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Abstract:  11 

Regions densely populated with archaeological monuments pose significant challenges for con- 12 

struction investors and archaeologists during the planning stages of major construction projects. 13 

Recognizing the archaeological potential of these areas is crucial for planning effective rescue exca- 14 

vations, which have become a standard procedure in construction. This study explores the utility of 15 

non-invasive prospection techniques, including artifact field survey, multispectral imaging, and 16 

magnetic surveys, in assessing the area chosen for the I/16 Slaný - Velvary road construction. We 17 

specifically focus on the contributions these methods make towards understanding the archaeolog- 18 

ical context of the proposed construction site. The findings from the magnetic surveys were com- 19 

pared with the results of actual archaeological excavations. Through manual visual analysis and 20 

statistical spatial correlation, we assessed the effectiveness of magnetic survey. The ability of 21 

magnetic survey to locate different types of archaeological objects proved to be dependent on 22 

various factors. The variability of the environmental setting, particularly pedological and geological 23 

conditions, is essential. However, modern anthropogenic impact and the very nature of individual 24 

archaeological objects, especially their dimensions, also play an important role. 25 

Keywords: geophysical prospection; archaeological excavation; magnetic survey; effectivity; 26 

comparison; GIS; statistics 27 

 28 

1. Introduction 29 

In the past, non-destructive archaeological methods were often considered a mere 30 

supplement to archaeological excavations. Over the last 20 years, these methods have 31 

crystallized into a stand-alone discipline, archaeological prospection, which uses a wide 32 

range of methods and resources. Thus, the claim that non-destructive prospection can re- 33 

veal 'little about a large area' is no longer valid. Archaeological prospection is particularly 34 

useful in rescue archaeology, which accounts for most of the archaeological fieldwork un- 35 

dertaken today. Tight schedules, limited human resources, and, not least, limited budgets 36 

are usually the main characteristics of these projects. Thus, the use of archaeological pro- 37 

spection methods has become necessary in planning large-scale construction.  38 

 39 

The estimation of the time required and the financial cost of archaeological excava- 40 

tion is usually the first reason for exploring the available sources (literature, historical 41 

maps, satellite imagery, lidar) and using non-destructive prospecting methods (aerial 42 

photography, surface collections, detector surveys). When combined with GIS analyses, 43 
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these established approaches greatly increase the chances of appropriate construction 44 

work schedules and cost estimation for archaeological investigations. However, despite 45 

their undeniable advantages, the picture provided by these traditional methods is often 46 

limited and time-consuming. Particularly in the case of artefact field surveys, due to the 47 

changing seasonality and variations in the growing vegetation, it is usually not possible 48 

to systematically cover the entire project area. Thus, some of the areas remain unrecog- 49 

nised. As the rescue archaeological research is usually obliged to investigate the whole 50 

area of the future construction, these areas represent a potential risk both from the point 51 

of view of the investor and from the point of view of the protection of the archaeological 52 

cultural heritage. In this respect, archaeogeophysical prospection offer considerable ad- 53 

vantages. Particularly for large-scale construction projects in the open landscape, modern 54 

motorized magnetometry systems offer a rapid method of surveying large areas, over a 55 

considerable part of the year. But how effective is this method and how reliable are the 56 

results? In this paper, we present the results of geophysical measurements and compare 57 

the interpretation of the magnetic survey with the results of field excavations in a con- 58 

struction project on the I/16 Slaný - Velvary road (Figure 1). The aim is to understand the 59 

relevance of geophysical prospection and to determine its benefits and limitations for res- 60 

cue archaeological research. 61 

 62 

Figure 1. Location of the project area: planned road I/16 - Slany – Velvary in central Bohemia, 63 
approximately 30 km NW of Prague, (bottom) Division of the construction into Sectors on ZTM100 64 
(ČÚZK).  65 
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2. Environment of the study area 66 

In terms of the geomorphological division of the Czech Republic, the route of the 67 

road I/16 Slaný - Velvary crosses through two geomorphological units - the Středolabská 68 

table (VIB-3) and the Pražská plateau (VA-2) and within them the sub-units Kladno table 69 

(VA-2B) and Řipská table (VIB-1B). The area of the northern part of the Kladno table, 70 

which is occupied by the Slanská tabula subdivision, includes only a short eastern section 71 

of the structure from the town of Slaný to the village of Vítov. The remaining road route 72 

falls within the southern part of the Řipská tabula - the Perucká tabula district [15, 16]. 73 

The prevailing parts of the relief in the vicinity of the building have a tabular (plateau) 74 

character, determined by the structure of the geological substrate. The difference between 75 

the highest and lowest altitudes is about 120 m above sea level (about 310 m above sea 76 

level in the plain area between the northern surroundings of Slaný and the section south 77 

of Dolín and 190 m above sea level in the valley of the Červený Brook west of Velvary). 78 

Overall, the relief of the route and the wider surroundings can be characterized as not 79 

significantly elevation graded, with a gradual rise in the terrain towards the west. Only at 80 

the western edge of the bypass road near Slany does the surface slope more significantly 81 

towards the valley of the Byseňský potok (stream). The geological subsoil consists of 82 

clastic sediments of different grain size, composition and age. During the Lower Turonian 83 

period, deposits with a significant proportion of carbonates (argillaceous limestones, 84 

siltstones, quartz limestones) were formed here. The cover is composed of eluvian, slope, 85 

fluvial deposits and weathered sediments. The most common type of Quaternary cover 86 

here are sediments of aeolian origin - loess, loess and weathered sands. In places, the 87 

strength of the loess soils is reflected in horizontal positions and lenses of fine silty sands 88 

[16]. The soil types represented here are chernozems, calcic leptosols and cambisols 89 

(Figure 2). 90 

 91 

Figure 2. – Location of the planned road I/16 - Slany - Velvary: (A) – Route on the geological map of 92 
the Czech Republic 1:50 000 (B) Route on the map of soil types according to BPEJ. Basemap: DMR5G, 93 
(ČÚZK, ČGS, VÚMOP). 94 
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3 .Archaeological investigation design - prediction models and prospection 95 

The planned construction of the road I/16 from Slaný to Velvary had a length of 13.3 96 

km. The total area of the permanent construction was 71.5 ha, and the road width was 30 97 

to 40 m. For the sake of clarity, the route was divided into 21 sectors for construction 98 

purposes as part of the tender. (Figure 1). Subsequent archaeological research has 99 

documented each of these sectors separately.  100 

As part of the preparation of the archaeological excavation, the archive literature 101 

review was first carried out. The aim was to determine the archaeological potential based 102 

on the previously known archaeological sites in the vicinity of the project area 103 

(approximately 500m on either side of the proposed route) [17]. It turned out that only 104 

two prehistoric sites were recorded in the area.  105 

In the absence of information, it was decided to carry out a fieldwalking survey [18]. 106 

Surveys were carried out repeatedly along the entire route of the proposed road, except 107 

for areas inaccessible due to agricultural crops, permanent vegetation.  108 

Subsequently, at the request of the investor, the route of the future construction was 109 

subjected to a multispectral - geotechnical survey [19] and a geophysical (magnetic) 110 

survey, which was carried out between 2 and 14 January 2018  [20]. The magnetometry 111 

survey covered more than 80 hectares along the route. The survey covered not only the 112 

polygon of the structure. Where possible, the survey area was extended by a 5-10m wide 113 

strip on either side which is useful for better interpreting structures located on or 114 

extending beyond the proposed route. 115 

Magnetic survey was carried out using a LEA MAX fluxgate magnetometer (Eastern 116 

Atlas, Germany) with ten probes (FEREX CON 650, Foerster, Germany) spaced 0.5 m 117 

apart. The instrument was used in ATV mode, towed by a quad bike, on all sectors. The 118 

measured data were recorded together with the position using the South Instruments S- 119 

82 RTK GNSS instrument. 120 

The raw data were normalised using a median filter and drift correction was applied. 121 

They were processed and interpolated (to a grid with a cell size of 0.25m) in Eastern Atlas 122 

EAL D2 software. The output was the resulting map of the vertical gradient ΔZ of the 123 

Earth's magnetic field (nT) - the magnetogram. Data interpretation, visualisation and 124 

analysis were performed in ArcGIS Pro 3.2 (ESRI). 125 

  126 
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4. Results of prospections and archaeological excavation 127 

The aim of the various prospection methods was to identify areas where 128 

concentrations of archaeological situation could potentially pose risks during the 129 

construction planning process. This study is primarily a comparison of the geophysical 130 

data with the results of the archaeological excavations, therefore in the following chapter 131 

we will mainly focus on the results of the magnetic survey, while the other methods will 132 

only be briefly discussed.  133 

Based on the results obtained, we have identified sites with traces of past 134 

anthropogenic activities in the geophysical data. The surveyed areas contain several 135 

magnetic anomalies that can be interpreted as potential archaeological features based on 136 

their nature, measured values, and expert assessment. A total of 278 potential 137 

archaeological objects were identified.  138 

The interpretation of several features can be challenging due to the diverse geological 139 

subsoil. In addition, we have identified several buried features whose fills have magnetic 140 

values that differ only slightly from their surroundings, increasing the potential for 141 

interpretation errors. Furthermore, the deep ploughing and post-depositional processes 142 

observed at several locations indicate significant disturbance to the archaeological 143 

structures and poor preservation. The preservation of subsurface features in situ is a 144 

crucial factor for successful interpretation of the geophysical survey at archaeological 145 

sites. Subsequent excavations revealed the extent to which individual structures and 146 

situations were damaged or preserved.  147 

The geophysical survey results were reasonably consistent with the subsequent 148 

archaeological investigation. In sectors 1 to 5 (0.3-2.9 km), the magnetic prospection only 149 

sporadically documented archaeological features, with some sectors being completely 150 

empty. The surface survey did not record any evidence of habitation in the area, and the 151 

follow-up survey during topsoil stripping confirmed the absence of any archaeological 152 

situations in the prospected area. Archaeologically positive situations were only revealed 153 

in sector 3, which was not prospected due to dense vegetation.  154 

However, there was no significant change in the situation on sectors 6, 7, and 8 (2.9- 155 

4.5 km). The geophysical survey identified approximately 70 potential archaeological 156 

features, mostly circular and oval in shape with a diameter of approximately 1-2 meters. 157 

As they were freely scattered in the area, their anthropogenic character was highly 158 

questionable. Subsequent archaeological monitoring during the excavation revealed that 159 

the area was empty. The magnetic survey revealed significant contamination of the area 160 

by small metal objects. This was also confirmed by the detector prospection, which 161 

documented a modern refuse dump that had been ploughed up in this location. 162 

Between km 4.5 - 5.25 in sector 9, none of the studies [17, 18] predicted significant 163 

archaeological situations. On the contrary, geophysical surveys here identified 35 and 164 

archaeological research documented 66 objects (Figure 3, 4). Notably, anomalies of a 165 

regular rectangular shape measuring approximately 2 x 5 m were later identified as graves 166 

of the Bylany culture from the Hallstatt period. Between km 4.7 and the beginning of 167 

sector 10, there were a total of 16 cremation graves and 16 chamber graves spread across 168 

the flat hill. 169 
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 170 

Figure 3. Sector 09; polygon 09_A western part: (A) Interpretation and results of archaeological re- 171 
search, (B) Magnetogram. 172 



Remote Sens. 2024, 16, x FOR PEER REVIEW 7 of 36 
 

 

 173 

Figure 4. Sector 09; polygon 09_A eastern part: (A) Interpretation and results of archaeological 174 
research, (B) Magnetogram. 175 

 176 

Numerous archaeological situations were also recorded in the following sectors.  On 177 

the almost 2 km long sector 10 (5.25-7.0 km), several concentrations of settlement-like 178 

objects were recorded by geophysical survey (Figure 5). The existence of prehistoric 179 

settlements in this location was also presumed by archive literature research and field 180 

walking survey. On the contrary, multispectral imaging did not predict a settlement 181 

activity here. Subsequent archaeological excavations have documented the existence of 182 

more than a thousand archaeological situations (post-holes, hearths, ovens, production 183 

facilities, ditches, sunken-houses, road remains, graves, earthworks and various pits of 184 

unspecified function). Chronologically, they fall within the Eneolithic pottery culture, the 185 

Middle Bronze Age barrow culture, and a very distinctive component on the site are 186 

objects from the Early and Late Bronze Age, the Hallstatt period, and the earlier Roman 187 

period. 188 
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 189 

Figure 5. Sector 10: (A) Interpretation and results of archaeological research, (B) Magnetogram. 190 

 191 

A significant settlement site was also found on sector 11. Even though the 192 

preliminary literature research did not foresee evidence of settlement in this sector and 193 

the results of the fieldwalking survey only suggested the possibility of the existence of 194 

isolated prehistoric remains. The geophysical prospection identifies two significant 195 

settlement groups here, which were later confirmed by archaeological excavation (Figure 196 

6). In addition to various settlement archaeological features, three large exploitation clay 197 

pits were detected in the area. The site was occupied in a range of phases of prehistory 198 

(Neolithic, earlier, earlier and later Bronze Age, Hallstatt Age) and early medieval times. 199 

 200 
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 201 

Figure 6. - Sector 11: (A) Interpretation and results of archaeological research, (B) Magnetogram. 202 

In the next sectors 12 to 15 (7.0-9.2 km), settlement activity is decreasing. The presence 203 

of significant archaeological components here was not suggested by literature research, 204 

fieldwalking survey, or geophysical survey. The latter documented here only a few 205 

questionable archaeological objects with no further specification, apart from geological 206 

and recent structures (an abandoned field road, property boundaries, a small waste). The 207 

given findings proved to agree with the observations during the excavation, when only 3 208 

buried objects were documented, which could be dated to the Late Bronze Age and minor 209 

remains of unspecified objects and layers of undetermined prehistoric and medieval age. 210 

Sector 16 (9.2-9.7 km) again proved rich in archaeological situations. In addition to 211 

the geophysical survey, which identified 27 settlement features here, the presence of 212 

archaeological situations on the sector was also suggested by preliminary literature 213 

research and the fieldwalking, although only in the form of isolated components (Figure 214 

7). Multispectral imaging has completely misjudged the situation at the site. While the 215 

survey report did indicate a possible archaeological site at a very small spot, however, this 216 

location was outside of the excavated area and relatively far from the largest concentration 217 

of buried archaeological featured. During the subsequent archaeological excavation 275 218 

archaeological features were identified and documented. The first significant component 219 

was composed predominantly of settlement features belonging to the Únětice culture of 220 

the earlier Bronze Age. Overall, graves were much more represented than settlement 221 

objects in the sector. The oldest component was represented by the burial of the bell beaker 222 

culture (55 graves), which form 3 groups close to each other on the area. The next 223 

component was a group of 7 graves from Únětice culture  and 7 burial pits from the La 224 

Tène period. The youngest evidence of anthropogenic activity on the site were small 225 

modern stone quarries (marlstone) [16]. 226 
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 227 

Figure 7. Sector 16: (A) Interpretation and results of archaeological research, (B) Magnetogram. 228 

Evidence of past anthropogenic activity was also documented in sectors 17 and 18 229 

(9.9-11 km). Geophysical surveys here revealed several concentrations of anomalies that 230 

could represent small, buried settlement features (Figure 8, 9). Possible archaeological 231 

components were already foreseen here by the basic research, and the results of surface 232 

collections also assumed sparse evidence of settlement features. The archaeological 233 

excavation confirmed these assumptions. Dozens of archaeological situations were 234 

investigated in the area, which indicate settlement activities, especially during the 235 

agricultural prehistoric and Hallstatt periods, mostly in the form of post-holes. Part of a 236 

large circular enclosure was also uncovered. 237 

 238 
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 239 

Figure 8. Sector 17: (A) Interpretation and results of archaeological research, (B) Magnetogram. 240 

 241 

Figure 9. Sector 18: (A) Interpretation and results of archaeological research, (B) Magnetogram. 242 
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 243 

Figure 10. Sector 19: (A) Interpretation and results of archaeological research, (B) Magnetogram. 244 

The archaeological excavation on the left bank of the Červený stream in terminal 245 

section 19 (11-12.1 km) revealed significant remains of the core of an agricultural 246 

settlement from the early Middle Ages. Several other objects could be dated to agricultural 247 

prehistory as well as to the Bronze Age. While the settlement at this site was assumed by 248 

the literature research and the fieldwalking survey, the geophysical survey identifies only 249 

6 magnetically positive anomalies, interpreted as potential settlement pits, in addition to 250 

the old channel (paleochannel) of the Červený stream. The reason for this was the 251 

magnetically significant geological subsoil, which did not allow the identification of 252 

archaeological situations (Figure 10). 253 

It was not possible to identify any archaeological features by magnetic survey even 254 

in the final sections 20 and 21. The narrow strips along the existing road were heavily 255 

obstructed by modern utilities and make it impossible to evaluate these areas. However, 256 

the subsequent archaeological excavation did not reveal any archaeological features here.  257 

 258 

In total, the archaeological excavation identified 7 concentrations of archaeological 259 

features in the study area (Figure 11;A). Based on the literature research, only 2 260 

concentrations were expected in the area. Each of the preliminary prospecting methods 261 

identified a different number of these concentrations with varying degrees of accuracy 262 

and detail (Table 1).  263 

  264 
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 265 

The field walking survey indicated two concentrations, and with some degree of 266 

uncertainty predicted the presence of three more. The magnetic survey detected 6 267 

concentrations (Figure 11;B). However, I was not able to successfully identify 268 

archaeological features on sector 19 due to the prominent geological background. The 269 

multispectral imaging method proved to be the least effective, as it predicted settlement 270 

in the vicinity of two sites with a high degree of uncertainty. This is not surprising, because 271 

for its successful application of the method, there are strict criteria for the condition of the 272 

surveyed area, vegetation and climatic conditions as well as for the selection of a suitable 273 

sensor (with appropriate spectral and spatial accuracy) and the evaluation of the acquired 274 

data (radiometric corrections, ground reference measurements, etc.) [21]. In the case of the 275 

multispectral survey, Thermovision combined with Near Infra-Red (NIR) and visible 276 

spectrum was chosen. The flight altitude during the primary analysis data collection was 277 

200 m and the flight speed was 140-170 km/h. Overflight of areas under different 278 

temperature and weather conditions during two days in September 2017 [19]. 279 

 280 

Table 1. Performance of applied prediction methods 281 

method performance detected concentrations 

Archive literature research [17] 29% 2 of 7 

Field artefact survey [18] 29 - 71% 2+3? of 7 

Multispectral survey [19] 0 - 29% 2? of 7 

Magnetic survey [20] 86% 6 of 7 

 282 

  283 
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 284 

Figure 11. Project area: planned road I/16 – Slaný – Velvary: (A) Concentrations of archaeological 285 
features identified during the excavation; (B) Concentrations of possible archaeological features 286 
predicted by magnetic prospection. Basemap DMR5G (ČÚZK). 287 

 288 

Figure 12. Project area: planned road I/16 – Slaný – Velvary: (A) Sites identified by Archive literature 289 
research [17] and sites identified by Field artefact survey [18]; (B) Sites identified by Multispectral 290 
survey [19]. 291 
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Such an evaluation of the prediction performance is very simplified. With the 292 

exception of the magnetic survey, none of the methods were able to detect individual 293 

archaeological features and were limited to identifying areas where potential 294 

archaeological situations might be located. Archival literature research is dependent on 295 

the intensity of past archaeological research. Multispectral imaging covered almost the 296 

entire area of the construction area and identified several potential sites. However, these 297 

proved to be empty during the rescue archaeological research. Not a single site was 298 

defined exactly. Given this, the coincidence of the two sites identified in the vicinity of the 299 

actual archaeological sites appears to be rather coincidental. The field walking survey 300 

proved to be very productive, and we can assume that if the survey could be repeated at 301 

different times of the year, it would be possible to refine the settlement even at sites that 302 

were identified as only questionable. However, neither the field walking survey nor the 303 

multispectral survey are in any way indicative of the intensity and nature of settlement. 304 

It is the opportunity to reveal in detail the scale and character of specific archaeological 305 

situations in the study area that distinguishes the magnetic survey from the rest of the 306 

methods used. This level of detail allows us to evaluate the effectiveness of the magnetic 307 

survey in juxtaposition with archaeological research at the level of individual objects.  308 

This evaluation of the prediction performance is oversimplified. None of the 309 

methods, except for the magnetic survey, could detect individual archaeological features. 310 

Instead, they were limited to identifying areas where potential archaeological sites might 311 

be located. Multispectral imaging covered almost the entire construction area and 312 

identified multiple potential sites. However, the archaeological excavation did not yield 313 

any significant findings. None of the sites was well correctly identified. Therefore, the 314 

identification of two sites in the vicinity of the actual archaeological sites seems to be 315 

merely coincidental. On the other hand, the field walking survey was highly productive, 316 

and we can assume that if the survey could be repeated at different times of the year, it 317 

would be possible to refine the settlement even at sites that were identified as only 318 

questionable. However, neither the field walking survey nor the multispectral survey 319 

provides an indication of the intensity and nature of settlement. The magnetic survey 320 

stands out from other methods as it offers the opportunity to reveal the scale and character 321 

of specific archaeological situations in the study area. This level of detail enables us to 322 

evaluate the effectiveness of the magnetic survey in comparison to archaeological research 323 

at the level of individual objects. 324 

 325 

5. A method for the evaluation of the effectiveness of magnetic surveys. 326 

In general, it is very difficult to accurately determine the effectiveness of geophysical 327 

surveys. The effectiveness can thus be defined as the rate of success at which geophysical 328 

prospection predicted the presence of subsequently archaeologically excavated situations. 329 

The results of the archaeological excavation provide a reference layer (reality) that we can 330 

cross-reference with the interpretation of the magnetic prospection (prediction). Despite 331 

the interpretive nature of archaeological excavation and the fact it is being subjective [22], 332 

the results of the excavation must be considered as objective truth. At least in the context 333 

of our study. Archaeological excavation is destructive in nature and involves procedures 334 

that cannot be repeated. It introduces a number of complications associated with 335 

inconsistencies in excavation techniques and documentations. In contrast, geophysical 336 

survey is non-destructive, allowing the entire process to be repeated and reconstructed 337 

again and again. The results of geophysical prospecting are objective in nature, and they 338 

acquire subjectivity only through a subsequent process of interpretation, in which 339 

anthropogenic features have to be identified and distinguished from natural structures.  340 

The whole spectrum of activities related to the logistical planning of the construction, 341 

the implementation of earthworks and the rescue of the archaeological cultural heritage 342 

depends on the level of risk, or the potential for archaeological situations to occur. The 343 
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parameter that clearly expresses the 'volume' of archaeology within the planned 344 

construction is the number of archaeological objects or their intensity. Other parameters 345 

are the area of the research, the cubic volume of soil to be moved during the excavation of 346 

the objects, or the number of days worked. The role of geophysical prospection is to detect 347 

the presence of archaeological situations in advance, which will allow us to better define 348 

these parameters. At the same time, the geophysical prospecting will also help us to point 349 

out places where the occurrence of archaeological situations is expected to be minimal. 350 

5.1. Limits of analysis 351 

The comparison of the interpretation of the geophysical prospection with the results 352 

of archaeological excavation presents a challenge that has several challenges. Besides the 353 

technical limitations of each method, in the case of geophysical methods, for example, the 354 

sensitivity of the instrument or the problems of data interpretation, and in the case of 355 

excavation, for example, the chosen method of excavation or its documentation, the 356 

evaluation itself is problematic. In fact, it is a comparison of two essentially different 357 

methods of identifying archaeological situations. 358 

 359 

Geophysical prospection - in our case magnetic survey - examines archaeological 360 

situations through the physical properties of the soil or deposits. Archaeological research, 361 

on the other hand, examines the visual and material properties of archaeological 362 

structures, observing characteristics such as changes in soil color, grain size, compactness, 363 

composition and, above all, the presence of artefacts or remains of anthropogenic 364 

activities. In both cases, the identification of archaeological objects depends on several 365 

factors such as the pedological bedrock, the geological setting, the extent of the area 366 

surveyed or the climatic conditions. In principle, there is no way to verify the accuracy of 367 

one method by the results of the other, and it is questionable whether the results of 368 

geophysical prospection can be verified by archaeological research at all [23, 24]. 369 

 370 

A further limitation in the comparison of excavation and magnetic prospection 371 

results lies in the influence of spatial inaccuracies. Despite the widespread use of geodetic 372 

grade survey instruments, achieving absolutely accurate object location is still a challenge. 373 

Although errors at the beginning of an archaeological survey are only a few centimeters, 374 

they are compounded during subsequent processes such as scanning and digitalisation. 375 

A further complication when comparing results is the differences in conditions and 376 

ground conditions during geophysical survey and archaeological research. Finally, 377 

understanding the relationship between anomalies and their sources is also very 378 

important, as geophysical anomalies may not correspond to the shapes of excavated 379 

archaeological objects. All these factors lead to positional discrepancies, which can lead to 380 

misjudged comparisons. 381 

  382 
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5.2. Process for evaluating the effectiveness of magnetic surveys. 383 

Almost the entire area of the construction has been archaeologically investigated. As 384 

some areas were inaccessible at the time of the geophysical prospection, parts of some 385 

sections (about 15 ha) were not fully investigated. These are mainly areas under modern 386 

roads and areas of permanent vegetation (orchard at sector 3). The comparison was there- 387 

fore made only within the area that was investigated by both methods (geophysical pro- 388 

spection and subsequent excavation). A so-called 'common area' was created. This area 389 

(51.3 ha) represents 64% of the total area of the prospection (80 ha), or 72% of the area of 390 

the construction (71.5 ha) - the area of the research (Chart 1). 391 

 392 

 393 

Chart 1. Chart of Common area as result of intersection of Survey and Excavated area. 394 

 395 

Interpretation of the magnetic prospection data was created directly in the GIS 396 

environment. Also, the plans of the archaeological research were scanned and converted 397 

into vector format, which allowed their further analysis and processing. The individual 398 

layers were unified, and their attributes were optimized so that they were compatible and 399 

comparable with each other [25]. The initial dataset consisted of two groups of polygons. 400 

For the analysis, we worked with polygons of outlines of objects documented during 401 

excavation and polygons of interpreted anomalies from geophysical surveys. These were 402 

the 1999 archaeologically surveyed objects and 278 magnetic anomalies interpreted as 403 

potential archaeological features.  404 

 405 

Only objects with a diameter greater than 1 m were included in the analyses. These 406 

are objects that can be expected to be detected by prospection due to the configuration of 407 

the used magnetometer and the rather complicated geological subsoil. We have removed 408 

small features, mainly post holes and smaller pits, from the overall dataset. Thus, from 409 

the original number of 1999 archaeologically excavated objects (the cumulative area of 410 

their floor plans occupies 2152 m2), 435 objects (the cumulative area of their floor plans 411 

occupies 1770 m2; Table 4) were included in the analyses. These represent up to 82% of the 412 

total area of the excavated objects (Chart 2). 413 

 414 
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Chart 2. Frequency (count) of objects by size and percentual representation of objects (area). 416 

There are several studies that rely on subjective assessments of prospection success 417 

[6, 26-28]. Our analytical procedures were inspired by a methodology originally used in a 418 

pilot study of decision-making in archaeological excavations in the UK [29] and 419 

subsequently in other projects [7, 30]. In assessing the effectiveness of geophysical 420 

prospection, we have used quality control techniques for automatic classification of 421 

remote sensing data [31, 32].  422 

 423 

In general practice, there are several metrics for evaluation, but most of them rely on 424 

a "confusion matrix" (Figure 13), which records hits and misses. In the context of our 425 

study, the confusion matrix distinguishes between the presence (positive class) and 426 

absence of archaeological situations (negative class), with the following categories: 427 

 428 

True Positive (TP): VALIDATED: Number of cases correctly identified as containing 429 

archaeological features.  430 

False Positive (FP): Number of cases that were incorrectly identified as containing 431 

archaeological features (false alarms). 432 

True Negative (TN): Number of cases correctly identified as not containing 433 

archaeological features. 434 

False Negative (FN): Number of cases incorrectly identified as not containing 435 

archaeological features (missed detections). 436 

  437 
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 438 

Figure 13. Schematic representation of the concept of confusion matrix in the context of the study. 439 

We applied two basic methodological approaches to evaluate the effectiveness of the 440 

magnetic survey: manual visual comparison and statistical spatial correlation. 441 

 442 

5.3. Manual visual comparison 443 

Initially, we evaluated the effectiveness of the magnetic survey by directly correlating 444 

the vector layers of the polygons: the plan of the archaeologically documented objects and 445 

the interpretive map of the magnetic survey. For each documented archaeological feature, 446 

we searched within a one-meter radius for a potential anomaly that might indicate its 447 

presence. Each match was additionally verified manually. This is a qualitative and 448 

subjective assessment based on expert judgement, carried out at the level of individual 449 

objects. This procedure can eliminate possible shape variations and positional 450 

inaccuracies, consider different climatic conditions during the survey and research, 451 

pedological and geological influences or differences in research methodology. The 452 

advantage is that this approach allows a detailed analysis of individual objects, correlation 453 

is done at the object/anomaly level, and it is possible to get an idea of which types of 454 

objects were recorded during geophysical prospecting and which were not.  455 

 456 

5.4. Statistical spatial correlation 457 

 458 

The method we have chosen is based on the principles of statistical spatial 459 

correlation. It is based on the comparison of a pair of data layers and the search for a 460 

correlation between the occurrence of an anomaly interpreted as a potential 461 

archaeological situation and an archaeologically excavated (confirmed) object.  462 

Statistical Spatial Correlation is an objective analytical technique that provides a clear 463 

numerical value and reduces the degree of subjectivity. For large archaeological sites it 464 

allows rapid processing of results. The procedure is standardized and reproducible, 465 

allowing comparison with other case studies. However, the method oversimplifies 466 

complex relationships into a single numerical value, which can miss important nuances 467 

and produce misleading results.  468 

  469 
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To minimize the impact of possible spatial inaccuracies arising from the 470 

documentation of the archaeological research and the geophysical prospection, we 471 

enlarged the original vectors by one meter around the perimeter (buffer - envelope zone). 472 

In the next step, the polygon vectors were converted into raster form. This resulted in two 473 

binary rasters for each section, whose cells represent archaeological objects or 474 

interpretations (1) and blank areas (0). The cells of both binary rasters corresponded in 475 

size to the cell of the resulting magnetogram (0.25 x 0.25m). By overlaying the two rasters, 476 

we created a basis for confusion matrix (Figure 13), that contained 8,210,000 cells. Given 477 

that the distribution of categories in the models (1 versus 0) is significantly skewed, with 478 

archaeological sites comprising only 1 to 3% of the total area, it was crucial to select 479 

evaluation metrics that adequately reflect this imbalance. For such cases, it is 480 

recommended to use a statistical evaluation using the F1 score (Table 2), which is a 481 

harmonized average of the Precision and Recall values [32]. 482 

Table 2. Formulas of used metrics [32]: 483 

 
(1) 

 
(2) 

 

 

 
(3) 

 

 

 484 

Precision illustrates what percentage of archaeological objects predicted by magnetic 485 

prospection were actually confirmed as archaeological objects. A high Precision value 486 

means that the majority of objects identified by magnetic prospecting were actually ar- 487 

chaeological finds, indicating that the prospection method has a low rate of false reports. 488 

Recall quantifies the ability of magnetic prospection to detect all archaeological ob- 489 

jects in a given area. It is the ratio of the area of correctly geophysical identified archaeo- 490 

logical objects to the total area of excavated archaeological objects. A high recall indicates 491 

that magnetic prospection was successful in identifying the majority of archaeological ob- 492 

jects, indicating good sensitivity of the method. 493 

Achieving high precision in archaeological prospection means carefully identifying 494 

anomalies as potential archaeological features, ensuring that they are indeed genuine. 495 

Conversely, high recall means capturing a wide range of genuine archaeological features, 496 

even if this includes some false positives. Striking a balance between these metrics is es- 497 

sential for accurate analysis. Prioritizing precision alone risks overlooking important fea- 498 

tures, while focusing on recall alone can lead to an overabundance of false positives, re- 499 

quiring additional resources for investigation. Optimizing both precision and recall in- 500 

volves refining detection methods, adapting survey approaches and using expert 501 

knowledge to effectively identify genuine archaeological features. 502 

  503 

Precision =
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝐹𝑎𝑙𝑠𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒
 

Recall =
𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒

𝑇𝑟𝑢𝑒 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 + 𝐹𝑎𝑙𝑠𝑒 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒
 

F 1 score  =
2

1/𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛+1/𝑅𝑒𝑐𝑎𝑙𝑙
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6. Results and discussion 504 

 505 

The first stage of analysis involved a visual-manual correlation of the correspondence 506 

between the interpreted anomalies and the archaeologically documented objects. From 507 

the initial pair of vector polygon layers (with objects over 1m in diameter), we created a 508 

group (layer) of objects containing geophysically recorded and subsequently archaeolog- 509 

ically confirmed objects (80) and archaeological objects that were not geophysically rec- 510 

orded (355).  511 

 512 

Despite the fact that only 80 out of 435 archaeological objects (18%) were detected by 513 

geophysical prospection, these objects occupy up to 42% of the area of the analysed ar- 514 

chaeological objects (Table 3, Table 4). If the areas of archaeological objects with a diameter 515 

of less than 1 meter are included in the total set, the geophysical prospection successfully 516 

detected 34% of the total area of archaeological objects. 517 

 518 

Table 3. Overview of input dataset of archaeologically excavated object used in the study. 519 

 Count count(%) area (m2) area (%) 

missed 355 82% 1038 58% 

validated 80 18% 757 42% 

total 435 100% 1795 100% 

 520 

In magnetic prospection interpretation, the identification process revolves around 521 

magnetic anomalies rather than individual objects. Consequently, there is often a differ- 522 

ence between the number of excavated objects and the interpreted anomalies. These 523 

anomalies might represent a single object or a cluster of multiple objects. Therefore, a more 524 

suitable method for evaluating effectiveness is to compare the percentage of the area cov- 525 

ered by recorded objects or verified anomalies. This approach accounts for the potential 526 

clustering of objects within anomalies and provides a more comprehensive assessment of 527 

prospection outcomes. 528 

 529 

It is evident from the table (Table 4) and the preceding text that not all sections are 530 

suitable for comparative analysis. For this reason, we have only selected those sections 531 

where concentrations of objects were detected by the magnetic survey and documented 532 

during the archaeological survey. In total, there are six sections (sections 9, 10, 11, 16, 17, 533 

18). 534 

 535 
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 536 

Chart 3. Area comparison of interpreted and excavated archaeological objects for analyzes sector. 537 

 538 

Table 4. Overview table of the analyssed data sample in the common area. 539 

1 Area is expressed in m2 540 
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sector interpretation archaeological features documented by excavation 
 

    
validated (TP)  (⌀<1m) 

 
(⌀>1m) all 

 

 
area1. count area count area  count area  count area  count area  

u01 735 
          

u02 21372 
          

u03 14902 
          

u04 9815 
          

u05 10856 3 128 
        

u06 49140 18 56 
        

u07 29546 37 61 
        

u08 26773 11 35 
        

u09 26713 26 187 13 110 51 11 28 178 79 189 

u10 63791 37 270 26 153 808 189 99 228 907 417 

u11 24098 20 469 13 412 224 84 50 743 274 827 

u12 9515 
          

u13 32152 6 7 1 2 2 1 1 2 3 3 

u14 26591 7 14 
        

u15 35608 
          

u16 18258 27 117 22 59 121 31 135 309 256 340 

u17 31343 25 37 3 8 53 7 19 51 72 57 

u18 16022 10 26 2 6 197 40 10 16 207 57 

u19 44620 3 6 
  

108 19 93 242 201 262 

u20 1568 
          

u21 19746 
          

total 5E+05 230 1413 80 750 1564 382 435 1770 1999 2152 



Remote Sens. 2024, 16, x FOR PEER REVIEW 23 of 36 
 

 

 541 

The comparison of the individual sections shows that the magnetic survey follows 542 

the same trend as the archaeological survey. The magnetic prospection correctly predicted 543 

the extent of archaeology in most areas of the future building route (Chart 3). The manual 544 

comparison that takes place at the level of individual objects allows us to investigate the 545 

reasons why some objects in the geophysical data were correctly or incorrectly identified. 546 

Detailed analysis reveals certain tendencies. Although the findings may not be statistically 547 

significant, it is evident that objects successfully predicted by prospection are larger and 548 

have greater depth. This observation is consistent with the expectation that magnetic pro- 549 

spection can identify primarily large objects (Table 5, Chart 4, 5). 550 

 551 

Table 5. Basic descriptive statistics - manual comparison.  552 

prospection  median minimum maximum std. dev. count 

missed  

diameter 1.59 1.01 22.65 1.72 

355 area1 1.35 0.22 196.03 10.98 

depth 0.32 0.00 2.38 0.36 

validated  

diameter 2.37 1.04 39.18 6.23 

80 area 3.17 0.29 280.01 31.76 

depth 0.45 0.00 1.56 0.36 
1 Area is expressed in m2 553 

 554 
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Chart 4. Areas of archaeological objects and their presence/absence in geophysical data. 556 

 557 
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 558 

Chart 5. Depths of archaeological objects and their presence/absence in geophysical data. 559 

 560 

We also observe that geophysical prospection identified different types of objects 561 

with different rates of success (Chart 6, Chart 7, Table 6). High detection success rates were 562 

achieved by prospecting in the hut claypit and line categories. Prospection also achieved 563 

a surprisingly high success rate in the identification and interpretation of burial pits, 564 

mainly due to the correct identification of 11 chambered graves in sector 09. 565 

 566 

 567 

 568 

Chart 6.  Percentage comparison (area) of excavated archaeological objects by function and detec- 569 
tion success rate in geophysical prospection. 570 
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 572 

Chart 7. Percentage comparison (count) of excavated archaeological objects by function and detec- 573 
tion success rate in geophysical prospection. 574 

 575 

Table 6. Overview of excavated archaeological objects by their functions and presence/absence in 576 
geophysical data. 577 

 

type  missed  validated (TP)  
quantity area quantity area 

hut 11 3% 89 4.95% 8 2% 101 5.62% 

clay pit 9 2% 306 17.06% 2 0% 325 18.11% 

grave 68 16% 142 7.89% 21 5% 124 6.93% 

pit 230 53% 398 22.19% 34 8% 103 5.77% 

line 3 1% 10 0.54% 3 1% 67 3.75% 

not_ae 33 8% 85 4.73% 11 3% 33 1.86% 

burnt feat. 1 0% 9 0.48% 1 0% 2 0.13% 

total 355 82% 1038 57.84% 80 18% 757 42.16% 

 578 
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 580 

Chart 8. Depths of archaeologically excavated objects catergorised by their function and 581 
presence/absence in geophysical data. 582 

In the next step, the metrics listed above were calculated for each analyzed sector 583 

(Table 7). At first sight it is obvious that the prospecting on sections 16, 17 and 18 was not 584 

very successful. In contrast, for sections 9, 10 and 11 the evaluation criteria indicate that 585 

the effectiveness of the magnetic survey is good. The reasons for this disproportion are 586 

not clear at first sight. The spectrum of objects is similar in both groups. Therefore, 587 

possible reasons for this trend could be associated with natural factors. The main 588 

prerequisite for objects to be detected by magnetic prospection is their sufficient contrast 589 

to the surroundings. This contrast is the result of the different physical properties of the 590 

object fill and the environment in which the object is embedded. In addition to the 591 

anthropogenic activity itself, the differences in the physical properties of the deposits are 592 

directly influenced by the composition of the underlying geology and the nature of the 593 

soil layer. In order to verify the assumption of the influence of geological and pedological 594 

conditions on the detection of archaeological situations, we further divided the study area 595 

(common area) into polygons according to the geological map - Czech Republic 1:50 000 596 

[33] and soil type (according to the Bonitovaná půdně ekologická unit, BPEJ Hlavní půdní 597 

jednotka [34]). The aim was not only to reveal the factors influencing the detection success, 598 

but also to increase the accuracy and reliability of geomagnetic data interpretation. 599 

 600 

Table 7. - Summary of calculated metrics within the investigated sections. Spatial correlation of 601 
prospecting and survey results within a 1m radius (analyzed sections). 602 

sector precision recall f1 score 

u09 0.55 0.51 0.57 

u10 0.58 0.44 0.66 

u11 0.72 0.41 0.92 

u16 0.47 0.15 0.70 

u17 0.11 0.11 0.11 

u18 0.18 0.24 0.15 

 603 

The entire route of the future road was divided into 63 polygons, with each polygon 604 

representing a geological or soil unit. Considering the results of the previous analyses, 605 

only the polygons from sections 9, 10, 11, 16, 17 and 18 were further investigated. These 606 

were 12 polygons covering approximately 16 hectares. Within these polygons we calcu- 607 

lated precision (Chart 9) recall (Chart 10) and F1 scores (Chart 11). The percentage repre- 608 

sentation of each soil type and geological unit is shown in Chart 12.  609 
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 610 

 611 

Chart 9. Heatmap of Geological (Y-axis) and Pedological (X-axis) combination: Each cell's intensity 612 
indicates the level of precision, with darker shades representing higher precision. 613 

 614 

 615 

Chart 10. Heatmap of Geological (Y-axis) and Pedological (X-axis) combination: Each cell's intensity 616 
indicates the level of precision, with darker shades representing higher recall. 617 
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 619 

Chart11. Heatmap of Geological (Y-axis) and Pedological (X-axis) combination: Each cell's intensity 620 
indicates the level of precision, with darker shades representing higher F1 score. 621 

 622 

 623 

Chart 12. Heatmap of Geological (Y-axis) and Pedological (X-axis) combination: Each cell's intensity 624 
indicates the level of precision, with darker shades representing a higher area in percentage. 625 
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Table 8. Overview of calculated metrics for 12 environmental polygons. 626 

polygon pedology geology F1 Score Recall Precision Area (ha) 

u10_C Cambisols Clastic freshwater to marine hardened sediments - claystones - cenoman 0.67 0.55 0.86 0.05 

u09_A Chernozems Clastic marine hardened sediments - claystones, siltstones - turon 0.66 0.81 0.56 0.8 

u10_D Cambisols Clastic marine hardened sediments - claystones, siltstones - turon 0.59 0.54 0.65 0.96 

u10_A Calcic Leptosols Clastic marine hardened sediments - claystones, siltstones - turon 0.56 0.53 0.61 3.18 

u11_A Chernozems loess 0.55 0.45 0.73 2.1 

u11_B Chernozems Clastic freshwater to marine hardened sediments - claystones - cenoman 0.47 0.5 0.45 0.1 

u09_B Calcic Leptosols Clastic marine hardened sediments - claystones, siltstones - turon 0.42 0.34 0.54 1.83 

u10_B Cambisols Clastic marine hardened sediments - claystones, siltstones - turon 0.3 0.21 0.58 0.68 

u16_A Chernozems loess 0.27 0.25 0.28 1.13 

u16_B Chernozems clastic hardened sediments - brownish red claystones - stephan C 0.22 0.13 0.74 0.69 

u18_A Chernozems clastic hardened sediments - brownish red claystones - stephan C 0.2 0.24 0.18 1.56 

u17_A Chernozems clastic hardened sediments - brownish red claystones - stephan C 0.11 0.11 0.11 3.13 

 627 

 628 

The results, similar to the manual comparison, indicate that the prospection was suc- 629 

cessful on sectors 09, 10 and 11. However, it was not as successful in sectors 16, 17 and 18. 630 

The bedrock of the first tree sector (09, 10 , 11) consists of clastic freshwater to marine 631 

hardened sediments - claystones of Turonian and Cenomanian age with varying degrees 632 

of calcic leptosols, chernozems and cambisols at the surface. In contrast, from section 16 633 

to the end of the study area, the bedrock is dominated by clastic hardened sediments - 634 

brownish red claystones - stephan C age in combination with chernozems.  635 

The combination of cambisol and clastic freshwater to marina hardened sediments 636 

(Cenoman age) yielded the highest F1 Score values (0.67). The high efficiency of magnetic 637 

prospection is attributed to the presence of a large object in a relatively small area (ap- 638 

proximately 500m2). Although the magnetic survey revealed the archaeological potential 639 

of this small area, it did not record its characteristic feature, the small post-holes (building 640 

footprint). The second in order is a combination of chernozems- clastic marine hardened 641 

sediments - claystones, siltstones - (Turonian age) with an F1 Score of 0.66. 642 

 643 

This combination (polygon u09_A - Figure 3) is located in the western part of section 644 

09. On section 09 the magnetic survey correctly identified the presence of chambered 645 

graves, often buried in weathered marl [16]. In the western part of u09_A we correctly 646 

identified all graves (5), as shown by the very high recall value (0.81). This indicates that 647 

the survey and its subsequent interpretation correctly identified the sites and their extent 648 

- successfully identifying 81% of their area. The Precision value (0.56) indicates that 56% 649 

of the predicted objects in a given area were in fact archaeological objects. The intensity of 650 

archaeology in the area not only correctly identified the archaeological objects, but also 651 

correctly delineated them.  652 

 653 

The same spectrum of features, but with a different soil type (clacic leptosols), was 654 

investigated in the eastern part of sector (polygon u09_B - Figure 4). The change in soil 655 

type is not visible on the magnetogram. However, in the eastern part of the area we ob- 656 

serve increased concentrations of disturbance signals, which complicated the identifica- 657 

tion of objects. This disturbance is caused by the presence of dirt roads and an old parcel 658 

system. In the calcic leptosols the statistical indicators were lower (Table 8), nevertheless 659 

the magnetic prospecting can be considered successful. Prospection here identified 7 of 660 

the 12 chambered graves. However, these were the only objects here that it predicted cor- 661 

rectly. It correctly identified 54% of the area of archaeological situations. However, due to 662 
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disturbance features here, interpretation was hampered, and several of the predicted 663 

anomalies were not confirmed as archaeological features.  664 

It should be mentioned that excavation revealed several cremation (urn) burials in 665 

addition to chambered graves. Although none of them were identified by magnetic pro- 666 

spection. However, their impact on the assessment of effectiveness by statistical metrics 667 

was zero, as none of the burials were larger than 1 meter in diameter. 668 

 669 

The bedrock, consisting mainly of clastic consolidated sediments (Turonian age) - 670 

sandy siltstones to claystones, also provided good conditions for magnetic prospection in 671 

section 10 (Figure 5).  672 

This section is almost 2 km long and almost 2/3 of the section area was covered by 673 

calcareous leptosols and the rest by cambisols. The spectrum of objects recovered is dif- 674 

ferent from that of section 09. Here a polyculture settlement with a range of settlement 675 

objects was uncovered. As in the case of cremation (urn) burials, the small postholes were 676 

not recorded by the geophysical survey. The predictive value of the geomagnetic survey 677 

is therefore questionable, despite the high F1, precision and recall values. The calculated 678 

metrics indicate a reasonably good performance (Table 8), but the underlying geology 679 

made it impossible to identify small features and thus capture a key feature of the settle- 680 

ment. However, larger objects with an average area of 6 m2 were successfully detected. It 681 

was possible to capture a partial plan of the structure (building footprint in the form of a 682 

ditch), but no post pits. 683 

 684 

The combination of chernozems and loess (including a small polygon of chernozems 685 

and siltstones) enabled the successful detection of settlement features in sector 11 (Figure 686 

6). It can also be concluded that the prospection was effective in identifying archaeological 687 

situations, successfully predicting 55% of the area of archaeological situations based on 688 

the high evaluation metrics (F1 score: 0.55, precision: 0.73 and recall: 0.45) (Table 8). The 689 

identification of large exploitation pits - claypits - also contributed to the high values. De- 690 

spite recurrent recent magnetic disturbance on the sides of the survey area, the objects 691 

identified are high contrast. Overall, the prospection of the area can be assessed as suc- 692 

cessful, as the character of the archaeological site has been captured or correctly identified. 693 

However, as in previous cases, graves escaped detection in this area.  694 

The magnetic prospection was not successful on sectors 16, 17 and 18 (Table 8; Figure 695 

7, 8, 9). It indicates the potential presence of archaeological situations on the site but failed 696 

to recognise the nature of the archaeological site. The surface of sectors 16, 17 and 18 was 697 

covered by chernozem. The geological bedrock consists of brownish red claystones - clas- 698 

tic consolidated sediments (Stephan C age) with occasional loess fills. The area of sector 699 

16 was the most geologically complicated part of the entire area investigated. The eastern 700 

part of the area is made up of rocks of the Líně Formation, with a predominance of deep 701 

red and whitish grey claystone and dusty sediments. There is no evidence of archaeolog- 702 

ical activity of prehistoric or medieval origin in this part of the sector, probably due to the 703 

predominantly silty nature of the underlying geology. This type of bedrock continued into 704 

the western half. Here the deposits of a Mesozoic river were also recorded, whose course 705 

meandered and slightly cut into the older Carboniferous rocks. The river channel fill con- 706 

sisted of variously laminated sands and gravels, in places very intensely eroded into solid 707 

dark rusty ferruginous sandstones and siltstones (ferricrete) [16]. The area was strongly 708 

influenced by Pleistocene cryogenic processes. In addition to ice wedges, there were also 709 

frost pots or small erosion furrows. The frost depression fills were distinctly different in 710 

color and grain size from their surroundings and thus resembled archaeological objects. 711 

It is very difficult to distinguish them from archaeological objects on the magnetogram. 712 

[16].  713 

In general, the number of examined objects on sections 16, 17 and 18 is smaller than 714 

previous sectors (Table 4; only objects with a diameter of more than 1 meter are counted 715 

in the statistics). Except for sector 16, where several components (settlement, burial site) 716 
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were investigated, only a few dozen objects were excavated on sections 17 and 18 within 717 

the surveyed area. The survey captured only a fraction of the postholes, and from these it 718 

was not possible to identify any floor plan of an above-ground structure. In addition to 719 

85% of the graves on sector 16, a large part of the circular area, consisting however mainly 720 

of postholes less than 1 meter in diameter, also escaped detection. 721 

We decided to test the influence of environmental variables, namely topsoil (pedol- 722 

ogy), by repeated geophysical measurements. This was done on section 16 after removal 723 

of the topsoil. The resulting magnetogram is different (Figure 14). After removal of the 724 

topsoil, the bedrock layers and cryogenic structures were highlighted. The contrast of the 725 

recorded anomalies is better due to the absence of noise from the topsoil, but the interpre- 726 

tation of small objects would still be complicated. It is possible to relate archaeological 727 

objects to magnetic anomalies, but without prior knowledge of the existence of the objects 728 

this would be very ambitious. We can therefore conclude that the topsoil did not play a 729 

significant role in the detection and interpretation of objects in the magnetic data, at least 730 

in the surveyed sector. 731 

 732 

 733 

Figure 14. Sector 16 – (A): Interpretation and results of the archaeological excavation, (B): Magneto- 734 
gram, (C): Magnetogram of the area after the topsoil stripping. (ČÚZK a ČGS).  735 
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These comparisons indicate that environmental variables such as geological subsoil 736 

and soil type have an obvious influence on the effectiveness of magnetic prospecting and 737 

its interpretation. Clastic sedimentary bedrock (Stephan C age) - brownish red clay - was 738 

found to be the least suitable category. Although geological parameters play an important 739 

role, the nature of archaeological situations, especially their dimensions (areal extent), was 740 

found to be more important for the successful identification of archaeological objects than 741 

environmental variables. This is evidenced by the difference between sections 09/10/11, 742 

where larger objects were successfully detected, and sections 16/17/18, where smaller ob- 743 

jects were more difficult to identify. (Chart 13, 14). 744 

 745 

 746 

Chart 13. Area of all archaeologically investigated features within the analyzed sectors. 747 

 748 

 749 

Chart 14. Area of archaeologically investigated features with diameter larger than 1 m within the 750 
analyzed. 751 
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Conclusion 753 

In this article we present the results of geophysical measurements and compare the 754 

interpretation of the magnetic survey with the results of a rescue archaeological excava- 755 

tions in the route of the construction of the I/16 road Slaný - Velvary. The aim is to under- 756 

stand the importance of geophysical prospection and to determine its contribution and 757 

limits for rescue archaeological research. The area affected by the construction of the road 758 

has not previously been the subject of archaeological prospection aimed at discovering 759 

new sites, and this has been reflected in the low number of previously known and con- 760 

firmed archaeological sites lying in the immediate vicinity of the planned construction. 761 

Due to the lack of information, surface collections and a multispectral - geotechnical sur- 762 

vey were conducted along the entire route. These methods provided new knowledge 763 

about the occurrence of archaeological sites in the study area but did not provide funda- 764 

mental knowledge regarding the intensity of archaeological cultural heritage. Moreover, 765 

as subsequent archaeological excavation has shown, multispectral imaging has also mis- 766 

takenly identified void sites as areas with high potential for archaeological occurrence. It 767 

was therefore decided to carry out a geophysical survey, which subsequently (just before 768 

the start of the excavation) covered almost the entire route of the upcoming construction.  769 

The magnetic survey identified over 278 potential archaeological features that cluster 770 

into smaller sites or are loosely spread across the survey area. The results of the geophys- 771 

ical survey proved to be in reasonably good agreement with the subsequent archaeologi- 772 

cal observations. We have attempted to define prospection effectiveness as the degree of 773 

success with which geophysical prospection predicted the presence of subsequently ar- 774 

chaeologically documented features. We applied two basic methodological approaches to 775 

assess the effectiveness of magnetic prospecting: manual visual comparison and statistical 776 

spatial correlation. For the correctness of the analyses, we only compared objects with a 777 

diameter greater than 1 m.  778 

The visual-manual correlation showed that although geophysical prospection de- 779 

tected only 80 of the 435 archaeological objects (18%), these objects cover up to 42% of the 780 

area of the analyssed archaeological objects. If the areas of small archaeological objects are 781 

included in the total set, geophysical prospection successfully detected 34% of the total 782 

area of archaeological objects. At the same time, the objects that were successfully pre- 783 

dicted by the prospection were found to be larger in size and at greater depths. We also 784 

observe that geophysical prospection identified different types of objects with different 785 

success rates. Above average detection success rates were achieved by prospecting the 786 

hut, clay pit and linear feature categories. Magnetic prospection also achieved a surpris- 787 

ingly high success rate in the identification and interpretation of burial pits, in particular 788 

by correctly identifying 11 chambered graves.  789 

Within the statistical spatial correlation, we could only analyze some sections. The 790 

resulting trend is similar, but we observed significant differences within individual sec- 791 

tions. Possible reasons for this phenomenon may be related to natural factors such as the 792 

composition of the underlying geology and the nature of the soil layer. Clastic sediments 793 

(Stephan C age) - brownish red clay - proved to be the least suitable category, and topsoil 794 

is unlikely to have played a significant role in the detection and interpretation of objects 795 

in the magnetic data. Although geological parameters play an important role, it has been 796 

shown that, in addition to environmental variables, the nature of the archaeological situ- 797 

ations, particularly their areal extent, is important for the successful identification of ar- 798 

chaeological objects. In general, it can be said that even if geophysical prospection does 799 

not identify all objects, the fact that it correctly identifies the presence of some of them 800 

makes a huge contribution to the logistical preparation of rescue archaeological research. 801 
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