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Appendix I  Fact sheets 
 
 
 
 
 
 
 
 
Introduction 
 
This appendix contains the factual data of the sites that have been investigated in this study. 
Every site description starts with a heading table which contains the geological and archaeological 
characteristics of the site, its location and details about any archaeological work that has been 
conducted either before or after the magnetometer surveys or magnetic susceptibility sampling. 
The code in the first line of the table is the internal project code. The central coordinates are Dutch 
grid (Rijksdriehoeksnet) in meters. ARCHIS numbers are ARCHIS ‘research numbers’, unless this 
number is not yet available, in that case the number for the proposed archaeological activity 
(‘onderzoeksmelding’) is used. These numbers have the prefix p. For archaeological sites without any 
archaeological activity, the observation number (‘waarneming’) is prefixed with o. The prefix m is 
used for scheduled archaeological monument numbers. 
 
The textual descriptions are short and aim only to present all the data that was collected at one site, 
this typically includes a set of magnetometer data and the results of any magnetic susceptibility 
measurements. The interpretation of the data in these fact sheets is on a basic level. Where relevant, 
the reader is pointed to the main text where the data is further interpreted and placed into a wider 
context. 
 
 
1 Beugen 
 
Beugen Zuid II BE04 
municipality Boxmeer 
central coordinates 192875, 409400 
type of archaeological site settlement 
period MED 
lithology sand, silt 
depositional environment fluvial 
archaeological activity excavation (ARCHIS: 4450) 
executed by  Amsterdams Archeologisch Centrum, Universiteit van Amsterdam (AAC-UvA) 
 
Introduction and aim 
During an excavation of a settlement and burial site in Beugen prior to development, soil samples 
were taken in order to investigate the magnetic contrast between the fill of the archaeological features 
and the undisturbed matrix. This excavation created the opportunity to sample well defined archaeo-
logical features in addition to the archaeological layers that could be sampled by hand auger during 
the magnetometer survey that was carried out just to the east of this project (see 2 Beugen).  
 
Methodology 
All samples were taken from the feature fills and sections during the excavation of trench 16, directly 
west of the survey Beugen-Zuid I. In this trench only Medieval features were excavated. Apart from 
the topsoil material and the undisturbed matrix, two well fills and the core of a posthole feature were 
sampled, as was a modern feature that intruded into the archaeological levels. All features are from 
Medieval or later age. 
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Results 
The results of the magnetic susceptibility measurements are displayed in Table 1. Both topsoil 
samples have high values. This is also the case with the fill of the modern feature that was sampled, 
and it is likely that that the fill consists mainly of topsoil material. Magnetic susceptibility values for 
the undisturbed matrix are much lower, whereas the values for one of the well samples and the post-
hole sample range in between the magnetic susceptibility of the topsoil and the undisturbed matrix. A 
decrease in magnetic susceptibility with depth can be seen in most soil profiles (see paragraph 3.6), 
and many archaeological features are magnetically detectable because they are (partly) filled in with 
higher magnetic susceptibility topsoil material, as is probably the case with the modern feature that 
was sampled. It is likely that to a lesser extend this is also the case for the other two archaeological 
features, they have a higher magnetic susceptibility than the undisturbed matrix at the same depth, 
which could make them magnetically detectable at the surface. The second well sample has a very 
low magnetic susceptibility and a slight negative contrast with the undisturbed matrix. An insufficient 
number of samples has been taken to draw any firmer conclusions on the possible detection of the 
archaeological features at this site. 
 
Table 1  The magnetic susceptibility of the soil 
samples from the excavation at Beugen, trench 16. 
sample interpretation magnetic susceptibility 

x 10-8 m3/kg 
1 feature fill MOD 21.34 
2 well MED/PMED 17.47 
3 undisturbed matrix 7.55 
4 topsoil 29.34 
5 topsoil 19.87 
6 undisturbed matrix 6.24 
7 well LMED 5.41 
8 posthole core MED 11.70 

 
 
2 Beugen 
 
Beugen-Zuid BM03 
municipality Boxmeer 
central coordinates 192900, 408900 
type of archaeological site settlement 
period IA, (ROM), MED 
lithology sand, silt 
depositional environment fluvial  
archaeological activity test trenches (ARCHIS: 3838) 
executed by  Amsterdams Archeologisch Centrum, Universiteit van Amsterdam (AAC-UvA) 
 
Introduction and aim 
A rural area south of Beugen was investigated archaeologically by means of test trenches prior to 
development. Settlement traces from the Iron Age and the Middle Ages were found under a thin 
plaggensoil, including buildings, wells, ditches, pits and an oven (Langeveld et al. 2003). Some 
Roman Period features could also be mapped. A magnetometer survey following these excavations 
was carried out in order to assess if on this location magnetic methods could have (partly) replaced the 
intrusive investigations. Because the Medieval and the Iron Age features occur in separate clusters, 
there was an opportunity to investigate if there was a magnetic difference between the features from 
the two periods on a similar geological background. 
 
Methodology 
A fluxgate gradiometer survey was carried out on a resolution of 0.5 x 1 meter. Samples for magnetic 
susceptibility measurements were taken by hand auger in an east-west transect (Figs. 2 and 3). Two of 
the magnetic anomalies that were mapped were investigated by hand auger and sampled for magnetic 
susceptibility measurements. 
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Results 
The results of the magnetometer survey are displayed in Figure 1, and the interpretation diagrams for 
the data can be found in Figures 2 (western part) and 3 (eastern part). A number of magnetic 
anomalies can be distinguished, both linear and round or oval in shape. The linear structures have two 
orientations, both approximately SEE-NWW. The features of orientation 1 (Fig. 2 and 3) are perpen-
dicular to the Medieval ditch that was excavated north of core A50. It is likely that the magnetic 
anomalies are caused by the presence of ditches in the subsoil. These ditches may be of Medieval 
origin. The features causing the anomalies of orientation 2 are also likely to be ditches. A core in one 
of these ditches (X2 in Fig. 3 and Appendix III) showed that the shallow archaeological feature was 
disturbed by ploughing, except for some brick - which may have been mixed in with the topsoil - no 
dateable material was present in the fill of the feature. 
Three oval positive anomalies can be recognized in the data with lengths of 4.5, 5.5 and 9 meter. The 
features that are causing them are likely to be large pits. Because of their large size it is unlikely that 
the anomalies have to be interpreted as wells. In trenches 5 and 40 (in the north and south of Fig. 3) 
two large Iron Age oval pits were excavated that were interpreted as cattle watering places. It is 
possible that the three magnetic anomalies are caused by similar features. 
 
Table 2  The magnetic susceptibility of the soil samples from 
Beugen-Zuid. The samples have been taken by hand auger. 
core depth interpretation magnetic susceptibility 

x 10-8 m3 /kg 
A100 5-15 topsoil 25.86 
A100 40-45 topsoil 24.58 
A150 5-15 topsoil 24.01 
A200 5-15 topsoil 39.31 
A250 10-15 topsoil 38.15 
A250 30-35 topsoil 30.88 
A300 5-15 topsoil 34.90 
A300 40-45 topsoil 30.24 
A50 5-15 topsoil 30.52 
X1 5-15 topsoil 28.54 
X1 35-40 topsoil 34.11 
A150 35-40 topsoil / arch. layer 26.62 
A100 45-50 arch. layer 6.07 
A150 50-55 arch. layer 11.35 
A200 45-50 arch. layer 33.98 
A300 50-55 arch. layer 14.12 
A50 65-70 arch. layer 7.79 
X1 100-110 arch. layer 15.57 
X1 45-50 arch. layer 31.07 
X1 50-55 arch. layer 35.70 
X1 55-60 arch. layer 56.28 
X1 60-70 arch. layer 36.17 
X1 70-75 arch. layer 194.65 
X1 75-80 arch. layer 29.95 
X1 80-90 arch. layer 24.33 
X1 90-100 arch. layer 13.52 
A250 45-50 arch. layer? 19.88 
A50 50-55 feature? 14.07 
A100 65-70 undisturbed 4.91 
A100 90-100 undisturbed 2.90 
A150 55-65 undisturbed 4.41 
A150 85-90 undisturbed 1.06 
A200 100-105 undisturbed 1.00 
A200 70-75 undisturbed 8.12 
A250 90-95  undisturbed 1.28 
A300 115-120 undisturbed 0.77 
A300 70-75 undisturbed 2.78 
A50 110-115 undisturbed 3.02 
A50 75-80 undisturbed 4.36 
X1 110-120 undisturbed 18.74 
A50 95 Mn/Fe concretions 7.91 
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Figure 1  The results of the magnetometer survey in Beugen-Zuid. The results of the excavations have been 
superimposed on the magnetometer data.  
 
Core X1 (Fig. 3), in the largest of the three anomalies, showed that there is 50 cm of archaeological 
deposits present underneath the topsoil, with a large amount of pottery and charcoal. The pottery has 
been dated to the Iron Age. The two medium sized circular anomalies directly tot the west may be 
caused by ovens (excavated in the trench to the west) or by any type of pit, for example a water pit 
(two of which were excavated in the trench to the west of the features). Most of the small anomalies 
are bipolar, they may represent small pits, but they can also be caused by pieces of magnetic material 
like brick, metal or slag. After the excavation the trenches have been backfilled, the location of 
trenches 10, 13, 19 and 20, however, can still be recognized in the magnetometer data. A modern 
cable is running parallel to the road in the extreme west of the surveyed area. 
Details of the cores can be found in Appendix III. The magnetic susceptibility of the samples that 
were taken from the cores are displayed in Table 2, and the digested data in Table 3. 
 
Table 3  The mean, median, minimum and maximum values for four groups of magnetic 
susceptibility samples from Beugen-Zuid. N is the number of samples. 
 mean magnetic susceptibility  

x 10-8 m3/kg 
median  
x 10-8 m3/kg 

minimum  
x 10-8 m3/kg 

maximum  
x 10-8 m3/kg 

N 

topsoil 30.64 30.38 24.01 39.31 12 
archaeological layer 16.74 14.10 6.07 33.98 8 
feature X1 48.58 31.07 13.52 194.65 9 
undisturbed 4.44 2.96 0.77 18.74 12 
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Figure 2  Interpretation diagram of the surveyed area (western part). The location of the cores is indicated as 
well as the features from excavation that are referred to in the text.  
 
The magnetic susceptibility of the samples from the topsoil is very high compared to the undisturbed 
matrix. The magnetic susceptibility of the archaeological layer is very variable, and magnetic sus-
ceptibility values are lower than the topsoil values. It may not be reasonable to consider the archaeo-
logical layer as one homogeneous layer that is present over the whole surface of the site, but rather as 
a complex of archaeological deposits, the magnetic susceptibility values may reflect this in homo-
geneousness. 
The deposits that are associated with the archaeological feature that was sampled, however, generally 
have higher magnetic susceptibility samples than both the topsoil and the subsoil samples. This con-
firms that this archaeological feature could be magnetically mapped because of an enhancement in 
magnetic susceptibility of the fill of the feature.  
A difference in magnetic response between Medieval and Iron Age features could not be observed. A 
number, but not all, archaeological features could be mapped in Beugen. It is likely that some of 
these, because of their orientation, are Medieval, and some, for example X1, are Iron Age features. In 
this case a magnetometer survey would have given a quick indication of the location of certain fea-
tures on the archaeological site, but because of the limited information that can be obtained from this 
data, it could not have replaced the trial trenching. A combination of hand augering and a magneto-
meter survey, however, could in this case have provided information about the location and the dating 
of this previously unknown archaeological site. 
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Figure 3  Interpretation diagram of the surveyed area (eastern part). Key as in Figure 2. The location of the cores 
is indicated as well as the features from excavation that are referred to in the text.  
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3 Broekpolder 
 
Broekpolder BP02 
municipality Heemskerk 
central coordinates 107600, 500800 
type of archaeological site settlement, agricultural fields 
period BA, IA, ROM 
lithology clay, sand 
depositional environment estuarine 
archaeological activity hand augering (ARCHIS: 1036), test trenches (ARCHIS: p1072), excavation (ARCHIS: 

p1855) 
executed by  RAAP Archeologisch Adviesbureau; Rijksdienst voor het Oudheidkundig Bodemonder-

zoek (ROB); Amsterdams Archeologisch Centrum, Universiteit van Amsterdam (AAC-
UvA) 

 
Introduction and aim 
The site of Broekpolder is a scheduled archaeological monument, part of which has been integrated 
into a new housing development. Excavations around the current monument showed many archaeo-
logical features connected to habitation, agriculture and religion ranging from the Bronze Age to the 
Middle Ages. A magnetometer survey was aimed to investigate which type of features from which 
period(s) could be magnetically detected. Magnetic susceptibility sampling, a heating experiment and 
IRM measurements were conducted to aid the interpretation of the magnetometer data. 
 
Methodology 
Magnetometer surveys were carried out on a resolution of 0.5 x 1 meter over a substantial part of the 
current monument. Two transects of cores (A and B) were conducted in order to obtain soil samples 
for magnetic susceptibility measurements (see appendix III for the hand auger data). The topsoil, 
presumed archaeological level, possible archaeological feature fills and the undisturbed matrix were 
sampled. An archaeological layer could often not be recognized, and in this case the material directly 
underneath the topsoil was sampled as if it were the archaeological level. After the low frequency 
magnetic susceptibility measurements, a selection of samples was subjected to a heat treatment in 
order to obtain the highest possible magnetic susceptibility for the specific soil material. 
Archaeological features were observed in the section of a freshly cut ditch, section A (Figs. 4 and 5). 
Samples were taken from the fill of these features, the topsoil and the undisturbed matrix for magnetic 
susceptibility measurements. The iron mineralogy of the soil samples from the section and of a 
modern ditch was investigated using an IRM component analysis. 
 
Results 
In the results of the magnetometer survey (Fig. 4) there are no magnetic anomalies that could be 
related to the archaeological features that had been excavated earlier in test trenches (overlay in Fig. 
4). A zone of scattered magnetic noise can be seen behind the two entrances to the two fields; on the 
north side of the southern field and in the southwest corner of the northern field. Furthermore, large 
bi-polar magnetic anomalies (5 in the northern, and 1 in the southern field) are caused by the metal 
dipwells that were placed on the archaeological monument to monitor its conservation.  
 
Table 4  The magnetic susceptibility of the topsoil, the layer underneath the topsoil (assumed 
archaeological level), possible archaeological features and the undisturbed soil of soil samples 
taken by hand auger in Broekpolder. N is number of samples. 

 mean magnetic susceptibility 
x 10-8 m3/kg 

standard deviation 
x 10-8 m3/kg 

range 
x 10-8 m3/kg 

topsoil 17.55 2.38 14.65 - 21.68 
‘archaeological level’, under topsoil 5.6 0.76 4.82 - 6.66 
?archaeological feature 10.47 4.67 7.02 – 21.90 
undisturbed 4.98 1.72 2.98 - 9.80 
 
 



 124 

In the magnetometer survey there is no indication of the magnetic detectability of archaeological 
features, but the transect magnetic susceptibility values (Table 4) suggest that the topsoil and subsoil 
material are magnetically different, and that the features that were recognized during hand augering 
have a fill with an enhanced magnetic susceptibility. It is possible, however, that these features are 
modern and not archaeologically relevant. 

0 50 m

3 nT

-2 nT

107410/500660

107670/501020

A0 A18 A60 A80 A100 A120 A140 A160 A180 A200

B20 B40 B60 B80 B100
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Figure 4  The results of the magnetometer survey in Broekpolder. The location of the cores is indicated with a 
black dot and the coring number. Section A is located in the southwestern corner of the plan. The excavation 
trenches are superimposed on the magnetometer data. 
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Table 5  The results of the heating experiment, fractional conversion values for selected 
samples taken by hand auger. See Appendix II for the raw data of the experiment.  
 level material fractional conversion % N 
Broekpolder topsoil sandy clay 3.27 2 
 modern ditch fill humic sandy clay 0.89 1 
 ‘archaeological level’, under topsoil sandy clay 0.48 2 
 ? archaeological feature sandy clay 0.83 2 
 undisturbed clayey sand 1.32 2 
 
The heating experiment that was conducted on the augering samples resulted in very low fractional 
conversion values (Table 5), which indicates that the soil material has a good potential to become 
magnetically enhanced. There is sufficient iron present in the original soil, but it is present in a non-
ferrimagnetic form. 
The only consistent linear magnetic anomaly that can be seen in the magnetometer data is located in 
the southern field (SEA in Fig. 4). It could not be related to any of the known archaeological features. 
Hand augering and subsequent low frequency magnetic susceptibility measurements showed that a 
filled in modern ditch was present on this location, and that its high magnetic susceptibility fill was 
embedded in a low susceptibility matrix, this being the likely cause of the anomaly. In contrast to this 
enhanced magnetic susceptibility was the lack of an elevated magnetic susceptibility in the fill of the 
archaeological ditches that were observed in section A (Fig. 5 and Table 6). The topsoil magnetic 
susceptibility in the section is higher than the subsoil susceptibilities, but the values of the fill of the 
archaeological features is not consistently higher or lower than the magnetic susceptibility of the 
matrix that they are embedded in. Moreover, the features are not visible in the results of an additional 
magnetometer survey (not displayed).  
An IRM component analysis was carried out in order to shed light on the mineralogical difference 
between the fill of the high magnetic susceptibility modern ditch SEA, that caused a detectable 
magnetic anomaly, and the fill of the archaeological ditches that did not appear to be magnetically 
different from their surrounding matrix from section A. The results of the IRM measurements are 
displayed in Table 7. Based on the IRM measurements, the iron mineralogy of the undisturbed 
(subsoil) samples on this site appears to be very similar to that of the fill of the archaeological 
features, both contain oxidized magnetite (possibly maghemite) and hematite in comparable ratios. 
The topsoil and the fill of feature SEA, however, are different, and both contain less oxidized 
magnetite next to hematite. In SEA, the contribution of magnetite to the signal appears to be greater 
than in the topsoil samples. These measurements confirm that on the one hand the modern feature is 
filled with topsoil-like material, which can explain the magnetic anomaly that is apparent in the 
results of the magnetometer survey. 
 
Table 6  The magnetic susceptibility of the 
samples from the ditch section in Broekpolder. 
See Figure 5 for the location of the samples. 
sample interpretation magnetic susceptibility 

x 10-8 m3/ kg 
1 topsoil 18.68 
2 undisturbed 5.84 
3 undisturbed 6.22 
4 topsoil 21.13 
5 feature 4.83 
6 feature 6.78 
7 topsoil 19.61 
8 feature 7.73 
9 feature 3.78 
10 topsoil 17.76 
11 arch. layer 6.45 
12 undisturbed 8.49 
13 topsoil 9.92 
14 arch. layer 5.92 
15 undisturbed 4.75 
16 topsoil 8.18 
17 arch. layer 5.40 
18 undisturbed 5.75 
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On the other hand, the iron mineralogy of the archaeological features that were sampled in the ditch 
section is very similar to the mineralogy of the undisturbed matrix, and this lack of contrast may be 
the reason that no detectable magnetic anomalies have been caused by archaeological features. A 
more detailed discussion of the laboratory results can be found in Chapter 5.  
 
Table 7  Results of the component analysis of the IRM data of the ditch section samples from Broekpolder. 
The value for the SIRM depends on the amount of magnetic material that is present in the sample, B1/2 is 
independent of the quantity of material and a guide for the type of material (see Kruiver et al. 2001). DP is 
the dispersion factor, indicative for the width of the distribution. Low DP’s occur in crystalline material. 
Refer to Figure 4 for the location of sample SEA, and to Figure 5 for the remaining samples. 

sa
m

pl
e magnetic 

suscepti- 
bility  
x 10-8  
m3/kg 

mass x 
10-3 kg 

description 

co
m

po
ne

nt
 B1/2 

mT 
SIRM 
A/m 

SIRM 
x10 -3 
Am2/kg 

SIRM/� 
A/m 

DP interpre-
tation 

contri- 
bution 
to signal % 

1 18.68 0.50 topsoil 1 42.2 0.78 15.6 83511.78 0.39 magnetite 93 
    2 631.0 0.055 1.1 5888.651 0.22 hematite 7 
2 5.84 0.52 undisturbed 1 56.2 0.137 2.634 45102.74 0.46 oxidized 

magnetite 
91 

    2 707.9 0.014 0.2692 4609.589 0.30 hematite 9 
3 6.22 0.50 undisturbed 1 56.2 0.132 2.64 42443.73 0.40 oxidized 

magnetite 
86 

    2 707.9 0.022 0.44 7073.955 0.37 hematite 14 
4 21.13 0.47 topsoil 1 42.7 0.88 18.723 88608.61 0.35 magnetite 91 
    2 501.2 0.085 1.8085 8558.921 0.47 hematite 9 
5 4.83 0.49 feature 1 53.7 0.124 2.5306 52393.37 0.42 oxidized 

magnetite  
94 

    2 501.2 0.0085 0.1735 3592.133 0.30 hematite 6 
6 6.78 0.51 feature 1 52.5 0.106 2.0784 30654.87 0.38 oxidized 

magnetite 
91 

    2 501.2 0.0105 0.2059 3036.873 0.48 hematite 9 
SEA 10.55 0.50 modern  

feature 
1 41.7 0.555 11.1 105213.27 0.38 magnetite 99 

    2 631.0 0.03 0.6 5687.20 0.2 hematite 1 

 
 

 
 
Figure 5  Section A, section in a freshly cut ditch; a: two ditches are clearly visible in the section; b: schematic 
representation of the ditch section, location of photograph in grey. Numbers are sample numbers. 
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4 Deil 
 
Deil – Enspijk, A2 exit 15  DE04 
municipality Geldermalsen 
central coordinates 142616, 432340 
type of archaeological site ? settlement 
period BA 
lithology clay, silt, sand 
depositional environment fluvial 
archaeological activity excavation (ARCHIS: 7756 ) 
executed by  ADC Archeoprojecten 
 
Introduction and aim 
Prior to infrastructural development, coring showed a possible Bronze Age settlement on this location, 
but no prehistoric archaeological features were found during the excavation of consecutive test 
trenches. A vegetation layer, possibly indicative of the Medieval surface layer, however, could be 
identified and samples for magnetic susceptibility measurements were taken in order to investigate if 
this layer was magnetically anomalous. Two possible Medieval pits that were buried under the vege-
tation layer were also sampled. 
 
Methodology 
Samples were taken directly from the excavation trenches in four categories; topsoil, Medieval 
surface, Medieval pits and undisturbed matrix (C-horizon). It was thought that samples taken next to 
the A2 motorway could have a magnetic susceptibility enhancement that is caused by the fall out of 
air borne magnetic particles. 
 
Results 
The results of the magnetic susceptibility measurements are displayed in Table 8. The values in all 
four categories are fairly low. The magnetic susceptibility of the topsoil samples is slightly higher 
than that of the samples that were taken from the undisturbed matrix, but both the archaeological 
features and the vegetation layer have low susceptibilities. It is unlikely that the archaeological fea-
tures that have been sampled would cause a magnetic anomaly that could be detected in a magneto-
meter survey, neither does the vegetation layer seem to be magnetically anomalous. There is no indi-
cation that the samples have been enhanced due to the fall out of the motorway. 
 
Table 8  The magnetic susceptibility of the soil samples from Deil – 
Enspijk. 

ssample interpretation magnetic susceptibility 
x 10-8 m3/kg 

1 topsoil 9.49 
2 topsoil 7.48 
3 topsoil 11.96 
4 vegetation horizon (? MED surface) 5.14 
5 vegetation horizon (? MED surface) 5.29 
6 vegetation horizon (? MED surface) 5.04 
7 natural 5.02 
8 natural 4.06 
9 natural 5.04 
10 archaeological feature (?MED) 5.43 
11 archaeological feature (?MED) 3.76 
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5 Den Dolder 
 
Den Dolder - Hezer Eng DO04 
municipality Zeist 
central coordinates 145924, 461614 
type of archaeological site grave field (BA), settlement (MED)  
period BA, MED 
lithology sand, boulder clay 
depositional environment aeolian over glacial  
archaeological activity excavation (ARCHIS: 7889) 
executed by  Rijksdienst voor Oudheidkundig Bodemonderzoek (ROB)  
 
Introduction and aim 
Soil samples for magnetic measurements were taken during the excavation of a Medieval settlement 
and a group of Bronze Age tumuli, in order to assess the contrast in magnetic susceptibility between 
the features from both periods and the matrix that they have been cut into. At the time of sampling 
excavations concentrated on trench 1, the excavations were later expanded. 
 
Methodology 
Soil samples were collected, stored and measured as described in Chapter 3. Geologically, the site 
consists of wind blown sand that is deposited on top of boulder clay of a glacial origin. In the soil 
which has developed in the cover sand, the C – BC – B stratigraphy is in tact, the E-horizon has been 
damaged during ploughing and the A-horizon has disappeared. Samples 1 to 8 (Fig. 6) are background 
samples and are aimed to investigate the variation in magnetic susceptibility throughout the soil 
section. 
 

 
 
Figure 6  Location of the samples for magnetic susceptibility measurements. Excavation plan of ROB, trench 1 
level 1. Numbers are sample numbers. 
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Samples 9-15 were taken from the ditch fill of one of the tumuli and its interior, which consisted of 
boulder clay. A further sample of undisturbed boulder clay and a sample of the topsoil over the 
tumulus were also included. The fill of two medieval ditches (S24 (some burnt material was noticed) 
and S28) was sampled, as was S27, a pit feature of which the lower fill consisted of burned material. 
Finally, samples were taken of a number of posts and posthole fills form a Medieval hay stack feature 
(sample 25 to 30). The location of sample 31 is unknown. 
 
Results 
Background samples  The magnetic susceptibility varies from 0.97 to 13.33 x 10-8 m3/kg (Table 9). 
The magnetic susceptibility of the topsoil samples is slightly higher than that of the subsoil samples 
that were taken from the section; except for sample 6, magnetic susceptibility decreases with depth. 
Tumulus samples  Samples from the ring ditch have a magnetic susceptibility comparable to the 
magnetic susceptibility of the B- and C-horizon in the background samples, the contrast is not large 
enough for the ring ditch to be detected in a fluxgate gradiometer survey. The charcoal stain in the 
tumulus (in later excavations this feature turned out to be a well) does have a clear magnetic contrast 
to the matrix. The boulder clay on the interior of the tumulus has a contrast to the sand of the matrix 
around it. It is not clear if the tumulus was constructed of boulder clay. If this were the case, the 
contrast is not high (less than 10 x 10-8 m3/kg) but because of the volume of the body of the tumulus 
the feature could probably have been easily magnetically detected.  
Medieval feature samples  Most samples vary in magnetic susceptibility between 0 and 2 x 10-8 
m3/kg, these values are very similar to the background values that were obtained, and it can be 
assumed that the magnetic contrast is not large enough to be detected with a conventional fluxgate 
gradiometer. Exceptions are samples 18 and 19, both from S27, in which the presence of burnt 
material was noticed. These samples have a magnetic contrast and the feature it was obtained from 
would possibly have been detected in a fluxgate gradiometer survey. 
 
Table 9  Magnetic susceptibility of the soil samples from Den 
Dolder – Hezer Eng. 
sample interpretation magnetic susceptibility 

x 10-8 m3/kg 
1 topsoil 7.37 
2 ploughed E 5.05 
3 B 2.11 
4 BC 2.33 
5 topsoil 6.36 
6 ploughed E 9.90 
7 B 2.68 
8 C 1.34 
9 ring ditch, BA 2.15 
10 ring ditch, BA 1.91 
11 ring ditch, BA 1.92 
12 tumulus interior (boulder clay) 2.18 
13 boulder clay natural 2.80 
14 tumulus interior (boulder clay) 2.92 
15 topsoil over tumulus 9.38 
16 trench 1, S24, burnt material, MED 0.97 
17 trench 1, S24, MED 1.98 
18 trench 1, S27, burnt material, MED 13.33 
19 trench 1, S27, burnt material, MED 6.61 
20 trench 1, S27, MED 2.13 
21 trench 1, natural B, boulder clay 3.52 
22 trench 1, natural BC 2.51 
23 trench 1, S28, ditch, MED 1.23 
24 trench 1, S28, ditch, MED 1.06 
25 trench 1, S46, posthole 0.46 
26 trench 1, S46, posthole 1.68 
27 trench 1, natural 0.53 
28 trench 1, S43, posthole, MED 1.48 
29 trench 1, S72, posthole, MED 1.59 
30 trench 1, S72, posthole, MED 0.85 
31 charcoal stain in tumulus, BA 4.97 
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6 Breda 
 
Breda Wolfslaar GI03 
municipality Breda 
central coordinates 114130, 397150 
type of archaeological site settlement (IA), off-site (MED), battle-field (PMED) 
Period IA, MED, PMED 
Lithology sand 
depositional environment aeolian 
archaeological activity excavation (ARCHIS: 4355) 
executed by  Brandenburgh 
 
Introduction and aim 
An excavation was conducted prior to the widening of a brook as a nature development on the edge of 
a Pleistocene sand ridge. An aerial photograph of the area showed linear crop mark features that could 
possibly be associated with the siege of Breda in 1624/25. A magnetometer survey was carried out in 
order to map any features that were associated with these crop marks. 
 
Methodology 
A grid of 0.5 x 1 meter was used for the magnetometer survey. Four soil samples for magnetic 
susceptibility measurements were taken by hand auger on the location of a magnetic anomaly. Further 
soil samples for magnetic susceptibility measurements were taken from excavation trench 1 (marked 
WP1 in Fig. 7), which was located 135 meter north of the geophysical survey area. In this trench Iron 
Age and Medieval archaeological features were sampled that were probably unrelated to the crop 
marks on the aerial photograph. The results of the magnetometer survey and of the magnetic 
susceptibility measurements will hence be discussed separately. 
 
Results 
Magnetometer survey 
Figure 7 displays the results of the magnetometer survey and the location of the excavation trenches, 
superimposed on the aerial photograph showing the crop marks that could possibly be related to the 
17th century siege of Breda. A clear zone of magnetic noise can be seen in the magnetometer data. The 
anomaly is magnetically inhomogeneous, and is likely to be caused by remanent magnetic objects in 
the subsoil, for example pieces of metal, brick, or magnetic pebbles. The nature of the anomaly could 
not be identified in a core that was taken over the anomaly. Neither did magnetic susceptibility values 
of the sediment (Table 10) show any enhancement on this location. A small test pit was dug in order 
to clarify the cause of the anomaly, but in the wrong location (WP4 in Fig. 7). In none of the trenches 
that crossed the crop marks any archaeological correlate to the features could be found.  
In Figure 8, the location of the crop marks and the magnetic anomaly have been indicated. The area of 
magnetic noise does appear to be connecting to the main set of crop marks (in solid white line), and 
seems to be parallel to an earlier crop mark (hatched white line). This latter crop mark is over cut by 
the main set of crop marks, and is also parallel to the current field boundary. 
The interpretation of the crop marks, the magnetometer data and their relation is problematic. The 
crop marks may be very recent tunnels in the crop, made by children (pers. comm. R. Berkvens) but 
their structure seems to be very straight and complex. Alternatively, the crop marks may relate to soil 
features that have different physical properties than their surrounding matrix, but are not visible as 
archeological features, for example because they are concentrated in the plaggensoil. 
 
Magnetic susceptibility measurements 
The results of the magnetic susceptibility measurements are displayed in Table 10, apart from samples 
6, 1, 15 and 16, that have been discussed above, all samples were taken from an excavation trench. 
The topsoil values are much higher than the values of the subsoil (C-horizon) samples, and the latter 
appear to have a very low magnetic susceptibility. The fill of the archaeological features (Iron Age 
and Medieval) have very similar, very low magnetic susceptibility values. 
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The archaeological features that have been investigated would not have caused a detectable magnetic 
anomaly, due to the lack of, or very limited contrast between the fill of the archaeological features and 
the matrix they are embedded in, in combination with a higher magnetic susceptibility, variable top-
soil. 

 
 
Figure 7  The results of the magnetometer survey in Breda superimposed on the aerial photograph with crop 
mark features. Data has been interpolated. The outline of the excavation trenches is indicated in white with WP 
for trench plus number. 
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Table 10  The magnetic susceptibility of the soil samples from Breda 
Wolfslaar. Samples 6,1,15 and 16 were taken by hand auger, the remaining 
samples from excavation trench 1. 
sample interpretation magnetic susceptibility 

x 10-8 m3/kg 
6 magnetic anomaly - topsoil (30-40 cm) 0.92 
1 magnetic anomaly - under topsoil (50-60 cm) 0.54 
15 magnetic anomaly - under topsoil (70-80 cm) 0.38 
16 magnetic anomaly – C-horizon (80-90 cm) 0.69 
3 topsoil 16.17 
4 topsoil 8.72 
5 topsoil 13.04 
11 topsoil 13.45 
7 archaeological feature 0.82 
10 archaeological feature 1.01 
8 archaeological feature with charcoal 1.34 
14 archaeological feature with charcoal 0.79 
13 C-horizon 0.12 
12 C with Fe staining 1.02 
2 C-horizon 0.15 
9 C-horizon 0.22 

 

 
 
Figure 8  The results of the magnetometer survey superimposed on the aerial photograph. Data has been 
interpolated. The crop marks have been traced with white solid and hatched line. The magnetic anomaly is 
indicated with a solid grey box. 
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7 Borgharen 
 
Borgharen Pasestraat 6 GM03 
municipality Maastricht 
central coordinates 176300, 321700 
type of archaeological site villa (ROM), grave field (EMED) 
period ROM, EMED 
lithology silt, sand, clay 
depositional environment fluvial 
archaeological activity excavation (ARCHIS: 2158), hand augering (ARCHIS: 10494), test trenches 

(ARCHIS: 11440) 
executed by  Gemeente Maastricht, RAAP Archeologisch Adviesbureau, Becker en Van de 

Graaf 
 
Introduction and aim 
The Roman villa on Pasestraat 6 in Borgharen was partly excavated in two test trenches in 1999. The 
villa was in a poor state of preservation. Apart from the features that were associated with the Roman 
villa, a number a Merovingian graves were excavated. A magnetometer survey was carried out in 
order to assess if features associated with the Roman villa could be detected with magnetic methods, 
and if any other archaeological features were present.  
This work was carried out within in the framework of a much wider project, prior to large scale 
development in the area. It was not possible to carry out magnetometer surveys on other locations, but 
samples for magnetic susceptibility analysis could be taken from some of the archaeological features 
that were excavated. Excavations in the area where the magnetic survey was conducted are planned at 
a later stage. 
 
Methodology 
A magnetometer survey was conducted on a resolution of 0.5 x 1 meter. Samples for the background 
magnetic susceptibility values were taken from section Borgharen 210 (inspection hole 82). An un-
dated oven was sampled in a test trench to the northeast of the surveyed area. In trench 11, samples 
were taken from two pits from the Iron Age. 
 
Results 
The results of the magnetometer survey are displayed in Figure 9. The area under investigation 
appears to be magnetically very noisy, this noise could be caused by pieces of brick and roof tile that 
could be seen on the surface of the ploughed parts of the field during the survey, or because of the 
presence of magnetic pebbles in the river sediments. In Figure 10 the location of the test trenches of 
1999 is indicated with a grey fill, the features within with a black line. The location of the main test 
trench is also clearly visible in the magnetometer data in Figure 9. 
The direction of ploughing can be seen in the magnetic data, and for reasons of clarity, only part of 
these responses are indicated in Figure 10. On the east side of the survey a highly magnetic anomaly 
is probably caused by a modern pit (because of its location next to the road, pers. comm. former 
farmer of the land). In the northern part of the survey there are many anomalies that could be caused 
by pit fills, there are also some anomalies that are caused by remanent magnetism, most likely pieces 
of metal. In line with the excavated Merovingian graves, four magnetic anomalies that are likely to 
represent similar graves were detected. To the south east of the grave area, a piece of a hypocaust 
floor that was constructed from brick elements was excavated. A number of large, highly magnetic 
anomalies are visible near the location where the floor was excavated, these could indicate the 
presence of more building material, but they may also be caused by further grave fills. 
On the south western edge of the surveyed area a substantial linear magnetic anomaly was mapped 
that could possibly be related to part of a (brick) building, or to a feature that has been subjected to 
intense heating. Parallel to this feature, to the south of it, a linear area of increased magnetic noise can 
be seen that could be an indication of the presence of further building remains in this location. 
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The results of the magnetic susceptibility measurements are displayed in Table 11. The subsoil 
samples of section 210 all have reasonably low magnetic susceptibilities between 5 and 16 x 10-8 
m3/kg. The topsoil values for section 210, and for the other topsoil samples are enhanced and all 
exceed 30 x 10-8 m3/kg. The highest magnetic susceptibility values were measured in the archaeo-
logical samples, both the oven and the Iron Age pits have very high magnetic susceptibilities, which 
indicates a good magnetic contrast between the archaeological features and the undisturbed matrix. It 
is likely that the features that have been sampled would have caused a detectable magnetic anomaly in 
a magnetometer survey. 
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Figure 9  The results of the magnetic susceptibility survey in Borgharen, Pasestraat 6. The data has been inter-
polated. The location of the main test trench is clearly visible, as is the direction of the ploughing. 
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Figure 10  The location of the 1999 test trenches (grey fill) and the features within (black line). The location of 
the observed magnetic anomalies is shown as black polygons with a grey fill. For reasons of clarity, not all 
plough marks are displayed. 
 
Table 11  The magnetic susceptibility of the samples from 
Borgharen. Note that all samples are taken from excavations 
to the east and the south of the surveyed area. 
sample description magnetic susceptibility 

x 10-8 m3 / kg 
1 oven 1 191.48 
2 oven 2 172.44 
3 oven 3 108.50 
4 topsoil 1 44.79 
5 topsoil 2 42.00 
6 topsoil 3 39.35 
7 section 210 – topsoil 33.85 
8 section 210  – layer 2 11.81 
9 section  210  – layer 3a 15.20 
10 section 210  – layer 3b 11.19 
11 section 210  – layer 4 8.33 
12 section 210  – layer 7 5.65 
13 section 210  – layer 8 10.50 
14 trench 11 feature 257 213.14 
15 trench 11 feature 253 182.71 
16 trench 11 feature 253 189.66 
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8 Harnaschpolder 
 
Harnaschpolder HP02 
municipality Midden-Delfland 
central coordinates 81600, 447900 
type of archaeological site off-site 
period ROM 
lithology clay, silt, sand, peat 
depositional environment estuarine  
archaeological activity coring (ARCHIS: 417), test trenches (ARCHIS: - ) 
executed by  RAAP Archeologisch Adviesbureau, Amsterdams Archeologisch Centrum, Uni-

versiteit van Amsterdam, (AAC-UvA) 
 
Introduction and aim 
The lay out of the Harnaschpolder Iron Age / Roman Period parceling system is well known after it 
has been investigated by means of test trenches. A large scale magnetometer survey was carried out in 
order to test the magnetic detectability of these off-site structures. The magnetic anomalies that were 
mapped during the survey were investigated with magnetic measurements. Additional sampling was 
carried out on two further archaeological excavations to the north and to the south of the area under 
investigation (see 9 Harnaschpolder north, east and south).  
 
Methodology 
A magnetometer survey was conducted on a spatial resolution of 0.5 x 1 meter. Four coring transects 
were made through the area, A, B, C, and D (Fig. 12). Soil samples for magnetic susceptibility were 
taken from the auger. In transect A and B four samples were taken from each core, topsoil, archaeo-
logical level, undisturbed material and undisturbed at one meter depth. Generally, an archaeological 
layer could not be distinguished and the layer directly below the topsoil was sampled as being the 
archaeological level, for this is the layer in which archaeological remains from the Iron Age / Roman 
Period would be expected. The hand augering data can be found in Appendix III. 
A heating experiment has been carried out on a selection of the samples (Appendix II). 
Thermomagnetic measurements (Appendix II) have been conducted on samples that were collected 
separately from core PYR (Fig. 12) and freeze dried immediately.  
 
Results 
The results of the magnetometer survey (Fig. 11) show a number of very clear magnetic anomalies. 
Throughout the area under investigation anomalies that are caused by (ferromagnetic) metal occur and 
in the western part of the survey area some very strong alternating positive and negative magnetic 
responses are caused by the presence of subsoil pipelines. On the east side, strong magnetic responses 
relate to the remains of a demolished greenhouse on this location. In the central part of the survey area 
two types of response can be seen, well defined, negative anomalies with a creek like appearance and 
a group of mainly positive anomalies that has less well defined edges. The interpretation of these two 
groups of anomalies is based upon the results of the hand augering and the laboratory measurements. 
The creek like structures are likely to date from after the peat formation, the anomalies are caused by 
the very low magnetic susceptibility of a layer of silt that was sampled in B20 and that has cut into the 
top of the layer of Hollandpeat (e.g. in B40). 
 
Table 12  The magnetic susceptibility of samples from transect A. N is number of samples. Samples 
that deviate from the mean by more than 5 standard deviations have been excepted, these are topsoil 
A140 (181.86 x 10-8 m3/kg) and archaeological level A0 (40.16 x 10-8 m3/kg). These samples are 
assumed to have very magnetic inclusions like metal, brick or hard coal.  

 mean magnetic susceptibility 
x 10-8 m3/kg 

standard deviation 
x 10-8 m3/kg 

range 
x 10-8 m3/kg 

N 

topsoil 12.88 2.69 8.65 - 19.30 14 
‘archaeological level’, 
under topsoil 

9.81 1.83 6.79 - 12.60 12 

undisturbed 7.05 1.67 3.28 – 9.03 11 
undisturbed 100 cm depth 5.19 2.41 0.48 – 9.23 15 
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The positive magnetic anomalies are caused by the presence of ferrimagnetic iron sulphides in the 
layer underneath the Hollandpeat. These iron sulphides, most likely a mixture of greigite and non 
ferrimagnetic pyrite, were identified from core PYR by means of thermomagnetic measurements (see 
Chapter 5 for a detailed description).  
Two post Medieval archaeological features were magnetically defined in the central part of the sur-
vey. Both create a strong positive magnetic anomaly. In A0, a layer with a high magnetic susceptibi-
lity was identified just underneath the topsoil, containing fragments of hard coal and brick. 
 

 
 
Figure 11  The results of the magnetometer survey in Harnaschpolder (top) and the interpretation of the magne-
tic anomalies (bottom). Data has been high pass filtered in order to remove the influence of the greenhouses to 
the south of the survey area. 
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Table 13  The results of the heating experiment on selected samples from transect A and B. 
sample depth interpretation magnetic susceptibility 

before heating experiment 
x 10-8 m3/kg 

magnetic susceptibility 
after heating experiment 
x 10-8 m3/kg 

fractional  
conversion 

A40 30-35 under topsoil 9.46 194.63 4.86 
A60 5-15 topsoil 14.18 288.21 4.92 
A60 30-40 under topsoil 7.95 221.57 3.59 
A80 30-40 A-horizon 10.16 255.28 3.98 
A80 30-40 A-horizon 8.51 316.15 2.69 
A120 25-45 feature 13.64 224.51 6.08 
A120 25-45 feature 11.77 209.46 5.62 
A140 25-35 under topsoil 9.21 376.66 2.45 
A180 5-15 topsoil 13.50 376.77 3.58 
A180 35-40 A-horizon 11.56 453.96 2.55 
A180 50-60 undisturbed 6.65 114.23 5.82 
A180 50-60 undisturbed 7.03 132.70 5.29 
A300 45-50 undisturbed 4.48 824.48 0.54 
B20 99-102 undisturbed 0.00 2578.82 0.00 
B40 40-45 undisturbed 7.78 2539.46 0.31 
B40 40-45 undisturbed 7.63 2372.97 0.32 

 
The earlier archaeological features that were found in the test trenches, the Roman Period parceling 
ditches for example, could not be magnetically mapped. 
Fractional conversion measurements have shown that although the magnetic susceptibility of the soil 
layers is low (Table 12), the soil layers have a potential for obtaining a high magnetic susceptibility 
(Table 13). 
An investigation of the magnetic contrast between the fill of archaeological features and the matrix 
they are embedded in was carried out with soil samples from Roman Period excavations to the north 
and to the south of the survey area (see 9 Harnaschpolder north, east and south). 
 

 
 
Figure 12  The results of the magnetometer survey superimposed with the locations of the cores. 
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9 Harnaschpolder north, south and east 
 
Harnaschpolder north HP03N 
municipality Midden-Delfland 
central coordinates 81620, 448320 
type of archaeological site settlement 
period ROM 
lithology clay, silt, sand, peat 
depositional environment estuarine 
archaeological activity excavation (ARCHIS: p4257) 
executed by  Archeologisch Onderzoek Leiden BV (ARCHOL) 
 
Introduction and aim 
Soil samples for magnetic susceptibility measurements were taken from Roman Period features 
during this excavation. This investigation was undertaken in order to clarify the results of the 
magnetometer survey in the central part of Harnaschpolder (see 8 Harnaschpolder). Could the lack of 
magnetic response of the archaeological features be explained by the magnetic susceptibility of the 
fills of archaeological features and the contrast with the matrix they are embedded in? 
 
Methodology 
Samples were taken from the fills of archaeological features and from the undisturbed matrix, three 
topsoil samples were also obtained from the section of the excavation.  
 
Results 
The results of the magnetic susceptibility measurements are displayed in Table 14. The magnetic 
susceptibility of the fill of the archaeological features and the undisturbed matrix that they are 
embedded in all fall within the same range of magnetic susceptibility, i.e. 7.61 to 11.23 x 10-8 m3/kg. 
The values for the topsoil samples are much higher. There is no consistent contrast, i.e. either 
consistently higher or consistently lower, between the features and the undisturbed matrix, but the 
largest contrast that was measured in these soil samples is 3.62 x 10-8 m3/kg, a contrast that is very 
weak with respect to the sensitivity of the magnetometer that was used during these studies. 
Furthermore, it is likely that variations in the much higher susceptibility topsoil are larger than the 
variations that are caused by the presence of archaeological features in the subsoil.  
 
Table 14  Magnetic susceptibility of the soil samples 
from the excavation in Harnaschpolder north. 
sample interpretation magnetic susceptibility 

x 10-8 m3/kg 
1 topsoil 32.33 
2 topsoil 58.85 
3 topsoil 50.80 
4 undisturbed 7.61 
5 undisturbed 11.09 
6 undisturbed 7.92 
7 ditch 9.98 
8 ditch 10.40 
9 ditch 7.73 
10 ditch 10.04 
11 main ditch 9.68 
12 main ditch 11.23 
13 posthole 7.93 
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Harnaschpolder south HP03S 
municipality Midden-Delfland 
central coordinates 81590, 448270 
type of archaeological site settlement 
period ROM 
lithology clay, silt, sand, peat 
depositional environment estuarine 
archaeological activity excavation (ARCHIS: 3690) 
executed by  ADC Archeoprojecten 
 
Introduction and aim 
See Harnaschpolder north. 
 
Methodology 
Magnetic susceptibility samples were taken from three Roman Period ditches. The samples that were 
taken from ditch G3 (Fig. 12) were investigated further by means of thermomagnetic measurements 
and IRM (Appendix II). 
 
Results 
The results of the magnetic susceptibility measurements are displayed in Table 15. The values for the 
magnetic susceptibility of the topsoil samples ranges from 13.81 to 32.15 x 10-8 m3/kg, values for the 
fill of archaeological features and the undisturbed C-horizon are all lower and fall within the narrow 
range of 9.60 to 12.89 x 10-8 m3/kg. There is no consistent magnetic susceptibility contrast between 
the archaeological and the undisturbed deposits.  
Based in the thermomagnetic measurements on the Curie balance (see Appendix II for data), it is not 
possible to distinguish between the topsoil, upper and lower fill and undisturbed C-horizon of ditch 
G3. The total magnetisation of all samples decreases slightly at rising temperatures, indicating the 
presence of some ferrimagnetic material in the samples, most likely magnetite or maghemite. 
 

 
 
Figure 12  Ditch G3 from which samples for magnetic susceptibility, thermomagnetic and IRM measurements 
were taken. 
 



 

 141

Table 15  The magnetic susceptibility of the soil samples from 
the excavation in Harnaschpolder south. The depth at which the 
samples were taken from the sections is indicated between brackets 
and is measured from the base of the topsoil. 
sample interpretation magnetic susceptibility 

x 10-8 m3/kg 
G1-1 topsoil over ditch (10 cm) 13.81 
G1-2 upper fill ditch (40 cm) 11.70 
G1-3 lower fill ditch (55 cm) 9.72 
G1-4 topsoil not over  ditch (10 cm) 15.55 
G1-5 C next to ditch (45 cm) 10.51 
G2-6 topsoil over ditch 32.15 
G2-7 fill ditch 11.65 
G2-8 C next to ditch  9.60 
G3-9 topsoil over ditch 18.69 
G3-10 upper fill 12.69 
G3-11 lower fill 12.89 
G3-12 C next to ditch  11.03 

 
The interpretation of the IRM acquisition curves of the same samples is more discriminative (Table 
16). Sample G3-9 (topsoil) and G3-10 (upper fill ditch) both contain magnetite and goethite in a 
similar ratio, the difference being that the topsoil sample contains a greater quantity of these iron 
oxides. These two samples are very different from G3-12 (undisturbed), containing oxidised magne-
tite (probably maghemite) and hematite. The lower ditch fill, sample G3-11 contains magnetite and 
hematite. Although the samples of the fills of the archaeological features and the undisturbed material 
have very similar magnetic susceptibility values, they have distinctively different iron mineralogy. 
For a more detailed description see Chapter 5.  
 
Table 16  The results of the component analysis of the IRM data of the samples from ditch G3 in Harnasch-
polder south. The value for the SIRM depends on the amount of magnetic material that is present in the sample, 
B1/2 is independent of the quantity of material and gives an indication of the type of magnetic material that is 
present in the sample (see Kruiver et al. 2001). DP is the dispersion factor, indicative for the width of the distri-
bution. Low DP’s occur in crystalline material. 

sa
m

pl
e 

m
ag

ne
tic

 
su

sc
ep

tib
ili

ty
 

x1
0-8

m
3 /k

g 

m
as

s 
x 

10
-3

 k
g 

de
sc

ri
pt

io
n 

co
m

po
ne

nt
 B1/2 

mT 
SIRM 
A/m 

SI
R

M
 x

 
10

-3
 A

m
2 /k

g SIRM/� 
A/m 

DP interpre- 
tation 

co
nt

ri
bu

tio
n 

 to
 s

ig
na

l %
 Curie 

balance 

9 18.69 0.48 topsoil 1 38.9 0.95 19.7917 105894.418 0.39 magnetite 91 para- 
magnetic 

    2 1995.3 0.089 1.8542 9920.63492 0.43 goethite 9 - 
10 12.69 0.52 upper 

fill 
1 40.7 0.218 4.1923 33036.3096 0.44 magnetite 90 para- 

magnetic 
    2 1258.9 0.023 0.4423 3485.48221 0.45 goethite 10 - 
11 12.89 0.49 lower 
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Harnaschpolder east HP03E 
municipality Midden-Delfland 
central coordinates 81600, 447600 
type of archaeological site off-site 
period ROM 
lithology clay, silt, sand, peat 
depositional environment estuarine  
archaeological activity test trenches (ARCHIS: 3927) 
executed by  Gemeente Schipluiden 
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Introduction and aim 
The magnetometer survey of Harnaschpolder east, just to the south of the main Harnaschpolder 
survey (see 8 Harnaschpolder), was conducted before the excavation of a number of test trenches in 
which the presence of traces of a Roman Period parceling system was anticipated. These archaeo-
logical features were expected to be similar to those in the main Harnaschpolder site, just to the north 
of this site, where the magnetometer survey was conducted after the excavation of test trenches. The 
aim of this survey was to directly link the magnetic anomalies from the magnetometer survey with the 
archaeological features that were excavated. 
 
Methodology 
The magnetometer survey covered three different fields. In two of the surveyed areas a test trench was 
excavated after the survey. 
 
Results 
There are very few magnetic anomalies in the magnetometer data (Fig. 13). Except from some scat-
tered magnetic noise throughout the area as a whole, there is one linear magnetic anomaly with a 
positive and a negative component in the northern grid. 
No excavations have taken place here that could clarify the nature of the anomaly, but the intensity 
and the straightness of the anomaly suggest that it is likely that a pipe or a cable is buried here. 
Alternatively, a natural or man made feature with a fill that contains ferrimagnetic iron sulphides 
could be causing this type of anomaly. 
Two archaeological features were identified in the excavation of the test trenches that overlapped with 
the magnetometer survey. These two ditches are most likely to date from the Roman Period.  
In the results of the magnetometer survey there are no anomalies that correspond to the ditches that 
were excavated. There is insufficient magnetic contrast between the fill of the ditches and the matrix 
that they are embedded in to cause an anomaly which is detectable with the magnetometer that was 
used. 
 

 
 

Figure 13  Results of the magnetometer survey in Harnaschpolder east. The location of the excavation trenches 
is indicated with a solid grey line, the Roman Period ditches with a thick grey line. 
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10 Heeten 
 
Heeten Hordelman HH03, HH04 
municipality Raalte 
central coordinates 215900, 482600 
type of archaeological site settlement, industrial (iron production) 
period ROM 
lithology sand 
depositional environment plaggensoil over aeolian  
archaeological activity excavation (ARCHIS: 3725) 
executed by  ADC Archeoprojecten 
 
Introduction and aim 
In test trenches on the location Heeten Hordelman oost, traces of late Roman habitation were un-
covered, an earlier excavation in the adjoining area showed evidence that this area hosted industrial 
iron production from the 3rd to the 5th century AD. A magnetometer survey was conducted in Heeten 
Hordelman oost prior to a full scale excavation, in order to assess if magnetic methods could be used 
to investigate the internal structure of metal working sites in a non-destructive way, and if these 
methods could be used to map previously unknown metal working sites in the eastern part of The 
Netherlands. Special attention was given to magnetic prospection on plaggensoils and the conse-
quences of the occurrence of red sand for magnetometer surveys (see § 6.1).  
 
Methodology 
The magnetometer survey was carried out on a resolution of 1 x 0.25 meter in the central area, and a 
resolution of 0.5 x 0.5 meter in the smaller western an southern areas. Initially, soil samples for 
magnetic susceptibility measurements were collected by means of coring (Appendix III). During the 
excavation, the southern row of postholes of building 4 was sampled, and a series of samples was 
taken from the plaggensoil. One of the patches of red sand was investigated by taking magnetic 
susceptibility samples of the top of the C-horizon in a 1 x 1 meter grid. 
 
Results 
The results of the magnetometer surveys (top) and the archaeological excavations (bottom) are 
displayed in Figure 14. It is clear that the multitude of archaeological features that was revealed 
during the excavation is not reflected in the magnetometer plot. On the edges of the surveyed area, the 
interference of fences and buildings on the field edges is prominent. A few linear anomalies in the 
magnetometer data proved during excavation to be modern intrusions. The archaeological features 
that were detected in the magnetometer survey were metal working furnaces (stars) and a number of 
rubbish pits (arrows) which are likely to have been filled with burned material. It is remarkable that 
the fill of the other negative features does not have sufficient magnetic contrast to cause a magnetic 
anomaly. The magnetic susceptibility measurements show that the fill of the postholes of building 4 
(Fig. 14 and Table 17) has a very low magnetic susceptibility when compared to the other samples. In 
fact, the magnetic susceptibility of the layers that the features have been cut into, the B- and the BC-
horizon, is much higher, and the archaeological features could be expected to cause a negative magne-
tic anomaly. 
 
Table 17  The minimum, maximum and mean magnetic susceptibility through the soil profile in 
Heeten Hordelman (HH03 samples) and of samples of the topsoil and of a series of postholes 
from the excavation (HH04 samples). 
 magnetic susceptibility 

(min) x 10-8 m3 /kg 
magnetic susceptibility 
(max) x 10-8 m3 /kg 

magnetic susceptibility 
(median) x 10-8 m3 /kg 

N 

HH03 topsoil 18.88 32.55 21.33 12 
HH04 topsoil 11.63 37.90 16.78 9 
HH03 ?feature 14.28 16.86 15.57 2 
HH04 posthole 4.86 20.22 14.82 5 
HH03 B 10.16 51.67 25.15 7 
HH03 BC 39.98 108.51 60.26 4 
HH03 C 4.48 19.57 9.07 7 
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The reason that this negative contrast of the archaeological features can not be seen in the results of 
the magnetometer survey is possibly that the variability of magnetic susceptibility of both the topsoil 
(plaggensoil) and the subsoil (mainly the B- and BC-horizon) is greater than the magnetic suscepti-
bility contrasts between the archaeological features and the matrix that they are embedded in.  
Investigations into the magnetic susceptibility of red sand showed that patches of red sand cause a 
discreet magnetic anomaly that resembles the anomaly that would be caused by an archaeological 
feature (see § 6.1). 
 

 
 
Figure 14  The results of the magnetometer survey in Heeten Hordelman oost (top) and the archaeological exca-
vation (bottom). Magnetometer data has been displayed in three ranges; western part: -3 to 4 nT, central part: -3 
to 3 nT, and the southern part: -3 to 15 nT. The location of the furnaces is indicated with stars, the location of 
the rubbish pits that were detected in the magnetometer survey with arrows. The area that was surveyed is 
hatched (bottom). 
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The modeling of the magnetic behavior of the pit furnaces that are common in the Roman Period and 
early Middle Ages in the eastern part of The Netherlands showed that when surveying with a fluxgate 
gradiometer, a furnace can be detected down to a depth of 2 meters (see § 7.4). The grid spacing that 
is suitable to detect all the furnaces within this two meter depth bracket is 1 x 0.25 meter or 0.5 x 0.5 
meter. It is likely that a set of unexcavated furnaces was detected in the southern area of the Heeten 
Hordelman survey. Here, a cluster of strongly magnetic anomalies probably represents a number of 
furnaces that is part of the group of furnaces that was excavated to the direct north. 
 
 
11 Kolhorn 
 
Kolhorn - Waardpolder KH05 
municipality Anna-Paulowna 
central coordinates 122382, 536836 
type of archaeological site road, industrial (peat extraction)  
period LMED 
lithology silt, clay, peat 
depositional environment estuarine and peat formation  
archaeological activity excavation (ARCHIS: o32902) 
executed by  Rijksdienst voor het Oudheidkundig Bodemonderzoek (ROB)  
 
Introduction and aim 
Between the 8th and the 14th century AD the peat area in and around De Waardpolder, north of 
Kolhorn, was inundated with sea water. After these inundations large scale peat extraction took place 
in the area, the traces of which are still visible in the landscape today, both on the ground and on 
aerial photographs. One of the features that is associated with the peat extraction in this area is the 
‘road of Paludanus’, an almost 5 km long linear feature that was first recognized by Rutger Paludanus 
in 1776 (Van Geel & Borger 2002). He interpreted it as being a road on a dyke. The feature is still 
visible from the air, but due to ploughing, less so on the ground. Archaeological excavations in 1995 
have shown that the road is in fact the last strip of unexcavated peat in the area. It is quite likely that it 
was deliberately left unexcavated so it could be used as a road.  
The aim of the survey was to investigate the magnetic and electrical contrast of the road (unexcavated 
peat) with the clastic matrix surrounding it. 
 
Methodology 
The location of the fieldwork was chosen with an aerial photograph that clearly showed the road of 
Paludanus as a soil mark (Topografische Dienst 1990). The area that was magnetically investigated 
measures 40 x 80 meter and was planned to be perpendicular to the road. Apart from the magneto-
meter survey, a partly overlapping electrical resistance survey was conducted in an area of 20 x 80 
meter. It was carried out with a TRCIA resistance meter with a spatial resolution of 1 x 1 meter and an 
instrument resolution of 0.1 Ohm. The probe distance between the mobile probes was 1 meter, and the 
depth of investigation can be assumed to be approximately 1 meter.  
 
Results 
Two magnetic anomalies (Fig. 15) could be mapped, a positive anomaly on the northern edge of the 
surveyed area and one in the southwest corner. The northern anomaly is related to a ditch that was 
partly filled in but could still be seen as a depression on the surface. The location of the linear 
anomaly in the southwest corner corresponds to that of the road of Paludanus, but the orientation of 
the anomaly is NNW-SSE, rather than the NW-SE orientation of the crop mark on the aerial photo. It 
is likely that the magnetic anomaly is caused by a feature that is related to the road, but not by the 
road itself.  
Two areas with high resistance values appear to be anomalous to the rest of the area, a linear anomaly 
on the north side, and a zone of high values in the middle of the surveyed area. The latter group of 
anomalies has a southwest-northeast direction and consists of strips of higher and lower resistance. 
Overall, the width of the zone of high resistance measures approximately 15 meters. 
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The location, width and direction of the anomalies correspond to the soil mark that is visible on the 
aerial photograph and represents the road of Paludanus. The northern anomaly corresponds to the 
ditch that was also mapped in the magnetometer survey. 
A number of cores was carried out in order to map the area. A typical profile consists from top to 
bottom of a patchy dark layer of approximately 40 cm of mixed materials (silt, clay and sand) with 
occasional (layers of) shell, followed by a 20 cm layer of peat. Under the peat is a sequence of silty, 
sandy and clayey light grey estuarine deposits, the reduction zone starts at 150 cm. There are no 
boreholes positioned over the geophysical anomalies. 
The results of the coring suggest that the remnant of the layer of peat is in the oxidized part of the soil 
matrix. This can explain the high resistance anomaly, it may be caused by pockets of air in the peat 
that makes up the road rather than a low resistance anomaly that would be expected to be caused by 
waterlogged peat. The fact that the road does not produce a negative magnetic anomaly as would be 
expected (see 21 Smokkelhoek) suggests that the contribution of diamagnetic water is of crucial 
importance for the strength of the magnetic anomaly. 
 

 
 
Figure 15  The results of the geophysical survey in Kolhorn. Both datasets have been interpolated. 
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12 Limmen 
 
Limmen de Krocht LI03, LI04 
municipality Castricum 
central coordinates 107600, 508600 
type of archaeological site settlement, road 
period MED 
lithology sand 
depositional environment aeolian 
archaeological activity excavation (ARCHIS: m4658) 
executed by  Amsterdams Archeologisch Centrum, Universiteit van Amsterdam (AAC-UvA) 
 
Introduction and aim 
In Limmen, a former scheduled archaeological site was excavated for scientific purposes. The site is a 
settlement and dates from the Middle Ages. It is located on a raised beach deposit which has been 
covered with peat and dune sand. Archaeological features are present in the latter deposit. During the 
first field season, a magnetometer survey could be conducted in an area that was excavated in the 
second field season. This allowed for direct comparison between the results of the magnetometer 
survey and the excavation. Moreover, archaeological features could be sampled during excavation for 
magnetic susceptibility measurements.  
 
Methodology 
A magnetometer survey was conducted on a resolution of 0.25 x 1.0 meter. Based on these results, the 
survey in the northeastern corner was duplicated on a resolution of 0.5 x 0.5 meter, using tape 
measures to locate each measurement. In both the 2003 and the 2004 season samples could be 
collected directly from the excavation trench. Topsoil and undisturbed material was collected from the 
sections, and one down-profile section was sampled in trench 7. In total, 63 samples could be 
collected from archaeological features during their excavation. These samples included ditch, well, pit 
and posthole fills. 
 
Results 
The results of the magnetometer surveys are displayed in Figure 16. The detailed survey in the north-
eastern corner of the general survey has been boxed. A number of clear, mainly positive linear and 
circular anomalies can be seen, these are indicated in the interpretation diagram (Fig. 16, bottom). A 
hatch has been given to those anomalies that are caused by remanent, most likely metal, objects. The 
archaeological features that have been excavated are displayed as grey solids, and it can be seen that 
many of the magnetic anomalies correspond to archaeological features. Not all features cause a 
detectable signal, but only four of the detected magnetic anomalies do not have a clear archaeological 
cause.  
In order to investigate what kind of features were detected and why certain features could be mapped 
magnetically, whereas others could not, the area where excavation and magnetometer survey overlap 
is displayed in Figure 17. The interpretation diagram is annotated with the type of archaeological 
feature, and colours correspond to the three periods in which the site was inhabited, and to the post-
habitation period. The most striking feature that was detected in the magnetometer survey is the 
couple of road ditches from the late period (1150-1250 AD). Two more ditches near the road ditches 
could be detected magnetically. Around and over the road five late period wells caused a magnetic 
anomaly. The anomalies that are caused by early and middle period features all represent wells too. In 
the post-habitation period pits have been dug for sand extraction or soil improvement, four of these 
have been mapped, as well as a late ditch. If compared to the multitude of features that was excavated, 
only a small number of features have caused a detectable anomaly. Except for the obvious road 
ditches, mainly wells were mapped during the magnetometer survey, but not all wells caused an 
anomaly. All the wells that were excavated in the area that was surveyed with the magnetometer are 
listed in Table 18. It appears from this table that there is no obvious correlation between the detecta-
bility and for example period, depth of burial or construction method. 
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Figure 16  The results of the magnetometer survey at Limmen (top) with the detailed survey in the northeastern 
corner (box) and the interpretation diagram in black (bottom) as an overlay over the results of the excavation 
(grey). Magnetic anomalies that have been caused by metal objects have been hatched in the interpretation 
diagram. 
 
Most of the wells that could be mapped are constructed with plaggen, except for an early period barrel 
and box well. This construction material may have been beneficial to the enhancement of magnetic 
susceptibility, as the plaggen contain a high amount of organic material which is needed for magnetic 
susceptibility enhancement. The reason why wells, rather than other features, have a magnetic 
expression may be attributed to the organic nature of the construction material or the fill of the 
feature, maybe in combination with its volume. 
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Figure 17  A summary of the non-remanent magnetic anomalies that were identified and their relation to the 
archaeological record. Only the northern (excavated) half of the interpretation diagram in Figure 16 is shown. 
Anomalies that did not prove to be caused by an archaeological feature: grey line (no fill); early period (800-
1000 AD): black line (no fill); middle period (1000-1150 AD): light grey fill; late period (1150-1250 AD): dark 
grey fill; post settlement: black fill. 
 
Table 18  List of wells that have been detected in the area where the magneto- 
meter survey has been conducted. Phases are defined as early (800-1000 AD), 
middle (1000-1150 AD) and late (1150-1250 AD). The type of construction is 
listed together with the highest level at which the feature was encountered. The 
last column states whether or not the well was detected in the survey. 

well phase construction top (N.A.P. in cm) detected 
51 E plaggen + frame -2 n 
33 E barrel 20 n 
62 E plaggen + frame 25 n 
47 E plaggen 30 n 
54 E barrel 30 n 
55 E plaggen + frame 24 n 
35 E barrel + wickerwork unknown n 
57 E barrel + plaggen 26 y 
61 E box 15 y 
46 E barrel 27 y 
45 E plaggen + frame 34 y 
43 M plaggen 7 n 
66 M plaggen 7 n 
63 M plaggen 10 n 
42 M plaggen + frame 17 n 
44 M plaggen 22 n 
34 M barrel + plaggen + frame 30 n 
58 M treetrunk 38 n 
56 M barrel 48 n 
32 M plaggen 10 y 
65 M plaggen + frame 0 y 
68 M plaggen 0 y 
67 M plaggen 8 y 
48 L wickerwork 11 n 
60 L plaggen + frame 25 y 
59 L plaggen + barrel 29 y 
52 L plaggen 41 y 
41 L plaggen 44 y 
50 L plaggen 46 y 
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An investigation into the magnetic susceptibility of the wells led to the sampling of the top fill of well 
37 (S4330 in trench 15) that was available for sampling (Fig. 18). The well is just inside the area that 
was surveyed, but unfortunately disturbance by metal fencing has overshadowed any possible magne-
tic response of the well in the magnetometer data. The well is constructed with plaggen and dates 
from the late period. The magnetic susceptibility values were surprisingly low (4.82 and 5.22 x 10-8 
m3/kg for the fill of the two samples that were collected from the fill), as were the values for the un-
disturbed matrix (2.71, 3.05 and 4.03 x 10-8 m3/kg). 
The value for the sample from the iron stained soil falls into the same range (3.39 x 10-8 m3/kg). It is 
not clear if this well would have caused a detectable anomaly if the metal fence would not have 
influenced the measurements. It is clear, however, that the clastic secondary fill that was sampled here 
would not have caused it. 
One of the road side ditches that was clearly visible in the magnetometer data was sampled down-
profile in a section. In Figure 19 a comparison is made between this dataset, and the down profile 
magnetic susceptibility of an undisturbed profile. The enhanced magnetic susceptibility of the ditch 
fill can clearly be seen, with values exceeding 200 x 10-8 m3/kg. The susceptibility of the other 
archaeological features is much lower, in Table 19 the magnetic susceptibility of all the features that 
were sampled, except for the well samples that were discussed above and the road ditch samples, are 
listed. The fills of the features are magnetically enhanced when compared to the undisturbed matrix, 
but the values are much lower than those measured on the samples of the road side ditch. This limited 
enhancement could, in combination with the volume of the features and their depth, add to the 
explanation why only a limited amount of features could be mapped during the magnetometer survey 
in Limmen. A more sensitive magnetometer could probably have produced better results. Why the 
ditch fills of the road side ditches have very high magnetic susceptibility values when compared to the 
other features is unknown. The reason why a number of wells have produced a detectable magnetic 
anomaly can possibly be attributed to a high magnetic susceptibility of the highly organic primary fill 
and organic construction material. 
 

 
 
Figure 18  Sampling in progress on well 37 (S4330) in trench 15. The two left hand sample tubes are placed in 
the secondary fill of the well, the other tubes in undisturbed deposits. Iron staining in the soil can be seen in the 
one but last sample on the right hand side.  
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Table 19  The magnetic susceptibility of the samples from the excavation 
at Limmen in the 2003 and the 2004 season. Samples from the ditch fill 
of the road and the well have been excluded. All values x 10-8 m3/kg. 
N is the number of samples. 
 maximum minumum median mean N 
topsoil 18.90 11.43 14.72 15.15 7 
archaeological feature 84.13 4.84 13.39 17.15 42 
undisturbed 8.15 4.68 6.06 6.31 9 
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Figure 19  A comparison between the down-profile magnetic susceptibility of an undisturbed section (the south 
facing section of trench 7) in grey dashed line and one of the road ditches (feature 4715) in solid black line. 
Note the high magnetic susceptibility values of the fill of the road ditch. 
 
 
13 Meerssen 
 
Meerssen Onderste Herkenberg MH03 
municipality Meerssen 
central coordinates 181350, 321500 
type of archaeological site villa 
period ROM 
lithology silt 
depositional environment aeolian 
archaeological activity test trenches (ARCHIS: 13256) 
executed by  Rijksdienst voor het Oudheidkundig Bodemonderzoek (ROB) 
 
Introduction and aim 
The remains of a partly excavated Roman villa were re-investigated by means of trial trenches by the 
Rijksdienst voor het Oudheidkundig Bodemonderzoek in order to outline the extend of the villa 
complex. A magnetometer survey was carried out to assess if the site could be delimited this way. A 
further aim was to investigate the magnetic susceptibility contrast between the limestone walls of the 
buildings and the loess matrix. On the eastern side of the villa complex a (Roman Period) chalk 
quarry was discovered in the 19th century, but is not visible at present. A magnetometer survey was 
conducted to investigate if this quarry would give a magnetic response. 
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Methodology 
The two areas were surveyed on a 0.5 x 1 meter grid spacing. After the magnetometer survey, the ex-
cavation of the trial trenches started. The archaeological features were only uncovered, not excavated, 
resulting in the tentative interpretation of the features. Soil samples for magnetic susceptibility 
measurements could be collected from the top of the fill of the archaeological features that were 
present. 
 
Results 
The results of the magnetometer survey are displayed in Figure 20 (top) with an interpretation 
diagram (bottom). The anomalies that are likely to be caused by metal objects are indicated with a 
hatch in the interpretation diagram, and are not further discussed. The numbers that are used in the 
text refer to the numbers in the interpretation diagram. A group of anomalies (1, grey zone) with a 
strong positive and weakly negative component is located in the western part of the survey area. The 
strength and shape of the anomalies suggests that they are caused by remanent magnetism, rather than 
by induced magnetisation. Trench 2 partly overlaps the group of anomalies (Fig. 21), and the two 
anomalies that were clipped correspond to two pit like features. Their fill consists mainly of pieces of 
brick or tile, which could explain the remanent magnetic appearance of the anomalies. The results of 
the magnetic susceptibility measurements are displayed in Table 20. A sample of brick and rooftile 
was measured for its magnetic susceptibility, which is - as would be expected - very high. It has to be 
kept in mind, however, that the thermoremanent magnetization in the baked clay influences the 
magnetic susceptibility measurement. It is likely that the other anomalies in this group represent 
similar pit like features. To the east of 1, two linear negative magnetic anomalies can be seen (2 in 
Fig. 20). There is no trench in this location, so interpretation remains speculative, but could relate to 
limestone walls or foundation trenches. A limestone and a marl sample were collected from the foun-
dation trenches of one of the buildings that belong to the Roman villa. Their magnetic susceptibility is 
very low (Table 20) when compared to their loess matrix, which means that walls or foundations 
constructed with this material would cause a negative magnetic anomaly. 
In the lower half of the magnetometer survey results some striping can be observed (dashed line in the 
interpretation diagram). These stripes occur along the slope of the edge of the loess plateau, and are 
likely to be caused by ploughing. In the western part of the strip that was surveyed, a positive 
magnetic anomaly (3 in Fig. 20) is caused by the presence of a pit like feature. Another similar feature 
that was observed in this trench did not cause a magnetic anomaly. Two of the features that were seen 
in the trench to the east of this do cause a positive magnetic anomaly, but the rest of the features in 
this group do not. On the eastern edge of the surveyed area a large positive anomaly was found to be 
the magnetic expression of a trench that was dug for a gas pipe. Two samples were taken from the 
trench fill (trench 9, S005 and S006), which have an increased magnetic susceptibility compared to 
the matrix that the trench has been cut into, the undisturbed loess. 
 
Table 20  The magnetic susceptibility of the samples from 
Meerssen onderste Herkenberg.  
sample location magnetic susceptibility 

x 10-8 m3 /kg 
limestone  trench 1, S012 -0.81 
marl trench 1, S007 0.35 
undisturbed loess 2  14.67 
undisturbed loess 1  20.26 
undisturbed loess 3  20.97 
feature fill trench 1, S012 21.54 
ditch fill  trench 9, S006 29.20 
ditch fill  trench 9, S005 30.67 
feature fill trench 1, S007 32.27 
topsoil 3  32.78 
feature fill  trench 1, S011 34.11 
feature fill  trench 1, S010 35.59 
topsoil 2  37.01 
topsoil 1  39.48 
brick / rooftile trench 1, S011 170.08 
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In Table 20 the samples have been sorted by increasing magnetic susceptibility. It is clear that all the
archaeological features that have been sampled have a higher magnetic susceptibility and the building
material limestone / marl has a lower magnetic susceptibility than the matrix of undisturbed loess.

Figure 20 The results of the magnetometer survey in Meerssen (top) and the interpretation diagram (bottom).
Data has been interpolated. Magnetic anomalies that are caused by metal are hatched, as is a large modern
feature (5). Stripes in the data are indicated with a dashed line. Numbers refer to the text.
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Two of the three topsoil samples have higher susceptibilities than the feature fills. Based on the
samples, the walls and the limestone rubble fill of the foundation trenches can be said to have a nega-
tive magnetic contrast to the matrix, whereas the fill of the negative features has a positive contrast.
The reason that not all the features that have been discovered during the trial trenching cause a
magnetic anomaly can be contributed to four variables; the magnetic contrast, the size of the archaeo-
logical feature, the depth of topsoil and the variation in topsoil magnetic susceptibility (see § 6.1).
An investigation into the first three variables for the foundation trenches of the building that were
observed in the western trial trench can be found in § 7.1. It is likely that the foundation trenches do
cause a magnetic anomaly, but it is probably outside the detection limits of the instrument that was
used. The application of a higher sensitivity magnetometer on this site could produce better results.
A separate category is formed by the features that are filled with pieces of brick or tile, these cause
magnetic anomalies with a positive and a negative component. This magnetic contrast is stronger than
the induced magnetisation in the features on this site.

Figure 21 The interpretation diagram of the magnetometer survey (grey) and the results of the trial trenching
(black).

14 Meteren

Meteren Hondsgemet ME03
municipality Geldermalsen
central coordinates 149950, 430730
type of archaeological site settlement
period IA, ROM
lithology clay
depositional environment fluvial
archaeological activity test trenches (ARCHIS: 13889)
executed by Archeologisch Instituut Vrije Universiteit (AIVU)
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Introduction and aim 
Prior to the development of an industrial area at Meteren Hondsgemet, a series of trial trenches was 
excavated. A magnetometer survey could be conducted before the excavation, so a direct comparison 
could be made between the results of the magnetometer survey and the excavation. 
 

 
 
Figure 22  The results of the magnetometer survey at Meteren (top) and intepretation diagram (bottom). Data 
has been interpolated and high pass filtered. 
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Methodology 
A magnetometer survey of 100 x 100 meter was conducted on a resolution of 0.5 x 1.0 meter. The 
data was interpolated to 0.5 x 0.5 meter, and a high pass filter was applied to remove a broad trend.  
 
Results 
The results of the magnetometer survey and an interpretation diagram have been displayed in Figure 
22. There is relatively much variation in the dataset. Three linear anomalies with positive and negative 
components, marked with 1 in the interpretation diagram, can probably be attributed to the presence 
of pipes or cables in the subsoil. Other magnetic anomalies that are caused by metal objects are 
indicated with hatched circles. Two areas with an enhanced magnetic susceptibility can be dis-
tinguished; one in the north and one in the south of the surveyed area (dashed line and marked with 2 
in Fig. 22). Smaller positive anomalies are represented by grey circles. Three negative linear anoma-
lies (3 in the interpretation diagram) can be seen in the eastern part of the data.  
A comparison of the interpretation diagram with the excavation data is displayed in Figure 23. 
Features that were dated in the recent past have a grey fill, and are indicated with R. Two of the three 
negative anomalies (3 in the interpretation diagram) are obviously caused by modern ditches. The 
third may also be caused by a feature of recent origin. The location of the houses that were excavated 
(annotated with H) is not directly reflected in the magnetometer data, but two of the houses are 
located in one of the areas that have an enhanced magnetic susceptibility. If this enhancement is 
caused by the presence of the houses, the other areas with an observed enhanced magnetic suscepti-
bility enhancement could also be a possible indication for the presence of houses in these locations. 
None of the other archaeological features appear to be reflected in the magnetometer data. 
 

 
 
Figure 23  Interpretation diagram and the results of the excavation. R indicates a modern feature, H an exca-
vated house. Numbers are copied from the interpretation diagram (Fig. 22). 
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15 Oostende (Belgium) 
 
Oostende Raversijde (Belgium) OR04 
municipality Oostende 
central coordinates - 
type of archaeological site settlement  
period PMED 
lithology sand 
depositional environment marine and aeolian 
archaeological activity - 
executed by  - 
 
Introduction and aim 
Investigations in order to map any remains that could belong to the drowned village of Raversijde 
have been carried out within the framework of a Planarch project around the city of Oostende. A 
magnetometer survey was conducted on the beach where traces of the drowned village were expected.  
 
Methodology 
The magnetometer survey was conducted during low tide and as the tide was coming in on a resolu-
tion of 0.25 x 1.0 meter. 
 

 
 
Figure 24  The results of the magnetometer survey on the beach of Oostende. A zero mean traverse routine has 
been applied and the data has been interpolated. The sea is located to the west of the survey, the retaining wall to 
the east. 
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Results 
The results of the magnetometer survey are displayed in Figure 24. To the west of the surveyed area is 
the sea, to the east a retaining wall. In the eastern part of the survey, close to the wall, a number of 
remanent magnetic anomalies can be seen in the data, these may be caused by remains of the shelling 
that took place here in the Second World War, or by other metal or remanent magnetic objects. In the 
western part of the survey, two curving negative magnetic anomalies can be seen, that are parallel to 
the surf during low tide, and in the sea during high tide. These magnetic anomalies are likely to be 
caused by geological variations in the subsoil, possibly by beach cusps, sinusoidal formations of 
coarse sediment material, that often occur in intertidal zones. 
There are no anomalies in the magnetometer data that could be associated with the drowned village of 
Raversijde. Neither is there any archaeological evidence for its location. It is possible that the village 
is not or no longer buried in the area that was investigated. Other possibilities include a deeper burial 
of the remains or a lack of magnetic contrast between the building material or the fill of archaeolo-
gical features and the undisturbed matrix. 
 
 
16 Ossenisse 
 
Ossenisse Drogendijk OS05 
municipality Hulst 
central coordinates 59000, 377900 
type of archaeological site ?group of tumuli 
period ?BA, ?IA 
lithology clay, sand 
depositional environment estuarine 
archaeological activity - 
executed by  - 
 
Introduction and aim 
Aerial photographs of the area around the Drogendijk showed clear crop mark features in a cereal 
crop in the summer of 2005. The nature of the underlying archaeological features was unknown, but 
morphologically resembled a group of tumuli. This type of feature, however, is unknown in this part 
of The Netherlands. Two areas were selected for a magnetometer survey. The aim of the survey was 
to obtain information about the nature and the dating of the features that were causing the crop marks. 
Moreover, it was tested if these features, with obvious different physical properties than the sur-
rounding matrix, would also cause magnetic anomalies.  
 
Methodology 
Both the northern and the southern area were surveyed with a fluxgate magnetometer on a resolution 
of 0.25 x 1.0 meter. Figure 25 is the aerial photograph of the northern area, it was not possible to 
rectify the aerial photograph and the location of the survey remains speculative. It was attempted to 
include one of the circular features in the survey. Figure 26 shows the southern area. This photo too 
was too oblique to rectify, and the location of the survey has been sketched onto the aerial photo. 
 
Results 
The results of the magnetometer surveys and their interpretation have been displayed in Figure 27. In 
the northern area, there is one clear linear anomaly (1 in Fig. 27). This anomaly could not be linked to 
any of the crop marks in the aerial photograph, but is likely to represent a ditch of unknown date. The 
other anomaly is a very faint circular anomaly (2 in Fig. 27), which probably corresponds to the 
circular structure that is visible on the aerial photograph, although this can not be confirmed without 
the rectification of the aerial photograph. In Figure 28 the data containing the circle has been 
processed separately by applying a high pass filter and by interpolating the resulting dataset. It is 
interesting to see that the circle now appears to have an opening on its northwestern side, but this 
interpretation remains speculative as the filter may have caused the anomaly to change shape. 
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Figure 25  Aerial photograph of the northern survey area, looking south. The photograph is too oblique to 
rectify. The estimated location of the survey has been indicated with a black line. Photo by Dr. Adrie de Kraker, 
IGBA/VU Amsterdam. 
 

 
 
Figure 26  Aerial photograph of the southern survey area, looking west. The photograph is too oblique to rectify. 
The estimated location of the survey has been indicated with a black line. Photo by Dr. Adrie de Kraker. 
 
In the southern area there are three clear linear anomalies which have an east-west direction (3 in Fig. 
27), and which can be recognized on the aerial photograph. Two overlapping circular anomalies are 
marked with 4 in Figure 27. Because of the difference in size it is unlikely that these represent the 
same feature as the circle in the northern area. The fact that the two circular features are overlapping 
makes their interpretation as funerary monuments unlikely. 
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A series of mainly positive magnetic anomalies (5 in Fig. 27) is visible in the southern part of the 
survey. Some of these features can be seen on the aerial photograph and belong to what appears to be 
a structured group of crop marks. These anomalies may represent pit like features. The only north – 
south oriented linear anomaly, marked with 6, can be interpreted. It can be recognized as a trackway 
on the 1832 map1 of the area. 
The magnetometer investigations have shown that the features that are causing the crop marks in most 
cases do also cause a magnetic anomaly. The results of the magnetometer survey, however, could not 
aid the interpretation or date the features that are visible on the aerial photograph. 
 

 
 
Figure 27  The results of the magnetometer surveys in Ossenisse (left) and the interpretation diagram of the 
magnetic anomalies (right). Data has been interpolated. Range of magnetic variation 0 – 2 nT (top) and -2 – 4 
nT (bottom). Ferrous responses have been indicated with a hatch in the interpretation diagram. 
 
 

                                                 
1  Kadastrale minuut, 1832. Source: www.dewoonomgeving.nl. 



 161

 
 
Figure 28  Grid with the circular feature in the northern survey. A high pass filter has been applied to the data 
and the data has been interpolated.  
 
 
17 Poeldijk 
 
Poeldijk PD03 
municipality Westland 
central coordinates 75745, 449496 
type of archaeological site settlement, ?road 
period ROM 
lithology silt, clay, sand 
depositional environment marine and aeolian  
archaeological activity excavation (ARCHIS: 4740) 
executed by  ADC Archeoprojecten 
 
Introduction and aim 
A magnetometer survey was conducted on a plot of land in Poeldijk within the framework of the 
project Romeinse wegen in Den Haag (Roman roads in Den Haag). The aim of the survey was to 
assess if the stretch of Roman road that was projected on this location could be mapped by means of 
magnetic methods.  
 
Methodology 
The projected Roman road was expected to run along the northwest side of the greenhouse (Fig. 29). 
The magnetometer survey was carried out as close to the greenhouse as was possible. Soil samples for 
magnetic susceptibility measurements were collected during hand augering, the location of the 
samples was not recorded. 
 
Results 
The results of the magnetometer survey are displayed in Figure 29. The influence of the metal of the 
construction of the greenhouse on the magnetometer data is clearly visible on the southeastern side of 
the surveyed area. A number of highly magnetic remanent anomalies can be seen throughout the data, 
these are probably caused by pieces of metal. A dashed line indicates the location of a very weak 
magnetic curvilinear anomaly. There are no indications in the magnetometer data for the presence of a 
Roman Road, and it was shown in later excavations that its location was further south than was 
expected, and hence outside the area that was investigated.   
The results of the magnetic susceptibility measurements can be found in Table 21. The highest 
magnetic susceptibility was measured in a sample in which iron sulphides were recognized during 
sampling. A very low magnetic susceptibility, on the other hand, was found for the sample of dune 
sand. The magnetic susceptibility of the archaeological layer and the archaeological features that were 
sampled is lower than the topsoil susceptibilities but higher than the magnetic susceptibility of the 
undisturbed C-horizon. 
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Figure 29  The results of the magnetometer survey in Poeldijk. Data has been interpolated. The location of the 
magnetic anomaly is indicated with a dashed line. 
 
The magnetic susceptibility measurements show that there is a magnetic contrast between the 
archaeological layer and the archaeological features and the undisturbed matrix that they are 
embedded in. The largest contrast that was measured in these samples is 7.1 x 10-8 m3/kg. With such a 
contrast, a feature of 0.5 x 0.5 x 0.5 meter that is buried at a depth of 0.25 meter would produce an 
anomaly of 3 nT, an anomaly of such a strength can be detected in a magnetometer survey with the 
instrument used. The fact that the magnetic expression of the archaeological features is not visible in 
the magnetometer data is probably caused by a deeper burial of the features in combination with a 
variation in the topsoil magnetic susceptibility. 
The curvilinear magnetic anomaly that could be seen in Figure 29 is likely to be caused by a feature, 
probably a creek, in which formation of magnetic iron sulphides has taken place. A similar magnetic 
response was seen in Smokkelhoek (see 21 Smokkelhoek). See Chapter 5 for a more detailed discus-
sion on iron sulphides. 
 
Table 21  The magnetic susceptibility of the samples fromPoeldijk. 
sample interpretation magnetic susceptibility 

x 10-8 m3/kg 
1 archaeological layer 15.63 
3 topsoil 14.81 
4 dune sand 0.73 
5 C-horizon with phosphates 8.08 
6 top of creek with iron sulphides 24.79 
7 C-horizon with phosphates 8.53 
8 archaeological feature 11.29 
9 archaeological layer 12.27 
10 C-horizon 6.16 
11 archaeological feature 9.73 
12 topsoil 17.32 
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18 Polre 
 
Polre PO05 
municipality Bergen op Zoom 
central coordinates 74720, 393420 
type of archaeological site Settlement 
period PMED 
lithology sand, clay, peat 
depositional environment Fluvial 
archaeological activity fieldwalking (ARCHIS: m4592) 
executed by  Gemeente Bergen op Zoom 
 
Introduction and aim 
Through a combination of fieldwalking and information from historical maps, a possible location for 
the drowned village of Polre was established. A magnetometer survey was conducted in order to map 
any structural remains that could have belonged to Polre. It is assumed that the church was a brick 
building with a slate roof.  
 
Methodology 
The fieldwork concentrated on the highest part of a levee, which is still visible in the landscape after 
subsequent transgressions. A magnetometer survey was conducted, and a number of cores were taken 
in order to aid with the interpretation of the features. 
 

 
 
Figure 30  The results of the magnetometer survey in Polre. 
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Results 
The results of the magnetometer survey are displayed in Figure 30. A multitude of magnetic anoma-
lies can be seen in the data, their outline and interpretation can be found in Figure 31. The location of 
these cores is added to the interpretation map, the details of the cores can be found in Appendix III.  
The dominating anomaly is a linear feature on the east side of the surveyed area. This feature repre-
sents a field boundary that is present on the map of 1832, but is currently not visible on the ground. 
The results of cores 5 and 6 confirm this interpretation. Core 5 is located on a high point of the levee, 
and the undisturbed sandy deposits start at a depth of 40 cm. In core 6, a thick layer of archaeological 
deposits (50 - 140 cm), overlies a layer of sandy clay in which the presence of iron sulphides was 
noticed. Underneath this layer is a layer of peat. The levee appears to be dropping off in the direction 
of core 6, it is likely that the linear feature is a ditch or moat around the church that was constructed 
along the edge of the levee. The magnetic anomaly may be caused by the archaeological deposits if 
these have an enhanced magnetic susceptibility, but soil samples were not collected on this location. 
Another possibility is that it is not the fill of the archaeological feature, but the layer underneath that is 
displaying anomalous magnetic behavior. The preferential formation of iron sulphides in the deposit 
underneath the ditch may have caused a ‘shadow’ magnetic anomaly of the archaeological feature 
(see Chapter 5 for a detailed discussion on iron sulphide formation). On the south side of the surveyed 
area, a less straight and less strong magnetic anomaly branches off the field boundary that was 
discussed above. This feature too can be related to a field boundary on the map of 1832. In cores 4 
and 7, thick archaeological deposits could be recognized, and an enhanced magnetic susceptibility of 
these probably caused the magnetic anomaly. The difference in appearance between the north-south 
field boundary and the east-west field boundary could possibly be explained by the presence and 
absence of iron sulphide in the deposits underneath the ditch fill. 
 

 
 
Figure 31  Interpretation of the magnetometer data from Polre and the location of the cores. Numbers refer to 
coring numbers. 
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Three smaller linear features can be observed abutting the main ditch in the center of the area under 
investigation. A comparison of core 1 and 2 suggests that a 40 cm deep feature, probably a small 
ditch, is causing the anomaly. There may be a fourth similar anomaly to the east of the main ditch. In 
the center of the small plot that is defined by the three linear anomalies, three strongly magnetic, well 
defined anomalies were mapped. In core 9, evidence of burning was found as well as a piece of iron 
slag. It is likely that the anomalies are caused by three high temperature features, possibly iron 
smelting furnaces. 
On the north side of the survey, three areas with a brick like magnetic response were identified, one of 
these was confirmed to be a wall or a foundation in core 8.  
 
 
19 Raalte 
 
Raalte De Zegge VI RA03 
municipality Raalte 
central coordinates 216663, 487868 
type of archaeological site settlement (IA, EMED), industrial (iron production) (ROM) 
period IA, ROM, EMED 
lithology sand 
depositional environment plaggensoil over aeolian 
archaeological activity excavation (ARCHIS: 4006) 
executed by  ADC Archeoprojecten 
 
Introduction and aim 
An archaeological excavation was conducted prior to the development of a housing estate. Remains of 
late Roman Period iron production were uncovered, and DW Consulting was invited to scan the 
archaeological remains in the excavation trenches with a magnetometer, in order to assess if there was 
enough magnetic contrast to map the buried features that were related to the iron production.  
 
Methodology 
The archaeological features were scanned in the excavation trench, using a Bartington GRAD601 
fluxgate gradiometer. The relative anomaly strength was recorded. Soil samples were collected from 
the west side of the excavation trench, here, there were patches of red sand in the predominantly 
yellow sand, both of which were sampled. On the western edge of the trench, a sample was taken 
from a deposit of black sand that contained a large amount of organic matter. Moreover, the un-
disturbed C-horizon and the topsoil were sampled. Further samples were taken from the iron ore that 
was used for the production of iron, and from a charcoal ring (earth kiln, houtskoolmeiler) that was 
used to carbonize wood for the iron production process. 
 
Results 
The results of the magnetic scanning can be found in Table 22, the results of the magnetic suscepti-
bility measurements in Table 23. The topsoil, undisturbed C-horizon and black (high in organic 
matter) sand samples have a low magnetic susceptibility. This agrees well with the observation of a 
limited background variation during the magnetic scanning. The magnetic susceptibility of the red 
sand is higher than the background, and the patches of red sand caused a detectable magnetic anomaly 
during the scanning. 
 
Table 22  The results of the magnetic scanning 
in Raalte De Zegge VI. Data collected by DW 
Consulting, Barneveld, The Netherlands. 
feature magnetic variation 
background -2 to 2 nT 
charcoal ring -1 to 1 nT 
red sand 2 to 40 nT 
furnace -50 to 3000 nT 
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Table 23  The magnetic susceptibility of the samples 
taken from Raalte De Zegge VI. 
sample description magnetic susceptibility 

x 10-8 m3/kg 
1 topsoil 8.53 
2 charcoal ring 72.40 
3 yellow sand, C-horizon 10.53 
4 yellow sand, C-horizon  10.55 
5 black sand 0.68 
6 red sand 56.48 
7 iron ore 44.78 

 
As could be expected, the magnetic anomaly caused by the furnaces is very strong, it is likely that the 
anomaly consists of a component of induced magnetisation and of a component of remanent magne-
tisation. The iron ore has a high magnetic susceptibility, but also a remanent magnetisation. In the 
magnetic scanning, the charcoal ring did not appear to cause a magnetic anomaly. The soil sample 
that was taken from the feature, on the other hand, has a high magnetic susceptibility. These two 
observations do not agree, and the sample that was taken from the charcoal ring is probably not 
representative for the whole feature.  
The magnetic anomaly that is produced by the furnaces can easily be mapped even if the furnaces are 
buried. The patches of red sand create anomalies that can, in strength and in shape, be compared to the 
anomalies that are usually caused by archaeological features. These preliminary conclusions were 
tested on the site of Heeten Hordelman (see 10 Heeten), where the red sand patches as well as the 
detectability of furnaces was further investigated. 
 
 
20 Slabroek 
 
Slabroekse Heide SB05 
municipality Uden 
central coordinates 169830, 412456 
type of archaeological site group of tumuli (BA), urnfield (IA) 
period BA, IA 
lithology sand 
depositional environment aeolian 
archaeological activity excavation and consolidation (ARCHIS: p13410) 
executed by  Archeologisch Onderzoek Leiden BV (ARCHOL) 
 
Introduction and aim 
An excavation in 1923 by the Rijksmuseum voor Oudheden in Leiden identified this group of features 
on the Slabroekse Heide as a group of Bronze Age tumuli with an Iron Age urnfield. In 2005, limited 
excavation and consolidation of the remaining tumuli took place after the area was cleared of trees. A 
magnetometer survey was carried out as part of a larger geophysical investigation of the tumuli 
(Abdulfattah 2006) that was aimed at the assessment of the application of geophysical methods for 
mapping tumuli on sandy soils.  
 
Methodology 
Two individual tumuli and a blank area were investigated with a magnetometer. The southwestern 
quart of the eastern mound that was surveyed (Fig. 32) had already been excavated before the survey. 
The tumulus is visible in the field as a 1.3 meter high hillock. A magnetometer survey was conducted 
in order to assess if any traces of a primary or secondary burial or of the ring ditch that surrounds the 
tumulus, could be mapped. The central survey was laid out on the location of a suspected tumulus that 
was identified on an aerial photograph. On the surface there are no traces of the tumulus. The western 
survey area is located in a ploughed field. The aim of this part of the survey was to map any 
archaeological features that could be related to a western continuation of the urnfield or group of 
tumuli. There were no indications on the surface to suggest this. 
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Figure 32  The results of the magnetometer survey on the Slabroekse Heide. The location of the tumuli has been 
indicated with grey circles. Note that the plot is oriented towards the east, and that the displayed data range is 
diffferent for the western survey. 
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Results 
In the results of the magnetometer survey on the eastern mound no traces can be seen of burials or of 
a ring ditch, the only magnetic anomaly that possibly belongs to the tumulus is a remanent magnetic 
anomaly on its northern edge. This anomaly, however, is more likely to be related to the magnetic 
noise on the north side of the surveyed area, that is caused by the metalling of the track that runs here. 
In the central survey, no traces of a ring ditch surrounding the potential tumulus were mapped 
magnetically. Only one strong anomaly, probably a piece of metal, was detected during the survey. 
In the western survey a lot of magnetic noise can be seen that is probably caused by pieces of metal or 
brick that could also be seen on the surface of the ploughed field. No magnetic anomalies that could 
be an indication of the presence of any archaeological features were mapped during the survey. This is 
however no proof for the absence of archaeological features on this location. The ring ditch around 
the eastern tumulus, that was known to be present from its partial excavation, did not cause a 
detectable magnetic anomaly, and it is possible that the fill of the archaeological features on the site of 
Slabroekse Heide in general do not have sufficient magnetic contrast to be detected with the 
instrument that was used. 
 
 
21 Smokkelhoek 
 
Smokkelhoek SH03 
municipality Kapelle 
central coordinates 57380, 387530 
type of archaeological site ?settlement (ROM), industrial (peat extraction) (MED) 
period ROM, MED 
lithology silt, sand, peat 
depositional environment estuarine and peat formation  
archaeological activity hand augering (ARCHIS: 8766) 
executed by  RAAP Archeologisch Adviesbureau 
 
Introduction and aim 
A magnetometer survey was carried out after an archaeological prospection by hand augering found a 
possible Roman Period settlement, the remains of which were damaged by later peat extraction. The 
aim of the survey was to magnetically map the undisturbed peat in order to identify the locations 
where Roman Period remains had a potential to be preserved. 
 
Methodology  
A large scale magnetometer survey was carried out on a resolution of 1 x 0.25 meter. An area of 40 x 
40 meter was selected for a detailed survey with a resolution of 0.5 x 0.25 meter. Based on the results 
of the surveys, a number of locations were selected for hand augering and soil sampling. All samples 
were freeze dried and their magnetic susceptibility measured. In cores 1 to 5 and 8 (Fig. 33) samples 
were taken to investigate the difference in magnetic susceptibility of peat, silt, sand and mixtures 
thereof. Cores 30 and 31 were sampled every 20 cm in order to get a magnetic susceptibility profile.  
 
Results 
In Figure 33 the results of the large scale magnetometer survey are displayed. The most obvious 
magnetic responses are the paired positive anomalies that dominate the magnetogram. Table 24 shows 
the magnetic susceptibility values from the samples that were taken from the cores over and next to 
these anomalies. In core 30 and 31 it can be seen that the high magnetic susceptibility values occur in 
certain bands, but through the whole reducing part of the soil section. The magnetic moment is 
probably carried by ferrimagnetic greigite as was the case in Harnaschpolder (see 8 Harnaschpolder) 
and Spalding (see 22 Spalding). It is likely that there is a magnetic remanence in the deposits but this 
has not been investigated, in a magnetometer survey induced and remanent magnetization can not be 
distinguished. Iron sulphide formation is a post depositional process, but morphologically its occur-
rence appears to be related to sedimentary structures. 
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High magnetic susceptibilities were measured in silty clay and peat, but not in sandy deposits, which 
can be explained by the conditions under which iron sulphide formation can take place (Chapter 5). It 
is possible that the anomalies that can be seen in the data are negative anomalies (with a positive 
component on either side) caused by the weak magnetic moment of sandy creek deposits that cut 
through earlier layers in which iron sulphides could be formed. 

 

 
 
Figure 33  The results of the magnetometer survey in Smokkelhoek with the location of the cores that are 
mentioned in the text. The box indicates the location of the detailed magnetometer survey (top). The inter-
pretation diagram (bottom) has been overlayed with the historical map of 1832. 
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Table 24  The magnetic susceptibility of the soil samples from the cores in Smokkelhoek. 
core depth magnetic susceptibility 

x 10-8 m3/kg 
interpretation oxidation / 

reduction 
1 310-315 37.20 silty clay R 
1 350-360 2.98 sandy clay R 
2 105-110 3.82 silty clay + OM + LP + LC + Fe O 
2 190-200 4.18 silty clay, fill of peat tie R 
2 210-215 -0.43 peat R 
2 230-235 20.03 silty clay R 
3 230-225 50.09 silty clay + OM, black layer R 
4 130-135 6.17 silty clay + peat R 
4 190-195 -0.30 peat R 
4 210-215 99.01 silty clay R 
5 110-115 3.02 silty clay + LP R 
5 145-150 -0.80 peat R 
8 215-220 13.21 peat R 
30 0 6.68 silty clay O 
30 20 6.83 silty clay O 
30 40 5.67 silty clay + Fe O 
30 60 4.13 sandy clay + Fe O 
30 80 3.80 silty clay + Fe O 
30 100 4.34 silty clay + Fe O 
30 120 5.33 silty clay + Fe O 
30 140 4.42 silty clay + Fe O 
30 160 68.28 silty clay R 
30 180 67.88 silty clay +OM +peat +black stains R 
30 200 8.08 silty clay +OM +peat +black stains R 
30 220 9.07 silty clay +OM +peat +black stains R 
30 240 3.96 peat R 
30 260 4.49 clayey peat R 
30 270 18.12 silty clay R 
31 0 6.64 silty clay O 
31 20 6.56 silty clay O 
31 40 6.75 silty clay O 
31 60 5.86 silty clay + Fe O 
31 80 7.04 silty clay + Fe O 
31 100 6.93 silty clay + Fe O 
31 110 7.86 silty clay + Fe O 
31 120 0.87 peat, disturbed O 
31 140 5.04 silty clay + OMs R 
31 160 4.75 silty clay + OM R 
31 180 -0.45 peat R 
31 190 4.07 silty clay R 
31 200 -0.46 peat R 
31 220 58.93 silty clay R 
31 240 177.33 silty clay R 
31 260 104.73 silty clay R 
31 280 177.28 silty clay R 
31 300 35.20 silty clay R 
 
The second type of magnetic anomalies that can be seen in the data are patches of scattered magnetic 
noise, some of the responses are bipolar. Brick would give this type of response, and so would certain 
archaeological features. The overlay of the historical map of 1832 (Fig. 33) shows that the location of 
the magnetic anomalies coincides with the location of presently invisible and disused field bounda-
ries. On the east side of the surveyed area a track can be seen both on the historical map (two parallel 
lines) and in the magnetometer data (positive anomaly).  
Magnetic responses that could be associated with former peat extraction could barely be seen in the 
coarsely spaced magnetometer survey. The location of the detailed magnetometer survey is indicated 
with a box in Figure 33. The data are displayed in Figure 34. In this survey, the peat ties and barrow 
ways can clearly be distinguished, the presence of peat is causing a negative magnetic anomaly. The 
interpretation of the data was confirmed with a series of cores along the line C-C’. 
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Figure 34  The results of the detailed magnetometer survey in Smokkelhoek (left) with interpretation (right) and 
the location of the coring transect that is referred to in the text. 
 
 
22 Spalding (United Kingdom) 
 
Spalding Wygate, Lincolnshire, 
United Kingdom 

SL04 

municipality Spalding, Lincolnshire 
central coordinates National Grid Reference TF232 230 
type of archaeological site industrial (salt production), settlement 
period ROM 
lithology silt, clay, peat 
depositional environment estuarine  
archaeological activity magnetometer survey, excavation 
executed by  GSB Prospection Ltd., APS Archaeology, CgMs Midlands 
 
Introduction and aim 
In a magnetometer survey that was carried out by GSB Prospection Ltd., a series of strong magnetic 
anomalies was encountered that bore a morphological resemblance to the anomalies that were mapped 
in Harnaschpolder (see 8 Harnaschpolder) and Smokkelhoek (see 21 Smokkelhoek) within the frame-
work of this study. It was expected that the magnetic variation was mainly caused by the presence of 
ferrimagnetic iron sulphides in the subsoil (Chapter 5). The aim of the hand auger survey was to asses 
where in the soil profile high magnetic susceptibility layers occurred, and, if possible, to identify the 
geological features that cause the magnetic anomalies. If the depositional environment in which the 
ferrimagnetic iron sulphides occur could be identified, the presence of these magnetic anomalies, 
which can hamper the interpretation of magnetometer data for archaeological purposes, could be 
anticipated upon. 
 
Methodology 
Nine boreholes in two transects were investigated by means of hand augering. Samples were taken 
from the retrieved sediment and were measured for their magnetic susceptibility without drying within 
72 hours. The samples were freeze dried after the primary measurement and measured a second time, 
which resulted in a small decrease in magnetic susceptibility (see Table 4 in Chapter 4), being an 
indication that some magnetic changes have occurred in the process. Four samples were selected for 
Curie balance measurements, a sample from the topsoil and from the interface between the oxidizing 
and the reducing part of the soil section and two samples from the reducing part of the soil section 
(Fig. 36). 
 
Results 
In Figure 35 the location of the boreholes is superimposed on the results of the magnetometer survey 
that was carried out by GSB Prospection Ltd. for APS Archaeology /CgMs Midlands. 
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Figure 35  The results of the magnetometer survey at Spalding as collected by GSB Prospection Ltd. with the 
locations of the cores that were carried out within the framework of this study. The data is reproduced with 
permission of the owners: APS Archaeology and CgMs Midlands. The map is reproduced from Ordnance 
Survey Superplan Data © Crown Copyright 2004. All Rights reserved. Drawing reference number: 226486. 
 
A series of trial trenches showed that most of the magnetic anomalies that were mapped during the 
survey are not caused by archaeological features. A clear exception can be seen on the west side of the 
southern border, where an oval remanent magnetic anomaly proofed to be a Roman saltern.  
A profile of transect A is displayed in Figure 36. During the sampling it was clear that the black 
staining, indicative of the presence of iron sulphides, did not occur in the sandy creek deposits (grey 
solid in Figures 36 and 37), but rather in the low energy mud plain deposits. Iron sulphides only occur 
in a reducing environment, i.e. under the groundwater, although some black stains were noted just 
above the groundwater table. Down-core magnetic susceptibility measurements of core A6 and A7 are 
displayed next to the cores. In core A6, there is a sharp increase in magnetic susceptibility, which 
starts just above the groundwater table and continues below. In A7, the increase starts just underneath 
the groundwater table. In both cores, high magnetic susceptibility values occur in conjunction with 
black staining, mottling or layers, but the quantity or appearance of the iron sulphides could not 
directly be linked to the value for the magnetic susceptibility.  
The location of the Curie samples is displayed in Figure 36. The results of the Curie balance measure-
ments can be found in Appendix II. Curie 1, a low magnetic susceptibility (21 x 10-8m3/kg) sample 
from the oxidizing part of the soil section was measured on the Curie balance. In the Curie plot a 
generally reversible decrease in total magnetization up to approximately 560 °C can be seen. This 
Curie temperature is slightly lower than the Tc of magnetite (Tc = 580 °C), which probably indicates 
of the presence of substituted magnetite in the sample.  
Sample Curie 2 has a high magnetic susceptibility (92 x 10-8m3/kg) and is derived from the interface 
of the reducing and oxidizing part of the soil column, from a section where both jarosite2 and black 
staining were present. The Curie plot of this sample shows an irreversible drop in magnetisation, 
which starts at room temperature and ends at approximately 320 °C. Although a fixed Curie tempe-
rature for greigite cannot be established, this thermomagnetic behaviour could be typical for greigite. 
Neo-formation of a ferrimagnetic compound starts at approximately 410 °C, and has a peak around 
500 °C after which the total magnetisation decreases irreversibly to approximately 580 °C, the Tc of 
magnetite. 

                                                 
2  Jarosite (KFe3(SO4)2 (OH)6) is an intermediate product of sulphide oxidation. It is easily visually identified as 

yellow concretions. 
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Figure 36  Section of transect A. The figures next to core A6 and core A7 are magnetic susceptibility values x 
10-8 m3/kg. Curie 1 to Curie 4 indicate the sample locations for the Curie balance measurements. The presence 
of sandy creek deposits is indicated with a grey solid fill.  
 
It is likely that this is the compound that was formed in the second part of the thermomagnetic run. On 
cooling no anomalies were recorded.  
The samples Curie 3 (magnetic susceptibility 281 x 10-8m3/kg) and Curie 4 (magnetic susceptibility 
76 x 10-8m3/kg) were collected from the reducing part of the soil section. The Curie plots of these two 
samples resemble the plot of Curie 2, although the total magnetisation does not decrease as 
dramatically up to 320 °C as it does in the Curie 2 sample. It is likely that this decrease in the first part 
of the thermomagnetic run is caused by the break down of greigite. Neo-formation of a ferrimagnetic 
compound starts at 430°C for the Curie 4 sample, in the Curie 3 sample this is not as clear. Both plots 
show a drop in the total magnetisation at 580/590 °C, pin pointing the newly formed compound as 
magnetite. On cooling, the magnetisation increases from approximately 320 °C. In the Curie 3 plot 
there is a slight increase, whereas the Curie 4 sample reaches a much higher magnetisation, which is, 
at room temperature, comparable to the initial magnetisation of the sample. With a Tc of 320 °C, this 
increase can probably be attributed to the formation of pyrrhotite on cooling. The formation of iron 
compounds during the heating and cooling cycle is no indication of the original composition of the 
sample. The most important conclusion that can be drawn from the Curie balance measurements is 
that greigite is likely to be present in samples Curie 2 to Curie 4.  
In transect B (Fig. 37) it can be clearly seen that high magnetic susceptibility values do not occur in 
the sandy creek deposits, either under or above the groundwater table as is the case in core B2. 



 174 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 37  Section of transect B. The 
figures next to the cores are magnetic 
susceptibility values x 10-8 m3/kg. The 
presence of sandy creek deposits is 
indicated with a grey solid fill. 

 
The same observations as in transect A were made regarding reducing circumstances and the presence 
of black stains, mottling and layers.  
The results of the coring and sampling can be used for a broad interpretation of the magnetometer 
data. Based on the Curie balance measurements, the main ferrimagnetic compound causing the 
magnetic anomalies could be identified as being greigite, although some magnetite was present in the 
topsoil sample. For further information refer to Chapter 5. The texture and depositional environment 
of the sediment appear to be crucial for the formation of iron sulphides. Sandy creek deposits do 
generally not host iron sulphides for a number of reasons (see Chapter 5 for details), but a mud plain 
depositional environment favors the formation iron sulphides. The magnetic anomalies are likely to be 
related to lateral changes in the depositional environment. Broadly speaking, creeks cause negative 
anomalies in the high magnetic susceptibility mud plains. Different phases in the estuarine landscape 
have different active creek systems. The magnetic anomalies that are measured at the surface are the 
sum of the magnetic expressions of these landscapes. 
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23 Stede Broec 
 

Stede Broec Polder Het Valkje SB03 
municipality Stede Broec 
central coordinates 144800, 524725 
type of archaeological site ?settlement 
period BA  
lithology silt, sand, clay 
depositional environment estuarine  
archaeological activity none (ARCHIS: m1307) 
executed by  - 

 
Introduction and aim 
The Bronze Age settlement site Het Valkje is a scheduled archaeological monument. The site was 
first recognized as part of a larger Bronze Age landscape by aerial photography. The peat that has 
developed in the area after the Bronze Age habitation has been extracted in later periods. As a result, 
the Bronze Age landscape, and associated archaeological sites occur on or very near the present sur-
face (see De Vries-Metz 1993 for more examples).  
During the magnetic investigations, flower bulbs had been planted at the core of the archaeological 
site, and while some samples for magnetic susceptibility measurements could be extracted, the 
magnetometer survey was relocated to the area to the east and northeast of Het Valkje. 
 
Table 25  The magnetic susceptibility of the samples from Stede Broec, 
sorted by coring location. The feature fills and the archaeological layer 
are not magnetically enhanced, except for the feature fill in D47.5. 
sample depth interpretation magnetic susceptibility 

x 10-8 m3/kg 
C120A 25-30 topsoil with brick 11.61 
C120A 45-50 ditch /feature with hard coal 6.08 
C120A 65-70 ditch /feature 7.87 
C120A 100-105 ditch /feature 4.67 
C120A 155-160 undisturbed 3.65 
C120A 165-170 undisturbed 9.53 
C120A 170-175 undisturbed 9.11 
C120A 175-180 undisturbed 11.98 
C120A 180-185 undisturbed 9.33 
C120A 185-190 undisturbed 8.19 
C120A 190-195 undisturbed 3.83 
D47.5 5-15 topsoil 10.16 
D47.5 55-60 ditch /feature with hard coal 11.27 
D47.5 60-65 ditch /feature 11.58 
D47.5 95-100 ditch /feature 8.22 
D47.5 100-105 ditch /feature 6.14 
D47.5 130-140  ?undisturbed 3.05 
D47.5 160-170 undisturbed 5.22 
D100A 5-15 topsoil 13.49 
D100A 70-75 ditch /feature with brick 5.61 
D100A 100-105 ditch /feature 5.11 
D100A 110-115 ditch /feature 3.83 
D100A 150 undisturbed 3.31 
D100A 215-220 undisturbed 6.02 
50/25 5-15 topsoil 31.10 
50/25 15-20 archaeological layer 7.95 
50/25 30-40 archaeological layer 7.16 
50/25 40-45 archaeological layer 5.32 
50/25 70-80 undisturbed 4.94 
50/25 110-120 undisturbed 3.50 

 
Methodology 
Two strips of magnetometer data were collected on a resolution of 0.5 x 1.0 meter. The survey was 
located as close to the core of the archaeological site as was possible. 
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Samples for magnetic susceptibility measurements were collected from three cores in the survey area; 
C120, D47.5 and D100 (Fig. 38). Another set of samples was collected 250 meter to the south west of 
C120, at the core of the archaeological site ‘Het Valkje’, because earlier work had confirmed the 
presence of an archaeological layer in this location. 
 
Results 
The results of the magnetometer survey are displayed in Figure 38 (left) with an interpretation 
diagram on which the location of the cores is indicated (right). Only the cores from which samples are 
retrieved are displayed. Additional cores have shown that in the area south of C120 an archaeological 
layer is present. Only one induced linear magnetic anomaly can be recognized in the magnetometer 
data in this area. In C120 a fill of a feature, most likely a filled in ditch, was sampled, which contained 
modern debris like brick and hard coal. The magnetic susceptibility (Table 25) of the fill samples is 
not enhanced when compared to the undisturbed layers or the topsoil. It is likely, however, that the 
feature is associated with the body causing the magnetic anomaly, but it is possible that the enhanced 
layers are located under the feature. Two similar linear anomalies can be seen in the northern half of 
this strip of survey, but no intrusive investigations have been carried out there. The dashed line that is 
overcutting the survey is the representation of a set of overhead power cables, the influence of which 
can be seen as a zone of higher magnetic values. To the south of this zone an irregular, very magnetic 
feature was mapped, and a similar feature can be seen in the northern strip that was surveyed (grey 
solid fill in Fig. 38). 
 

 
 
Figure 38  The results of the magnetometer survey in Stede Broec (left) and the interpretation diagram with the 
location of the cores (right). Data has been interpolated. The dashed line represents the orientation of the 
overhead power cables. In the interpretation diagram, anomalies that are interpreted as being caused by metal 
objects are hatched. Two anomalies with very strong remanent responses are displayed with a grey solid fill. 
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Core D47.5 was sampled here in order to aid the interpretation. In the core the magnetically enhanced 
fill of a feature could be recognized, which contained hard coal and probably has to be interpreted as a 
modern ditch fill. The magnetic anomalies have a remanent magnetic appearance, however, and 
cannot be caused by the magnetically enhanced fill that was encountered. The interpretation of these 
anomalies remains speculative. No further archaeological layers or fills could be recognized during 
the coring. In core D100 the magnetic susceptibility decreases down profile, and this part of the 
survey is magnetically quiet except for some magnetic spikes. Note the area of higher magnetic values 
under the influence of the metal construction of the greenhouse. 
The lack of any magnetic anomalies being caused by clear prehistoric features is confirmed by the 
samples from core 50/25. Here, a known Bronze Age layer was sampled which shows very little mag-
netic susceptibility enhancement when compared to the subsoil, and no enhancement when compared 
to the topsoil. No Bronze Age features have been mapped during the magnetometer survey, and the 
features that could be mapped probably have to be dated as post Medieval.  
 
 
24 Steenbergen 
 
Steenbergen Koevering SK03 
municipality Steenbergen 
central coordinates 77370, 399310 
type of archaeological site settlement 
period PMED 
lithology sand, clay 
depositional environment estuarine 
archaeological activity (ARCHIS: m15714 ) 
executed by  - 
 
Introduction and aim 
The survey area at Steenbergen is located directly south of a farm with the name ‘Koevering’. This 
was the most likely location for the so-called drowned village of Koevering, based on the name of the 
farm in combination with historical research. The area is elevated with respect to its surroundings. A 
magnetometer survey was conducted within the framework of a multi-disciplinary project ‘Designing 
a drowned landscape’3 (Kluiving et al. 2007). The survey was conducted as a follow up from a hand 
auger survey, during which some pieces of brick were retrieved, in order to confirm the location of the 
village and to map any in situ settlement remains. 
 
Methodology 
The northeastern section of the field was surveyed on a 0.5 x 1 meter resolution. The dyke along 
which the current village of Koevering is built runs parallel to the eastern boundary of the survey area. 
 
Results 
The results of the magnetometer survey are displayed in Figure 39 (top) with an interpretation dia-
gram (bottom). The data along the northeastern and southwestern boundary are affected by metal 
fencing. Striping in the data, which is due to ploughing, can be seen in the entire survey area (grey 
dashed line in the interpretation diagram). The most striking magnetic anomaly is located on the 
eastern side of the survey, parallel to the dyke. The patchy positive and negative anomaly is roughly 
linear in shape (dotted hatch). The results of the hand auger survey, conducted before the 
magnetometer survey, did not provide any information for a possible interpretation of the anomaly. 
The strength, consistency and shape resemble the anomalies that are caused by the presence of bodies 
of ferrimagnetic iron sulphides in for example Smokkelhoek (see 21 Smokkelhoek), Spalding (see 22 
Spalding) and Harnaschpolder (see 8 Harnaschpolder); see Chapter 5 for more details. 

                                                 
3  ‘Een verdronken landschap vormgeven’ was funded by The Netherlands Architecture Fund. In the project, 

geological, archaeological and historical data were integrated to form the point of origin for ideas for shaping 
the landscape in future developments. See Kluiving et al. (2007) for information on the results of the project.  
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In the central area a north-south oriented strip of magnetic noise can be seen (grey solid). The bipolar 
responses in this area may be an indication of the presence of brick. They are not likely to be caused 
by in situ brick walls or foundations, but rather by for example individual (pieces of) brick(s) that 
have been transported by water, like the material that was recorded during the hand auger survey. 
Inside the zone of magnetic noise an oval shaped negative magnetic anomaly can be seen, of which 
the interpretation is unknown. Although an archaeological origin for the magnetic anomalies in the 
central area can not be discarded entirely, they are more likely to be caused by geological phenomena, 
for example a small creek, possibly with brick material in its fill. If this is the case, it is possible that 
the brick has belonged to buildings in the drowned village of Koevering, but there are no indications 
for in situ brick walls in the magnetometer data that was collected, and the location of the drowned 
village can not be confirmed based on the magnetometer data.  
 

 
 

Figure 39  The results of the magnetometer survey at Koevering (top) and the interpretation diagram (bottom). 
In the interpretation diagram a grey dashed line is used for striping due to ploughing, a grey solid for the area of 
magnetic noise and possible creek and a dotted hatch for the strongly magnetic anomalies that may have been 
caused by ferrimagnetic iron sulphides in the subsoil.  
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Historical research after the geophysical fieldwork showed that this location has also hosted a military 
battery of a later date than the drowned village of Koevering. The brick that was found in the hand 
auger survey and that may have been found in the magnetometer survey is possibly related to this 
building rather than to the drowned village, and the presence of this military building may also have 
contributed to the elevated nature of the field.  
 
 
25 Swalmen 
 
Swalmen Kroppestraat AHN04 
municipality Swalmen 
central coordinates 201995, 360120 
type of archaeological site road 
period ROM 
lithology sand 
depositional environment fluvial 
archaeological activity (ARCHIS: m1383) 
executed by  - 
 
Introduction and aim 
A stretch of Roman road near Swalmen is a scheduled archaeological monument and is visible on the 
surface as a strip of elevated ground. To the south of this easily visible part of the road is a stretch of 
road that is less easy to distinguish. This part has been mapped with LIDAR technology. To the north 
of the scheduled monument the course of the Roman road is not clear. A magnetometer survey was 
conducted on a part of the road which was clearly visible in order to investigate its magnetic 
expression. These results could possibly be used to map the course of the unknown stretch of Roman 
road with a magnetometer at a later stage. 
 
Methodology 
One 20 x 20 meter grid was surveyed on a resolution of 0.5 x 0.5 meter. Soils samples could not be 
collected. 
 
Results 
The results of the magnetometer survey and an interpretation diagram are displayed in Figure 40. Five 
circular magnetic anomalies, marked with 2 in the interpretation diagram, are located on the stretch of 
road. The two northern anomalies have a negative magnetic component, and may be caused by metal 
objects. The three southern anomalies are positive magnetic anomalies and may be caused by 
archaeological features or patches of material with a higher magnetic susceptibility. A linear negative 
magnetic anomaly is annotated with 1 in the interpretation diagram. 
 

 
 
Figure 40  The results of the magnetometer survey in Swalmen (left) and the interpretation diagram (right). 
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The location of this anomaly coincides with the western edge of the Roman road. An interpretation of 
the anomaly as being caused by a road side ditches is plausible, but in excavations of other parts of 
this Roman road this type of ditch has not been observed. Because of the location and direction of the 
anomaly it is very likely that it reflects a feature that is associated with the Roman road. 
 
 
26 Uitgeest 
 
Uitgeest UG04 
municipality Uitgeest 
central coordinates 108853, 502763 
type of archaeological site settlement 
period IA, ROM 
lithology sand, silt, peat 
depositional environment estuarine 
archaeological activity excavation (ARCHIS: p6662) 
executed by  RAAP Archeologisch Adviesbureau  
 
Introduction and aim 
Archaeological excavations were carried out at Uitgeest prior to the widening of a field ditch. A 
limited number of traces from the late Iron Age / early Roman Period were uncovered. The excavation 
created the opportunity to sample the different units of this soil profile for magnetic susceptibility 
measurements. The measurements were conducted in order to assess the variation in magnetic sus-
ceptibility in the oxidizing part of the soil in an estuarine / mudplain environment.  
 
Methodology 
The sampling locations are indicated in Figure 41, a description of the soil profile can be found in 
Table 26. Layer 1, at the bottom of the section, consists of silty sand and is followed by a layer of 
clayey peat (layer 2). These two layers represent an active depositional environment followed by 
much quieter circumstances in which peat could grow. Layer 4, a sequence of laminated sand and silt 
layers, is typical for a tidal mudplain environment. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 41  The section at Uitgeest that was sampled 
for magnetic susceptibility. Numbers are sample 
numbers. 
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Table 26  The magnetic susceptibility of the samples from Uitgeest. 
sample interpretation magnetic susceptibility 

x 10-8 m3/kg 
1 undisturbed, silty sand 2.91 
2 undisturbed, clayey peat 1.74 
3 undisturbed, clayey silt 5.32 
4 undisturbed, laminated sand / silt 2.56 
5 topsoil, clayey sand 11.32 
6 ditch fill 3.86 

 
Results 
The magnetic susceptibility of the undisturbed material in the subsoil is very low, all the layers, from 
different depositional environments, have values that are lower than 6 x 10-8 m3/kg. The topsoil has a 
higher magnetic susceptibility. The ditch (sample 6) was cut into layers 2, 3 and 4. The magnetic 
susceptibility contrast between the archaeological feature and the undisturbed matrix is very small and 
inconsistent, i.e. both positive and negative.  
 
 
27 Uitgeesterbroek 
 
Uitgeesterbroek UB03 
municipality Uitgeest 
central coordinates 110620, 504040 
type of archaeological site settlement 
period ROM 
lithology silt, sand, clay 
depositional environment estuarine 
archaeological activity (ARCHIS: m1317) 
executed by  - 
 
Introduction and aim 
The scheduled archaeological monument in the Uitgeesterbroekpolder consists of a dwelling mound 
with habitation and three possible dwelling mounds, without clear habitation traces from the Roman 
Period. The former, most western mound measures 25 meter in diameter and has a height of a meter. 
The latter mounds are smaller and lower and lack archaeological evidence for habitation, they may 
have been used as higher ground for cattle. The mounds have been constructed on the elevated 
bedding of a dry creek system. The creeks are elevated when compared to the surroundings through a 
process of relief inversion. A magnetometer survey was carried out over two of the low mounds in 
order to map their magnetic response. If they would give a clear magnetic response the method could 
then be used to map a larger area for dwelling mounds that are less clearly visible. 
 
Methodology 
A magnetometer survey was carried out on a resolution of 1 x 0.25 meter. Six samples from archaeo-
logical layers were collected for magnetic susceptibility measurements from the western mound, 
which was not surveyed (Fig. 42). Difficulties with the tie in may have resulted in positioning errors 
of up to 5 meters. The samples were taken by hand auger by the Rijksdienst voor het Oudheidkundig 
Bodemonderzoek. 
 
Results 
The results of the magnetic susceptibility measurements on the soil samples are displayed in Table 27. 
All the samples have a low magnetic susceptibility. No samples have been taken from the topsoil or 
the undisturbed matrix, which makes the contrast between the archaeological deposits and the other 
deposits unknown. The results of the magnetometer survey are displayed in Figure 42. There are no 
magnetic anomalies in the data that can be related to the mounds (circles in Fig. 42). It was observed 
in the field that the patch of magnetic noise in the northeastern corner of the survey was likely to be 
caused by pieces of building debris in that location. 
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Table 27  The magnetic susceptibility of the soil samples from 
Uitgeesterbroek.  
sample depth interpretation magnetic susceptibility 

x 10-8 m3/kg 
51E2 45-55 archaeological layer 9.30 
51E1 25-35 archaeological layer 12.06 
64F3 35-45 archaeological layer 7.80 
62F2 35-45 archaeological layer 3.29 
53E3 30-45 archaeological layer 8.06 
60F1 35-50 archaeological layer 8.62 

 
The magnetic detection of the dwelling mounds in the Uitgeesterbroekpolder appears not to be 
possible using the current methodology. The low magnetic susceptibility values from the archaeo-
logical layers that were sampled agree with the lack of magnetic anomalies in the magnetometer data. 
Information about the possible cause for the lack of a magnetic contrast can be found in Chapter 5. 
 

 
 
Figure 42  The results of the magnetometer survey in the Uitgeesterbroekpolder. Data has been interpolated. The 
approximate location of the mounds is displayed with circles. The western mound was not included in the mag-
netometer survey, but samples for magnetic susceptibility measurements were collected from its archaeological 
layer.  
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28 Valkenisse 
 
Valkenisse VA03 
municipality Reimerswaal 
central coordinates 65200, 380080 
type of archaeological site settlement 
period LMED, PMED 
lithology sand, silt 
depositional environment estuarine  
archaeological activity plan of visible structures (ARCHIS: m13574) 
executed by  Archeologische Werkgemeenschap Nederland (AWN) 
 
Introduction and aim 
The village of Valkenisse was first mentioned in the 13th century. Storm surges in the beginning of the 
16th century damaged the buildings in the village, many of which were brick built. In 1682, after 
another heavy flood, the village was abandoned. In consequent years the remnants of Valkenisse were 
covered with a layer of sediments from the tidal river Schelde. In the 1990's, after the course of the 
river had been changed artificially, archaeological features that could be related to Valkenisse became 
visible again (Fig. 43). This created the opportunity to magnetically map a superficial drowned village 
site. The research was undertaken with the aim to record the magnetic responses of visible 
archaeological structures so that this information could be used for the interpretation of magnetometer 
data on invisible drowned village structures.   
 

 
 
Figure 43  Magnetometer survey in progress in Valkenisse (left hand side). The two persons on the right are 
standing on the church foundations. In the background the section from which the undisturbed samples were 
taken can be seen. 
 
Methodology 
The magnetometer survey was carried out in two areas. The first grid measures 20 x 20 meter, and 
was placed over part of the visible church foundations (Fig. 43). The second grid was located to the 
south of the church in an area with superficial brick, stakes and wooden posts, and measured 20 x 30 
meter. The resolution of the surveys is 0.5 x 0.5 meter. Because of the difficult walking conditions, 
measurements were individually located with tapes and triggered manually.   
Samples for magnetic susceptibility measurements were collected from the four layers of a furnace 
that was discovered during the survey, and of the undisturbed silt on which it was placed. Coal and 
slag from the furnace were also sampled. The fill of a posthole near the furnace could be sampled, and 
five pieces of brick were collected. 
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Figure 44  The location of the survey grid in 
relation to the church foundations (top) and 
the results of the magnetometer survey 
superimposed on the church foundations 
(bottom). Church plan adapted from Kuipers 
1995. 

 
Samples of the undisturbed matrix were taken near the church, and from the sediment that would have 
covered the village, these latter samples were taken from a section at the interface of the non-
vegetated and the vegetated tidal land (visible in the background of Fig. 43). 
 
Results 
The results of the magnetometer survey in the first grid are displayed in Figure 44. The location of the 
survey was chosen such that a large part of the northern choir and part of the northern main wall were 
included, in addition to an area outside the church, with decreasing brick density. In the magnetometer 
data, there is a clear contrast between the area with brick and the area without. Due to the remanent 
magnetic nature of the bricks, they cause randomly oriented bipolar anomalies. The choir wall has 
produced a more consistent anomaly, with elongated positive and negative anomalies along the length 
of the wall. In this survey both information on the extend of the area in which brick is present, as well 
as some structural information could be obtained. 
The results of the second survey are displayed in Figure 45. The area in which the superficial brick 
occurs is clearly visible in the magnetometer data, but it is not possible to recognize any wall or 
foundation structures. It is likely that in this respect the results of a larger survey would have been 
easier to interpret. 
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In the southern half of the data two stronger anomalies can be recognized. During inspection in the 
field it could be assessed that the smaller anomaly is likely to be caused by a posthole with the post 
still in place. The fill of this posthole was sampled. The larger anomaly has been caused by a group of 
furnaces and metal working debris. The deposits in these furnaces too could be sampled. 
The results of the magnetic susceptibility measurements are displayed in Table 25. It is clear that the 
magnetic susceptibility of the furnace samples is very high, which fits well with the large magnetic 
anomaly that was observed in the magnetometer data. The susceptibility of the bricks that have been 
sampled is very high, but it has to be taken into account that the measurements have been influenced 
by the magnetic remanence in the objects. It is interesting to note that sample 2, from underneath the 
furnace, also has a very high magnetic susceptibility. Even though this layer is not part of the furnace, 
it has probably been exposed to high temperatures, enhancing the susceptibility of the material. The 
sample from the fill of the posthole has a lower magnetic susceptibility than the other archaeological 
samples, but there is a clear magnetic contrast between the undisturbed matrix and the fill of the 
posthole. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 45  The results of the magnetometer 
survey south of the church (top) with the 
interpretation diagram (bottom). In the area 
with the dotted hatch superficial brick could 
be seen. A grey solid is used for those ano-
malies that could be related to archaeological 
features in the field. 
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Table 25  The magnetic susceptibility of the samples from 
Valkenisse. Samples have been sorted from high to low 
susceptibility.  
sample description magnetic susceptibility 

x 10-8 m3/kg 
1 furnace, black layer 5665.60 
4 furnace, black layer 4241.19 
5 furnace, yellow layer 1169.34 
3 furnace, red layer 983.47 
6 furnace, slag 757.82 
10 brick 213.06 
7 furnace, coal 211.94 
11 brick 203.20 
2 under furnace, grey silt 202.25 
13 brick 155.18 
14 brick 100.39 
9 brick 64.63 
8 posthole 54.78 
12 undisturbed, 60-90 cm 26.99 
16 undisturbed, 60-90 cm 25.20 
19 undisturbed, near church 22.74 
15 undisturbed, 0-60 cm 22.49 
17 undisturbed, near church 21.89 
18 undisturbed 14.24 

 
It remains unclear if it is indeed the magnetic susceptibility contrast that is causing the magnetic 
anomaly that could be seen in the results of the magnetometer survey. In this area boulders are often 
used as a solid foundation for wooden posts, and it is possible that a stone with a high magnetic sus-
ceptibility or a magnetic remanence is present underneath the post, which would enhance the strength 
of the magnetic anomaly.  
 
 
29 Wijk bij Duurstede 
 
Wijk bij Duurstede veilingterrein WD04 
municipality Wijk bij Duurstede 
central coordinates 152000, 443000 
type of archaeological site settlement 
period MED 
lithology clay 
depositional environment fluvial 
archaeological activity excavation (ARCHIS: 6025) 
executed by  ADC Archeoprojecten and Archeologisch Centrum Vrije Universiteit – 

Hendrik Brunsting Stichting (ACVU-HBS) 
 
Introduction and aim 
During a preliminary excavation on the location of the auction building of Wijk bij Duurstede, traces 
of Medieval habitation were uncovered. Soil samples for magnetic susceptibility measurements were 
taken in order to assess the magnetic contrast between the fill of the archaeological features and the 
undisturbed matrix that they are embedded in. 
 
Methodology 
The soil samples were taken during the excavation. Three topsoil samples, two samples of the 
undisturbed matrix and three samples of the fill of archaeological features were collected. 
 
Results 
The results of the magnetic susceptibility measurements are displayed in Table 26 The magnetic 
susceptibility of the two samples that were taken from the undisturbed C-horizon is low, between 9 
and 13 x 10-8 m3/kg. 
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Table 26  The magnetic susceptibility of the samples from 
Wijk bij Duurstede. 
sample description magnetic susceptibility 

x 10-8 m3/kg 
arch1 archaeological feature 83.23 
arch2 archaeological feature 65.64 
arch3 archaeological feature 76.11 
C1 C-horizon 

(undisturbed) 
9.28 

C2 C-horizon 
(undisturbed) 

12.81 

bv1 topsoil 240.48 
bv2 topsoil 163.90 
bv3 topsoil 129.73 

 
There is a large magnetic contrast between the undisturbed matrix and the fill of the archaeological 
features, which have a magnetic susceptibility that is six to seven times higher. The topsoil samples 
have the highest magnetic susceptibility values. It is possible that the magnetic susceptibility of the 
topsoil samples, and to a lesser extend of the subsoil samples, is influenced by the semi-industrial 
activities that have taken place on the terrain of the auction building.  
 
 
30 Zaltbommel 
 
Brakel Molenkampsweg ZB04 
municipality Zaltbommel 
central coordinates 134870, 425135 
type of archaeological site settlement 
period ROM 
lithology clay, silt 
depositional environment fluvial 
archaeological activity excavation (ARCHIS: 5590) 
executed by  ADC Archeoprojecten 
 
Introduction and aim 
Traces of a Roman Period settlement were discovered and confirmed in an area of allotments at 
Brakel by means of hand augering and test trenching. During the planning of the full scale excavation, 
there was an opportunity to carry out magnetic measurements.   
 
Methodology 
A magnetometer survey was carried out on a resolution of 0.25 x 1.0 meter before the full scale exca-
vation took place. During the excavation, soil samples for magnetic susceptibility measurements were 
collected from the undisturbed matrix, the fill of the negative archaeological features and the topsoil. 
 
Results 
The results of the magnetometer survey are displayed in Figure 46. A number of strongly positive and 
negative anomalies can be seen that are caused by metal objects. These objects are sheds, fence posts 
and fences that are erected in the allotments. The anomalies have been indicated with a hatch in the 
interpretation diagram. There is no indication in the data of any discreet anomalies that could be 
caused by archaeological features. Some trends can be seen in the eastern part of the survey, which 
are likely to be caused by geological changes in the subsoil, these are indicated with a dashed line in 
the interpretation diagram. The results of the archaeological excavation are displayed as an overlay 
over the interpretation diagram in Figure 47. The combination of the two datasets confirms that the 
archaeological features that have been excavated did not cause a detectable magnetic anomaly during 
the magnetometer survey. Moreover, the trends that could be recognized in the magnetometer data 
can not be related to the known archaeological record.  
The results of the magnetic susceptibility measurements have been digested in Table 27. 
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The fill of the archaeological features that were sampled generally has a slightly higher magnetic 
susceptibility than the subsoil. It can be assumed that some of the archaeological features have caused 
a weakly positive and others a weakly negative anomaly. These anomalies, however, have not been 
detected in the magnetometer survey. 
 

 
 
Figure 46  The results of the magnetometer survey at Zaltbommel (top) and the interpretation diagram (bottom). 
Magnetic anomalies that have been caused by metal objects have been marked with a hatch, trends with a 
dashed line. 
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Figure 47  The results of the excavation at Zaltbommel (black) superimposed on the interpretation diagram of 
the magnetometer survey (grey). 
 
The detectablility depends on a number of variables; the strength of the magnetic susceptibility 
contrast, which is weak in this case, the volume of the archaeological feature and the depth of burial 
of the feature. It is likely that the combination of these variables at Brakel has been detrimental to the 
formation of detectable magnetic anomalies at the surface. The application of a magnetometer with a 
higher sensitivity may have yielded better results. Furthermore, if the variation of magnetic suscepti-
bility in the topsoil layer is larger than the magnetic contrast between the archaeological feature and 
the matrix it is embedded in, the anomaly may be present at the surface but may not be recognized 
(see § 6.1).  
 
Table 27  The magnetic susceptibility of the samples from Zaltbommel. 

 
minimum magnetic  
susceptibility x 10-8 m3/kg 

maximum magnetic  
susceptibility x 10-8 m3/kg 

median magnetic  
susceptibility x 10-8 m3/kg 

N 

topsoil 16.70 27.97 17.15 5 
archaeological feature 6.08 119.53 7.30 13 
undisturbed  4.18 13.73 6.68 5 

 
 
31 Zwaagdijk Oost 
 
Zwaagdijk Oost WH03 
municipality Wervershoof 
central coordinates 138790, 524310 
type of archaeological site settlement 
period BA 
lithology silt, sand 
depositional environment estuarine  
archaeological activity excavation (ARCHIS: 13876) 
executed by  Archaeological Research en Consultancy (ARC) 
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Introduction and aim 
Archaeological excavations were conducted prior to the construction of an industrial estate at 
Zwaagdijk Oost. This site was selected for a magnetometer survey because it is representative for the 
area of eastern West-Friesland. Post Bronze Age marine influence has been very limited when 
compared to the western parts of Noord-Holland. Moreover, any peat that had developed after the 
Bronze Age has been excavated in later periods. As a result, the Bronze Age landscape, and asso-
ciated archaeological sites occur on or very near the present surface (see De Vries-Metz 1993 for 
more examples). The site of Stede Broec (see 23 Stede Broec) has a similar setting. 
 
Methodology 
An area of 100 x 40 meter was surveyed by magnetometer on a 0.5 x 1 meter resolution. Because of 
the noisiness of the data, the dataset has been extrapolated to a 1 x 1 meter resolution. Excavation 
trenches were started after the survey. Samples were collected from a trench that was being excavated 
at the time of survey, not from the trench that overlaps the magnetometer survey. 
 
Results 
The results of the magnetometer survey (top left), the interpretation diagram (top right) and the 
excavation results with the interpretation diagram (bottom left) are displayed in Figure 48. Magnetic 
anomalies that are likely to be caused by metal objects are displayed with a hatch in the interpretation 
diagram. Two positive magnetic anomalies that could possibly be caused by archaeological features 
can be distinguished (1 and 2 in Fig. 48), but no excavations have taken place here. A magnetic trend 
in the data has been indicated with a dashed line. When compared to the results of the excavations, 
there appears to be no correlation between the trends and the excavation data, they are probably 
caused by geological variations or by magnetic susceptibility variations in the topsoil. The multitude 
of archaeological features that was uncovered during the excavation is not reflected in the results of 
the magnetometer survey. This observation corresponds well to the results of the magnetic suscepti-
bility measurements of the soil samples (Table 28). The magnetic susceptibility of the samples is low. 
The topsoil samples and the modern ditch fill have relatively high magnetic susceptibilities, but even 
the magnetic susceptibility contrast between the samples with the highest (topsoil 8.80 x 10-8 m3/kg) 
and one of the lowest (ditch 2.79 x 10-8 m3/kg) magnetic susceptibility samples is minimal. In the 
limited set of samples that has been investigated, the range of magnetic susceptibility values of the 
undisturbed samples and the archaeological feature fill samples is comparable. There are no indica-
tions either in the magnetometer data or in the magnetic susceptibility data that a magnetic contrast 
causing a detectable magnetic anomaly is present in the archaeological features on this site.  
 
Table 28  The magnetic susceptibility  of the samples 
from Zwaagdijk Oost. 
sample interpretation magnetic susceptibility 

x 10-8 m3/kg 
1 topsoil 1 8.06 
2 topsoil 2 7.85 
3 topsoil 3 8.80 
4 undisturbed 1 7.00 

5 
undisturbed 2 
 

2.78 

6 undisturbed 3 3.44 
7 undisturbed 4 6.67 
8 ditch (?BA) 4.83 
9 ditch (ME) 6.07 
10 ditch 2.79 
11 posthole (?BA) 3.77 
12 ditch (modern) 7.29 
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Figure 48  The results of the magnetometer survey at Zwaagdijk Oost (top left), the interpretation diagram (top 
right) and the results of the excavations superimposed on the interpretation diagram (bottom left). Magnetic 
anomalies that are likely to have been caused my metal objects are hatched. 



 192 

 


