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ABSTRACT 

The submitted paper presents the possibilities of specific use of a simple geophysical method in the conditions of 

an ongoing archaeological excavation. It demonstrates an effective (i.e., quick, inexpensive, and beneficial) 

method that greatly enhances the knowledge gained from archaeological context analysis and thus contributes to 

a more accurate interpretation of the excavated portion of the historic strata. For example, field measurements of 

magnetic susceptibility can help to correctly interpret the genesis of individual layers, to distinguish individual 

phases in a visually indistinguishable stratum, or to indicate layers (and stone walls) that have undergone 

heating, etc. A detailed geophysical measurement of magnetic susceptibility was carried out on a section with 

archaeologically excavated relics of fortifications on the outskirts of the early medieval Mikulčice – Valy hillfort 

and the results were then critically confronted with the archaeological interpretation. This mutual multidisciplinary 

approach is also methodologically significant. Geophysics reveals certain information that is invisible to the 

archaeologist's eye, and may provide important clues to the correct interpretation of the archaeological context. 

Archaeological research, in turn, provides more precise information on the reasons and possible source of changes 

in magnetic susceptibility values of different layers and materials. 
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1 INTRODUCTION 

Magnetic volume susceptibility is a mathematically appropriate expression of the relative permeability of the 

medium. It is denoted by the Greek letter kappa and indicates the ability of matter to induce a magnetic field in 

itself at an externally applied magnetic intensity. It is mainly used for low magnetic substances instead of 

permeability. [1] The soils that form the backfill of individual archaeological objects are among such substances, 

so the method is a useful adjunct to their visual and structural description. The magnetic susceptibility values of 

sediments are primarily dependent on the content and concentration of magnetic (mainly ferromagnetic) minerals 

as well as their size. [2] The value can be reduced by the presence of diamagnetic material such as SiO2, NaCO3, 

and organic materials. [2] The increase in values occurs, for example, due to settlement processes and the 

corresponding physical, chemical, and microbial changes in the soil. Within the framework of the above-

mentioned processes, oxidation-reduction changes occur in the iron minerals of the soil and thus alter their 

magnetic susceptibility. [3] In addition to the influence of former microbiological activity at the surface of the 

cultural layers, there is a huge increase in the magnetic susceptibility values due to ancient fires (fire pits, rocks 

that have been subjected to heat, pieces of daub, bricks, and parts of fragmented ceramic vessels in the soil, slag 

as a result of iron or glass production, remains of furnaces, etc. [4] The measurement of magnetic susceptibility is 

also used in the analysis of mixtures of topsoil and geological subsoil, where the smoothness or, conversely, 

a certain chaotic nature of the measured values in the profile may be used to decide whether the object was naturally 

deposited or whether it may be interpreted as a one-time and deliberately buried object. [5] The authors of the 

paper have encountered and described all of the above examples during their more than twenty years of experience 

in the application of the geophysical method in archaeological and historical research at sites in the Czech 

http://gse.vsb.cz/
mailto:sindelar@arub.cz
mailto:mazuch@arub.cz
mailto:hladik@arub.cz
https://orcid.org/0000-0003-1213-1617
https://orcid.org/0000-0002-0724-9867


 

 

 

 

177 

 

 

GeoScience Engineering  Vol. 67 (2021), No. 4  

http://gse.vsb.cz   pp. 176–186, ISSN 1802-5420 

  DOI 10.35180/gse-2021-0063 

 

Republic. Since 2005, the authors of the paper have been using the method in rescue archaeological excavations 

in the Tábor region. Thanks to magnetic susceptibility measurements in large-scale excavations of prehistoric 

settlements (Tábor – Tesco, Tábor – Komora, construction of the D3 highway), cultural layers were clearly 

distinguished from the geological subsoil, which showed identical visual characteristics. [6–8] Documenting a 

large area research in Ústí nad Labem, the authors of this paper managed to distinguish individua l historical 

horizons within a 1 m thick and visually and structurally uniform stratum using the given method. [9] In building 

history research, the authors of the paper employed the method of field measurement of magnetic susceptibility to 

quickly and clearly distinguish between stone and brick walls under a thick layer of plaster (cf. [10]) and it was 

used to determine the building material (stone) of different provenance for the construction of the tower of the city 

castle in Tábor in 2012 [11].  

In archaeological excavations, the method is mainly used in surface geophysical prospecting. Field measurements 

in exposed archaeological situations are a significant minority. Even so, the method is coming to the attention of 

archaeological workers in the world [12, 13] and in the Czech Republic [14], where we may regard Antonín Majer 

as a pioneer in the application of magnetic susceptibility measurements on exposed archaeological profiles, who 

has been dealing with the issue for more than 25 years.   

Measurements of magnetic susceptibility at the Mikulčice – Valy site were previously carried out in a more 

systematic way in 2007–2008 during the revision research of Church II (area 84; not yet published) and during 

archaeological research in the NW section of the acropolis wall R 2012 I, II (areas 91 and 96 [17]). The systematic 

data collection has yielded a comparative set of information on the magnetic properties of the cultural layers and 

geological subsoil at this prominent early medieval power centre. [15] During the R 2018 field archaeological 

investigation in the SW section of the outer foreground wall (Area 119, Fig. 1), we carried out experimental areal 

mapping of the magnetic susceptibility of the sediments of a nearly 12 m long and 2 m high profile that captures 

part of the settlement activity at the foreground wall (inside, “behind the wall”), relics of the actual timber -clay 

fortification with a 9th century front stone wall, and part of the 9th century riverbed immediately outside the wall. 

The aim of our project was to independently carry out a classical archaeological interpretation and an interpretation 

based on the measurement of magnetic susceptibility of one and the same discovery circumstance of the 

archaeological context without mutual exchange of information or any confrontation or influence and only then to 

compare the two results. 

 

2 METHODOLOGY AND WORK PROCEDURE 

The subject of comparison of the archaeological interpretation and magnetic susceptibility results of individual 

archaeological contexts is one of the main sections of the above-mentioned research of the fortification at the 

Mikulčice hillfort from 2018 (Fig. 1). The fortified foreground of the Great Moravian hillfort at Mikulčice is 

located NW of the power centre’s main core, the so-called acropolis. The area of the inner part of the foreground 

is about 2.4 ha. Here the natural geological subsoil consists mostly of older flood clays on river sandy sediments. 

In the 9th century, this area was fortified and surrounded from the outside by the branch or the former main stream 

of the Morava River. 

The survey of the R 2018 area was carried out as a preliminary survey due to the construction of the cycle path, 

which unfortunately also affected the still intact terrain in the castle foreground. The above survey was carried out 

in the place where the cycle path crosses the likely course of the fortification. The area was orientated as 

perpendicular as possible to the presumed line of the fortification and included a strip 15 m long (along the 

fortification) and 10 m wide (perpendicular to it). The survey area is represented by three pairs of standard research 

squares of 5x5 m, between which control blocks were left. This was the most extensive field survey of the 

Mikulčice wall since the early 1980s. [16–18] In terms of the complexity of the archaeological context, the 

technology used to lower the groundwater level by means of drilled wells, and the demands on the methodology 

of field research and its documentation (difficult recognition of contexts, problematic interpretation of dynamically 

changing strata), the fortification research ranks among the most demanding operations in the early medieval 

archaeology in general. 

For the above comparison, one of the main sections at the NW outer edge of the study area was chosen (see Fig. 2). 

From the outside, it ran into the bed of the former course of the Morava River, which bypassed this fortification 

immediately in front of the front stone wall of the wall in the 9 th century, with a projecting stone fortification 
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structure, flanked in front by two or three palisade rows of notched stakes. In the northern part, the cut was extended 

beyond the presumed rear of the wall to the inner part of the Mikulčice foreground.  

 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

Figure 1. Mikulčice stronghold. Location of the research area R 2018 (modified according to [18])  
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Figure 2. Photo plan of the NW section in the R 2018 area 
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The researched archaeological profile was divided horizontally and vertically into 10 cm x 10 cm squares in which 

repeated measurements of magnetic susceptibility values were carried out. A KT – 5 kappameter with a sensitivity 

of 1 x 10-5 SI units was used for the measurements. The magnetic susceptibility measurements in each square were 

repeated three times (to exclude gross and random errors) and the average values of the three measurements were 

entered into the evaluation. The complete square grid was geodetically surveyed and each square was assigned a  

profile X and Y coordinate. The Z coordinates replaced the average values of the observed magnetic susceptibility. 

The coordinates were then transferred into the Atlas DMT software, in which the analysis, calculations, and a “3D 

model” creation of the magnetic values of the studied profile were carried out. The output is 2D plans of the profile 

in question, on which the magnetic susceptibility is represented in the form of coloured hypsometry, a cartographic 

technique commonly used to represent terrain relief on maps. The hypsometric representation is suitable for rapid 

elevation orientation on maps and gives a very good idea of space, thus making the elevation breakdown clearer 

and allowing the study of relief over large areas. By replacing the height information with another value (magnetic 

in our case), the originally cartographic method becomes suitable for the study and interpretation of geophysical 

measurements. Depending on the measured values, three different plans of the studied archaeological profi le were 

created (Figure 3); all at the same scale, but in different hypsometric colour scales. This allows for a more accurate 

subsequent interpretation of some local inhomogeneities.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Hypsometrically plotted magnetic susceptibility values on the subject profile 
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3 INTERPRETATION OF THE ARCHAEOLOGICAL PROFILE ACCORDING 

TO MAGNETIC SUSCEPTIBILITY VALUES 

Based on the surface magnetic susceptibility measurements and the graphical representation of the resulting values 

using the hypsometry method, we can distinguish 12 different elements (“layers” or objects) on the profile in 

question. In all subsequent entity figures, we refer the reader to Fig. 4 (interpretation diagram). The analysis of the 

results of this measurement was carried out completely independently of the assessment of the archaeological 

situation, so that we could objectively assess the contribution of this method to interpreting the individual 

archaeological contexts recognised, and therefore to interpreting the overall archaeological context. 

 

 

 

 

 

 

 

Figure 4. Interpretation scheme based on magnetic susceptibility (detailed in the text below) 

 

In the upper part, topsoil with an increased magnetic susceptibility value (No. 1) is very well manifested, caused 

by recent human activity as well as microorganism activity in the soil. 

Below the topsoil, the more powerful layer of subsoil and floodplain clay is clearly visible (No. 2). No. 3 indicates 

a cluster of stones with magnetic susceptibility at the limit of measurability of the instrument used (KT – 

5 kappameter with a sensitivity of 1 x 10-5 SI units). 

The layer with more stones in the left part of the profile, at the lower limit of the flood clay, can be interpreted as 

a destroyed part of the front wall (No. 4). No. 5 indicates a very distinct layer with very high magnetic susceptibility 

values. Based on these very high magnetic values and the fact that the normal cultural layer at the site shows values 

of about 0.20 (1 x 10-5 SI units), this is most likely a buffer layer. This is a planer for which the material from the 

settlement at the bailey was used. High values indicate sediment that may have been subjected to heat, or layers 

with a high content of pottery, grease, etc. The lower boundary of this layer is irregular and could suggest the 

backfilling of features that have been buried in the bedrock. The highest values are measured in the area of the 

actual core of the wall and then in the right part of the profile. On the far right, we can isolate an area within this 

layer (labelled No. 6) which has lower values and could be a relic of the cultural layer or a runoff of the cultural 

layer into a buried object. No. 7 indicates three small anomalies in the right part of the profile, below the lower 

edge of element No. 5. These could be relics of objects buried in the subsoil, or irregularities in the subsoil, clogged 

by the cultural layer. No. 8 denotes a more powerful stratum in which there are different alternating values of 

magnetic susceptibility. The values and areal expression of this stratum most closely correspond to flood clays, 

i.e. gradually deposited sediments where the activity of microorganisms in the soil has always persisted over a 

period of time. No. 9 indicates a layer with a very low magnetic susceptibility value. Such a character and 

manifestation could correspond to a layer of alluvial sediments. We have separately distinguished the layer below 

the lower boundary of element No. 9. Here (marked by No. 10), the alternation of different sediments is evident. 

As this is not an area-wide feature, it is not easy to decide whether this can be interpreted as a one-off backfill for 

which both the over-excavated geology and the cultural layer were used, or whether it is a runoff from the 

surrounding area. 

No. 11 indicates the tree trunk and then No. 12 indicates the area that may be interpreted as pure geological 

bedrock. 
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Interpretation of the archaeological profile according to the magnetic susceptibility values in the presented case of 

the Mikulčice probe R 2018 allows to distinguish only layers with a minimum thickness of 10 cm. This is due to 

the methodology of data collection. This fact may therefore cause the aforementioned alternation of measured 

values in the layer marked as No. 8 in the interpretation sketch. For the purpose of assessing individual small layers 

(well distinguishable visually), a different data collection methodology would be required. 

Comparing the interpretation scheme of the magnetic susceptibility and the orthophoto of the studied profile, we 

do not find any major discrepancies. Only visually recognisable “wedges” of darker sediment that run from the 

dark (obviously anthropogenic) layer No. 5 into the bedrock (right, next to a distinct cluster  of stones) are 

interesting. These “wedges” do not appear in the measured magnetic susceptibility values.  

Analogous “objects” were observed during the solution of a similar problem within the framework of rescue 

archaeological research on the route of the D3 highway. An early medieval settlement was investigated near the 

village of Žíšov in the Tábor region in 2009 and 2010. Historical objects were buried in the geological bedrock, 

which is made up of Pleistocene fine-grained silty sand. This overlies Pleistocene gravels and gravel-sands (RISS 

grade). The documentation of the historic objects found during the rescue archaeological investigation of the Žíšov 

site includes, in addition to the visual description of each backfill layer, the collection of pedological samples and 

the measurement of magnetic susceptibility. Anthropogenic sediments in the overburden cause solifluction 

colouring of the sand in the layers deposited below, down to the groundwater level. This creates visually 

distinguishable “false layers and objects”, which cannot be distinguished from the geological bedrock either 

structurally or by magnetic susceptibility values. [8] 

 

 

 

 

 

 
 

 

Figure 5. Interpretation scheme based on the magnetic susceptibility projected onto the photo plane 
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Figure 6. Mikulčice stronghold: A – Ideal reconstruction of the rampart based on archaeological context in the 

excavation area R 2012-II, eastern main section; B – orthophoto of the eastern main section in the R 2012-II 

excavation area; C – orthophoto of the north-western main section in the R 2018 excavation 

Legend: 1 – original terrain; 2 – three rows of stakes; 3 – stone substructure in the slope below the rampart; 

4 – clay backfill levelling layer; 5 – stone front wall of the rampart; 6 – wood-and-earth core of the rampart; 

7 – rear of the step; 8 – reverse wooden wall of the rampart (modified according to [17, 18]) 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 

Figure 7. Archaeological interpretation of the NW profile of the R 2018 area 
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4 ARCHAEOLOGICAL INTERPRETATION OF THE SUBJECT SECTION 

As mentioned in the introduction, along with the evaluation of the results of the magnetic susceptibility 

measurements, an analysis and subsequent archaeological interpretation of the above-mentioned research on the 

destruction of the Great Moravian wall at the Mikulčice bailey was carried out independently. In the present paper 

we do not deal with the part of the researched area behind the wall from the inner side, as it is already part of the 

settlement on the foreground, which was investigated only by means of a narrow probe and will be the subject of 

further field research perhaps in 2022 (the research was postponed twice due to the Covid-19 situation). Thus, 

what follows is a description of the section according to the individual macroscopically distinguishable deposits 

or structures, from which, with the help of Figs. 6 and 7, the whole archaeological context of the findings can be 

well understood. 

 
Description of section – contexts stratigraphically from above (see Fig. 7):  

• C1 – brownish-black silty clay loam, continuously across the study area, a mixture of flood clay of 

uncertain age (probably medieval to essentially recent) and ploughed topsoil of the inner development, 

displaced by agricultural activity over the remains of the lower surviving part of the fortification.  

• C2 – brownish-black sandy clay to clayey sandy across the whole study area; apparently the same 

interpretation as C1, only the proportion of clay component (new flood clay) is lower, the layer appears 

lighter when reduced in area. 

• C3 – blackish grey to grey clay (lighter with increasing depth) in the area outside the wall; uppermost fill 

of the extinct Morava River channel, interpreted as flood clay, similar to C1. 

• C4 – grey-yellow sandy clay, in the upper parts probably still interfered by ploughing – mixed with 

stratigraphically younger C2 (min. depth of context 4 from the surface of about 35–50 cm). Clay fill – 

base of the wall – immediate ground preparation (in the plane) with transferred, elsewhere excavated clay 

from the growing subsoil, before building the actual construction of the wall; the first layer of stones of 

the front wall was laid on C4, on the surface of the layer dark impressions are also visible – remnants of 

the transverse slabs in the foundation grid of the wall. The layer is practically devoid of finds.  

• C5 – grey-black sandy loam with clay concretions and a lot of charcoal and daub (with a lot of pottery 

and bones – the character of the cultural layer). The layer from the presumed rear of the wall passes under 

C4 further down towards the underlying stone structure. Interpretationally, in our opinion, this is a 

secondary relocated waste used to raise the ground before the actual fortification construction began. The 

lower stone structure was founded on this layer, and stakes were driven through this layer, underpinning 

the front of that structure. Only then was C4 laid, on which the actual wall was founded. C5 would 

therefore chronologically date from the settlement prior to the construction of the wall. However, the time 

period in which the waste that forms part of this layer was formed before it was moved during the wall 

construction is more indeterminable. Exactly the same use of secondary waste in the preparation of the 

ground for the construction of the wall has been observed both in the investigation of another section of 

the castle foreground wall and in the excavation of the acropolis wall [17–18]. 

• C10 – grey-yellow to yellow sandy clay – a deposit of brought excavated “clean” clay, interpreted as C4; 

in two thinner layers (between them C20) it increases the terrain before the construction of the wall. 

• C20 – as C5; thin interlayer, inserted into C10; interpreted as C5. 

• C27 – bedrock, clay. 

• C50 – grey sandy, interpreted as C5 and C20. 

• C53 – as C10 – yellow slightly sandy clay, only very difficult to distinguish from the vegetated subsoil; 

interpreted as C10, C4 – the first clay deposit, or rather the original surface – the level of the riverbank at 

the time when the area was settled or the wall construction began (trampled and slightly contaminated 

vegetated subsoil, almost no finds). 

 

 

5 FINAL DISCUSSION 

When comparing the archaeological interpretation of the studied profile with the results of the areal mapping of 

magnetic susceptibility, we can find a clear agreement in the basic features of the studied cultural stratum. 

Geophysics carried out during the archaeological excavation can thus help to more accurately support the 
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archaeological interpretation. It therefore provides important clues to understanding the genesis of 

archaeologically recorded layers, or it may aid in the process of distinguishing natural contexts from those that are 

separated only by differences in colour or consistency, although they may not reflect distinct intentional acts in 

reality. 

In our particular example it was, as expected, the easiest to identify the relics of the former stone elements of the 

wall – the destruction of the front wall and the below reinforcement substructure (the actual front stone wall has 

been almost completely dismantled since the modern period at the latest, so that in the vast majority of Mikulčice 

excavations only one or a few lines of masonry remain in their original placement from its original height of several 

metres), characterised by a very low susceptibility value.  

From the magnetic susceptibility mapping, the ploughed part of the clay overburden in the upper part of the profile 

can be well distinguished from the surface of the older floodplain clay, the lower boundary of which is visually 

and structurally indecipherable. Conversely, in the southern part of the profile (left), there is no visually discernible 

magnetic boundary between the upper flood clay and the archaeological context C4, which is interpreted as an 

immediate landscaping prior to the construction of the actual wall structure.  

There is absolute agreement in the case of a strong anthropogenic context of C5. Archaeologically, the layer is 

interpreted as a secondary waste that raised and levelled the terrain before the construction of the fortification 

began. The very high magnetic susceptibility values are another important clue that confirms the historical 

interpretation. The chaotic alternation of values indicates a rapid and single build-up with the use and mixing of 

different materials. 

When studying the internal subdivision of this distinctive layer, the magnetic susceptibility values also show a 

well-defined “sorting” of the individual materials at an angle of about 45° (especially for the backfill of the various 

terrain depressions), which would again indicate a single backfill and planer (towards the watercourse from the 

settlement). This is also consistent with the archaeological idea that temporary scarfing of stakes and slabs was 

used in the construction (raising) of the wall core behind the lower forward substructure in the case of the acropolis 

fortification, which was subsequently removed [17]; an identical situation is also observed in the case of the R 

2018 foreground research – not yet published]. Two depressions (0.2 m to 0.25 m) can be distinguished at the 

lower boundary of this layer (directly below the wall core, to the right of the lower stone substructure) based on 

magnetic susceptibility. When fitted to the orthophotoplane, these are locations with distinct dark wedges into the 

underlying strata. Analogous phenomena have been studied by the authors of this paper at the site of Žíšov in the 

Tabor region (see [8] above). These aforementioned geophysics findings support the archaeological interpretation 

that this is a spontaneous drifting of the ballast towards the “outside of the fortification” and a kind of “tearing” of 

it, most probably following the gradual destruction of the front stone wall into the river bed flowing around the 

outside of the fortification. In this way, the mass of the ballast was no longer supported by the headwall and, due 

to soil pressures and climatic changes (frost, rain), the above-mentioned displacement of the clay ballast took place 

and the dark contaminated layer C5 entered the resulting wedges.  

The not very powerful layers, marked in the archaeological documentation as No. 20, 27, 50, and 53, cannot be 

distinguished using the method of magnetic susceptibility mapping and thus merge into one layer. In the area in 

front of the wall (on the outside of the front stone wall, or the lower substructure with rows of stakes), layers 

representing the gradually flooded former riverbed can be clearly documented archaeologically, which is 

confirmed again by the geophysical method, as the magnetic susceptibility values here clearly rule out the existence 

of any cultural layers. 

 

 

6 CONCLUSION 

The first test of the geophysical method application (measurement of volumetric magnetic susceptibility) in the 

complex stratigraphic conditions of an early medieval central site such as Mikulčice has significantly supported 

the general interpretative possibilities of archaeological research. It has proved to be a very effective (fast, cheap, 

and beneficial) supplementary tool for describing vertical stratigraphy, which can be used in the field even by 

trained laymen. With long-term application of the method at the site, the interpretative possibilities should fur ther 

increase, in direct proportion to the recognition and definition of local patterns. Similarly, after systematic 

geophysical measurements of the horizontal and vertical stratigraphy in archaeological probes in Tábor over the 
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last 15 years, it has been possible to accumulate a large database, thanks to which, for example, it is possible to 

distinguish visually and structurally identical layers of two 13th century horizons (the older, settlements before the 

founding of the royal city and the younger, so-called Přemyslid, i.e., related to the founding of the town of Hradiště) 

on the basis of magnetic susceptibility alone [17]. 
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