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Introduction. 

Magnetic survey has been carried on the 20th of May, 2009 on the site Hjarnø 

Kalvestene, near Horsens, which is a graveyard, dated to the period from late Roman Iron 

Age to Viking Age  (170105-31). The task for magnetic survey was to discover of new, 

unknown graves and other archaeological objects there. 

The other area for magnetic investigations was a houselike structure (“Boat house”, 

discovered some years ago quite close to the grave monuments (170105-18). There were 

several large and deep postholes and a floor layer of minor stones diposited in clay revealed 

by the excavations, which could be dated by the Roman Iron Age. It was decided to try the 

method of magnetic survey to get more information about this structure, which is quite 

waterlogged, just few centimeters under the surface. 

 There were six plots for the trial magnetic survey prepared by Jochen Meyer. The 

first five were situated at the central part of the graveyard, the last one was placed on the 

area of houselike structure, to the northwest from the central area (see Fig. 1). 

The magnetic measurements have been carried out on the area approximately 2200 

sq. m with one-sensor system and with the second magnetometer measuring on a base 

point. Two Overhauser magnetometers GSM-19WG of Gem System, Canada, Ontario, have 

been used for the measurements on the site.     

The results of the detail measurement on the grids are presented as color contour 

maps with contour interval 2 and 10 nT, and as grey scale maps. On the contour maps the 

positive anomalies were marked with blue color; negative ones - with red color. On the grey-

scale maps the positive anomalies are marked with dark color; the negative ones – with light 

color. The interpretation of the results is shown on the Figs.  9 and 10.    

 

The results. 

 

Central area. 

There were five plots at the central part of the area (see Figs. 1, 2). The background 

magnetic field on the central area of the detail magnetic measurements is subjected to 

magnetic “noise” from numerouse small modern iron objects, especially on the most 

southern and western part of the northern-western area. They are reflected at the magnetic 
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field as strong “point” anomalies (see Figs. 3-5) and marked on the interpretation map as 

small blue rhombs (Fig. 10).  

The other disturbances on the area are quite big modern iron objects, which are 

situated along lines, possibly, along previous borderes of the land plots, and caused, 

probably, by iron supports for fences and iron wires. They are clear visible at the western 

edge of the eastern field (see Figs. 3-5, 10). The biggest anomaly is caused by an iron 

information post, which is situated at the center of the area.  

Nevertheless, it is possible to see some signals from possible archaeological features 

on the area as well.  

The test measurements on a small plot with standing stones at the middle of the area 

showed, that the stones are reflected at the magnetic maps as local “dipole” anomalies, that 

is anomalies with both positive and negative parts (see Figs. 3-5). Many of the standing 

stones gave us rather strong anomalies. This allowed us to suppose, that the stones, which 

are situated under the ground, will be visible on the magnetic map as similar anomalies, but, 

perhaps, a bit wider and not so intensive, as the ones on the test area at the middle part of 

the graveyard with standing stones.    

The most perspective plot in this sence is the eastern one. There one could see local 

positive and dipole anomalies, which are groupped and concentrated within a linear zone. It 

seems to be a continuation of the area with visible standing stones (see Figs. 3-5). These 

anomalies could be interpreted as anomalies from stones (see yellow dots on the Fig. 10). 

One could suppose that the stones could belong to the grave monuments in a shape of 

ships. The fact that they are situated along a line and are limited from the southern side 

could tell us, perhaps, about a position of a sea shore in the Viking Age, which was, 

probably, more to the north, than it is now. There is another linear weak positive anomaly, 

marked on the interpretation map as dashed yellow line (Fig. 10). It could, possibly, mark an 

edge of a beach at some epoch (?).  

Two plots at the central area of investigations are mostly subjected to the “noise” from 

the modern waste like caps from bottle: the most southern one and the northern-western 

one, especially it’s western half (see Figs. 3-5). It would be an idea to clean these areas with 

a metal detector and repeat magnetic survey after cleaning. Perhaps, it would be possible to 

see some “useful” anomalies from archaeological features.      
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“Boat House”. 

 

The magnetic field on the area of supposed “boat house” is rather calm. The 

anomalies are concentrated at the central part of the plot (see Figs. 6-8). They formed a 

rectangular anomalous area, which has a “mosaic” structure. The possible reason for this 

anomalous zone is a stone pavement (see Fig. 9).  

There are at least two weak local positive anomalies, which could be caused by pits 

or big postholes, filled with more magnetic soil (Figs. 6-8). They are marked on the 

interpretation map as red dots (Fig. 9). It would be difficult to expect strong positive 

anomalies from the filling of pits or postholes there, because this area is partly waterlogged, 

that means, that magnetic iron oxides in the soil became nonmagnetic iron hydrooxides, and 

the soil, which is covered by water is almost nonmagnetic. Therefore there is no magnetic 

contrast between the surrounding soil and filling of the pits and postholes.   

 There is also at least one stone (or a pit?), which gave rather clear anomaly (see 

yellow dot on the Fig.9).  

A big negative anomaly at the southern edge of the plot is created by a piece of an 

iron pipe, served as a reference point for archaeological excavations.    

There are no other anomalies from modern iron things on this plot.  

 

Conclusions. 

 

Magnetic survey proved to be an effective mean to investigate the area of the site 

Hjarnø Kalvestene.   

The most important result is that it was possible to reveal a linear group of anomalies 

from possible stones, which could belong to ship-shaped monuments. This area is situated 

at the central part of the eastern plot. It would be useful, perhaps, to extend the area of 

magnetic survey to the east to see, if the anomalies from possible stones concentration 

continue more to the east.  

It would also be useful to carry out magnetic survey again on the southern and 

northern-western plots after cleaning them with a metal detector from modern metal. 

A good result has been obtained on the area of a “boat house”, where one could see 

contours of the area, paved with stones. 
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Supplement.  The Method of Magnetic Survey 
 
 
Geophysical methods for the investigation of features under the earth were developed initially for 

studying geological structures, but during recent years they have became more and more important for 
archaeological prospecting. Since Atkinson’s application of electrical resistivity in 1946, archaeologists 
have increasingly employed classical geophysical methods which have resulted in successful 
investigations of many cultural resources (Weymouth, 1986). Improved geophysical instruments and 
application methods, together with computer data treatment and interpretation have, in many cases, 
allowed the study and measurement of subsurface contrasts attributable heretofore to historic and 
prehistoric human related activities through extreme precision and high speed, thereby avoiding any 
destruction. Therefore, one can say that geophysical methods allow a non-invasive identification of buried 
archaeological features. The use of the proton magnetometer in the early 1950s is often considered the 
first important application of a geophysical method to an archaeological investigation (Heimer, De Vore, 
1995, p. 3). 

Magnetic survey is one of the most effective and universal ways among the several geophysical 
methods used for archaeology because many archaeological objects have distinctive magnetic properties 
which allows one to distinguish them on the surface of the site through the specific magnetic anomalies 
they create. In favorable conditions, magnetic prospecting is the most effective, fast and absolutely non-
destructive method for the investigation of archaeological sites; the information one can obtain by 
magnetic prospecting is close to that which is revealed during actual archaeological excavations. 

 
1.1. The Earth’s Magnetic Field  

Magnetic fields exist around us. We can not see or feel them, but we can 
measure them with sensitive instruments called magnetometers.       The 
Earth's magnetic field is approximately the same as would be produced by a 
large bar magnet near the Earth’s center, oriented with the positive end 
towards the North pole and inclined at an angle of 10˚ to the axes of 
rotation. The field, or flux lines of the Earth exhibit the usual pattern 
common to a small magnet. They are vertical on the pole areas and 
horizontal at the equator areas (Breiner, 1973).                       Figure 1.1. 

  
 
The intensity of the Earth's field is three times as great in the polar region (approximately 70,000 

nT) as in the equatorial region (25,000 nT). Elsewhere on the Earth, the global magnetic field parameters 
are between these limits. For example, the inclination and total magnetic field intensity for Norway is 70-
77° and 50,000-51,000 nT respectively. 

 
Figure 1.2. The Geomagnetic inclination in 
Degrees from the Horizontal.  

 
Figure 1.3. The Total Intensity of the Earth’s 
magnetic Field.(Figs. 2.2-3 - Adapted after Breiner, 
1973, p.6). 

 
1.2. Magnetic Anomalies. 
If the earth consisted of uniform material, the magnetic lines of force would be evenly distributed 

between the poles; in a small area, they would be parallel. However, since various materials in the earth 
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have different magnetic susceptibilities due to their composition, the Earth’s magnetic lines of force are 
distorted. The local disturbances of the global magnetic field are called magnetic anomalies.   

 

 
Figure 1.4. The magnetic flux lines of the Earth’s field and local disturbances of it.(After Breiner, 1973). 

The anomalies from archaeological objects or naturally occurring rocks and minerals are due 

chiefly to the presence of the most common magnetic mineral, magnetite, FeO·Fe 2 O 3 , or its related 

inerals. All rocks contain some magnetite from very small fractions of  a percent to several percents. (see 
Table 1): 

 
 

Magnetic anomalies within the Earth’s magnetic field are caused either by induced or remanent 
magnetism.  Induced magnetism simply denotes that an item within the Earth’s magnetic field becomes 
magnetized by the action of the Earth’s magnetic field on it.  

 
Figure 1.5. Induced magnetization of the object. 

Remanent magnetism means the magnetism that an object has in the absence of a magnetic 
field. During heating, particularly at high temperatures, small regions, called domains, reorient themselves 
which, upon cooling, tend to align themselves more or less in the direction of the contemporary Earth’s 
magnetic field and are thus parallel to each other, creating a net magnetization fixed with respect to the 
object (Heimer, De Vore, 1995, p. 12). 

 
 

Figure 1.6. Remanent magnetization of the object. 
 

Iron constitutes about 6 % of the Earth’s crust. Most of it is dispersed through soils, clays and 
rocks as chemical compounds which are very weak magnetically. Man’s activities in the past (especially in 
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the use of fire for heating, cooking, production and industry) have changed these compounds into more 
magnetic forms, creating special patterns of anomalies in the Earth’s magnetic field, detectable with 
sensitive instruments - magnetometers.   

Both kinds of magnetism are very important in archaeology. The induced magnetization is directly 
proportional to the intensity of the ambient field and to the ability of the material to enhance the local field 
– a property called magnetic susceptibility, æ. Magnetic susceptibility is the ease with which a substance 
is magnetized by the Earth’s magnetic field. 
 

Typical susceptibilities of rocks are given below, but may vary by an order of magnitude or more in 
most cases:  

Table 2. Typical magnetic susceptibilities of rocks. (After Breiner, 1973, p. 8). 
Rocks 

Magnetic susceptibility, æ 10
5

 ISO 

altered ultrabasic rocks (pyroxenite, dunite, serpentinite etc.) 100  to  10,000 

Basalt 100  to 1,000 

Granite 10  to  1,000 

Gabbro 100 

Andesite 100 

Shale 10 to  100 

shist and other metamorphic rocks 1 to 100 

most sedimentary rocks 1 to 10 

limestone and chert 1 

 
The variations in magnetic susceptibility between topsoil, subsoil and rocks (topsoil is normally 

more magnetic than subsoil) affect the Earth’s field locally, making it possible to detect ditches, pits and 
other silted-up features which were excavated in ancient times and then silted or backfilled with topsoil. 
They will produce a positive magnetic signal. Conversely, less magnetic material introduced into the 
topsoil, including many kinds of masonry, for example, limestone walls, can be detectable by a subtractive 
effect which gives a negative signal. 

The range of magnetic contrasts between different materials likely to be encountered is illustrated 
in the Fig. 1.7: 

 
 
 

Figure 1.7. Specific magnetization of some archaeological materials. 
(Adapted from Aitken, 1961, p. 33). 

 

 
 

A pit creates a magnetic disturbance because its susceptibility is higher than that of the 
surrounding strata. If the pit was left open and became filled by natural silting over the years, the 
disturbance will be moderate since it results from the small difference in susceptibility between top-soil 
and sub-stratum. The magnetic anomaly over a pit is strong when the humus content of the pit has been 
artificially increased due to the addition of decaying organic matter, ceramic fragments, slag, etc. (Aitken, 
1961, p. 28, 29). 
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Figure 1.8. Two pits of the same volume but 
different shapes. The deep, narrow pit behaves 
as a bar magnet and gives a much stronger 
magnetometer anomaly than the shallow pit 
below. For the shallow pit, the induced north 
and south poles are close together and their 
magnetic fields tend to cancel each other. 
(Adapted from Aitkin, 1961, p. 31). 
 

The remanent magnetization is related to the effect of heating, whether naturally heated as in 
case of igneous rocks, or artificially heated, as in the case of baked clay, pottery, and other man-made 
objects found in archaeological sites. This remanent magnetization can be as much as ten or more times 
greater than the induced magnetization. Archaeological objects such as kilns, furnaces, slag blocks, and 
fireplaces, possess rather strong remanent magnetization. If they are still in situ, one can date them by 
measuring the direction of their magnetization or by an analysis of the magnetic anomalies over them.  

 

 

Figure 1.9. The scheme of the 
creation of the magnetic 

anomaly over a big pottery kiln. 
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       Thermo-remanent magnetism is acquired while 
clay is in the process of cooling down and remains 
‘frozen-in’ once the clay is cold. For 
archaeomagnetic dating it is important to know the 
master curve of the secular variations of the 
declination and inclination of the Earth’s magnetic 
field. It is known for the United Kingdom (Clark, 
Tarling, Noël, 1988), Italy, Bulgaria (Kovacheva, 
1969), Balkans (Kovacheva, Vejovich, 1977), 
Southwest and North America (Watanabe, DuBois, 
1965), Arkansas (Wolfman, 1979),and the Ukraine 
(Загний, Русаков, 1982). It was transformed from 
the British curve for the conditions of Denmark by 
N. Abrahamsen (Abrahamsen, 1993). 

  
Figure 1.10. Secular variations of the magnetic 

field in Denmark. (After Abrahamsen, 1993).  
Thus, negative and positive magnetic anomalies over different archaeological structures can 

cause complicated patterns that are rich in information.  

 
Figure 1.11. Typical magnetic anomalies of common archaeological features.(After Breiner, 1973, p.6). 

 
 

Utilizing sensitive instruments, the Earth's magnetic field can be measured with great precision, 
with an accuracy of one nanoTesla (nT), or one tenth of nT. In Northern Europe, Earth’s magnetic field is 
approximately 50,000 nT. Archaeological earthen structures typically show local magnetic anomalies in 
the range of 1-20 nT; more rare fired structures show 10-1,000 nT, while quite rare ferrous archaeological 
objects - including iron-smelting slag blocks show  20-2,000 nT. 

The asymmetrical nature of the total magnetic field anomalies is primarily a consequence of the 
usually-inclined direction of the Earth’s magnetic field. The anomaly over the same dipole has a different 
shape in different areas of the Earth: on the poles, in the middle latitudes, and at the equator (Fig. 1.12, 
upper figure). Another significant characteristic of a magnetic anomaly is its variation with distance 
between the magnetometer and the source: the deeper the source, the broader the anomaly, as shown in 
the Fig. 1.12, lower figure. 

 

 

 
 
 

Figure 1.12. Typical magnetic anomalies of 
common archaeological features. 

(After Breiner, 1973, p.6). 
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1.3. Field Procedure of Magnetic Survey 
In the initial stage of an investigation, so-called "free search" is carried out to determine the 

boundaries of the site and some isolated magnetized objects. At this stage, the operator measures the 
magnetic field with the help of an Overhauser magnetometer without using a regular grid, but measuring 
while meandering at spacings of about 1-1.5m, and marking the anomalies with small flags which may be 
magnetized objects. This method of  "free search" is characterized by a high speed (covering typically 3-4 
hectares per day). 

The method of detailed magnetic survey of archaeological sites is one of measuring the Earth’s 
magnetic field point by point with a small step (not more than half a meter), close to the surface; the 
measurements are plotted on a magnetic map. 

 
A coordinate system was set on the site for data collecting. Usually, if there are no obstacles, 

these were plots that are 40 m wide and as long as necessary in order to cover the area of those parts of 
the site. Two plastic measuring tapes were put on the opposite sides of the grid and 40-m strings with 
meter marks were stretched between the meter marks on the tapes. One can also use small wooden 
sticks on the opposite sides of the grid, as is shown on the Fig. 1.13. 
Our main survey instrument is an Overhauser 
magnetometer GSM-19WG. The measurements 
are made along straight and parallel lines (strings 
with meter marks); the space between the lines is 
0.5 m. The magnetometer is operated in so-called 
“walking mode,” measuring every 0.2 second, and 
thus the distance between the measurements along 
the lines is not more than 0.2-0.3 meters. The 
height of the mapping sensor above the surface of 
the ground is usually about 0.2-0.4 meters. 

Figure 1.13. Detail measurement using a grid.  
 

If the archaeological site is large, it is necessary to continuously monitor the daily variations of the 
Earth’s magnetic field. A second magnetometer of the same type (GEM Systems) is used to monitor 
temporal changes of the magnetic field. Its sensor was installed at a base (reference) point in a zone of a 
more or less “normal” magnetic field, while the other (working) magnetometer is moved about the site (see 
Fig. 1.13). Using special computer programs, the signals from both sensors are used for the removal of 
daily (temporal) variations of the Earth’s magnetic field.   
 The data is stored in the memory of the magnetometer; after the survey, it is transmitted to a 
portable computer. Different presentations of the magnetic data can be prepared with help of the Surfer 
software (Golden, Colorado): most useful are the colored contour maps and grey-scale maps. On the 
contour maps the positive anomalies were marked with blue color; negative ones - with red color. On the 
grey-scale maps the positive anomalies are marked with dark color; the negative ones – with light color.  

 
1.4. Limitations 

    Since the magnetic method, like other geophysical methods, is by nature indirect, the geophysicist 
interprets the data in the form of anomalies. Causes of an anomaly can be suggested or speculated upon; 
however, only excavations can verify the character of an anomaly. 

All geophysical techniques are subjected to noise. Noise is nothing more than false signals in the 
geophysical measurements. These false signals can be caused by cultural features: buildings, fences, 
electric power lines, small modern metal objects on the surface of a site, pipe lines, and natural features: 
magnetic (granite etc.) bedrock, solar storms,  and lightning. Sources of noise should be identified prior to 
any magnetic field work as geophysical surveys can be planned to eliminate or diminish the noise. 

Thus, one can conclude that the method of magnetic survey is a passive geophysical technique 
based on the detection of contrasts in the magnetic properties of different materials. In the event that such 
contrasts do not exist, magnetic prospecting will not be useful. To do magnetic prospecting, one simply 
measures the Earth’s magnetic field within a small measuring space, done very close to the surface, and 
at many points within a fixed grid.   
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