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The Aul-Koshkul-1 Cemetery in the Baraba Forest-Steppe: 
Findings of a Multidisciplinary Study

 

We present the results of aerial photographic and magnetometric studies at Aul-Koshkul-1, a group of mounds in 
the Baraba forest-steppe. Photogrammetry proved highly effi cient for constructing orthophotographic plans and digital 
models of outward features at archaeological sites. Data were processed with an original approach, generating a map 
of relative heights, decreasing the effect of natural relief and highlighting altitudinal anomalies of an anthropogenic 
origin. Aerial photography is highly effi cient for revealing archaeological features that are hard to locate by visual 
analysis of the surface (mounds destroyed by tillage, shallow ditches, etc.). Orthophotographic plans constructed by 
aerial photography in oblique sun rays at sunset present the most contrastive representations. Aerial magnetometry 
revealed most mounds at Aul-Koshkul-1, although the site was surveyed with minimal accuracy because magnetic 
anomalies caused by archaeological features were rare. Our multidisciplinary study yielded new information about 
the mounds previously registered by ground-based magnetometry, and discovered new features, leading to a revision of 
the cemetery’s reconstructed boundaries and composition. The study demonstrates the great potential of a joint use of 
aerial magnetometry and aerial photography for locating and studying archaeological sites at a new, sophisticated level.

Keywords: Aerial magnetometry, aerial photography, unmanned aerial vehicles, photogrammetry, archaeological 
and geophysical research, burial mounds. 

THE METAL AGES AND MEDIEVAL PERIOD

Introduction
 

Ground-based magnetometry has been successfully used 
in archaeology for more than 50 years (Neubauer, 2002; 
Fassbinder, 2019). At the present stage, the development 
of miniature unmanned aerial vehicles (UAVs) makes 

it possible to bring it to a new level of performance 
and to map large areas (up to several hectares in one 
working day) without losing horizontal resolution. Aerial 
magnetometry in archaeological research is not yet 
widely used; however, the fi rst results, obtained mostly 
on the territory of Russia, show undoubted prospects for 
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this direction (Epov et al., 2016; Goglev, 2018; Firsov 
et al., 2018; Balkov et al., 2019; Schmidt, Becken, 
Schmalzl, 2020). Unlike aerial magnetometry, aerial 
photography through the use of UAVs is increasingly 
used to search for and study archaeological sites (Bykov 
et al., 2012; Risbol, Gustavsen, 2018; Balkov et al., 
2020; Brooke, Clutterbuck, 2020; Alvarez Larrain, 
Greco, Tarragó, 2020). The orthophotographic plans and 
digital elevation models obtained as a result of aerial 
photography have a high degree of detail and, in some 
cases, provide no less significant information about 
archaeological sites than magnetometry (Vavulin et al., 
2021). Thus, the use of aerial photography, together with 
a set of geophysical methods, makes it possible to obtain 
maximum information about the site, without violating 
its integrity (Bakhshiev, Noskevich, Nasretdinov, 2018). 
Taking into account the current trends in the development 
of archaeology, which involve the widespread use of 
non-destructive methods, the development of this trend, 
along with its testing in various natural and landscape 
conditions, are very relevant.

This article discusses the results of archaeological 
and geophysical work at the cemetery of Aul-Koshkul-1, 
where the combined use of aerial photography and 
aerial magnetomrtry from UAVs, in addition to research 
from previous years, made it possible to obtain new 
information about the boundaries and composition of the 

archaeological site. The purpose of the research was not 
only to test and demonstrate the capabilities of the above 
methods, but also to develop approaches to material 
processing for the most informative visualization of data. 
The obtained results contribute to the development of the 
methodology of archaeological and geophysical research, 
and signifi cantly increase the effi ciency of work based on 
the application of the magnetometry method.

  

The site and its research to date
  

The Aul-Koshkul-1 archaeological site is located in the 
Chanovsky District of the Novosibirsk Region, 2 km 
north of the Chany village. It is located on a slightly 
elevated area at the edge of a vast lake fl oodplain. The 
cemetery was discovered by the local residents in 2010. 
Six mounds 7–14 m in diameter and 0.28–0.47 m high 
were visually identifi ed in the area of the site (Fig. 1, a). 
Ditches are recorded around mounds 3 and 4, one of 
which (mound 4) encircles the area with a diameter of 
30 m. Similar to the last one is a ditch (possibly from 
an unfi nished building structure) surrounding the area 
of 35 × 45 m, in the southern part of the site. The fi nds 
discovered in the destroyed mound 3 made it possible 
to date the burial site to the Old Turkic period (Molodin 
et al., 2010).

Fig. 1. Plan of the Aul-Koshkul-1 cemetery before the start of geophysical work (a) and map of distribution of 
the magnetic fi eld gradient in the studied area (b) (after (Molodin et al., 2010: Fig. 3, 6)). 

1 – mound; 2 – contour interval; 3 – ditch; 4 – boundaries of geophysical marking.  
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which allowed us to assume the presence of 
a less magnetic, clay soil in its composition. 
The results of magnetic survey confi rmed the 
absence of ditches around most of the mounds; 
and near mound 4, another inner ditch was 
revealed. In the space between structures 
No. 1, 4–6, three more mounds were revealed 
(No. 7–9) with diameters of approx. 5 m, 
which did not appear on the surface (Ibid.).

In 2016, at the Aul-Koshkul-1 site, 
experimental and methodological work was 
carried out to test aerial magnetometry from 
UAVs. The correlation with the ground-based 
magnetometric data showed that it was possible 
to detect seven of the nine previously identifi ed 
mounds (Fig. 2), using aeromagnetic mapping. 
Near the northwestern boundary of the ground 
survey area, mound 10 was found, comparable 
in size to the largest structures of the site 
(Firsov et al., 2018).

Thus, thanks to the ground-based and aerial 
magnetometric surveys, it was possible to 
determine the features of mounds’ construction 
and to identify in the space between them the 
archaeological features that were not visible 
externally. A large amount of additional 
information was obtained, and the total number 
of structures reliably identified within the 
archaeological site increased to 11.

 

New research cycle 
(methods, equipment, and software)
 

In 2020, as part of the Russian Foundation for 
Basic Research integration project, the Aul-
Koshkul-1 mound cemetery was chosen as 
a testing ground for modern methodological 
tools using unmanned aerial vehicles. Aerial 
photography was carried out using a mini 
drone DJI Mavic Air (DJI, China) and a 
professional complex Geoscan 401 (Geoscan, 
Russia) (Fig. 3). In the course of work with the 
DJI Mavic Air equipment, Drone Harmony 
Plus software (Drone Harmony Infrastructure 
digitalization, Switzerland) was used for fl ight 

planning. The photogrammetry data were processed 
using Metashape software (Agisoft, Russia). Processing, 
design, visualization of the digital relief models and maps 
of relative heights were performed using Surfer software 
(Golden Software, USA).

When processing aerial photography data, an original 
approach was used; it consisted in constructing a map 
of relative heights. This reduces the influence of the 
natural terrain and emphasizes the altitudinal anomalies 

In the same year, under the agreement on scientifi c 
cooperation between the Institute of Archaeology and 
Ethnography SB RAS and the German Archaeological 
Institute, ground-based magnetic survey was carried 
out on the site, under the direction of J.W.E. Fassbinder. 
On the constructed magnetic map (Fig. 1, b), traces of 
plowing were clearly visible. The mounds of mounds 
stood out as positive anomalies of a rounded shape, 
while mounds 2 and 3 appeared as a negative anomaly, 

а

b

Fig. 2. Map of distribution of the anomalous magnetic fi eld, based on the 
results of the aeromagnetic survey of the Aul-Koshkul-1 cemetery in 2016 

(after (Firsov et al., 2018: Fig. 3, a)).  

0 60 m

Fig. 3. Unmanned aerial vehicles used for aerial photography.
a – mini drone DJI Mavic Air (China); b – Geoscan 401 (Russia).
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of anthropogenic origin, which increases 
the effi ciency of the analysis of the digital 
elevation model.

Work on high-precision aeromagnetic 
survey was carried out using a Geoscan 401 
Geophysics quantum magnetometer (Fig. 4). 
The final processing of the obtained data 
consisted in subtracting from them the daily 
variations of the magnetic field, regional 
anomalies, and in smoothing the data.

After a preliminary analysis of the results 
of the work of previous years, as well as 
satellite images of the site, several plots were 
selected for research (Fig. 5). On the largest 
of them (about 70 ha), aerial photography was 
carried out by the Geoscan 401 magnetometer. 
The data obtained were used to develop a 
detailed orthophotographic plan and a map 
of relative heights. Aerial magnetometry 
was carried out on a plot of approximately 
12 hectares. The area of the aerial photographic 
survey (with the mini DJI Mavic Air drone) 
was more than 4 hectares.

  

Orthophotographic plans 
and elevation maps

 
Aerial photography by the professional 
Geoscan 401 magnetometer was carried 
out in the middle of the day, with the most 
intense sunlight. This made it possible to 
get the highest quality data for building 
a digital elevation model. However, the 
final orthophotographic plan, despite its 
high resolution, did not provide sufficient 
information about the archaeological sites. 
Therefore, with the help of the DJI Mavic Air 
drone, a detailed evening survey was carried 
out in the area of concentration of the mounds, 
in the slanting sunlight. It better refl ects and 
emphasizes the features of the terrain (Fig. 6).

The most effective for the search and 
detailed analysis of archaeological sites turned 
out to be the data of a digital elevation model. 
For example, on a fragment of the map of 
absolute heights, visualized in the form of an 
illuminated colored 3D-surface, all visually fi xed mounds 
were clearly visible, with the exception of mound 2 (see 
Fig. 1; 7). Mounds 8 and 9, identifi ed with the help of 
ground-based magnetometry, are not distinguished, since 
they are located in the zone of intense plowing, which was 
designated on the map of absolute heights as an area with 
a pronounced linear microrelief. It is very clearly seen that 
the northeastern edge of mound 4 was also plowed up. This 

Fig. 4. Geoscan 401 Geophysics complex for high-precision aeromagnetic 
survey. 

is also confi rmed by the situational plan of the site, where 
the ditch surrounding the mound is not marked. It is clearly 
recorded that mound 7 was plowed up almost completely 
(only the western segment of the ditch has been preserved). 
Probably for this reason, it was not possible to distinguish it 
visually, although the mound is very well read on the map 
of absolute heights, and its spatial parameters and structure 
are quite clearly identifi ed.

Fig. 5. Map of relative heights of the Aul-Koshkul-1 cemetery, and contours 
of the sites studied in different years (2010–2020).  

a – boundary of ground-based magnetometry (2010); b – boundary of aerial 
magnetometry (2016); c – boundary of aerial photography (Geoscan 401, 2020); 
d – boundary of aerial magnetometry (Geoscan 401, 2020); e – boundary of aerial 

photography (Mavic Air, 2020).
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Fig. 6. Fragments of orthophotographic plans based on the data of aerial photography taken in the middle of the day (a) 
and in the evening (b).

а b

Fig. 7. Fragments of maps of absolute and relative heights.
a – total study area; b – fragment of the map of absolute heights; c, e – fragments of the shadow map of relative heights, illumination 

angle 183° horizontally and 45° vertically; d – fragment of the orthophotographic plan in oblique rays.
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According to the digital relief model data, three drop-
shaped structures are also clearly recorded (No. 11–13). 
Object 11 was identifi ed at the initial stage of research 
and was tentatively interpreted as an unfi nished structure. 
Findings of aerial photography made it possible to 
correct the idea of its shape and spatial orientation 
(see Fig. 1; 7). It is adjoined by object 13, which was 
not previously discovered. Object 12 is quite well 
visible on the ground-based magnetometry map, but it 
became possible to distinguish only after analyzing the 
orthophotographic plans and elevation maps. All these 
structures are best emphasized by choosing the angle 
of illumination when building a grayscale shadow map 
using the Surfer software (see Fig. 7). Notably, a very 
similar situation is observed on the orthophotographic 
plan built according to the data of evening shooting in 
oblique rays (see Fig. 6, b). The color of vegetation can 
also emphasize the relief of the surface and refl ect the 
mounds’ structural features. In places of depressions, 
where moisture accumulates, vegetation is denser and 
shows intense green color. On fl at areas and uplands, 
the vegetation cover is not as dense and is characterized 
by lighter shades. This is clearly seen in the example of 
mound 4 (see Fig. 7).

As a result of the analysis of the APS data, several 
more new objects were identified to the south of 

the originally designated area of the Aul-Koshkul-1 
cemetery. They are confi ned to the highest point of 
the studied area and are similar in their parameters to 
the drop-shaped structures described above (Fig. 8). 
Objects 15 and 16 are heavily disturbed by plowing, 
and their original shape and size are unclear. The ring 
structure 14 is weakly expressed in the relief (height 
difference no more than 10 cm) and is almost invisible 
on the orthophotographic plan; however, it is well 
detected on the detailed fragment of the elevation 
map. It is very likely that all these objects are artifi cial 
and constitute the funeral and ritual complex. In this 
case, the boundaries of the site should be signifi cantly 
expanded.

 

Aerial magnetometry
 

Ground-based and aerial magnetometry carried out 
earlier on the territory of the Aul-Koshkul-1 cemetery 
revealed a rather low intensity of anomalies associated 
with the archaeological features. This is also confi rmed 
by the results of the 2020 aerial magnetometric surveys 
conducted at an average height of 5 m with a satellite 
positioner of sub-meter accuracy. The described 
factors that complicate the identifi cation of anomalies 

Fig. 8. Fragments of maps of absolute and relative heights on the southern periphery of the cemetery.  
a – total study area; b – fragment of the shadow map of relative heights, the angle of inclination of the light source is 142° horizontally 

and 31° vertically; c – fragment of the map of absolute heights; d – fragment of the map of absolute heights.  
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Fig. 9. Maps of the modulus of the total magnetic fi eld vector, corrected to diurnal variations (a) and the fi rst derivative 
(angle 308°) of the anomalous magnetic fi eld (b).

а b

from archaeological features were supplemented by a 
pronounced structure of complex regional anomalies 
(Fig. 9, a). Nevertheless, the constructed magnetic 
maps contain anomalies of low intensity, which can be 
associated with archaeological structures (Fig. 9, b). 
Of the ten mounds identifi ed earlier, only six stand out 
(No. 1, 3–6, 10). The rest of the mounds, as well as 
the drop-shaped features (No. 11–13) discovered with 
the help of aerial photography, were not recorded by 
aeromagnetic surveys. Thus, according to the results 
of the work carried out, it was possible to identify only 
fairly large structures consisting of relief mounds.

Outside the areas of earlier magnetic surveys, only 
one anomaly can be tentatively interpreted as a mound 
(No. 17). It is located on a hill southeast of the main 
complex. The absence of relief features can be explained 
by the location of this object in the plowing zone. Two 
more magnetic anomalies (No. 18, 19) are identifi ed to 
the northwest of the burial ground. Since the natural relief 
of the area here becomes signifi cantly lower, they cannot 
be confi dently associated with archaeological structures. 
Perhaps, the source of these anomalies are metal items 
lying in the ground.

 

Conclusions
 

The studies have clearly demonstrated the high effi ciency 
of the integrated approach in the archaeological and 
geophysical research. The results obtained are a very good 
example of how the understanding of the composition 
and boundaries of an archaeological site can change. 
Through visual fixation, only six mounds and one 
(possibly unfi nished) structure were identifi ed at Aul-
Koshkul-1. Ground-based magnetometry made it possible 
to obtain the actual plan of the site and to discover three 
new burial mounds that were not expressed in relief. The 
fi rst experimental work on the application of the aerial 
magnetometry method has not only demonstrated how 
to increase the effi ciency of magnetic prospecting, but 
also revealed another mound outside the ground-based 
magnetometry area. Thus, as a result of magnetic surveys, 
the total number of structures found at the cemetery 
increased to 11.

Thanks to the complex use of aerial photography 
and aerial magnetometry, it was possible to obtain 
a large amount of additional information. The high 
efficiency of constructing orthophotographic plans 
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and digital elevation models for detailing the relief 
structures and clarifying their spatial characteristics 
has been demonstrated. The aerial photography method 
proved to be highly effective primarily in identifying 
archaeological features poorly expressed in relief, 
which are hard to locate by visual analysis of the surface 
(mound 7, objects in the form of shallow ditches). 
Notably, orthophotographic plans built according 
to aerial photography data in the oblique rays of the 
setting sun provide for the presentation of photographic 
information about archaeological complexes in the most 
advantageous way. At the same time, digital elevation 
models derived from shooting at noon can capture even 
the very weakly expressed features.

The aeromagnetic survey of the burial mound of Aul-
Koshkul-1 was carried out at the limit of accuracy of the 
method owing to the low intensity of magnetic anomalies 
associated with archaeological structures. Nevertheless, 
most of the mounds managed to be identifi ed. With a 
greater degree of contrast between archaeological features 
and the host environment, the information content of 
the survey would be higher (Balkov et al., 2019). It 
is also worth noting that with the high performance 
of the magnetometer and the UAV carrier, navigation 
tools served as a signifi cant limitation. It is necessary to 
introduce differential means for taxiing and positioning 
using real-time kinematic (RTK GNSS). In this case, it 
will be possible to carry out a high-performance aerial 
survey at a low altitude (about 1 m), comparable in quality 
and data density to the ground-based magnetometry. 
It is important to emphasize that aerial magnetometry, 
in combination with aerial photography, helps solving 
the archaeological issues on locating and studying sites 
at a new, sophisticated level. Both methods are highly 
productive and can be used for prospecting large areas 
within a short time. Since they involve essentially 
different characteristics of archaeological features (relief 
and magnetic), the information obtained will be more 
complete and relevant.

At a new stage of archaeological and geophysical 
studies of the Aul-Koshkul-1 cemetery, fi ve new objects 
were identified with the help of aerial photography, 
and presumably three more with aerial magnetometry. 
Analyzing the totality of information, one can question 
not only the expansion of the initially established 
boundaries of the site, but also the simultaneity of 
formation of its parts. All objects in the form of shallow 
ditches are confi ned to the very edge of the terrace; they 
have no absolute parallels. These are very similar to the 
outer ditch of mound 4, which is also situated here and 
is very close in its structure to the burial mounds of the 
Early Scythian era. The rest of the objects are different 
in their structure and are located in the depths of the 
terrace, including partially destroyed mound 3, whose 
materials attribute the cemetery to the Old Turkic period. 

Importantly, the composition of the site can be expanded 
in the future, since five more objects were identified 
so far on its southern periphery, according to the aerial 
photographic data. However, their man-made nature is not 
so obvious; therefore, analysis of these objects requires 
the use of other research methods and the additional 
interpretation of data. 
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