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Монографии: 

Тонков Н. 2013. Геофизични методи в археологията. Оптимизиране на методиката за 

проучване на надгробни могили. – Българско е-Списание за Археология, Supplementa 

2, 2013, 403 стр., http://be-ja.org, ISBN 978-619-90156-1-2. 

This volume is a publication of the author’s PhD thesis of the same title. This is the first ever 

study of the state and achievements of archaeological geophysics in Bulgaria against the 

background of its worldwide development. It analyzes the possibilities of different geophysical 

methods for the purposes of archaeology, as well as their application in the study of settlement sites 

and burial mounds. Examples demonstrate the advantages of geomagnetic and electrical resistivity 

mapping and two-dimensional and three-dimensional electrical resistivity tomography applied in a 

complex or independently in the study of various types of archaeological sites. By means of model 

calculations (solving the direct problem of geophysics) the theoretical possibilities and limitations 

of the two main geophysical methods - the electrical resistivity and the magnetometry in the 

registration of different burial features have been evaluated. An optimized technique for 

prospection of Thracian burial mounds is proposed, combining electrical resistivity mapping and 

two-dimensional and three-dimensional electrical resistivity tomography with magnetic 

gradiometry. Through the analysis of the geophysical surveys of a large number of mounds and the 

comparison with the results of the archaeological excavations, the high efficiency of the proposed 

technique has been demonstrated in registering almost the entire variety of grave and other 

constructions discovered in the Thracian burial mounds. The effectiveness of the method proposed 

by the author for neutralizing the field effect on geomagnetic measurements by means of 

polynomial regression in two-dimensional and three-dimensional versions has been proven. Based 
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on the field studies and the model calculations, a categorization of the mounds by size from a 

geophysical point of view is proposed. Recommendations regarding methodology for performing 

the geophysical survey (methods used, type and density of the measurement grid, computer 

processing procedures, etc.) for each of these categories are made. 

 

 

Tonkov N. in print. Integrated magnetic and electrical resistivity prospection of 

archaeological sites. – Разкопки и проучвания, под печат, София (170 страници по БДС). 

Current monograph aims to argue and support with examples from real field studies the 

benefit of the integral application of magnetic and electrical resistivity survey of archaeological 

sites. For this purpose, the main geophysical methods are examined with an assessment of their 

degree of use in archaeology. The necessity of integration of geophysical methods in the study of 

archaeological sites is disputed. Examples of such studies combining a variety of techniques 

published in reputable journals are reviewed. The expediency of the joint application of the two 

most widely used methods, geomagnetic and electrical resistivity, combined in the most 

appropriate way depending on the characteristics of the existing archaeological remains, is 

justified. In this regard, magnetic and electrical resistivity mapping aims to determine the spatial 

organization of existing archaeological features. Electrical resistivity tomography adds the missing 

third dimension (depth of occurrence and vertical dimensions of structures) to this two-dimensional 

by definition geophysical data, in order to obtain the most complete three-dimensional picture of 

the studied sites. 

Two of the chapters are devoted to the methodology, the technique, the computer processing 

of the data from the measurements, as well as the favorable and impeding factors in carrying out 

the magnetic and electrical resistivity surveys of archaeological sites. 

Next chapter contains examples from the geophysical surveys of numerous archaeological sites, all 

of them from the last few years. They are a visual illustration of the high potential of the complex 

of magnetic and electrical resistivity mapping and electrical resistivity tomography for the overall 

geophysical survey of various archaeological sites and/or for solving specific research tasks. 

Thanks to the integral application of the two types of mapping, the territorial scope, structure 

and internal layout of several settlement agglomerations, villa and farm complexes were 
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determined (for example, the sites in the area of the city of Kermen, Kasnakovo, Aldomirovtsi, 

etc.). Very important preliminary information was obtained to serve as a primary spatial analysis - 

for the internal organization of the ancient settlements, for the way of construction, for the main 

building fund, for the development and use of the adjacent territories. Here we must also add the 

recorded roads and pavements, as well as the irrigation or drainage canals used in antiquity. One 

of the most important results of the studies of Nikopolis ad Istrum are the established continuations 

of the decumani outside the city walls, as well as the determination of their degree of preservation. 

With the help of electrical resistivity tomography, vertical dimensions of the architectural remains 

at the ancient sites (all from the area of the city of Kermen, Kasnakovo, Aldomirovtsi, etc.), the 

development in depth of Neolithic ditches (Chokoba), as well as the thickness of the cultural layer 

were determined of a prehistoric settlement (Verbitsa), where the depth of the survey was reached 

of nearly 10 m, an extremely rare occurrence in the study of archaeological sites. With the help of 

three-dimensional electrical resistivity tomography, architectural remains located at a depth beyond 

the scope of magnetic and electrical resistivity mapping (Nikopolis ad Istrum, Kabyle) were 

investigated. The results of the electrical resistivity tomography even make it possible to draw 

conclusions about the way the terrain was cultivated in the recent past and, from there, to give a 

logical explanation for the different degree of preservation of the archaeological features 

(Skobelevo North). 

Complementing the results of purely surveying methods with the performed measurements 

of magnetic susceptibility also proves to be very useful. On one hand, this allows to explain the 

nature of the recorded magnetic anomalies, and on the other, to predict the intensity of the expected 

ones in the still unexplored sites or areas. Moreover, from the values of magnetic susceptibility, 

conclusions can be drawn regarding some characteristics of the filling and the manner of its 

accumulation in the negative contexts, which may prove to be a promising field for future research. 

 

 

Студии: 

Тонков Н. 2013. Археологическа геофизика. – в: Сборник в памет на академик Д. П. 

Димитров, София, 2013, 685-711, ISBN 978-954-9472-22-6. 
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Archaeological geophysics is among several interdisciplinary scientific disciplines, 

successfully applied in assistance to archaeology. Its progress became particularly visible in the 

last two decades, when it won a worldwide recognition as an integral part of the archaeological 

investigations in the field. Its place in Bulgarian archaeology could also be considered as 

established. The reported surveys of sites from Bulgaria are already numerous. At the same time, 

there are only a few general articles discussing the application of geophysics, and the last one was 

published thirty-five years ago. The aim of the current paper is to introduce to archaeologists and 

archaeology students the possibilities of geophysical methods and the level of development they 

have attained. The main part is dedicated to the „workhorses“ of archaeological geophysics – 

magnetometry and electroresistivity. Special attention is paid also to ground probing radars (GPR), 

as well as to the application of aerial and satellite imagery. 

 

 

Кацарова В., Хр. Попов, Н. Тонков 2018. Между Августа Траяна и Кабиле. Село от 

римската епоха в землището на с. Скобелево, община Сливен. – в: Ив. Вълчев (ред.) 

Studia Archaeologica Universitatis Serdicensis, Supplementum VI (2018), Sofia, 2018, 343-

362. 

The paper summarizes the results from the rescue archaeological investigation of a settlement 

and necropolis from the Roman Period (Site 15 and Site 15 А), affected by the construction of 

Thrace Motorway, and from the accompanying large-scale geophysical surveys of settlement sites 

from the Classical Antiquity within the territory of the village of Skobelevo (Sliven Municipality) 

in 2009–2015. The chosen microregion is located in the eastern periphery of the territory of 

Augusta Traiana and falls within the immediate hinterland of two settlements of special 

administrative and legal status – the emporion Thuidai and Kabyle military camp.  

In the course of several campaigns, geophysical and archaeological methods were used to 

register a minimum of 12 separate farmsteads/ households belonging to a Roman Period settlement 

of 40 hectares, located to the north of the modern day village of Skobelevo. Five farmsteads were 

studied through archaeological excavations, the largest occupying more than 1500 sq. m. It consists 

of an enclosed architectural complex of farm structures and buildings, arranged around a walled 

rectangular court. The separate farmsteads of the settlement were scattered over the plain, at a 
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distance of 80 to 100-150 m from each other. The large areas in between were likely utilized as 

infields. The existence of this Roman Period settlement is archaeologically attested from the second 

half of the 1st century AD to the 360s–370s AD. Three separate phases of settlement development 

could be distinguished within this time span, the most intensive of which was the period from the 

second half of the 2nd to the middle of the 3rd century AD.  

South of the settlement, a necropolis of several low tumuli developed between the second 

half of the 2nd and the first half of the 4th century AD. In the course of the salvage excavations, 

one of the tumuli was investigated. Cremation and inhumation graves were discovered, with 

relatively modest inventory and with ritual practices typical of the population of Thracian descent 

in the territory of Augusta Traiana in the Roman Period. 

The field geomagnetic measurements of the ancient settlement by Skobelevo were taken with 

a Bartington fluxgate gradiometer, and the instrument was used in a single- (Grad 601-1) and dual-

sensor configuration (Grad 601-2). The magnetic anomalies caused by the walls of the buildings 

of the ancient settlement reach 25-30 nT and higher. The walls are constructed of a rocky material 

with very high magnetic properties, most likely the locally available Upper Cretaceous andesite, 

which is favourable for the registration of such poorly preserved structures through their clear 

magnetic footprint. 

More than half of the area of the ancient settlement was investigated by means of non-

destructive methods (field surveys, GPS-plotting and geophysical surveys). The geomagnetic 

surveys covered a territory of ca. 22.5 ha. Their results demonstrated categorically that the 

settlement extends towards the north and the west, while the northeastern, eastern, and southern 

boundaries were positively identified.  

The documented specifics of the ancient settlement near Skobelevo assign it to the type of 

Roman Period villages consisting of households possessing considerable farmland. Such villages, 

also attested archaeologically elsewhere within the territory of Augusta Traiana, are associated with 

tenants on the land property of a rich villa rustica.  

The results of the investigations in the region of the modern day town of Kermen and the 

villages of Skobelevo and Bozadzhii make possible an analysis of the mechanisms and principles 

of the organization and the functioning of the settlement network in the 1st–4th century AD 

suburban surroundings. Through the utilization of non-destructive methods of investigation, ad-

ditional four settlements from the same period were registered. For one of them, geomagnetic 
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measurements were obtained. Preliminary evidence suggests that it has a surface area in excess of 

60 ha, with likely more than 15 anomalies identifiable as remains of individual farmsteads/ 

households. A large architectural complex with suburban surroundings. Through the utilization of 

non-destructive methods of investigation, additional four settlements from the same period were 

registered. For one of them, geomagnetic measurements were obtained. Preliminary evidence 

suggests that it has a surface area in excess of 60 ha, with likely more than 15 anomalies identifiable 

as remains of individual farmsteads/ households. A large architectural complex with a surface area 

of about one hectare is clearly visible in the northern section of the settlement and is potentially 

identifiable as a villa rustica. It is presently difficult to determine whether this is precisely the villa 

that was the main organizing factor in the life not only of the smaller farmsteads/ households, 

scattered in its vicinity, but also of villages further away, such as the village excavated near 

Skobelevo. 

 

 

Чакъров К., Н. Тонков 2022. Проект „Никополис ад Иструм – геофизика extra muros“. 

Резултати от проучването през 2021 г. – Bulgarian e-Journal of Archaeology, 2022, 12, 2, 

319-346. ISSN: 1314-5088, DOI 10.57573/be-ja.12.319-346. 

The general aim of the project is to enhance our knowledge of Nicopolis ad Istrum city plan 

outside of the fortification wall. At present the immediate surroundings of the Roman civitas are 

under meadows. Thus geophysical survey is one of the most extensive ways to investigate the 

extramural urban planning. A special place is devoted to the previous geophysical surveys in the 

city and its nearer and more distant surroundings and their results. 

Both principal geophysical methods were applied – magnetic and electrical resistivity mapping. 

The total area covered by geomagnetic survey was 9.09 ha (101 squares of the rectangular 

grid), while the resistivity survey was conducted over 1.11 ha. The surveyed areas are on the two 

banks of the Nikyupsko dere Creek, to the northwest and to the north of the Roman city. 

Not all of the registered anomalies are clear for interpretation due to the character of the building 

materials used in Antiquity, the search and extraction of spolia, and the depth of the structures. 

Potential pottery kilns and workshops have been registered along the creek. Extramural 

continuations of streets, or cardines and decumani cut off by the fortification wall (built circa 175 

AD) from the initial urban planning, are visible in the geophysics results. Building foundations 
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have also been registered. In addition to the Western aqueduct, information from previous field 

surveys suggests two more northwestern aqueducts that supplied the city with water. Some of the 

registered anomalies could be identified with one of those structures. 

 

 

Статии и глави от колективни монографии: 

Tonkov N. 2014. Two and three dimensional electroresistivity surveys of Thracian burial 

mounds. Proceedings of the 12th Congress of Thracology, Targoviste, 10-th-14-th September 

2013, 2, 2014, 401-411, ISBN: 978-606-654-077-3. 

Burial mounds are undoubtedly amongst the most remarkable monuments remaining from 

the times of the Thracians. That is why, reasonably, they have always been of special scholar 

interest since the dawn of Bulgarian archaeology. Geophysical surveys of Thracian barrows have 

also long history in Bulgaria. For a long time, however, they have been focused mainly on the 

discovery of large structures – monumental tombs. Development of geophysical equipment as well 

as of computer programming in recent years have allowed the technique of geophysical prospection 

to be improved and thus maximum useful information to be derived. This enhanced technique 

includes the joint application of routine electroresistivity and geomagnetic mapping supplemented 

now by the new opportunities provided by the continuous vertical electrical sounding (CVES) and, 

respectively, by the two and three dimensional inverse modelling known also as two and three 

dimensional resistivity tomography (2D and 3D ERT). First successful 2D ERT survey was 

performed on Svetitsa tumulus of Shipka necropolis where not only a stone grave was detected but 

its dimensions and depth beneath the surface were precisely determined. Inverse modelling 

indicated also that the grave had been probably built into an already raised tumulus embankment. 

In the present communication the potential of 2D ERT is illustrated with more examples of surveys 

of several Thracian barrows where wide range of structures has been detected and their 

characteristics successfully predicted: a stone tomb, stone heaps, crepises, primary mounds, etc. 

The only example of tumulus 3D ERT whose prognosis for the presence of a primary mound has 

been checked by subsequent archaeological excavations is also reported. 

The achieved results at this stage of research allow some directions to be drawn regarding the 

development of resistivity prospection of Thracian burial mounds. These are primarily in the 
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application of 3D ERT on all funeral tumuli including big ones. In this respect, both the acceleration 

of measurement process and the overall prospection quality forces the use of multichannel 

resistivimeters, like those already applied in geological survey, as well as of the so called optimized 

electrode arrays and, respectively, more advanced inverse programs for data processing. 

 

 

Tonkov N. 2014. Chapter IV. Geophysical survey at the Early Neolithic settlement of 

Yabalkovo. – in: J. Roodenberg, K. Leshtakov, V. Petrova (eds.) Yabalkovo, 1, ATE – Ars et 

Technica Explicatus, Sofia University “St. Kl. Ohridski”, Sofia, 2014, 73-78, ISBN 978-619-

90348-1-1. 

The geophysical survey of the Early Neolithic settlement at the village of Yablkovo was 

carried out in connection to the rescue archaeological excavations along the route of the Maritsa 

motorway. A fluxgate magnetic gradiometry on orthogonal grid oriented to the world directions 

was applied. Within the motorway servitude, less than 0.5 ha, three concentric ditches were 

recorded. The amplitude of the magnetic anomalies caused by trenches does not exceed 5-6 nT. In 

order to clarify the routes of these trenches, and for the registration of other related archaeological 

structures, the studied area was expanded by more than 4 ha on both sides of the highway. The 

measurements were performed within three more campaigns, according to the current state of the 

terrain, when it is most convenient for carrying out the measurements. It was found that the three 

trences surrounded the settlement on all sides. They have an oval shape and maximum diameters 

as follows: inner – about 175 m, middle – 190 m and outer – 205 m. It is interesting that the 

individual trenches are registered with different intensity of the magnetic field. The innermost one 

stands out most clearly, with anomalies reaching up to 10 nT, while the two outer ones are hardly 

visible in some places. This is most likely due not so much to the dimensions of the trenches 

themselves (width and depth) as to differences in the physical properties of their filler. 

For the first time in the world applying two-dimensional electrical resistivity tomography 

ditches dimensions (width, depth and distance from the surface) were determined. The inner ditch 

is most clearly outlined. Its upper width is around 2 m, as is its depth. The outer ditch is faintly 

outlined. Obviously, it is with smaller dimensions and the filling earth differs slightly, in terms of 

electrical properties, from the deposits it is dug into. The horizontal distance between the inner and 
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the outer ditches is about 15, what it is that determined by the magnetic mapping. The middle ditch 

cannot be detected, at all. Probably, it does not exist in the zone of the resistivity traverse or, most 

likely, its filling has resistivity equal to that of the host deposits. 

 

 

Tonkov N. 2017. Complex magnetic and resistivity geophysical survey at the National 

Archaeological Reserve „Kabyle“. – in: H. Popov, J. Tzvetkova (eds.) KRATISTOS Volume 

in honour of Prof. Peter Delev, Sofia, 2017, ISBN 978-954-07-4309-7, 562-567. 

The survey was undertaken under a project for student training on archaeological geophysics 

of the Ministry of Education and Science program „Student practices“ along with the financial 

support of Sofia University „St. Kliment Ohridsky“. Beside the educational, the project had also 

pure scientific goals – the presence of archeological structures in the northernmost, unaffected by 

previous archaeological excavations, part of the ancient town Kabyle to be determined and 

conclusions about the potential of different geophysical techniques at this particular site to be 

drown. 

The present study discusses the results of a complex geophysical survey performed within 

the territory of the ancient town Kabyle. Three different geophysical techniques were applied: 

magnetic gradiometry, earth resistance mapping, two- and three-dimensional electrical resistivity 

tomography (ERT). The results showed that due to the very deeply occurring archaeological 

structures the first two techniques have weak prospects at the site while resistivity tomography can 

be applied with much better success.  

Results of magnetic gradiometry showed that this technique has limited if any field for 

application under the surface conditions of Kabyle. Resistivity mapping was applied to a very 

restricted area. Perhaps, it may be useful in some places with shallow structures. The ERT seems 

very promising for future prospections at Kabyle, especially, after having result from 

archaeological excavations of registered structures. The data obtained by the ERT shows also that 

the subsurface conditions as well as the dimensions of the anticipated archaeological features look 

favorable for ground probing radar (GPR), another technique that might be successfully applied or 

at least tested. 
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Тонков Н. 2017. 1. Геомагнитно проучване. – в: К. Бъчваров, М. Тонкова, Г. Кацаров 

(ред.). Сърнево: вкопани структури от късния неолит, ранната и късната желязна 

епоха и римския период. Том 1, Къснонеолитното ямно поле. (Спасителни 

археологически проучвания по инфраструктурни проекти, 1). София, НАИМ – БАН, 

2017, 43-52, ISBN (print): 978-954-9472-51-6. 

 

The publication is devoted to the geomagnetic research in the area of the archaeological site 

near the village of Sarnevo, carried out in connection with the rescue archaeological excavations 

along the route of the future Trakia highway. It covers four plots with a total area of three hectares 

and was carried out within three campaigns, taking into account the state of the terrain (lack of 

agricultural crops). Initially, an area of 9600 square meters was surveyed within the highway 

servitude. The geomagnetic survey revealed randomly scattered numerous anomalies of oval shape, 

small size (up to 2 or 3 sq. m) and low intensity (typically 5–10 nT). They are located mainly in 

the eastern part of the studied area. Archaeological excavations carried out in accordance with the 

data obtained, as well as subsequent full archaeological surveys, determined that these anomalies 

were due to pits from the Late Neolithic, Late Iron and Late Roman periods. A comparison between 

the magnetic anomalies and the excavation results shows that, unlike the Late Iron Age pits, a large 

proportion of the Neolithic ones are not recorded. This is explained by the fact that Neolithic 

structures are shallower and are exposed at a greater depth, which is why it is possible that some 

of them cannot be registered at all. The Late Iron Age pits are much deeper, more compact in size, 

and many of them show traces of firing in place or contain burnt plasters, meaning they contain 

materials with high magnetic susceptibility and thermoremanent magnetization. 

Later on, the geomagnetic survey covered two more areas, respectively to the south and to 

the north of the highway route. Both also recorded magnetic anomalies similar to those along the 

highway route, but with a lower concentration, apparently marking pits in the peripheral areas of 

the site. In the southern extension, magnetic gradiometry also recorded three concentric linear 

anomalies, most likely indicating ditches with approximate diameters of 115 m, 80 m, and 55 m, 

respectively. 

The last studied area is located 350 m south of the highway route, where pottery fragments 

from the early Neolithic were collected during field survey. Magnetic gradiometry registered the 
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southwest quarter of an Early Neolithic settlement with an oval (close to circular) layout, with 

adjoined in a row buildings, two of them measuring approximately 8x5 and 7x6 m. 

 

 

Tonkov N. 2022. Integrated electroresistivity and magnetic prospection of Thracian burial 

mounds: the case of tumuli 1 and 2 at the village of Granit, Chirpan Eminences. – in: P. Delev 

et al. (eds.) Ancient Thrace: Myth and Reality, Proceedings of the 13th International 

Congress of Thracology, Sofia, 2022, 475-486.  

Burial mounds are not presented as a potential subject of investigation in the general studies 

on the archaeological geophysics. Despite of their wide distribution, published examples of the 

application of geophysical techniques in tumulus prospection are scanty. Moreover, there is not a 

universal method offered for investigation of similar archaeological sites. Resistivity, geomagnetic, 

seismic, low frequency electromagnetic and ground probing radar investigations have been carried 

out with a variable success.  

Electroresistivity has established itself as the principal method for prospection of Thracian 

burial mounds. Mapping of the apparent electrical resistivity with different electrode separations 

meets the need of different depth of investigation. The last innovation of the method – two and 

three-dimensional electroresistivity tomography allows the tumulus embankment to be even more 

precisely and completely examined. Of course, these results can be complemented by a magnetic 

mapping, rapid and easy to perform, which will give additional valuable information. Recently, 

magnetic gradiometry has appeared indispensable in the prospection not of the very tumuli but the 

space around them. 

In this regard, the geophysical surveys at the village of Granit provide a very useful example 

of the joint use of electroresistivity and magnetic methods in the prospection of Thracian burial 

mounds. Two Thracian mounds were studied with dimensions, respectively, mound 1 – height 3 m 

and diameter 30 m; mound 2 – height 4.5 m and diameter 35 m. 

An integrated geophysical survey was applied, consisting of electrical resistivity mapping 

with different lengths of a Wenner-Schlumberger array along a dense radial grid, fluxgate magnetic 

gradiometry along a rectangular and radial grid, and two-dimensional electrical resistivity 

tomography along detailed traverses. As a result, an anomaly of apparent electrical resistivity, but 

not of the magnetic gradient, was recorded in Mound 1. Resistivity inversion models confirmed 
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the presence of a compact object with a diameter of about 3 m and a height of about 1 m located at 

the base of the mound. It turned out to be a heavy stone accumulation, revealed a year later, but 

unfortunately not during archaeological excavations, but during grave-robber’s intervention. 

The research performed on the two mounds allowed to draw conclusions about the potential 

of magnetic gradiometry in registering similar stone structures, as well as about the influence of 

the mound embankment on the results of magnetic measurements. It turned out that for both 

mounds this influence is not so significant and does not need to be purposefully eliminated or, if it 

is done, the use of polynomial regression (in the case of the higher mound 2 – a second degree 

polynomial) is entirely sufficient. 

 


