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Abstruct 

 

 

In many places of the Olkhon region (the western coast of the central part of Lake Baikal), 

ancient iron-making complexes have been discovered, iron products are found in 

archaeological sites, and metallurgical slags are found throughout the territory. 

This is due to the fact that from the end of the 1st millennium BC. objects made of iron 

become an important component in the composition of the tool complex of the inhabitants of 

this territory. It is likely that most of these items were made locally, as evidenced by the 

remains of metallurgical production recorded in different parts of the region.  

In this work, on the example of one of the objects of the Barun-Khal II monument, the results 

of a complex of geophysical studies are analyzed, including ground and UAV-magnetic 

survey, electrotomography.The geological background for identifying objects is the folded 

framing of the Siberian platform, represented by deeply metamorphosed rocks of the Olkhon 

crystalline complex. Performed modern 3D inversion of magnetic and electromagnetic data. 

It made possible to evaluate the effectiveness of each of the methods, to compare the 

reliability and information content of the observed data and the resulting 3D models of the 

hidden object. 
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Introduction 

On the western coast of Lake Baikal near the village of Shara-Togot, Olkhonsky District, in 1977, a 

monument to the ancient metallurgy of iron Barun-Khal II was unveiled, Figure 1 (a). According to 

the radiocarbon method, the age of the monument is 2180-1750 years [3,4,8]. 

  
Figure 1. Excavation of one of the iron furnaces in the metallurgical center Barun-Khal II (a); survey 

geological map of Priolkhonye (b). 

 

A possible way to optimize searches, as well as to study archaeological sites without excavating them, 

are geophysical methods - magnetic prospecting [7] and electrical prospecting. In this case, surveys 

were carried out on the reference object by methods of ground and UAV magnetic prospecting and 

electrical prospecting. 

 

Electrical exploration 

For the Barun-Khal II object, an analysis of the results of electrotomography was carried out, the 

direct problem was calculated for a high-resistance cube with dimensions of 2x2x2 m, the choice was 

made on a dipole installation, Fig. 2. For it, the optimal distance between the profiles of 2-2.5 m was 

selected. 

 

 
 

Figure 2  Results of direct modeling of the 

dipole installation of electrotomography for a 

cube. UES sections directly under the object (a), 

at a distance of 2.5 m from the object (b), at a 

distance of 5 m (c). 

 

 

To detect archaeological objects, namely, 

metallurgical furnaces, electrotomography was used with the Skala-64 dipole installation, Fig. 3a. The 

results obtained are presented in the form of a section in Figure 3b, where the unexcavated boundaries 

of the remains of a metallurgical furnace are distinguished by an anomaly. 

а) 

b) 
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Figure 3. Survey scheme and archaeological objects (a); section of resistivity on profile 4 (b); 

anomalous effect from the cube (с). 

 

Furnace magnetic model and results of magnetic survey data interpretation 

The assessment of possible magnetic effects for ground and UAV surveys was carried out for a 

physico-geological model of a furnace with a characteristic size of 2 × 2 × 2 m with a depth of the 

upper edge of 0.5 m and an average value of the effective magnetic susceptibility ϰ = 0.025 units SI. 

Taking into account the significant effect of thermo-remanent magnetization, the following 

parameters were taken for this characteristic: Koenigsberger coefficient Q = 1; declination Dr = 270º 

and inclination Ir = 270º. The parameters of the current normal magnetic field for the region: T0 = 

60700 nT; D0 = -6 º; I0 = 73º. 

 
Figure 4. Magnetic fields at a height of 0.5 m (a) and 7.5 m (b) for a model of a simplified iron-

making furnace. 

 

An unmanned system SibGIS UAS [5] with an Overhauser magnetometer was used to perform the 

magnetic survey. The measurement scheme is shown in Figure 5a. The height of the sensor was 7.5m 

 
Figure 5. Results of magnetic surveys: a) - UAV survey observation network; b) ground magnetic 

survey c) - magnetic field according to UAV survey data 

 

The applied inversion method makes it possible to select magnetized objects based on anomalous 

magnetic field zones, to determine their geometric and magnetic parameters using criteria that limit 

the areas of possible compact solutions based on regularization by the elastic network method [2, 10]. 

а) 

b) 

c) 

а) b) 

c) 
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The results of the inversion of the UAV-magnetic survey show the coincidence of the obtained model 

of the object with the contours of the anomalous zone of the magnetic field. The elongated, branched 

form of the anomalies is presumably associated with a system of trenches connecting the iron-

reduction and blacksmith's furnace. 

 
Figure 6 Comparison of 3D magnetic field inversions for ground survey and UAV survey. 

 

 
Figure 7 Magnetic susceptibility anomalies. Top and side view over the excavation (a); Comparison 

of the results of three-dimensional inversion of electrotomography and survey of the magnetic field of 

the UAV (effective magnetic susceptibility) and ground magnetic survey (b). 

 

Conclusions 

As a result of the work, an assessment of the anomalous effect for pedestrian and UAV magnetic 

surveys was carried out for a typical model of a metallurgical furnace in a given area. Both methods 

of magnetic prospecting made it possible to accurately identify anomalous objects. With a ground 

survey, the amplitude of the anomaly is more than ten times higher than with a survey at an altitude of 

7.5 meters. However, the amplitude of the anomalies recorded from the air, taking into account the 

high accuracy of the UAV magnetic survey, is sufficient for mapping objects and performing 3D 

inversion. Using the method of 3D magnetic field inversion, three-dimensional models of the 

distribution of magnetic susceptibility have been created, which make it possible to study the structure 

of an archaeological object without excavating it, at that quality of restoring the magnetic properties 

of the desired objects does not actually depend on the method of survey. 

The work using the electrotomography method also made it possible to create maps and 3D models of 

electrical resistivity. The reference metallurgical furnace is manifested by an anomaly of increased 

resistance (2100 to 3200 Ohm m) against the background of a host medium with a resistance of 200 

Ohm m. 

The objects identified by the methods of electrotomography and UAV-magnetic prospecting, on the 

whole, coincide, with a correction for a much rarer network of electrotomography measurements. 

Thus, to identify and study metallurgical furnaces, one can use both magnetic prospecting (both 

ground-based and using UAVs) and electrotomography. These methods have the necessary sensitivity 

and resolution for shallow research. 

As a result of a set of works, it was possible to identify not only the contours of the reference object, 

but also to discover new ones, previously unknown. 

Projection line AA 

a) b) 



 

 

Near Surface Geoscience Conference & Exhibition 2021 

Acknowledgements  

This work was supported by the Russian Science Foundation, grant 20-67-47037. 

Thanks to Ayur Bashkeev and Anastasia Belova for their help in the design and processing of data. 

References 

1. Cunningham, M., Samson, C., Laliberté, J. et al. Inversion of Magnetic Data Acquired with a 

Rotary-Wing Unmanned Aircraft System for Gold Exploration. Pure Appl. Geophys. (2021). 

https://doi.org/10.1007/s00024-021-02664-8 

2. Davydenko, A. Yu. [2020] Inversion of magnetic field on the basis of elastic network and 

vector scanning for assessment of magnetic susceptibility and remanence of three-

dimensional subjects. In: Publishing and printing center "Scientific Book". Issues of the 

theory and practice of geological interpretation of geophysical fields - Proceedings  of the 

47th session of the International seminar of D.G. Uspenskogo-V. N. Strakhov, Voronezh: 105-

110. 

3. Harinsky, A. V., Kozhevnikov, N.O. and Snopkov, S.V. [2012] Metallurgical centers of the 

western coast of Lake Baikal the I millennium AD. In: Publishing house of the Altai 

university.  History and culture of the medieval people of steppe Eurasia: materials II of the 

International congress of medieval archeology of the Eurasian steppes, Barnaul, 248 p.   

4. Kozhevnikov, N. O. and  Harinsky, A.V.  [2003] Monument of ancient metallurgy of iron of 

Barun-Hal of III. In: Publishing house of IrGTU. Sotsiogenez of Northern Asia: proshloe，
nastoyashchee, futures - Proceedings of regional academic and research conference, Irkutsk,  

333 p. 

5. Parshin, A.V., Budyak, A.E., Babyak, V.N. Interpretation of Integrated Aerial Geophysical 

Surveys by Unmanned Aerial Vehicles in Mining: A Case of Additional Flank 

Exploration (2020) IOP Conference Series: Earth and Environmental Science, 459 (5), art. 

no. 052079. 

6. Sapunov V.A., Denisov A.Y., Savelyev V.V., Kiselev S.E., Narkhov E.D., Sergeev A.V., 

Fedorov A.L., Shirokov A.A. and Popkov M.Y.  (2020) Modernization of Ground-Based 

Overhauser POS Magnetometers to Use on Small Unmanned Copter-Type Aerial Vehicles. 

Conference Proceedings, Engineering and Mining Geophysics 2020, Sep 2020, Volume 

2020, p.1 - 8 

7. Schmidt V., Becken M., Schmalzl J.  A UAV-borne magnetic survey for archaeological 

prospection of a Celtic burial site (2020) First Break, Volume 38, Issue 8, Aug 2020, p. 61 - 

66 

8. Snopkov, S.V., Matasova, G. G, Kazansky, A. Yu., Harinsky, A.V.  and Kozhevnikov, N.O. 

[2012] Ore sources for production of iron in the ancient time: Kurminsky archaeological site. 

In: Publishing house of IrGTU. News of Laboratory of ancient technologies: the collection of 

scientific works / under the editorship of A.V. Harinsky, Issue 9, Irkutsk, 196 p. 

9. Vakhromeyev G.S., Davydenko A. Yu. Calculation of potential fields for stochastic models of 

heterogenous geological objects. 1987 Geophysical Prospecting 35(3):288 – 311 

10. Zou H. Regularization and Variable Selection via the Elastic Net // H. Zou, T. Hastie Journal 

of the Royal Statistical Society B, 2005, 67(2), 301-320. 

 

https://doi.org/10.1007/s00024-021-02664-8
https://www.earthdoc.org/search?value1=Volkmar+Schmidt&option1=author&noRedirect=true
https://www.earthdoc.org/search?value1=Michael+Becken&option1=author&noRedirect=true
https://www.earthdoc.org/search?value1=J%C3%B6rg+Schmalzl&option1=author&noRedirect=true
https://www.earthdoc.org/content/journals/fb
https://www.earthdoc.org/content/journals/fb/38/8

