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ABSTRACT 

An archaeomagnetic study requires samples to be oriented very precisely prior to the removal 
from the site and to be transported safely since most of the times the collected samples are very 
soft and fragile. In this study we present new techniques for sampling and consolidation of sedi-
ments and unconsolidated soils, which are useful tools for palaeomagnetic and archaeomagnetic 
investigations.  

An application of the above techniques has been performed in burnt soils (roastbeds) in an ar-
chaeological site near Eisenerz (Austria), which used to be a cooper-smelting place in Bronze Age 
(around 1450 b.c.) Several roast beds have been collected and consolidated in order to investigate 
the distribution and the stability of the magnetization of these materials. We obtained around 350 
samples and the natural remanent magnetization and the magnetic susceptibility of all these sam-
ples have been measured with a 2G squid cryogenetic magnetometer and a GEOFYSIKA KLY-2 
susceptibility meter, respectively. 

Plots of the natural remanent magnetization and magnetic susceptibility versus depth indicate 
different layers of heating and give some first evidences for the use of these soils during the smelt-
ing procedure. Higher values of the intensity of the magnetization as well as of the magnetic sus-
ceptibility represent the more intense heating layer.  

Magnetic cleaning (thermal and Af demagnetization) of pilot samples revealed the presence of a 
stable component of magnetization.    

It seems, therefore, that these types of materials are suitable for an archaeomagnetic investiga-
tion, since they are able to record and preserve all the necessary magnetic information and provide 
important knowledge concerning the recent history of the Earth’s magnetic field. 

1 INTRODUCTION 

Archaeomagnetism is based on the determination of the paleodirection and paleointensity of the 
geomagnetic field using archaeological samples such as baked clays, which have been heated 
above the Curie temperature (up to 680oC). These clays usually carry a stable magnetization that is 
almost entirely a thermoremanence, which has ‘fossilized’ the direction and the intensity of the field 
at the time and the place of the last heating.  

During the last 50 years intensive archaeomagnetic studies enabled the construction of stan-
dard curves of the variation of the earth’s magnetic field in different regions of Europe, (Kovacheva 
&Toshkov 1994, Marton 1996, Kovacheva et al. 1998, Chauvin et al. 2000, Hedley 2001, Schnepp 
et al 2004). However, most of the studies deal with baked clays (ovens, bricks) since they proved to 
be very reliable. In this paper we study samples from roast beds, which are very heterogeneous 
materials, but have been exposed to very high temperatures (up to 1400oC). The main purpose of 
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this study was to examine if this kind of materials can be used in an archaeomagnetic study provid-
ing reliable results.    

The study area is an archaeological site near Eisenerz (Fig. 1a) in Styria which used to be a 
cooper smelting activity area in Bronze Age. Based on pottery findings, the site was determined as 
Late Bronze Age, but recent radiocarbon ages predate the smelting activities to Middle Bronze Age 
at about 1450 BC (Doonan et.al, 1994). 

According to Doonan et al. (1994), two types of features were identified that suggested the use 
of high temperatures in the processing of ores in the area of Eisenerz. The first type of feature was 
defined by a rectangular structure built of schist blocks. These blocks showed evidence of exposure 
to high temperatures by the nature of their scorched red color and fire cracked condition. The 
ground, both in and around these features had been burnt deep red. It is proposed that these struc-
tures represent the remains of roasting hearths used for the roasting of sulphidic copper ores (Fig 
1b). These features are of similar appearance to those described by Eibner (1982) as Röstbetten or 
Röststadel. The second type exhibits evidence suggesting that it has been used for the smelting of 
sulphidic copper ores. These features are essentially rectangular and they were built into a natural 
terrace.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                a 
 
 
 
 
          
 
 
 
 
 
 
 
                 b 

2 FIGURE 1. LOCATION MAP (A) AND SAMPLING AREA SHOWING THE ROAST BEDS 
(B).SAMPLING AND CONSOLIDATION 

From the archaeological site 5 different roast beds were sampled for archaeomagnetic investi-
gations. As it is shown in figure 2, we first cut the sample with a saw and isolated it with a card-
board and then covered it with plaster.  When the plaster was dry the orientation line was drawn 
and we removed the samples. In this way all the samples were protected during their transportation 
to the laboratory since they were very fragile and unconsolidated.  
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Figure 2. Sampling technique used in this study. 

 
The samples were consolidated in the laboratory using a synthetic resin which called ‘Silin 

Stonehardener’ and it is a solvent free hardener on the base of silica-acid-ester". First of all we 
covered the whole sample with plaster always with respect to the horizontal and then we cut the 
samples in the middle. We injected the resin several times per day in order to have the best pene-
tration into the samples (Fig. 3). After a few days, when the hardener was dry, we cut the samples 
in slices and from these slices we prepared cube specimens (1,8 x 1,8cm). We finally obtained 
around 350 specimens.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Preparation of specimens in the laboratory and consolidation treatment.  
 

3 MEASUREMENTS 

The natural remanent magnetization (NRM) and the magnetic susceptibility of all samples have 
been measured with a 2G squid cryogenetic magnetometer and a GEOFYSIKA KLY-2 susceptibility 
meter respectively. AF and thermal cleaning (demagnetization) have been performed in specimens 
in order to determine the characteristic component of their magnetization. Isothermal remanent 
magnetization (IRM) and thermomagnetic analysis have been performed in pilot samples for the de-
termination of the magnetic carriers. The IRM was imparted using a 2G pulse magnetizer. The 
thermomagnetic analyses were performed on a GEOFYSIKA KLY-2 kappabrigde which measures 
the variation of the magnetic susceptibility with temperature. Finally, the classical Thellier method 
(Thellier & Thellier 1959) was used to evaluate the ancient geomagnetic field intensity in selected 
specimens. 
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4 RESULTS 

4.1 Distribution of NRM and susceptibility within the samples 
 
In order to investigate the distribution of the NRM and the susceptibility within the samples we 

plot these values with depth for all samples (Fig. 4-5).  As it is shown in figures 4 and 5 the overall 
direction of the natural remanent magnetization (black arrows) is reliable and in a very good 
agreement with the direction of the recent geomagnetic field. The higher values of the intensity of 
the magnetization as well as of the magnetic susceptibility represent the more intense heating 
layer, therefore it was expected to observe them in the upper part of our slices. Although these up-
per parts seem to have high values of intensity and susceptibility they are not the maximum ones. 
This ‘strange’ behavior can be explained if we take into account that the upper parts of the samples 
were exposed to the natural erosion. On the opposite, the higher values are found in a depth of 4-
6cm. Thus, these high values correspond to an older smelting procedure. 

 
Figure 4. Distribution of NRM (left) and susceptibility (right) of R4 roast bed. Black arrows represent the direction 
of the NRM . 

 

2 4 6 8 10 12 14

-8

-6

-4

-2

2 4 6 8 10 12 14

-8

-6

-4

-2

2 4 6 8 10 12 14

-8

-6

-4

-2

2 4 6 8 10 12 14

-8

-6

-4

-2

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Slice 1

Slice 2

Slice 3

Slice 4

2 4 6 8 10 12 14

-8

-6

-4

-2

D
ep

th
 (c

m
)

0E+000

1E-004

2E-004

3E-004

4E-004

5E-004

6E-004

7E-004

8E-004

9E-004

1E-003

1E-003

1E-003

1E-003

1E-003

2 4 6 8 10 12 14

-8

-6

-4

-2

D
ep

th
 (c

m
)

2 4 6 8 10 12 14

-8

-6

-4

-2

D
ep

th
 (

cm
)

2 4 6 8 10 12 14

-8

-6

-4

-2

D
ep

th
 (

cm
)

Slice 1

Slice 2

Slice 3

Slice 4

Emu/cc
10-6 SI 

Ψηφιακή Βιβλιοθήκη "Θεόφραστος" - Τμήμα Γεωλογίας. Α.Π.Θ.



 1133

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Distribution of NRM (top) and susceptibility (bottom) of R8.1 roast bed. Black arrows represent the di-
rection of the NRM. 

2 4 6 8 10 12 14

-4

-2

D
ep

th
 (c

m
)

2 4 6 8 10 12 14

-4

-2

De
pt

h 
(c

m
)

2 4 6 8 10 12 14

-4

-2

D
ep

th
 (c

m
)

0.0E+000

4.0E-006

8.0E-006

1.2E-005

1.6E-005

2.0E-005

2.4E-005

2.8E-005

3.2E-005

2 4 6 8 10 12 14

-4

-2

D
ep

th
 (c

m
)

2 4 6 8 10 12 14

-4

-2

D
ep

th
 (c

m
)

2 4 6 8 10 12 14

-4

-2

D
ep

th
 (c

m
)

2 4 6 8 10 12 14

-4

-2

D
ep

th
 (c

m
)

Slice 1

Slice 2

Slice 3 Slice 6

Slice 5

Slice 4

Slice 7

Emu/gm

2 4 6 8 10 12 14

-4

-2

2 4 6 8 10 12 14

-4

-2

2 4 6 8 10 12 14

-4

-2

2 4 6 8 10 12 14

-4

-2

2 4 6 8 10 12 14

-4

-2

2 4 6 8 10 12 14

-4

-2

2 4 6 8 10 12 14

-4

-2

0

10

20

30

40

50

60

70

80

90

100

110

120

130

10-6 SI 

Ψηφιακή Βιβλιοθήκη "Θεόφραστος" - Τμήμα Γεωλογίας. Α.Π.Θ.



 1134 

The demagnetization process reveals the presence of one stable component of magnetization 
with the same direction as the natural remanent magnetization as it is shown in figure 6. The major-
ity of the samples could be demagnetized up to 100mT or 550oC. Only in few cases (especially in 
specimens taken from the upper part of the slices) the demagnetization was not complete even up 
to 140 mT or 690oC, indicating the presence of a hard component of magnetization (Fig. 7). This 
hard component can represent either some portions of heamatite or other iron oxides such as goe-
thite.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 6. Distribution of intensity and direction of NRM in roast bed R5. Gray arrows indicate the characteristic 
direction after the demagnetization. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Zijderveld diagrams (left) and intensity decay curves (right) showing that the demagnetization of these 
specimens is not complete.   

2 4 6 8 10 12 14 16

-4

-2

D
ep

th
 (c

m
)

2 4 6 8 10 12 14 16

-4

-2

D
ep

th
 (c

m
)

2 4 6 8 10 12 14 16

-4

-2

D
ep

th
 (

cm
)

0.0E+000

6.0E-005

1.2E-004

1.8E-004

2.4E-004

3.0E-004

3.6E-004

Slice 1

Slice 2

Slice 3
Emu/gm

690C

Ψηφιακή Βιβλιοθήκη "Θεόφραστος" - Τμήμα Γεωλογίας. Α.Π.Θ.



 1135

4.2 Rock magnetism analysis 
Isothermal remanent acquisition curves (IRM) and thermomagnetic analysis have been per-

formed on pilot samples in order to identify the magnetic carriers. IRM measurements revealed the 
presence of magnetite and hematite as the main magnetic carriers (Fig.8). It is also confirmed by 
the IRM curves, that a small portion of iron oxides contributes to the magnetization of our samples. 
This is another sign suggesting that the specimens from the upper part of the roast beds were sub-
jected to weathering since goethite is a characteristic mineral in this kind of environments.  

 

Figure 8. Isothermal remanent magnetization curves. The first curve indicates the presence of magnetite, the 
second is not saturated up to 1400mT suggesting the presence of hematite and the third one shows the 
contribution of the iron oxide goethite.  

 
Thermomagnetic analysis confirms the dominance of magnetite with smaller contributions of 

heamatite. It is also clear that during the heating, secondary magnetite is formed, as it can be seen 
from the shifting of the cooling curve (fig.9).  

 
 
 
 
 
 
 
 
 
 
 

Figure 9. Thermomagnetic analysis of representative samples.   
 
 
 

4.3 Palaeointensity results 
The classical method developed by Thellier & Thellier (1959) was used for the determination of 

the ancient geomagnetic field intensity. Although this method is time consuming, it has proved to 
give reliable results if the materials used are suitable (Kono & Tanaka1984). The estimation of the 
ancient intensity FA, is determined from the relationship: 

FA = b.Flab 

and thus is dependent on the slope (b) of the line formed by plotting experimentally obtained 
decreasing values of NRM against increasing values of laboratory induced TRM. This kind of plots 
are so-called Arai diagrams (Nagata et al. 1963). 

Several specimens from the 5 roastbeds were used for the paleointensity determination using a 
laboratory field of 50µΤ. In figure 10, characteristic results from 2 different roast beds are shown, 
using for their reliability the criteria proposed by Aitken et al. (1986). Although the Arai plots are 
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successful, the calculated paleointensities are lower than the expected value (~50µΤ). This fact 
also suggests that part of the magnetization of these samples was destroyed and, thus, during the 
Thellier experiment they can not acquire the whole amount of magnetization.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 10. Arai plots of representative samples from R2 and R5 Roast beds as well as the paleointensity value 
as it is determined from the slope of the line. 

 

5 CONCLUSIONS 

The sampling technique we used and the usage of the resin helped us to treat safely our sam-
ples and consolidate the unconsolidated materials without any influences in their magnetization.  

The distribution of the NRM and susceptibility demonstrate the presence of an older smelting 
activity. The recording of the last heating, which should have been shown in the upper part of our 
samples, is partly destroyed by the weathering of the surface as it is suggested from the rock mag-
netism analysis and the calculated paleointensities values.  

The demagnetization reveals the presence of a stable component of magnetization carried by 
magnetite and heamatite as it arises from the rock magnetism experiments. 

Finally, the roast-beds although they are very heterogeneous materials -and therefore difficult to 
study- seem to be suitable for an archaeomagnetic investigation since they are able to record a 
stable magnetization and consequently they can contribute to the study of the secular variation of 
the earth’s magnetic field.acknowlegments 
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