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Abstract. The article presents the results of comprehensive studies carried out by the research team of Saint Peters-

burg Mining University in cooperation with the specialists from the State Museum-Preserve “Tauric Chersonese” 

in 2019. The purpose of the work was to discover and map antique and medieval crypts (ancient burial structures) 

on the territory of suburban necropolis of Tauric Chersonese in the Karantinnaya balka. The complex of geophysical 

methods included continuous ground penetrating radar sounding at two center frequencies of 350 and 500 MHz and 

contactless electrical tomography. To minimize spatial errors in the process of studies, topographic and geodetic 

works were carried out. For the first time wave electromagnetic effects were identified, which indicated the positions 

of hidden underground crypts. Geological factors were established that are favorable for cutting crypts in the layered 

thickness of Sarmatian limestones. The obtained results allowed to justify the feasibility of continuing geophysical 

works at the necropolis in order to study interior space of the discovered crypts and to determine the boundaries of 

archaeological heritage. 
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Introduction. The territory of the suburban church necropolis in the Karantinnaya balka of the 

State Museum-Preserve “Tauric Chersonese” is an object of increased interest for specialists and 

scientists in a number of areas: archeology, art history, geophysics and geology [1, 6, 11, 20]. The 

reason behind the increased attention to this place is associated with its extremely rich history. It 

represents a unique chronicle of life and daily routines of people in the past. Up to this day, a large 

number of ancient sites are hidden under the surface and have not been explored yet [7, 19]. Con-

ducting traditional archaeological excavations is associated with great financial and time expendi-

tures, and also inevitably entails physical demolition of the majority of historical data, which then 

exist only in the form of scientific reports. Concurrently, there is a need to resolve complex issues 

regarding further conservation of the facility. 

Recently, methods of archaeological geophysics have been used to obtain information on archae-

ological sites with minimal invasive influence. At the level of methodological developments, recom-

mended by the Ministry of Culture of the Russian Federation in the direction of ensuring preservation 

of archaeological heritage, geophysical methods are recognized as one of the bases for determining 

territory boundaries of archaeological heritage objects and subsequent museification of the studied 

territory. Thus, the introduction of geophysical methods to the generally accepted practice of archae-

ological field work makes a tangible contribution to territory determination and substantiation of such 

hard-to-find sites as subsoil burial grounds and necropolises. 

The main purpose of the work is to search for hidden under the daylight surface antique and 

medieval crypts, carved out in the limestone massif on the territory of Karantinnaya balka necropolis 

(Fig.1). The research objective is to carry out comprehensive geophysical studies using ground pen-

etrating radar and electric profiling methods to detect crypt locations and to study geological structure 

of the work area. The choice of these particular research methods is based on previous experimental 

and methodological work in Chersonese [6, 7], as well as on the results of Russian and foreign geo-

physical studies of cultural and historical sites [2, 3, 21, 24-26]. 
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Research object. The necropolis is located in the lower part of the Karaninnaya balka mouth, 

which cuts through the outcrops of Sarmatian limestones [5, 9]. It occupies the thalweg of the bay 

and a part of its right and left slopes, formed by the rocky spurs of the Maiden Mountain and the 

right side of the bay. Up to this day, a significant area of the necropolis still remains unexplored 

[8, 10, 14, 16]. 

The work area is located on the northwestern slope of the Karantinnaya balka. It is represented 

by four quadrangles linked to each other in the same coordinate system. 

Geomorphology of the slope within the study area is represented by two terraces. In the north 

the site is bounded by coastal ledges of the Karantinnaya balka. Within the site there are obstacles to 

geophysical surveys, which include pits, piles of earth and debris, as well as bushes and trees. In these 

places works were not performed for technical reasons. 

An excavated part of the necropolis adjoins the site from the northwest. Within the limits of the 

investigated area, there is a crypt discovered earlier by excavations, indicating that the selected area 

is a continuation of the necropolis. The presence of crypts and geomorphological prerequisites, 

according to which the crypts are located along the terrace ledges, allows to regard the site se-

lected for geophysical research as promising for the discovery of hidden burial structures of the 

necropolis [12, 18-20, 27]. 

The overwhelming majority of burial sites are represented by three types of structures: crypts, 

undercut graves and pit graves. Almost all of them are carved in the rock. Crypts are the dominant 

type of burial structures. Typical crypts have an entrance pit – dromos, at the end of which there is an 

entrance to the burial chamber, blocked with a slab. Unique fresco paintings were found on the walls 

of several crypts [13, 15] (Fig.2). 

The crypts have the form of cavities close to a rectangular shape, cut out in the rocky limestone 

massif. The depth of crypt arches varies from 1 to 3 m, and the height does not exceed 2 m. The 

area of burial structures ranges from 6 to 15 m2. Some crypts have two chambers. The walls of the 

 

Fig.1. Layout of the work site. The outline of works is shown in red. 

Satellite images provided by www.earthexplorer.com 
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crypts have niches carved into them. Dromos is 

carved in the rock and usually has a rectangular 

shape with approximate dimensions of 1 × 2 m  

[4, 17, 18, 20]. 

Research methodology. The method of geo-

physical research provided localization of hidden 

crypts and exploration of geological structure of the 

rock mass in the selected area of the Karantinnaya 

balka necropolis. The complex of studies included the 

methods of ground penetrating radar and electrical to-

mography. Ground penetrating radar studies were 

used to determine the location and depth of crypt 

arches, whereas electrotomographic data were used to 

study geological structure of the territory. Along with 

that, conducting a topographic and geodetic survey 

provided a detailed topographic map of the area with 

geodetic binding of geophysical profiles. 

Geophysical observations within each of the four 

quadrangles of the site were carried out using the sys-

tem of parallel profiles, the distance between which, 

depending on the type of work, was 1-2 m. 

Geodetic survey. To mark the quadrangles of ge-

ophysical survey, the method of setting out design 

points with electronic total station SET530RK3 by 

means of angular intersection was used. To produce 

maps and terrain plans, photogrammetric works were 

performed using a set of images made with a DJI 

Phantom 4 Pro quadcopter. Nowadays the use of un-

manned aerial vehicles for solving problems of ar-

chaeology and engineering geology is especially 

popular [22, 28, 31, 32]. Topographic binding was 

carried out using geodetic satellite receivers Sokkia 

GRX 2 (in Real Time Kinematic mode). As a result 

of measurements, an orthophotomap was obtained, on the basis of which the profiles, necessary 

for the production of geophysical works, were marked with an indication of observation point 

heights (Fig.3). 

Ground penetrating radar works. Georadar survey was carried out using the georadar “Zond-12 

E Advanced” (Radar System Inc.) [29] and shielded antenna units with center frequencies of the 

probing pulses 300 and 500 MHz. Survey execution at two center frequencies is explained by the fact 

that in some areas of the surveyed territory there are soils characterized by a high coefficient of elec-

tromagnetic wave absorption. The sounding depth under unfavorable conditions at the frequency of 

500 MHz did not exceed 2 m. The 300 MHz antenna provided an exploration depth of 5 m in these 

areas. Data from the survey at 500 MHz frequency allowed to explore in more detail the upper part 

of the geological section to the depth of 3 m, while the survey at 300 MHz frequency opened up 

deeper parts of the section to the depth of 5.5 m. 

Ground penetrating radar (GPR) sounding was carried out using a network of parallel profiles at 

a distance of 1 m. The sounding step was 5 cm. The technique of surveying and processing of GPR 

sounding data allowed to obtain continuous GPR sections. 
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Fig.2. Crypts of the Karantinnaya balka necropolis:  

a – the view of the crypt entrance from the surface 

(photo by G.D.Gorelik); b – the plan and section  

of the crypt according to [5] 
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Electrical tomography survey. The presence of rocky outcrops and small thickness of the dry 

topsoil layer in some areas of the surveyed territory led to the use of non-contact methods of electrical 

exploration [23, 30]. To carry out field work, the technology of multi-spacing electrical profiling was 

applied using a non-contact meter of apparent resistivity “BIKS” (JSC “Special Design Bureau for 

Seismic Instrumentation”, Saratov). The station interval along the profiles was 1 m, the distance be-

tween the profiles was 2 m. Observations were carried out with the installation of dipole axial profil-

ing with dipoles of 1.25, 2.5 and 5 m and spacing sequentially changing from 3.75 to 25 m. 

Fig.3. Results of geodetic survey: a is the orthophotomap with a control network of absolute elevation marks;  

b is the terrain of the studied territory, height scale in meters 

a 

b 

N 



 

 

Journal of Mining Institute. 2021. Vol. 247. P. 12-19   

Vladimir V. Glazunov, Alexey S. Ageev, Gleb D. Gorelik, Tatyana V. Sarapulkina 

DOI: 10.31897/PMI.2021.1.2 

16 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Procedures of processing (Geotomo Software, Malaysia) and interpretation of electrotomo-

graphic research data provided 2D geoelectric sections, characterizing geological structure of the ne-

cropolis up to the depth of 7 m. 

Results of comprehensive geophysical studies. The results of comprehensive geophysical stud-

ies are presented in the form of GPR and geoelectric sections, characterizing geological structure and 

location of archaeological objects (crypts). 

On GPR sections two types of main wave effects of the electromagnetic field are clearly mani-

fested (Fig.4). Type 1 is distinguished as a multiphase extended correlation line, characterizing the 

position of the geological boundary, separating limestone layers of different composition and hard-

ness. Type 2 is manifested with diffraction-reverberation effects of the wave field of varying intensity. 

The vertices of inverse hyperbolas reflect the position of the cavity arch, which in case of the necrop-

olis is usually a crypt. 

Thus, GPR sections characterize geological structure and location of archaeological objects 

within the necropolis. These data should be regarded as the basic information necessary for the con-

struction of forecast maps and a volumetric model, characterizing the positions of hidden crypts on 

the surveyed territory of the necropolis. 

The information obtained by means of electrotomographic studies is presented in the form of 

geoelectric sections (Fig.5), characterizing specific features of geological structure of the necropolis 

section. Three layers are distinguished on the geoelectric section. The upper layer is represented by 

hard limestones; it is characterized by high values of electrical resistivity and has a thickness of about 

1 m. It is assumed that it protects the crypt from collapsing. It should be noted that in this layer there 

are traces that indicate distortions, associated with construction work – in particular, with the cutting 

of crypt dromoses. The middle layer has relatively low resistivity, which indirectly indicates its re-

duced hardness. It is in this layer that the largest number of necropolis crypts are located, since it was 

best suited for cutting crypts due to its relatively low strength properties. The presence of this layer 

is a prerequisite for finding hidden crypts. The third layer is composed of high-resistivity rocks and 

represents a solid and stable foundation for the crypts. 

Thus, geological information is an important component for understanding the general picture 

of crypt distribution specifics on the territory of the necropolis. 

Based on the obtained GPR sections with the involvement of electric tomography data, a prelim-

inary forecast diagram (Fig.6) and a 3D model of hidden crypt locations (Fig.7) were constructed. 

The article provides only a fragment of this diagram and the model, publication of the entire material 

jeopardizes further preservation of the crypts discovered by non-contact methods, since the so-called 

“grave robbers” are actively operating in the region. The scale is deliberately not specified and 

distorted. 

Fig.4. GPR section with diffraction-reverberation effects, 

observed under the correlation line of the wave field, interpreted as crypts 

9 

8 

7 

6 

5 

4 

10 15 20 25 30 35 

Type1 

Type 2 

Survey stakes, m 

A
b

so
lu

te
 e

le
v

at
io

n
, 

m
 



 

 

Journal of Mining Institute. 2021. Vol. 247. P. 12-19   

Vladimir V. Glazunov, Alexey S. Ageev, Gleb D. Gorelik, Tatyana V. Sarapulkina  

DOI: 10.31897/PMI.2021.1.2 

17 
 

  

Fig.5. Geoelectric section (a) according to the data from contactless electrical tomography, interpretive section (b) 

1 – low-strength fractured limestones; 2 – hard limestones (roof and foundation of the crypts) 
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Fig.6. Forecast diagram of hidden crypt locations in the Karantinnaya balka necropolis area, constructed according to the  

distribution of anomalous GPR zones with an indication of recommended positions of confirmatory boreholes 

1 – reliably correlative anomalous GPR zones, associated with local heterogeneities of the rock massif; 2 – inferred anomalous zones;  

3 – boreholes recommended for confirmation of GPR anomalies and introscopy of the discovered crypt s  
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The diagram shows the contours of GPR 

anomalies that characterize location and size of 

the crypts. The contours shown by the dashed 

line correspond to diffraction-reverberation 

disturbances of the wave electromagnetic field, 

which reliably correlate across several profiles. 

The dashed line corresponds to less intense 

anomalies that are not clearly visible on the ad-

jacent profiles.  

In the places where anomalies adjoin, 

dashed line contours may indicate the location 

of crypt dromoses, contoured with a solid line. 

The depths shown on the map near the anoma-

lous zones characterize the position of crypt 

arches in the section. The error of depth esti-

mation due to the influence of unaccounted 

data on electrophysical properties of soil and 

rocks can amount to 10-15 %. The diagram 

shows recommended positions for confirma-

tory drilling of GPR anomaly sources. 

The boundaries and characteristics of the 

archaeological objects shown on the diagram 

are inferred, since they are not confirmed by 

drilling and excavations. The position of these 

boundaries is to be specified upon receipt of 

additional data. It is assumed that drilling will be the next logical and possibly the final stage of the 

entire complex of works. Methodological features of such drilling at this site require careful consid-

eration in terms of legislative registration of the works, solution to the problem of maximally ensuring 

physical safety of hypothetical archaeological objects and the specifics of results presentation for 

their further use by all interested parties: scientists, museum staff, employees of the agencies for 

cultural heritage protection. 

Conclusions. The results of comprehensive geophysical studies reflect the distribution of anom-

alous areas on the studied territory, which can be interpreted as the sought-after crypts. 

Based on geophysical data obtained in the course of work, the most promising places for single-

point drilling and confirmation of the detected anomalies were highlighted. Before sinking each bore-

hole it is necessary to perform additional detailed geophysical survey. 

The obtained forecast diagram is the basis for further geophysical research in the nearby territo-

ries in order to determine the boundaries of archaeological heritage of the necropolis in the Karantin-

naya balka. 
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