combined with selected GPR 
slices revealed the outline of a vast courtyard or more prob-
ably – a peristyle surrounded by two wings with several 
rooms of different sizes. There is one main entrance lead-
ing from the NE (Fig. 9), probably presenting a set of ex-
ternal buttresses or reinforcements, which would suggest 
that the complex of the villa might not have spread further 

to the SW. Certainly, worth noting is possible reworking 
of certain spaces, detected by shallower time-slices and by 
the ADC method. Likewise, features such as hearths and 
burning residues might suggest a subsequent use of parts of 
the structures. These details should, however, be confirmed 
by new excavations (Fig. 9).

The performed ADCM analysis of data delivered from 
survey areas 2 and 4 allowed for initial recognition of 
horizontal and vertical stratification of the site. The ana-
lyzed GPR profiles with corresponding magnetic values 
enabled distinguishing two main stratigraphic horizons, 
the upper from 0 to approximately 1 m, and the lower 
<1 m. The first one can be connected with a period of 
demolition of the villa precinct in the time span from late 
antiquity to the present. Anomalies produced by holes and 

Fig. 9. Results of the GPR survey in Santa Marina. Upper: location of survey areas nos. 1–6 and architectural features discovered during excavations. A   
possible entrances to the villa compound. Lower image: 3D model of discovered structures with outline of vast courtyard of the villa (Interpretation and 
drawings: F. Welc).






