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Electromagnetic prospecting

at two Polish sites (Slonowice and
Milan6owek) with the SH3 Slingram
device

M. Dabas®, T. Herbich’, A. Hesse’, K. Misiewicz’
and A. Tabbagh’

Results of the geophysical research at two sites in Poland are presented: at a Neolithic
defended settlement at Slonowice and an iron-smelting site in Milanéwek —Falecin. The
electromagnetic method was the basic method applied; different versions of SH3 instrument
were used. Results of the magnetic survey, with the use of a proton magnetometer are also
presented. The efficiency of these methods when applied to the research of the sites of the types
mentioned above, is discussed. In the introduction, the concept of the Slingram instruments is
briefly presented.
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1. INTRODUCTION

Experimental surveys which are presented in this paper result from active
cooperation following a first contact within exchange agreements between the

Centre National de la Recherche Scientifique (CNRS) and the Polish Academy of
Sciences (PAN). The cooperation was initiated by the visit of A. Hesse in Poland
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and, throughout the duration of the experiments, efficiently managed by
J. Przenioslo. The visit clearly demonstrated the potential interest of testing on
Polish sites the electromagnetic Slingram instrument which was not available in
Poland at the time when the first results started to be published and known
through the experiments carried on in Centre de Recherches Géophysiques (CRG)
in Garchy (Tabbagh 1984).

The project became a reality during a second French visit (AH) which took
place in April 1986. Tests were conducted on two sites of very distinct type but
which were both already well known from two points of view:

1. through previous geophysical investigations by magnetic and electrical methods;
2. through preliminary archaeological excavations.

A new prototype of the SH3 device, which will be described below, was
available in Garchy at that time: it had been designed with an increased sensitivity
in order to meet the requirements of archaeological sites with low magnetic
susceptibility contrast like these which can be encountered in countries where loess
soils prevail (Scollar 1965). In addition, this prototype included a much lighter
sensor than the previous one in order to facilitate transportation and operation in
the field.

Since the interest of such instruments had been demonstrated just a little while
before, for rapid investigation of metallurgic sites with large mesh grids (Hesse,
Bossuet and Choquier 1986), we made an attempt to use the SH3 at Milanoéwek
—Falecin. Unfortunately, but predictably we should say, the increased sensitivity
turned against us on such a site where extremely high values of magnetic
susceptibility are to be encountered. The instrument was entirely disturbed in the
area of location of metallurgic remains: the in phase signal not only was overloaded
but the quadrature component of magnetic susceptibility added to the conductivity
signal and made of no use the data obtained on both measuring channels. It was
only during a third campaign (AH and MD), June 1988) that we could obtain the
satisfactory results which are described hereafter: in the meantime, the instrument
had been provided with an appropriate selector of sensitivity range.

This was a brief historical account of a scientific experience and of international
cooperation which took place in the development of electromagnetic survey
methods applied to archaeology. This particularly concerns the Slingram concept
which we think 1s worth now being presented here.

2. THE SLINGRAM INSTRUMENTS

This type of electromagnetic device was first used during the 1930s by Swedish
surveyors who fixed its actual denomination. It consists of two coils: one 1s used
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as a source which produces an alternating low frequency magnetic field
(ie, between 200 Hz and 20 kHz) while the second, at a distance L, can
measure different components of the magnetic field. The primary field transmitted
by the source coil (transmitter) being wvariable with time, induced currents
are produced in the ground which then generate a secondary field which
is measured through the second coil (receiver). According to the relative
orientation of coils, the receiver can measure either the secondary field
or, more generally, the superposition of both primary and secondary fields.
In this latter case, the primary field’s influence must be compensated elec-
tronically.

Generally speaking, the response of the instrument i1s complex: the secondary
field is not in phase with the primary field but its modulus increases with the
conductivity of the ground which is the main intervening parameter. However it
has been demonstrated (Tite and Mullins 1969; Tabbagh 1974) that an appropri-
ate choice of frequency f and of the distance LL between the coils makes it possible
to satisfy the condition of “low induction number’” where the term owul.2 is very
small compared to 1: 0 being the conductivity, 4 — the magnetic permeability of
the ground and w=2nf — the angular frequency. Then the secondary field due
to the electrical conductivity of the ground is in quadrature of phase with the
primary field and directly proportional to this conductivity. The signal as well is
weak enough to prevent the in phase secondary field produced by the magnetic
susceptiblity of the ground from being masked. The presence of this field is
a direct consequence of the magnetisation induced by the primary field at the
frequency f: the main part of it is generally in phase but it may sometimes present

a weak quadrature component originating from the magnetic viscosity of the
ground.

It results from these considerations that such an instrument is able to provide
not only an apparent electrical conductivity (which will be converted in usual
resistivity 1n our actual results) but also an apparent magnetic susceptibility leading
to a surveying method entirely different from that of one resulting from the
measurement of the magnetic field of the Earth. It 1s particularly possible to
measure at each point of the surface an absolute value of the magnetic susceptibility
when only spatial variations can be observed with the magnetic method. Experi-
mentally this method was revealed as very useful for archaeological surveying
(Tabbagh 1984): it allows fast surveys by sampling the readings on large mesh grids
(Hesse and Tabbagh 1981); shallow and flat lenticular features become detectable
and the sensitivity to many sources of disturbance of the magnetic field i1s
considerably reduced. All these abilities have been extensively tested on several
different archaeological sites since the time of our surveys in Poland (Scollar e# a/.

1990).
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The remains mainly consist of back-filled ditches and pits excavated in the
loess and of traces of a palisade. The extent of the defence complex is
approximately 200 by 200 m in an open field levelled due to ploughing.

The site was first occupied during the Neolithic (the Funnel Beaker Culture)
and ditches come only from this period. The site was reoccupied in the Early
Bronze Age by people of the Trzciniec Culture. There is no trace of any defence
system coming from this later period; pits are the only remains found. However,
the pits are deep enough to reach the Neolithic levels.

The northern part of the site 1s horizontal; the southern end lies on a slope.
This causes different sequences of layers:

In the northern part, under ““modern” humus (topsoil) there is a layer formed
during occupation of the site in the Early Bronze Age. Below lies a buried soil, being
the topsoil during the Neolithic. Under the buried soil there is the loess (virgin soil).
The pits, of different depths, start below modern humus, cut the buried soil and
penetrate the loess. The ditches can be found only under the buried soil (Fig. 2).

In the southern part of the site, the modern humus and Trzciniec Culture layer
have been eroded away. Here the buried soil became the top soil in contemporary
use; the ditches, of different depths, are visible just under the modern humus.
A significant number ot Trzciniec Culture pits were also found: only their lowest

parts were preserved, they sometimes reached greater depths than the ditches (Fig. 2).
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Fig. 2. Schematic sections of the stratigraphy at Slonowice. The illustrated portion 1s almost entirely
relevant to the situation in the southern zone.

1 — topsoll; 2 — Trzciniec Culture layer and pits; 3 — buried soil; 4 — Funnel Beaker Culture ditches;
s — loess.
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3.2. RESULTS OF THE GEOPHYSICAL SURVEY

Our surveys were limited to the southern, sloping part of the site. Its
simpler stratigraphical situation and the relatively shallow depth of the features
(actually cut into the loess were expected to allow an easier interpretation
of the anomalies (Fig. 3). Such a case of back-filled ditches with very shallow
profiles 1s generally not in favour of the magnetic method: 6 to 7 nT
of anomaly only were obtained during our first tests (TH and KM) in
the field; we could now expect better results since the features searched-for
were thought to meet the abilities of the SHj3.

VII OF

Fig. 3. Stonowice. Ditferent aspects of ditch sections in the southern zone.

Some samples of soil were collected during the archaeological excavations and
their magnetic susceptibility was measured in Garchy (ELSEC magnetic suscepti-
bility meter, type 780): '
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Table 11

i

filling of ditch O,/ VII,
depth 0.95 —1.00 m 108.0 10 > USI

An appropriate contrast between the filling of a ditch and the virgin soil can
 be observed. Unfortunately, the susceptibility of the topsoil (samples I and II)
almost reaches the values obtained in the ditch (sample V). This could be due to
its being a complex mixture of different humus materials including some more
magnetic layers, back-fills or different artefacts. This results in possible disturban-
ces in the pattern of geophysical readings in the field.

The survey was conducted in two parts: zone A and zone B (Fig. 4),
respectively located at the east and at the west side of trench VI in order to try and
recognize the continuation of the two ditches O, and Op which could not be
identified towards the east in trench X (at that time trenches XII, XIII, XIV had
not been yet excavated). The technical conditions of the survey were not ideal and
the instrument suffered from relatively large drifts which were not satisfactorily
compensated by our regular checks at a reference station. However a first
presentation of the work was made (Herbich and Misiewicz 1990) in order to set

up only the efficiency of different computer systems and programs in displaying
geophysical data obtained on archaeological sites.

Different data treatments (Hesse ¢/ a/. 1992) were necessary here in order to
achieve archaeologically readable maps: destriping for zone A only, median
filtering on a small 3x3 readings window for both zones. This results in several
physical defects of the results. We must mainly pay attention to the large difference
between the average values of susceptibility for both maps, and in comparison with
the samples: they look satisfactory in zone B but abnormaly high in zone A and
this cannot be explained by their position on the slope which is relatively similar.
For all these reasons we shall only consider the spatial relative wvariation of
susceptibility on each map separately.

On the zone B map, the susceptibility values are already higher than expected
from the measurements on the samples. However they fit their order of magnitude
and the anomalies look rather clear: average values on the north edge of the map
could correspond to the ditch found in trenches VII/O ,, II and the northern part
of VI as stated by the excavator (Tunia 1990). A very strong anomaly appears in
the center of the map and could mark the continuation of ditch VII/O, (detecting
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