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Abstract
The Roman Porolissum (Romania) was first surveyed with magnetics in 2010. Local geology is propitious for magnetic 
prospection. In 2021 the Polish-Romanian team carried out a complementary ER and GPR survey. Emerging geophy-
sical data allowed reinterpretation of the previous survey results. Complementary survey data and geological setting 
analysis yet enhanced the archaeological interpretation.
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 Research background

In this paper, we present the case study of a multi-method 
archaeo-geophysical survey carried out in the extent of a 
Roman fort and municipium Porolissum. The first magne-
tometer survey carried out in 2008 by a team of geophy-
sicists from Eötvös Loránd University showed very good 
responsiveness. Hence, investigations were continued in 
collaboration with multiple teams from different institu-
tions, focusing on the area of the Roman town (Ștefan 
2016; Fiedler et al. 2018; Opreanu and Lăzărescu 2018). 
Captured anomalies clearly outlined buried archaeological 
structures due to the use of strongly magnetic constructi-
on material (andesites and dacites). The Polish-Romanian 
team carried out supplementary earth resistance (ER) and 
ground penetrating radar (GPR) surveys in 2021. We ar-
gue that despite the seemingly unambiguous results of the 
magnetic survey, the application of complementary geo-
physical methods, GPR in particular, allowed improving 
the analysis, led to emerging discoveries and enhanced the 
interpretation of previous results.

Porolissum Roman fort and town
The site is located in NW Romania (Salaj county), in the 
Moigrad-Pomăt-Citera magmatic-volcanic complex. The 
fort is partly set on and surrounded by several Neogene 
hillocks, the genesis of which is associated with a phe-
nomenon of hot-spot intrusions into Oligocene deposits, 
laying magmatic bodies consisting of dacites and andesites 
that were later brought to the surface by selective erosion 
(Fig. 1) (Mac 2010).

As a strategic frontier province, Dacia Porolissensis was 
a Roman territory with a strong military presence. The 
core of the Porolissum military complex was the Pomăt 
Hill fort, the largest auxiliary fort in the Dacian provinces, 
measuring 230×300 m. The civilian settlement at Porolis-

sum was located around the fort, and due to its position at 
the fringes of the Empire, it developed into an important 
commercial hub allowing for complex connections with 
the Barbaricum (Opreanu and Lăzărescu 2016). 
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Methods

The magnetic survey in the municipium area was carried 
out between 2010-2016 by Dan Ștefan, with a Bartington 
Grad601 dual sensor fluxgate gradiometer (Ștefan 2016). 
In 2021 we carried out a complementary survey with ER 

and GPR methods (Schmidt et al. 2015). 
ER survey was carried out with Geoscan Research RM85 

meter in a multiplexed measurements mode. Multi-depth 
twin probe array has been used with three mobile pro-
bes separation distances set at AM = 0.5, 1.0 and 1.5 m. 
Measurements were carried out within a 20 × 20 m grid, 
with 1 m crossline and 0.5 m inline. The ER data were 
processed in Geoplot 4 software. Recorded resistance va-
lues have been despiked and multiplied by the value of the 
Κ geometry factor relevant for each of multiplexed arrays, 
to calculate the values of the apparent resistivity for each 
maximum depth of prospection. Subsequent filtering pro-
cedures (e.g. low pass, interpolation) were applied.

GPR survey was carried out with a Malå GX radar with 
a shielded 450 MHz antenna in the same 20 × 20 m grid, 

with a 0.5 m crossline and 0.05 m inline. The GPR data 
was processed in SubGeo WAVE GPR processing software 
and exported as time slices. 

Rendered geophysical maps were georeferenced and 
uploaded to QGIS along with up-to-date UAV orthophoto, 
DSM, satellite imagery and Romanian Geological Map 
1:200000. In addition, Magnetic Susceptibility readings of 
the soil surface and materials used for construction have 
been taken on the site with Bartington MS3 meter and 
MS2D sensor. 

Results

ER (Fig. 2) and GPR (Fig. 3) survey results matched to 
some extent, GPR being considerably more detailed. Nu-
merous electrical anomalies were captured, high resistant 
zone and linear being the most commonly encountered. 
The latter corresponded with highly reflective features de-
tected with the GPR.

Fig. 1: The location of the Roman fort and town of Porolissum on the 1:200000 Geological Map of Romania (Raileanu et al. 1968).
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Discussion

The previous geophysical survey results proved magnet-
ics to be very effective in the geological conditions of 
Porolissum. Excellent contrasts triggered by strongly ma-
gnetic linear features (i.e. walls built of andesites and 
dacites) resulted in clearly pronounced structures. On the 
other hand, magnetic maps looked blurred at spots whe-
re building material was scattered above archaeological 
structures. 

The same distortion burdens the shallower and lower-
resolution prospection with ER. Scattered highly resistive 
material prevented us to capture some anomalies of linear 
structures lying under the rubble in the very low resistive 
subsoil (Fig. 2).

The latter property of the soil tends to be an obstacle 
for the GPR survey. Nonetheless, we argue that the GPR 
survey presented even better effectiveness and satisfying-
ly complemented magnetic survey results. It was less af-
fected by scattered rubble and clearly depicted preserved 
structure foundations, providing a such level of detail as 

preserved hypocausta (Fig. 3). This allowed us to improve 
the existing interpretation and attribute particular functi-
ons to structures.

The considerable depth and good state of preserva-
tion of buried features, along with a fortunate geological 
setting of the site, may suggest the magnetic method be 
applied exclusively in such conditions. However, com-
plementary methods, apparently the GPR being the best 
choice, should be considered to improve the archaeologi-
cal interpretation.

Conclusion

A few conclusions might be drawn based on the results 
of this study.
1. Resurveying the area of the previous apparently un-

ambiguous magnetic survey, with complementary geo-
physical methods, was very effective in providing ad-
ditional information about archaeological features and 
structures. 

Fig. 2: The results of the 2021 ER survey. Resistivity map at AM=0.5 m (above), and high pass filtered AM=1.0 m (below).  
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2. Even if applied in theoretically unfavourable conditions, 
complementary geophysical measurements allowed us 
to improve the archaeological interpretation, e.g. attri-
bute functions to particular archaeological structures.

3. The analysis of the geological map and Magnetic Su-
sceptibility values of the soil and rocks used on site as 
a construction material, helped to enhance the inter-
pretation of the existing magnetic survey results and to 
explain the phenomena recorded in this data. Strongly 
magnetic rocks, besides feature-related anomalies, pro-
duce considerable noise. 

4. Strongly magnetic archaeological features may deli-
ver clear results, however, in certain situations, they 
may also distort the overall image of surveyed features 
and lead to interpretive pitfalls. Properties of soils and 
rocks should be tested and taken into account at the 
stage of analysis and interpretation of archaeo-geo-
physical data.

5. Based on the results presented in this paper we plan 
to carry out a further GPR survey with a multi-channel 
array.
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