JOURNAL OF
SWEDISH ANTIQUARIAN
RESEARCH

Archaeological prospecting with geophysical methods at Svanesund, Orust,
Sweden

Ahlbom, Kaj

Fornvannen 76, 219-226
http://kulturarvsdata.se/raa/fornvannen/html/1981 219
Ingar i: samla.raa.se




Archaeological Prospecting with Geophysi-

cal Methods at Svanesund, Orust, Sweden

By Kaj Ahlbom, Bengt Fridh and Agne Furingsten

Ahlbom, K. Fridh, B. & Furingsten, A. 1980. Archaeological Prospecting with
Geophysical Methods at Svanesund, Orust, Sweden. (Arkeologisk inventering
med geofysiska metoder i Svanesund pd Orust.) Fornvannen 76. Stockholm.

The article illustrates the possibility of using geophysical methods to detect
areas of archaeological interest and large stones or accumulations of stones
which may be hearths without removing the vegetation cover.

At a Stone Age site on the Island of Orust in western Sweden with rather
faint archaeological remains all hearths were detected by the resistivity method.
Owing to unfavourable geological conditions the magnetic method was less
successful on this site; further tests at other sites will probably produce better

results,
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As a part of a research program for develop-
ing better and more exact prospecting me-
thods in archaeology, an investigation was
made on a Stone Age site at Svanesund in
the eastern part of the Island of Orust in
western Sweden. The aim was to check the
reliability of geophysical prospecting methods
on such faint remains as a Stone Age site.
The idea of using geophysical measure-
ments for the detection of archaeological re-
mains covered with soil is based on the fact
that there is often a significant difference in
physical properties between the remains and
the surrounding soil. Remains like the walls
of a Roman villa (Clark 1975) or various
metal artefacts can usually be detected with
resistivity, magnetic or electromagnetic me-
thods. However, investigations of Stone Age
remains are in this respect something of a
challenge, since the finds from this period
(stone axes, hearths etc.) are small, spread
over vast areas and with physical properties
little

different from the surrounding soil.

Riksantikvarieimbetet, UV
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Another problem in glaciated areas is that
the remains are often situated in moraine
deposits. Moraine is an inhomogeneous ma-
terial which contains a wide range of grain
sizes, Since the remains often consist of diffe-
rent types of stone accumulations, naturally
occurring stone clusters in the moraine can
cause anomalies of the same magnitude as
the remains themselves. It may therefore be
difficult

caused by geological phenomena and archae-

to distinguish between anomalies
logical remains. However, some general rules
can be applied in the interpretation:

I. If the anomalies present a characteris-
tic pattern they are probably caused by ar-
chaeological remains, since “geological” ab-
normalities have random appearance.

2. Since Stone Age remains of the above-
mentioned type are situated at a shallow
depth (0-0.5 m) the anomalies have a short
wavelength, i.e. the disturbance is only
measurable over a short distance at the sur-
face. Variations distances are

over longer
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probably caused by a change of geological
conditions.

Another type of interpretation divides the
investigated area into smaller subareas which
have different anomaly frequency. In sub-
areas with random pattern and low fre-
quency of anomalies, the chance of finding
remains is adjudged small. In areas with high
anomaly frequency the chances of finding
remains are greater, These areas will there-
fore have a higher priority for excavation.
Since the cost of excavation is much higher
then that of geophysical survey, the selection
of the most promising sites could to some
extent be a task for geophysicists.

Geophysical Methods Used in Archaeological
Prospecting

Two different geophysical methods were used
in this investigation, the resistivity method
and the magnetic method. Both methods
have been used in archaeological surveying
for some years, mainly on the European
mainland and in the British Isles, but also
in America. (For further reading, see e.g.
Atkinson 1963; Clark 1975; Clark & Had-
don-Reece 1973; Linington 1973 and Scol-
lar 1971.)

Resistivity Method. In electrical resistivity
surveys four electrodes are connected to the
ground. Current is transmitted by two elec-
trodes while the potential difference is
measured between two potential electrodes.
Application of Ohm’s law together with
knowledge of the geometry of the electrodes,
allow calculation of the bulk resistivity of the
ground. If there are no, or only gradual,
variations of ground resistivity, archaeologi-
cal remains with a resistivity different from
that of the ground can be detected.

The possibility of detecting remains under
a soil cover is dependent on many factors.
The most important are: (1) Depth and
extent of remains. (2) Difference in resisti-
vity between the remains and the surround-
ing soil. (3) The electrode configuration.

The electrode configuration used in this
investigation configuration
(Clark 1975). This configuration has one

was the twin
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current and one potential electrode fixed at
two points outside the investigated area, while
the other two electrodes are moved in profiles
across the area. The resistivity data from
the profiles are compiled on a map. The ad-
vantages of the twin configuration compared
with the more widely used Wenner configu-
ration are that only two electrodes have to
be moved and only one anomaly occurs over
remains.

It is important to select the most suitable
distance between the moving electrodes. If
the measured volume of the ground is too
great (i.e. long distance between electrodes),
small remains would not perceptibly in-
fluence the With a short
distance between the electrodes, the current
will not penetrate deep enough into the
ground to detect remains. An electrode
distance of one (1) meter is often considered
appropriate. However, in a detailed investi-
gation of small and shallow remains an elec-
trode distance of 0.5 meter will probably give
more information. In practice, the electrode

measurements.

distance is often a question of time and eco-
nomy, since measuring in a grid of 0.5 m
compared with one meter results in four
times as many measurements for a specific
area.

The Stone Age remains which are easiest
to detect are hearths. The high resistivity of
the stones in the hearths causes higher bulk
resistivity. Anomalies with high resistivity
may therefore be connected with hearths.

Magnetic Method. Minor changes in the
-arth’s magnetic field over an investigation
area are caused either by variations in geo-
logical formations, or by objects produced by
human activity. There are also slight daily
variations in the magnetic field.

The magnetic anomalies of geological ob-
jects are due to higher, or lower, content of

the magnetic mineral magnetite compared
with the surrounding soil or bedrock. Other
iron ore minerals, such as limonite or haema-

tite, are not sufficiantly magnetic to cause
anomalies. Iron in artefacts also gives rise to
anomalies. The amount of iron (or magne-
tite) and the distance between the object
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and the magnetometer determine the magni-
tude of the anomaly. Distance in particular
is crucial, since the magnetic field of an ob-
ject decreases very rapidly with increasing
distance,

A change in the topography of the bed-
rock covered with soil, can also cause a va-
riation in the magnetic field. However, this
type of disturbance usually has a long wave-
length compared with shallow remains and
can be disregarded in the interpretation.

A proton magnetometer, which measures
the total magnetic field, was used in this in-
vestigation, To avoid problems resulting from
steep gradients of the magnetic field, the
sensor was placed on a stick 0.3 meter above
the ground. Magnetic changes due to diur-
nal variations or human activity were to
some extent corrected by means of reference
point which was measured after each profile.
However, a sudden disturbance during the
measurements of a profile could not be corr-
ected. For instance, during the survey two
cars arrived at a house near the investigation
area, causing the distortion of two profiles.

The Site — a Desceription

The site is located on a slightly sloping culti-
vated field facing south to south-east. The
adjoining ground consists of moraine. The
relatively narrow strait of Svanesund, which
separates the island of Orust from the main-
land, lies approximately 300 m south and 250
m east of the site. The investigation area is
surrounded by houses and summer cottages.
The north-western part of the area borders
on a slightly sloping rock-face. Across the
northern part of the site runs a minor road,
which divides the site into two sections. The
site 1s approximately 170 x 60 m, located at
a height of 28-35 m above the present sea
level. The vegetation is meadow
plants and some trees.

mainly

Archaeological Environment. The investiga-
tion area is situated in an region relatively
rich in Stone Age sites and finds. As early as
1907 a research project was undertaken for
the purpose of illustrating Stone Age settle-
ment in central Bohuslin. The two islands of
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Tjorn and Orust were selected for an inten-
sive investigation. The field work was carried
out partly as excavations and partly as a
survey. As a result of this survey in the first
decades of this century it was possible to
recognize 189 Stone Age sites on the Island
of Orust and 222 on Tjérn (Enquist 1922).
These discovered in cultivated
ground. A more thorough study was made in
a rescue investigation in the vicinity of Sva-
nesund, in which eight sites were revealed.
Only three of these were known through the
survey at the beginning of the 20th century.
Other thorough investigations in different
parts of Bohuslin yielded the same result,
i.e, only 1/3 of the total number of sites
came to light at conventional surveys,

The investigation area is situated in the
parish of Langelanda. In this parish 28 Stone
Age sites were previously known, excluding
the megalithic tombs. It is possible, by typo-

sites were

logy, to make a chronological classification
of 23 of these. Eleven date from an earlier
phase of the Mesolithic (-5000 B.c.), 8 from
the so-called Lihult period (e. 5000-3000
B.¢c.) and 2 from the Neolithic (¢. 3000-1500
B.C.) Another two have material both from
the Lihult period and the Neolithic. From
a geophysical point of view, it is easier to
detect caused by sites from
younger phases because settlement develop-

JlIl(}IllElI i('.‘i

ment is directed towards more stable forms.
The most promising results could therefore
be expected in sites from the Neolithic and
the Lihult period.

Through the intensive investigation in the
exploitation area of Svanesund it was possible
to discover another five Stone Age sites in
addition to the three already known. Of
these eight sites, only six were directly in-
volved in the exploitation. These six sites
could be chronologically grouped as follows;
one from the Sandarna culture, one from a
period between the Sandarna and the Li-
hult cultures, three from the Lihult culture
and one with finds from both the Lihult
period and the Neolithic.

The site chosen for geophysical prospect-
ing was RAA no. 131, which corresponds to
Enquist no. 180 (Enquist 1922). It is a

Fornviannen 76 (1981)
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mixed site, yielding finds from both the Li-
hult period and the Neolithic. The finds from
the former, however, were in the majority.
Nothing in the excavation contradicted the
interpretation that the site is mixed.

The Site

A total area of approximately 1750 m2 was
Pl )

— Archaeological Interpretation

uncovered by a small bulldozer. The main
part of the excavated area was in the south-
western corner. Some small trenches measur-
ing althogether 5 m? were also dug. The
geophysical survey embraced approximately
1550 m? and included both magnetometer
and resistivity measurements. The archaeo-
logical features were observed in an area of
about 200 m? (see Fig. 4).

different of disturbance
vered.

dark-shaded constructions of various forms

Twenty-seven

types were disco-

Fifteen of these consisted of diffuse

with very small amounts of stone. They are
indicated with “MF” in Fig. 4, and varied
in thickness between 1 and 7 ecm. In all pro-
bability they are traces of decayed tree
stumps and other vegetational phenomena.

Three stone groups were found, marked
“SG” in Fig. 4. One of these was probably a
sewer connected with the house previously
situated north-west of the excavated area.
The function of the other two could not be
determined.

Four constructions from more recent times
were present, Three of these were covered
drains (“CD" in Fig. 4) fourth
a telephone cable (“TC” in Fig. 4).

Find.‘i ()f more dil‘l“('[ I)]'('hi.‘il(}ri(‘ t']'l?l.]_'d.(‘l["['

and the

were four hearths situated in the eastern and
north-eastern corner (“H” in Fig. 4). They
consisted of stones with filling of sooty mo-
raine with wvarious amounts of
Their sizes were; 1% 1.35%0.19 m, 1.5 1.8
%x0.22 m, 25x%2.7x024 m and 09x1.2
% 0.3 m. The hearths have not yet been sub-
jected to chronological analysis. Some char-

charcoal.

coal will be submitted to radiocarbon dating.
They will also go through a wood-anatomi-
cal investigation. Some samples were also
taken for analyses of plant remains.

These and the
analysis of the excavation material are of no

analyses archaeological
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interest for the development of the geophysi-
cal surveying technique, hence the results will
not be presented in this context. Publication
of these parts of the investigation ,is in pre-
paration.

The Site — Geophysical Interpretation
The geophysical
out in two steps. First a twin configuration
resistivity survey was made on a large area
where remains were expected. The distance
between the electrodes was one (1) meter.
The results of this investigation are presented
on a map, Fig. 1. From the map it is evident
that the north-western part of the investi-
gated area contains many more small ano-
malies than the rest. The chances of finding

investigation was carried

remains were therefore here considered more
favourable, This assumption was confirmed
during the archaeological excavation where
no constructions were found in trenches out-

side the anomalous area. The next step was

to concentrate all further work to the ano-
malous area.

To obtain more detailed information on
the anomalous area, a resistivity survey with
a twin configuration distance of 0.5 meter
in a 9.5 meter grid was carried out inside
the dotted line in Fig. 1. The results from
this survey are shown on a map, Fig. 2. The
anomaly pattern obtained by means of the
0.5 m resistivity survey is more detailed, with
many small anomalies, compared with the
one meter survey. The 0.5 m survey is also
more sensitive to shallow disturbances, and
the one meter survey to variations in bed-
rock t |p=)ul‘;-'1phy.

In the 0.5 meter survey, eight anomalies
within the excavation area with high resisti-
vity values were

interpreted as possible

hearths. These anomalies are marked with
a darker tone on the map in Fig. 3.

During the excavation phase, three hearths
and part of a fourth were found within the
investigation area. Furthermore, many accu-
mulations of stones were detected.

Comparison between the results of the
excavation (Fig. 4) and the 0.5 meter resisti-
vity map (Fig. 2) shows that all four hearths
were connected with resistivity anomalies.




Fig. 1. Map of anomalies
revealed by the resistivity
method. Twinconfiguration
1 m. The dotted line shows
the detailed investigation
area. — Karta over anoma-
lier frdn resistivitetskarte-
ring. Mitavstand 1 m.
Streckad linje visar det in-
ftensivundersokta omridet,
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Fig. 2, Map of anomalies revealed by the resistivity method. Twinconfiguration 0.5 m. Darker areas re-
present high resistivity areas, — Karta &ver anomalier frin resistivitetskartering, Mitavstind 0,5 m.

Skraffering visar omriden med hég resistivitet.
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Fig. 3, Map of anomalies revealed by the magnetic method. Arrows indicate distorted profiles.

S

Karta

dver anomalier med magnetisk metod. Pilar markerar stérda profiler.

Three anomalies were caused by clusters of
stones, while no explanation was found at
the excavation depth for one of the abnor-
malities.

The anomalous area measured with the
0.5 m resistivity survey was also investigated
with a magnetic survey in a 0.5 grid. The
results are shown in Fig. 3. Unfortunately,
two profiles were distorted by the arrival of
cars. These profiles are indicated by arrows
in Fig. 3.

Comparison of the magnetic survey (Fig.
3) with the excavation results (Fig. 4) shows
that the magnetic measurements could not
to detect any remains. A later geological and
magnetic investigation of the local stones and
rocks indicated that most of the stones in the
hearths consisted of nonmagnetic gneisses.
This low magnetic rock type is however not

very common compared with other crystalline
rocks. Magnetic surveys of other Stone Age
sites in areas where the bedrock consists of

magnetic rocks will have greater chances of
detecting remains.

Conclusion
The results of the resistivity survey show that

Fornvinnen 76 (1981])

this method is capable of detecting areas of
archaeological interest, and large stones.
This method does not allow differentiation of
natural stone clusters and hearths. However,
all hearths within the detailed investigation
area were detected. This promising result
should encourage archaeologists to perform
more experiments with resistivity measure-
ments of other archaeological sites with dif-
ferent geological conditions, and to refine
resistivity instruments and methods.
The magnetic survey of this site was not
adequate to detect archaeological remains.
Further tests must be carried out at other
sites with different geological conditions, be-
fore the suitability of the method for detect-
ing Stone Age remains is fully evaluated.
Thanks are due to J. E. Ahlbom, K. Fors
and S. A. Larsson for assistance with the
geophysical surveys. We would also like to
thank David Damell and Eva Weiler for
inspiring discussions and support for this
work, and Anders Anevik for revising the
English. Special thanks to O. E. and Edla
Johanssons Scientific Foundation, the Mag-
nus Bergvall Foundation and Wilhelm och




Archaeological prospecting with geophysical methods

MF \-.r}'j\_ 3

CD_
’MFf
4 ;,MF NSG,
w E
S

Fig. 4. Excavation map. H = hearths, SG = Stone group, MF = dark shaded constructions, CD = covered

drains, TC = telephone cable., — Karta over utgrivningsomridet., H = hiirdar, SG = stensamling, MF
morkfirgning, CD = tiickdike, TC = telefonkabel.
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Arkeologisk inventering med geofysiska metoder i Svanesund

Péoi Orust

P4 en stendldersboplats i Svanesund pa Ostra
Orust har forsok gjorts med olika geofysiska
metoder for att spira ovan jord ej synliga
fornlimningar. Tva olika metoder anvindes,
resistivitetskartering och magnetisk (magneto-
meter- ) kartering. Resistivitetskartering inne-
bar att man mater variationer 1 det elektriska
motstandet i marken, medan magnetometer-
kartering innebdr att man registrerar varia-
tioner i jordmagnetismens styrka. Fran ar-
keologisk synpunkt ar detta intressant, dér-
manniskan genom olika ingrepp i
marken, exempelvis genom anliggande av
hirdar, stolphal och hyddbottnar m. m. for-
andrar bade det elektriska motstandet 1 mar-

for att

ken och jordmagnetismens styrka.
Genom resistivitetskarteringen var det moj-

Fornvannen

ligt att lokalisera hiardar och dven recenta

stenkonstruktioner under markytan. En vi-
dareutveckling av metoden behovs dock for
att sikrare kunna skilja naturliga stenkon-
centrationer frin av méinniskor utfoérda an-
laggningar.

Den magnetiska metoden visade sig inte
fungera tillfredsstillande. Framfér allt be-
rodde detta pd ogynnsamma geologiska for-
hallanden och pa storningar, bland annat av
en telekabel som évertvirade omradet.

Vidare forsok med dessa och andra geo-
fysiska metoder pagar inom ramen for ett
samarbete mellan Riksantikvarieambetet och
Chalmers. Andamalet #Ar att och
effektivisera inventerings- och utgrivnings-

forbattra

metodiken pa olika typer av fornlimningar.




