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Fig. 5. 1 – general photo of the forested island on the Radomno Lake; 2 – aerial view of the island (Google Earth); 3 – LiDAR image (ISOK-Geoportal) 
of the hillfort on the island.
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to the south of the object, there is a distinctive lineament: 
a steep, NW-SE oriented undercut which is most probably 
a massive landslide (Fig. 7: 3). It seems that presence of this 
feature is a reason for erosion of the southern part of the hill-
fort. Interestingly, directly to the north and north-east of the 
hillfort there are very clear, N-S oriented linear structures 
(Fig. 7: 4). They are low, parallel ridges, about 5 m wide and 
up to 50 m long, covering an area of about 0.5 ha. These 
structures are much less distinct on a narrow plateau located 
directly to the south-east of the hillfort.

Magnetometry

Geophysical survey carried out within the hillfort lo-
cated on the Radomno Lake island significantly comple-
mented the LiDAR data and brought new information con-
cerning structure and stratigraphy of the hillfort (Fig. 8). 
The obtained so-called positive amplitude map of magnetic 
anomalies indicated presence of numerous high-amplitude 
zones (darker areas). Notable are anomalies with increased 
values of the magnetic field strength (0.8–1 nT/m), corre-

sponding to a course of moats separating ramparts (Fig. 9). 
Significant increase of amplitude values should be linked 
with accumulation of organic matter and carbonized plant 
fragments in these depressions. Between the moats there 
are numerous smaller, mostly point high-amplitude anom-
alies. Some of them represent probably traces of past and 
current human activity, such as storage and dwelling pits, 
small fireplaces and also buried metal objects (character-
istic dipole anomalies). Others are animal dens, deep holes 
and vast depressions created by tree roots, noted commonly 
during field prospection. In the case when dens are filled 
with sand, the map of magnetic anomalies reveals oval-
shaped anomalies of small dimension (up to 1 m) and low 
amplitude (about 0.1 nT/m) (Fig. 9).

In the southern part of the Radomno hillfort, a zone of 
linear anomalies generated by moats and ramparts is not 
continuous, which may indicate presence of an entrance 
or gate leading to the central part of the object. Numerous 
point anomalies with variable amplitudes occur within the 
hillfort. These are both traces of past archaeological activ-
ities in the 20th century as well as numerous ancient settle-
ment structures, most probably small storage pits filled with 

Fig. 7. LiDAR images of the hillfort preserved on the Radomno Lake island. 1 – oval-shaped, central part of object; 2 – system of ramparts and moats; 
3 – undercut showing the landslide boundary, which caused destruction of the southern part of the hillfort; 4 – parallel linear structures preserved to the 
north of the object.
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organic matter, ashes and pottery fragments. On the other 
hand, point dipole anomalies characterized by high ampli-
tude corresponds to location of buried metal objects (Fig. 9).

Poorly visible outline of a circle, about 30 m in diame-
ter, can be noted in their somewhat random pattern inside 
the Radomno hillfort. The circle has an asymmetric posi-
tion, i.e. in the southern part of the inner oval-shaped area 
of the hillfort (Fig. 10: A). Linear structure emerges also in 
the circle; however, it is difficult to interpret based on mag-
netic plan only due to large number of high-amplitude di-
pole anomalies. In order to recognize local stratigraphy and 
nature of registered anomalies in the inner, southern part 
of the hillfort, a trial trench (oriented on the N-S axis) was 
excavated (see Figs. 8: 2; 10: B). It revealed a burnt wooden 
wall at of ca. 0.70 m depth, composed of two parallel beams 
oriented north-south (Fig. 10: B).

The map of magnetic anomalies of the area directly in 
the north of the hillfort reveals parallel linear, N-S-oriented 
structures, which are perfectly visible on LiDAR images 
(Fig. 9). The zone of linear and point anomalies is also 
present directly to the east of the most external moat, partly 
destroyed in this place, which may suggest that the anoma-
lies are generated by objects and structures that are chrono-
logically later with regard to the hillfort (Fig. 11). An outline 
of a dwelling structure erected on a plan close to a rectangle 
with an internal oval object may be observed there. A small 
trial trench excavated in this place (Fig. 11: A) confirmed 
presence (at ca. 0.6 m depth) of a poorly preserved dwelling 
structure with oval and shallow pit inside. The AMS radio-
carbon date from the sediment in the interior of a pit pointed 
out to 1445–1632 cal. AD (95.4% probability) i.e. late Middle 
Ages (Fig. 11: B). The map of magnetic anomalies produced 

Fig. 8. LiDAR image of the hillfort preserved on the Radomno Lake is-
land with boundaries of areas surveyed by magnetic and GPR techniques. 
There are also marked positions of performed geological drillings and ar-
chaeological excavations.

Fig. 9. Results of magnetic prospection (gradiometer) conducted at the Radomno hillfort presented as the amplitude map (see detailed explanation in text). 
Interpretation: 1 – outlines of moats separating ramparts; 2 – point source anomalies (traces of past and modern human activity); 3 – remains of the past 
settlement structure and linear features preserved to north of a hillfort.
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for the area directly adjacent to the hillfort from the north 
also reveals parallel linear, N-S-oriented structures, which 
are perfectly visible on LiDAR images (Fig. 11: C).

GPR

Due to dense vegetation, only the areas devoid of trees 
and bushes were surveyed with the GPR method. Moreover, 
long and single profiles were also done to receive additional 
data on geology of the island and stratigraphy of the hillfort. 
In order to enhance understanding of georadar profiles, as-
semblages of basic anomalies visible on reflection profiles, 
determined as GPR facies, are shortly characterized below:
 – zone without anomalies, indicating strong signal attenua-
tion of EM (mud, silt and clay),

 – diffraction hyperboles: characteristic arcs visible on GPR 
reflection profiles generated by buried anthropogenic ob-
jects, stones, large boulders or rock fragments,

 – horizontal lines reflecting boundaries between two lay-
ers,

 – multiplied horizontal lines reflect multiple returns from 
the boundary between two layers or geological media 
(see Welc et al., 2016).

The most interesting results came from GPR prospec-
tion made in a central part of the hillfort (see Fig. 8). The 
obtained GPR amplitude maps (= depth slices) have re-
vealed a series of linear anomalies at about 0.50 to c. 0.70 
m depth. They are produced by remains of an unidenti-
fied feature with rectangular outline and SW-NE orien-
tation (Fig. 12). In turn, the circle outline, recognised on 
the map of magnetic anomalies, is very poorly visible at 
0.35–0.45 m depth. Analysis of selected reflection profiles 
supplied with additional information on stratigraphy of the 
central part of the hillfort. All profiles reflect a distinct 
stratigraphic horizon visible as discontinuous horizontal 
reflection surface at about 0.70 m depth (Fig. 13, red line). 
Above this boundary there are numerous diffraction hy-
perboles, which evidently may be linked to past human 
activity. They are mostly generated by large stones and 
another buried objects. Noteworthy are also small depres-
sions, which are most likely ancient storage pits (Fig. 13). 
Results of 3 shallow drillings (R 5–8) in the central, oval-
shaped part of the hillfort revealed the following sedimen-
tary succession (Fig. 8): 0.0–0.2 m – dark grey sandy soil, 
0.2–0.6 m – grey and brown-grey fine sand, 0.6–0.7 m 
– yellow-brown medium-grained sand (top of undisturbed 
soil) and 0.7–2.0 m – yellow-grey sand with silt. Drillings 

Fig. 10. A – results of magnetic prospection showing outline of a circle inside of the Radomno hillfort; B – excavations conducted inside of a hillfort 
revealed (ca. 0.5 m depth) burnt wooden wall composed of two parallel beams oriented north-south.
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indicate that the cultural layer in the central part of the ob-
ject is about 0.5 m thick, which may be perfectly correlated 
with GPR measurements. At 0.7 m depth the reflection sur-
faces separate anthropogenic sediments (cultural layers), 
i.e. grey and grey-brown sand with high content of organic 
matter and iron oxides, from the well-sorted, yellow kame 
sand and silt. Large number of discontinuous reflective 
surfaces below 1.0 m on analysed GPR reflection profiles 
indicates a more variable lithological structure of the base-
ment, most probably due to presence of fine gravel and 
coarse sand interbeds (zones of signal amplification) and 
silt (zones of attenuation of electromagnetic waves) (Fig. 
13). These structures should be associated with presence of 
ancient fluvial channels, most probably activated within a 
glacial kame in the Late Pleistocene. Flows took place in ice 
lumps that covered a kame reservoir. In the upper part the 

channel is filled with fine gravel and poorly sorted sand, in 
the lower one there are mostly sand and silt (Fig. 14).

For a full recognition of the object stratigraphy two long 
GPR profiles were performed along the longer and shorter 
axis of the hillfort with application of topographic correc-
tion (terrain morphology). The profiles covered both the 
object and the foot of the hillock, on which it is located (from 
the south-east) (see Fig. 8). Within the hillfort, the profile 
A has similar stratigraphy as the one described above. At 
about 0.7 m there is a distinct reflective surface separating 
anthropogenic accumulations (Fig. 15: A, 1) from geological 
layers (Fig. 15: A, 2), in this case sands interbedded with silt 
and gravel. At 1.5 m depth there are at least two fluviogla-
cial channels in kame deposits (Fig. 15: A, 3).

The profile A provides important information about the 
hillfort stratigraphy. A rampart structure is clearly visible. 
The close-up of the profile in this particular place indicates 
two distinctive reflection surfaces generated by the ram-
part base (palaeosoil). It proves that ramparts were created 
using the sediment taken directly from the moats (Fig. 15: 
B, 3 and 13). What is more, concentration of diffraction hy-
perbolas above a palaeosoil suggests that there was a wall 
or a wooden palisade (Fig. 15: B, 27). These assumptions 
were fully confirmed by the archaeological trench no. 3 
located on the middle rampart (eastern section) (Figs. 8 and 
15: B). Remains of the wooden wall were revealed there, 
very similar to the wall discovered in the central part of 
the hillfort (see Fig. 10). Radiocarbon date obtained from 
a sample taken from the foundation of the middle rampart 
dates its construction to the Middle Roman Period (128–
258 cal. AD, 95.4% probability) (Fig. 15: B).

The GPR profile B presents a similar stratigraphy as 
in the profile A (Fig. 16). At about 0.7 m depth a distinct 
reflection surface occurs which separates anthropogenic 
(Fig. 16: 1) and geological layers (Fig. 16: 2). At 2 m depth 
the profile reveals the next horizontal reflection surface 
which is generated by already described bottom of a flu-
vial channel formed inside the kame structure (Fig. 16: 3). 
Fragment of the profile with a foot of the hillock supplies 
with interesting data concerning destruction of a southern 
fragment of the hillfort (Fig. 16: 4). By application of a 
topographic correction it was possible to determine the 
actual dip of layers that build the hillock. This is of cru-
cial significance, because lack of topographic correction 
in the case of surveys in areas with variable topography 
does not allow for a correct interpretation of GPR pro-
files. This results from the fact that during surveys run-
ning across depressions, e.g. ditches, the electromagnetic 
waves are reflected from their sides and then registered on 
GPR reflection profiles. Moreover, reverberations between 
the antenna and the ditch bottom overlap, which results 
in anomalies on GPR images that are very difficult to in-
terpret (see Conyers, 2013). A fragment of the long GPR 
profile running across the hillock reveals an almost vertical 
boundary between slope layers of its southern margin and 
its foot. Lack of continuity between the slope layers and 
those forming the hillock foot suggests that in reality this 
boundary is a slip surface of a landslide, which caused 

Fig. 11. A – results of magnetic prospection and excavations showing 
outline of poorly preserved dwelling structure with an oval and shallow pit 
inside; B – AMS radiocarbon date of a sample collected in the interior of a 
pit; C – fragment of a magnetic map revealing linear structures in the area 
directly adjacent to the hillfort from the north.
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Fig. 12. Results of GPR prospection conducted inside of the Radomno hillfort (see explanation in text) in the form of the time slices prepared for selected 
depth intervals. They revealed a series of linear anomalies at 0.5–0.7 m depth, produced by remains of an non-defined archaeological feature with rectan-
gular outline and SW-NE orientation.

Fig. 13. Interpretation of the GPR reflection profile no. 15 in a central part of the Radomno hillfort.
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destruction of the southern part of the hillfort (Fig. 16: 4). 
Such supposition is confirmed by the hillock morphology 
reflected in LiDAR images (see Fig. 7: 3). If this interpre-
tation is correct, then the landslide must have been formed 
sometime after the construction of the Radomno hillfort.

DISCUSSION AN FINAL CONCLUSIONS

Analysis of public LiDAR data acquired from CODGiK 
allowed location of similar Iron Age hillforts, surrounded 
by a characteristic system of moats and ramparts preserved 
on hardly accessible hillocks and islands of the Warmia and 
Masuria regions (north-eastern Poland). These objects are 

quite unique, not only because of their shape but also due 
to excellent proportions, layout and state of preservation. 
Integrated geoarchaeological survey of such hillfort, pre-
served on the forested island of the Radomno Lake indi-
cated benefits of using digital elevation models (DEM) that 
can be correlated with results of geophysical surveys and 
shallow drillings. In effect, not only form and structure of 
objects can be recognized, but also their geology and stra-
tigraphy. Analysis of DEM images indicated that an oval-
shaped enclosure with about 50 m diameter, surrounded 
by three ramparts separated by shallow moats preserved 
on the top of the Radomno Lake island. To the south of the 
structure there is a NW-SE oriented undercut, which devel-
oped probably due to a massive landslide. This landslide 

Fig. 14. Results of GPR prospection conducted inside the Radomno hillfort in a form of time slices (quasi 3D mode). Presented planes revealed a series 
of linear anomalies at 0.5–2.0 m depth m, generated both by anthropological and geological features (see explanation in text).
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caused most probably a partial destruction of the hillfort. A 
concavity in the rampart structure in the southern part of 
the object may point out to presence of the main entrance 
leading to its central part. Similarly as LiDAR images, 
results of magnetic prospection indicated that the main 
entrance was probably located in the southern part of the 
object. A magnetic map revealed a large number of ampli-

tude anomalies in a central part of the hillfort. The outline 
of a circle, 30 m in diameter, with linear structures in 
its interior, was recognized there and fully confirmed by 
excavations. In their course a fragment of burned wooden 
wall was found. To the east of the most external rampart 
there were concentrations of numerous magnetic anomalies 
generated by archaeological objects and structures, most 

Fig. 15. A – long GPR reflection profile intersecting the Radomno hillfort (on the SE-NW axis) presenting geological structure and archaeological stra-
tigraphy of the object (see explanation in text); B – results of excavations (with numbers of most important stratigraphic units) made on the middle rampart 
of a hillfort and result of radiocarbon dating of a sample collected at the base of the embankment.
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probably related to past settlement activities. Also here, 
the excavations confirmed presence of a dwelling structure 
dating back to the late Middle Ages (Fig. 17).

Results of the GPR prospection conducted within the 
hillfort supplemented significantly magnetic and LiDAR 
data. Differences between two methods of geophysical 

prospection are significant. The concentration of ferro-
magnetic minerals, such as destruction layers, concentra-
tion of ashes, firing places, furnaces, trenches and fired 
brick foundation can be mostly traced on maps of magnetic 
anomalies. But not all of them are visible on the interpreted 
GPR depth slices and reflection profiles. On the contrary, 

Fig. 16. Long GPR reflection profile marked as B across the Radomno hillfort (on the NE-SW axis) revealing its geological structure. 1 – distinct re-
flection surface which separates anthropogenic sediments from geological layers (2); 3 – horizontal reflection surface which is generated by bottom of the 
fluvial channel formed inside the kame structure; 4 – fragment of the profile with the foot of the hillock revealing slip surface of a landslide, which caused 
destruction of the southern part of the hillfort.






