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Abstract 

Magnetic laboratory and prospecting methods were applied in the present study to Stone Age 
red ochre grave investigations in Finland. With the aid of theoretical and empirical results we 
demonstrate the possibilities of the magnetic method in this particular field. Laboratory 
measurements and mineralogical investigations showed that the analysed red ochre samples 
from six Finnish contexts are all magnetic and their susceptibilites are higher (1.0-10-3 -

15.6-10-3 SI) than those of typical soils « 1.0-10-3 SI). Theoretical simulations of the magnet
ic anomalies of typical red ochre grave structures indicated that such structures produce 
anomalies which can be relatively easily detected with common high-precision magnetic 
field instruments given that the red ochre soil has a susceptibility exceeding about 5-10-3 SI. 
Field measurements were carried out in Laukaa, central Finland, where a very rich archaeo
logical site with several red ochre graves is known. Magnetic vertical gradient and total field 
measurements with a 0.25 m line and station spacing in an area of 14 x 15 m showed several 
anomalies. Some of these were related to graves excavated earlier, but also new potential 
targets for unknown graves were observed. However, two previously known but unexcavated 
graves did not show significant anomalies, which can be attributed to either a low soil suscep
tibility or reversed remanent magnetization in these graves. 
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INTRODUCTION 

Applying geophysical prospecting methods in ar
chaeological site investigations provides an indi
rect means of locating antiquities in subsurface 
contexts. Under favourable conditions geophysical 
methods can guide the archaeologist directly to the 
most critical areas of the investigation site and help 
to save time and excavation costs. Furthermore, if 
the geophysical anomalies can be interpreted reli
ably in relation to archaeological remains it is in 
principle possible to take such sites under official 
protection without excavating them or through only 

minimal excavations. This means that parts of the 
ancient heritage could be passed on intact to future 
investigations. 

There have been numerous geophysical applica
tions in archaeology. General texts on these topics 
are provided by Aitken (1974), Scollar et al. (1990) 
and Clark (1990). The magnetic method has been 
found to be usually effective in locating forges, 
kilns, hearths and fire sites (Gibson 1986). 

Lavento (1992) describes the first applications of 
geophysical methods in archaeological investiga
tions in Finland, including magnetic methods. In 
his experience, magnetic measurements were not 
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found to be very efficient, because recent land-use 
has often introduced magnetic objects and artefacts 
into the investigated areas. It has created strong 
anomalies disturbing the possible magnetic sig
nature from archaeological sources. Furingsten 
(1985) and Jakobsen and Abrahamsen (1985) have 
presented case studies of magnetic applications in 
southern Scandinavia. Their studies suggest that 
the magnetic method can be relatively effective, 
particularly if the archaeological artefacts include 
metal or fired remains. 

This study focuses on the magnetic method and 
its use in within-site surveys for locating Stone Age 
antiquities in Finland. We take a particular interest 
in red ochre graves which are the most common 
grave type known of this prehistoric period in Fin
land. Red ochre was used widely in undertakings 
during the Stone Age, and many rich artefact 
founds are associated with red ochre graves. 

The characteristic red colour of the red ochre 
soils is a sign of iron oxide minerals in the material, 
and for instance goethite, limonite or hematite may 
be responsible for the colour. Hematite is a mag
netic mineral and if present in sufficient amounts it 
could alter the magnetic field around red ochre 
graves. In addition to hematite red ochre may con
tain also other magnetic minerals. 

In this study we present data on the magnetic 
susceptibility and magnetic mineralogy of red och
re soils collected from six archaeological sites in 
Finland. We further demonstrate the detectibility of 
typical red ochre graves with magnetic measure
ments using theoretical anomaly calculations. Fi
nally we present a case study from Laukaa, cen
tral Finland, where new high quality magnetic 
measurements were carried out in a partly exca
vated red ochre cemetery dating from the Comb 
Ware period. 

RED OCHRE GRAVES IN FINLAND 

A Stone Age grave in Finland is typically a pit with 
vertical sides and dimensions equal to the human 
body. At present there are no indications of the 
grave to be seen at the surface. Stone Age graves 
are commonly detected in various land-use opera
tions, such as gravel quarrying or the digging of 
ditches and therefore they are almost always partly 
destroyed when found. 

The graves can be observed in the cultural layer 
of the soil on a dwelling site, but their investiga
tions demand excavating considerably large areas. 
Searching for graves beyond the cultural layer with 
test excavations is a random, unreliable and expen
sive method, which cannot usually be applied. 
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Fig. 1. Stone Age red ochre occurrences in Finland. Re
drawn from Miettinen (1990). The numbered 
symbols refer to those sites of samples which 
were included in the magnetic susceptibility 
measurements (Table 1). 

Therefore, there is a need to find new methods for 
locating graves without excavation. 

Red ochre graves are the best known type of 
Stone Age graves in Finland, and they have been 
found at sites of the Comb Ware culture and the 
Mesolithic Suomusjarvi culture (Miettinen 1990; 
Fig. 1). A common feature of graves from many 
different age groups is the presence of red ochre 
soils which have been used in the undertaking. This 
soil type is most commonly detected in the grave at 
the depth of the body remains. 

Red ochre graves are usually located in the cul
tural layer of dwelling sites or beneath it, some
times beneath the floor level of a house or close to 
the walls. Graves may also be located in suitable 
terrain outside dwelling sites. Cemeteries of this 
kind may contain several dozen graves. 

Owing to the typical soil chemistry of Finland, 
characterized by acidity and low concentrations of 
calcium, red ochre graves contain very little or-



ganic material. With the exception of occasional 
teeth and bone fragments, osteological material is 
usually not preserved. Preserved grave-goods in 
red ochre graves are arrow- or spearheads and scra
pers made of flint, ornaments made of amber or 
slate, as well as fishing hook parts or lash-weights 
of slate, and sometimes also ceramics. There may 
be a large number of artefacts in a grave, but gra
ves may also be empty. 

MAGNETIC AND MINERALOGICAL 
PROPERTIES OF RED OCHRE SOILS 

In order to produce a measurable anomaly there 
must be a contrast in the magnetic properties of red 
ochre and the surrounding normal soils. Red ochre 
graves have been found typically at sites where the 
mineral soil is usually sand or silt with a thin (20-
40 cm) podsollayer on top. The soil type possibly 
reflects the ease of digging pits in these soils. The 
magnetic properties of sand and silt depend on the 
origin of the soils before erosion and transport. 
Typically, their susceptibilities are in the paramag
netic range « 1-10.3 SI) since the amount of mag
netic minerals is negligible and the magnetic prop
erties are controlled by common silicate minerals 
(quartz, feldspars and micas). 

There are two main magnetic material properties 
which have an effect on the intensity of the anoma
lies, viz. magnetic susceptibility and remanent 
magnetization. Susceptibility is a parameter ex
pressing the ability of matter to produce an anom
aly under an external magnetic field, ie. the Earth's 
field. It is basically detennined by the amount and 
type of ferrimagnetic minerals (hematite, magnet
ite and pyrrhotite), their grain size and texture. 
Remanent magnetization on the other hand is "fro
zen magnetization", a result of permanently mag
netized minerals and the common orientation of 
their magnetic domains in the material. Remanence 
is also a function of the contents of ferrimagnetic 
minerals but essentially of their textures and mag
netic domain orientations. In order to fmd out 
whether there is any remanence in an archaeologi
cal soil sample, oriented samples with preserved 
original soil structures need to be taken. This how
ever, could not be taken into account in our sample 
material which was originally collected for purely 
archaeological purposes, and the texture has been 
inevitably altered. Therefore we are able to present 
only susceptibility measurements. 

To find out the possible variation in the suscepti
bility of red ochre, six samples were selected from 
five Finnish sites at which red ochre deposits of ei
ther archaeological or natural occurrence are 

known (Fig. 1, Table 1). The average sample vol
ume was about 38 cm3. 

Susceptibility was measured at the petrophysical 
laboratory of the Geological Survey of Finland. 
The equipment is described in detail by Puranen 
and Sulkanen (1985). It has a detection limit of 
about 0.01-10.3 SI units (volume susceptibility). 

The analysed samples have susceptibilities rang
ing from practically paramagnetic values « 1-10-3 

SI) to distinctly ferrirnagnetic values (» 1-10.3 SI). 
However, all are above the typical mineral soil val
ues in Finland (Table 1). 

The mineralogical composition of the fine-grai
ned material of the samples (in particular the most 
red part of the material) was analysed at the min
eralogical laboratory of the Geological Survey of 
Finland. X-ray diffraction technique was applied 
with a small Debye-Scherrer camera (K. Lindqvist, 
Geological Survey of Finland, written communica
tion, 1992). 

The mineral composition of the red ochre fine
grained samples is relatively simple. They contain 
feldspar, plagioclase, quartz, smectite and hema
tite (Table 1), which was the only magnetic min
eral detected with X-ray diffraction. Hematite has 
a susceptibility of 0.1-10-3 - 5-10-3 SI, whereas the 
magnetite group minerals have values as high as 
1000"10'3 - 25000-10.3 SI and pyrrhotite 100"10-3 

-1000"10.3 SI. No traces of magnetite or pyrrhotite 
were detected, which may be due to the relative
ly high detection limit of the x-ray diffraction 
method (1-5% depending on the mineral species 
and sample matrix type). However, magnetite or 
pyrrhotite is quite probably present, since the 
highest measured sample susceptibilities are of the 
same order of magnitude as the value of pure 
hematite. About 0.1-1 % of magnetite would be 
sufficient to produce the measured red ochre sus
ceptibilities. 

The susceptibility of one red ochre sample from 
an excavated grave in Laukaa, Central Finland 
(case discussed in detail below), was also measured 
as a function of temperature with the CS-21KL Y-2 
equipment (M. Leino, Geological Survey of Fin
land, written communication, 1994). Such a meas
urement reveals the magnetic unblocking tempera
tures (Curie temperatures) of the magnetic minerals 
in the sample, and thus provides a means to identify 
the magnetic minerals. The susceptibility-tempera
ture curve shows two distinct peaks at temperatures 
of 220-320·C and 560-590·C, which can be attrib
uted to pyrrhotite and magnetite, respectively. 
Hematite was not detected in this experiment, al
though it was detected in the X-ray diffraction. 
This is due to the close proximity of the Curie tem
peratures of magnetite and hematite, and the low 
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Table 1. Magnetic susceptibility measurements and mineral composition of red ochre samples from Finland. 

Site Description Susceptibility Mineral 
(10-3 S1) composition1 

1. HaIjavalta grave 9.4-12.9 Hem+Qrz+Smc+Fldsp 

2. Vantaa soil cont. by red ochre 1.8 Smc+Qrz+Fldsp 

3. Ilomantsi natural (?) red ochre 20.8 Qrz+Fldsp+Smc+ 
(Hem) 

4. Kaustinen natural (?) red ochre 1.0-4.5 Plg+Qrz+Hem 

5. Laukaa grave 14.8-15.6 Hem+Plg+Smc+Mag 
+Pyrr 

6. Laukaa soil cont. by red ochre 1.1 n.d. 

1) Mineral composition is based on x-ray diffraction analysis, excluding sample no. 5 which was also investigated with 
thermomagnetic analysis. See text for details. 

Minerals: Hem = hematite, Mag = magnetite, Pyrr = pyrrhotite, Qrz = quartz, Plf = plagioclase, Fldsp = feldspar, Smc = 
smectite 

n.d. = not determined 

susceptibility of hematite in comparison to magnet
ite. 

The results clearly indicate that red ochre often is 
a magnetic material which has anomalous suscepti
bility in contrast to nonnal mineral soils. The mag
netic mineralogy is complicated and all the main 
magnetic minerals may be present in a sample. The 
recorded range of red ochre susceptibilities was 
also wide. We could therefore expect that the mag
netic anomalies of red ochre soils may vary in a 
wide range as well, but the more magnetic varia
tions can produce distinct anomalies if present in 
sufficient amounts. 

THEORETICAL MAGNETIC ANOMALIES 
OF RED OCHRE GRA YES 

In the following we discuss the intensity of mag
netic anomalies which can be expected at red ochre 
sites. We calculated theoretical total field intensity 
anomalies of a shallow red ochre grave structure 
using the above results of magnetic properties of 
red ochre materials as guiding values. The theoreti
cal model of a red ochre grave was simplified from 
the excavation results of Mirja Miettinen (National 
Board of Antiquities, unpublished data, 1992). 
They indicate that the graves are often rather shal
low structures at about 0.1-1 m below the present 

6 

ground surface and the red ochre soil is present as a 
layer 0.2-0.5 m thick. The length of the graves is 
typically 1-2 m. 

The magnetic anomalies of such structures were 
simulated using the magnetic modelling programs 
of the Geological Survey of Finland. Two-dimen
sional modelling was used, and the simulated 
measurement profiles were set in a north-south di
rection. The magnetic declination had a value of 5°, 
inclination 75° and the total field intensity 51 500 
nT corresponding to the situation prevailing in Fin
land. The following parameters were varied and 
their effects on the total field anomalies were in
vestigated: (I) susceptibility, (IT) depth to the red 
ochre layer, (III) thickness of the layer, and (IV) 
remanence. The layer was assumed to be 1.0 m 
wide. The simulation results are presented in Fig. 
2. 

The theoretical anomalies demonstrate many 
characteristic features of the effects which are en
countered in practical field work. First, the 
anomaly of a red ochre grave is much wider than 
the red ochre layer itself. In our model the grave is 
1 m wide but its anomaly is about 6 m wide if we 
take into account the side minima. It is worth not
ing that the side minimum is considerably deeper 
on the northern side than on the southern side; it is a 
consequence of the inclination of the magnetic 
field. Profiles running in an east-west direction 
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would be symmetric with side minima of equal in
tensity. 

Increasing the red ochre susceptibility increases 
the anomaly amplitude, as can be expected (Fig. 
2a). Assuming rather conservatively that the ano
maly detection limit is about 10 nT, very shallow 
(depth 0.1 m) structures could be detected with sus
ceptibilities as low as 1 - 5-10-3 SI. Such values 
could be represented by our least magnetic samples 
(Table 1) or alternatively by soils at locations 
where the red ochre was only processed and han
dled and the topsoil was merely contaminated with 
red ochre. For structures at the depth of 1.0 m (Fig. 
2b) the susceptibility would have to be about 10 
times higher for the anomaly to exceed our detec
tion limit. At any rate, the red ochre layer would 
produce a measurable anomaly even at a depth of 
2.0 m if susceptibility were high (Fig. 2c). The 
thickness of the red ochre layer would not be a criti
cal factor if the grave is very shallow (Fig. 2d), but 
if situated deeper, 0.2 m for layer thickness seems 
to be the approximate limit of producing an ano
maly over 10 nT (Fig. 2e). In the presence of 
remanence, the anomaly could be efficiently modi
fied depending on the orientation of the remanence 
vector; in our example the remanence vector is par
allel to the Earth's field and thus would only en
hance the anomaly (Fig. 2f). 

These simulations were calculated for total field 
anomalies. In high resolution measurements the 
natural time-dependent drift of the Earth's mag
netic field may totally prevent the detection of 
small anomalies. Therefore, the vertical gradient of 
the magnetic field is often measured instead of the 
total field intensity, since the vertical gradient is 
not influenced by the time-dependent changes in 
the magnetic field. However, total field and vertical 
gradient anomalies are analogous with each other 
and of the same shape. 

Based on the above simulations we can conclude 
that red ochre structures may produce magnetic to
tal field anomalies of up to several hundreds of 
nT's. Thus the magnetic method seems to be a po
tential tool in their investigations, given that the red 
ochre material is sufficiently magnetic. 

CASE STUDY: HARTIKKA, LAUKAA, 
CENTRAL FINLAND 

The Hartikka, Laukaa dwelling site and cemetery 
of the Comb Ware Period was found in an archaeo
logical survey carried out by the National Board of 
Antiquities in 1986. Investigations carried out dur
ing 1987-93 have revealed a large dwelling site 
consisting of several dwelling pits and a cemetery 
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with red ochre graves of considerable importance. 
At present, sixteen graves are known as a dense 
cluster within an area of about 40 m x 30 m. The 
graves are situated outside the cultural layer on the 
top of a low ridge (Miettinen 1990, 1992a, b). 

AU of the seven graves investigated so far are E
W oriented pits dug into coarse-grained sand with 
depths ranging from 40 to 70 cm. Mixed and red
ochre contaminated soil can be distinctly observed 
already at a depth of 10-15 cm. The fiU of some of 
the graves is surrounded by an oblate circle of red 
ochre soil spreading into a 5-15 cm thick continu
ous layer of red ochre soil in the bottom layer of the 
grave. The head of the body was (in five graves) at 
the eastern end of the pit. Most of the grave-goods 
were excavated in the bottom layers of the graves, 
in the eastern end of the pits. There were two 
corpses in two or possibly three of the investigated 
graves. 

The grave-goods discovered at the Hartikka site 
are typical to the graves and dwelling sites known 
earlier of the Comb Ware Period. For the most part, 
the ceramics from the Hartikka site are so-called 
Typical Comb Ware. The material contains a small 
amount of ceramics mixed with asbestos, which 
can be attributed to a somewhat younger age. Car
bon-14 age datings made of two hearths in the 
Laukaa dwelling site support the above age esti
mates based on the ceramic style. The obtained 
ages are 4990 ± 110 BP (analysis Hel-2715) and 
5060 ± 120 BP (Hel-2716; H. Jungner, Institute of 
Geology, University of Helsinki, written communi
cation, 1992). 

An area of 18 m x 14 m to the southeast of the 
excavated spots was chosen for magnetic measure
ments. The instrument used was the Scintrex mag
netic vertical gradiometer, type 2.0. In this instru
ment two proton magnetometers are carried on a 
vertical bar with a 1.0 m vertical separation. The 
lower magnetometer is 0.5 m above the ground sur
face. The magnetometers are read automatically at 
the same time, which eliminates the problems pro
duced by time dependent changes in the magnetic 
field intensity. Diurnal magnetic variation may be 
of considerable magnitude. 

The area under study was measured with 0.25 m 
station and profile spacing, and altogether about 
4000 magnetic readings were measured in three 
days. The results were processed into a map of 
magnetic vertical gradient (Fig. 4) and profile 
plottings of total magnetic field intensity and verti
cal gradient (Fig. 5). 

Four soil samples were collected from the top
most soil below the humus layer in order to find out 
the soil susceptibility at the site of a still unex
cavated grave (Fig. 3) which was discovered in a 
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test excavation section prior to the magnetic meas
urements, but kept undisturbed. The samples were 
taken as vertical profiles extending down to around 
30-40 cm. Susceptibility values range from 
0.01-10.3 to 0.4-10.3 SI (sampling stations 1-3). At 
one of the sample stations (4) susceptibility in
creased to 1.1-10-3 SI and already a visual inspec
tion of these samples showed distinct red ochre in 
them. It should be taken into account that these soil 
samples do not show the very high susceptibilities 
measured in the samples taken from one of the ex
cavated graves (Table 1). It suggests that there may 
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be red ochre soils with quite different magnetic 
properties within the Laukaa site. 

The results of the magnetic survey are presented 
in Fig. 4 and examples of the profiles are given in 
Fig. 5. The northern comer of the surveyed area has 
the most intensive anomalies. We know from pre
vious excavations that in the northern comer there 
are many red ochre graves. The excavated soil was 
put back into its original position and thus we can 
still measure considerable anomalies in that area 
(Fig. 4 and 5a). However, the magnetic signature 
has very probably been altered. The magnetic 



measurement also indicates anomalies to the south 
and southeast of the excavated area. 

A particularly strong anomaly was measured at 
location' A' (Figs. 3,4, 5b). There were no obser
vations of red ochre in the test section which 
crosses the anomaly. The section was dug before 
the magnetic measurements and it extended to only 
a depth of 15 cm. It is highly probable that the 
anomaly is due to a red ochre grave. 

However, the unexcavated grave (B), situated 2 
m to the NW of the anomaly discussed above, is 
related to a negative anomaly (Fig. 5c). This feature 
is very difficult to explain with the magnetic 
anomalies induced by the Earth's field, since the 
measured soil susceptibilities were slightly eleva
ted at the site of the anomaly (sample station 4, Fig. 
3). Only remanent magnetization with a magnetic 
orientation opposite to the induced field could pro
duce such a negative anomaly. 

Another unexcavated and undisturbed grave 
(marked C in Fig. 3) has only very small anomalies 
hardly above the noise level (Fig. 4). This could 
also be attributed to a low susceptibility of the red 
ochre soil in this particular grave. In addition to the 
described anomalies there are several smaller 
anomalies which may be related to Stone Age an
tiquities (some of them marked D, E and F), but so 
far they have not been excavated. 

CONCLUSIONS 

The present results demonstrate on the one hand the 
potential of magnetic methods in investigations of 
Stone Age red ochre graves, but on the other hand 
also problems related to the wide spectrum of mag
netic susceptibility values of the red ochre. Red 
ochre soils are magnetic materials but their suscep
tibilities may range from practically paramagnetic 
values of about 10 10-3 SI to ferrimagnetic values of 
about 150 10-3 SI. Therefore, red ochre graves may 
produce conspicuous magnetic anomalies but they 
may also be without any magnetic signatures in 
typical situations encountered in Finland. The mag
netic mineralogy of red ochre is complicated and 
may include all the main magnetic minerals (mag
netite, hematite and pyrrhotite) in the same sample 
as was shown by the mineralogical and magnetic 
laboratory analyses in the Laukaa case. Theoretical 
simulations of magnetic anomalies indicated that 
typical red ochre graves can be detected with mag
netic measurements given that the susceptibility is 
higher than about 50 10-3 SI. In very favourable con
ditions even lower susceptibilities could be suffi
cient. The measurements in Laukaa revealed con
spicuous magnetic anomalies in an area where sev-
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Fig. 5. Selected SW-NE profiles of the magnetic results. 
Solid line: total field anomaly, broken line: verti
cal gradient, a) line 502.00, b) line 496.00, c) line 
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eral Stone Age red ochre graves are known. The 
strong peak-like anomalies are similar to the theo
retical anomalies calculated and due to red ochre 
graves. On the other hand, the two known but 
unexcavated red ochre occurrences in the Laukaa 
excavation site did not show any distinct positive 
anomalies. This may be attributed to low suscepti
bility and possibly to reversed remanent magneti
zation of the red ochre soil in these graves. Al
though the field of red ochre magnetism is not free 
of problems, the present results are encouraging for 
further research and applying the magnetic meth
ods in investigations of Stone Age remains. 
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