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SUMMARY

This paper addresses clarifying archaeological context of Roman time structure recently
discovered on Buzovytsia-1 archaeological site (Chernivtsi region, Ukraine) from results,
obtained with a combination of geophysical techniques, geospatial investigations, processing
of satellite images, and archaeological excavations. We suggest interpretation of the Roman
time building based on complimentary analysis and appropriate use of each method according
to its limitations and benefits and taking into consideration a post-Roman period history of
the site.
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Introduction

The paper represents at attempt to reconstruct Roman time structure on the Buzovytsia-1 settlement
using combination of magnetometer and ground penetrating radar surveys, analysis of satellite
images, geospatial investigations and results of archacological excavations. It was actually
demonstrated, that neither magnetometer survey nor GPR survey is unable to resolve all the
archacological issues on the site (Bondar&Petrauskas, 2021). Challenging conditions for
magnetometry are represented with the predominant use of limestone as a building material, for GPR
— high clay content in the soil, causing attenuation of the EM wave energy. However, magnetometry
is capable to find baked clay structures and, in some cases, refilled pit, while GPR still can detect
shallow stone structures. Thus, we combined geophysical results and involved remote sensing
information into integrated interpretation of the site.

Materials and methods

The Buzovytsia-1 settlement belongs to a separate group of monuments of the Chernyakhiv-Santana
de Mures culture situated in the confluence of the Prut and Dniester rivers. These monuments are
characterized by an extremely high influence of provincial Roman culture. Here, as well as at the
settlements of Komariv and Sobar, not only numerous items of Roman imports were found, but
material evidences of production (glassmaking) and construction (building) technologies borrowed
from Roman empire were recorded. Three sights are located at 250-350 km from the Roman Limes,
on barbarian lands. The settlement of Buzovytsia-1 existed during the end of 2rd — middle of 5th
centuries AD. It's area is about 60 hectares and currently it is the largest site of Chernyakhiv-Santana
de Mures archaeological culture on the territory of Ukraine. In the northern area of the site, six
clusters with building remains of the Roman model (plinth) were recorded. Archaeological,
geophysical, geoinformation and remote sensing studies were conducted within the largest cluster of
building remains (40-50 m in diameter) and next to it. An area of 48 m” has been excavated.

Geophysical investigations were conducted to position precisely subsequent archaeological
excavations. We made a high-resolution magnetometer survey over an area of 2 ha and ground
penetrating radar investigations within a selected plot of 25 m x 25 m that was of greatest interest.

Magnetometer survey was performed with a caesium total field magnetometers PKM-1, which had a
sensitivity of +/-0.01 nT. The instrument records 10 measurements per second, providing a spatial
resolution of about 10 cm on the profile by normal walking speed. With traverse spacing of 0.5 m, the
total intensity of the geomagnetic field was acquired with a spatial resolution of 50x10 cm.

The GPR system used was a VIY-3 instrument produced by Transient technologies LLC, Ukraine,
equipped with shielded transmitting antennas with nominal centre frequencies of 300 MHz. Data was
processed using the Synchro3 software. The processing steps included zero level setting, dewow
operation and wavelet filtering, windowed background removal, time gain and estimation of the
average electromagnetic wave velocity by hyperbola fitting. By means of the ‘Planner’ software, the
transformed data were subsequently merged together into three-dimensional volumes and visualized
in various ways in order to enhance the spatial correlations of anomalies.

Declassified analogue satellite image from the American reconnaissance program Hexagon (KH-9),
taken at 21 May 1974 with the resolution of 0.6-1.2 m per pixel has been used to analyse localization
of cluster of construction materials. Pseudo colour display has been produced by conversion black and
white image into colour. The image has been georeferenced in UCS-2000 coordinate system.

Topographic survey was conducted by GNSS method in RTK mode. Coordinates and elevations of
points distant at 5 m were captured with RMS values of 1,5 cm in plan and 2 cm in height.
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Results

Walk over survey. A visual and metal detector inspection made it possible to record on the surface a
cluster of stone fragments, limestone mortar, plinth, pottery and metal items belonging to Late Roman
and Late Antique time. The total area of the spot is about 2000 sqr m. The plinth included rectangular,
square, and cylindrical pieces. In Roman buildings, the cylindrical plinth was mainly used to erect the
column supporting the warm floor - hypocaust (Fig. 1).

Remote sensing. The raster obtained as a result of classification of the satellite image made it possible
to trace among the arable agricultural lands a quasi-rectangular spot at the place of brick cluster. Its
approx. dimensions are 35x40 m (about 1400 sqr m). The outer parts of the spot are whitish, while the
inner rectangular shaped area of 20x35 m is dark like background of the field (Fig. 1, 2a). The spot is
oriented towards the NW-SE. We suggest it to be the location of ancient building. Whitish areas at the
northern and southern edges of the spot correspond to localization of building remains at the moment
the image was captured (1974).
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Figure 1 Buzovytsia-1 settlement. Satellite image showing the largest cluster of bricks and other
construction remains, finds are marked with red dots. Cropped figure at the top right shows this place
on declassified analogue satellite image from the American reconnaissance program Hexagon (KH-
9), taken at 21 May 1974

Topographic survey. As a result of the topographic mapping, a 1:200-scale topoplan was compiled.
The contours of the inner rectangular area of characteristic spot on Hexagon image have values of 244
m and 245.5 m of absolute height. In the southern part, where building remains are exposed on the
surface, there is an area with slope steepness of 7° while around an average slope steepness is
3.5°(Fig. 2b). This may be evidence of construction works carried out in ancient time.

Magnetometry. A chain of positive magnetic anomalies with maximum intensities of 10-30 nT
appeared at the upper slope within the area of brick cluster (Fig. 3a). However, the majority of the
building’s baked clay fragments laid 10 m down the slope and created an assembly of small and weak
positive anomalies.

Ground penetrating radar. On the C-scan at a time 12-15 ns there are linear anomalies making square
structure (Fig. 3b). The anomalies are formed by strong reflections, evidencing significant contrast of
dielectric permittivity between the source structure and soil. The square structure has dimensions of
approx. 11x14 m, its southern wall stretches along the chain of magnetic anomalies. The structure fits
well the northern whitish part of the characteristic spot on Hexagon image.
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Archaeological excavation. The main excavation trench is laid to the north from the surface
accumulation of building remains (Fig. 3). It crosses the magnetic anomaly. During the excavation,
the northern wall ditch of the ancient building was discovered. The lower part of the foundation of the
wall was also traced by its filling of broken stones, small pebbles and fragments of bricks that ran
along the contour of the wall ditch. A large square bricks found could have served as a formwork
during the pouring of the foundation. The foundation itself was relatively shallow (intruded into the
loess-like subsoil down to 0.4 m). To the south of it there were displaced rectangular blocks fastened
with mortar, sections of concrete fill and four pillars. Three cylindrical plinths lay in-situ, two
cylinders stacked on top of each other were preserved in one pillar. It should be noted that the
excavation also revealed a trench from the late period, which run along the wall ditch of the building,
and was probably laid to extract the stone.
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Figure 2 Excavation trenches on pseudo colour classified satellite image Hexagon (KH-9) (a) and on
the slope steepness map of the site (b)

Discussion

According to the testimony of local residents, in the 1950s there was a small quarry on the territory of
the settlement, from where limestone was mined. This probably explains the origin of the late time
trench-dig at the place of the ancient building's wall. We assume a massive stone wall was clearly
visible on the surface at that time. In the 1970s intensive ploughing of the territory of the settlement
began, as a result of which building materials of an ancient building appeared on the surface. This is
the explanation of the origin of northern and southern whitish spots recorded in the Hexagon image.
The southern spot looks brighter and is located on a terrain with a steeper slope. We assume remains
of southern wall to lie on a smaller depth and, thus, to have been ploughed more intensively. To date,
construction remains are concentrated only in the southern part of the spot.

The chain of magnetic anomalies, obviously, was formed as a result of gradual refill of the abandoned
trench-dig with soil. Probably, the chain of magnetic anomalies follows the dismantled wall of the
ancient building showing its length.
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Figure 3 Excavation trenches placed on (a) total field magnetic anomaly map, dynamic range is + 5
nT, black is high, (b) GPR C-scan at a time of 12-15 ns, strong reflections are red-colored. Wall ditch
is marked with red line

The northern part of the structure is better preserved and retains the internal layout, which is
recognized from GPR data.

Excavation data definitely testify to the remains of a building constructed according to Roman
technologies - building materials (plinth, mortar) and architecture (warm floor - hypocaustum).
Findings from excavations and walkover survey are identical. The cylindrical plinth was found in the
excavation in-situ on the depth of 1.4 m, and 20 m down the slope, the same plinth was found on the
surface. Thus, these finds could belong to the same building. The warm floor in the southern part of
the building was, probably, destructed by ploughing.

Conclusions

The results of magnetometer and ground penetrating radar surveys, remote sensing and geospatial
investigations, proven by archaeological excavations testify to an architectural structure (presumably,
villa rustica-style) with approximate size of 25x35 m. Anomalies detected by various methods allow
to speculate on a preliminary general map of the object, which consists of separate "geometric
blocks".
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