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 INTRODUCTION

Archaeological research in urban centres is known to absorb illimitable time
and requires particularly intense work, on account of the multilayer type of the in-
vestigated sites. Therefore the chance of acquiring, ‘were it only partly knowledge
about the character of culture layers, is highly appreciated by archaeologists, no less
than stating the lack of culture objects, or their presence, with the elimination of tra-
ditional excavation methods. Such chances have appeared from the moment of apply—
ing geophysical methods to archaeological research.!

Wit Stwosz Square in Cracow, situated in the middle of an early-mediaeval
settlement Okot, directly at the foot of the Wawel Hill, has been designed to open
archaeological experimental research by electric resistivity method (fig. 1). Owing
to archaeological works carried out in 1957, a Romanesque church with surroundings
and traces of a formerly existing settlement have been discovered.” The church was
built in limestone; the walls persisting mostly in the foundation part, appeared
at a depth of about 300 cm. Also the altar’s brickwork stipe on limestone under-
pinning and the levels used in the church from the 13th to the 17th centuries, have
been disclosed. Outside the object, layers that had remained after fires and recon-
structions of the church itself have been discovered; also traces of putting order
to the surrounding area by laying a stone pavement — came to sight. Under the
lowest early-mediaeval pavement, stated also to have been running beneath the church,
there appeared several firebeds, remainders of a stove, the outline of a rectangular
object and pits dug into sandy virgin soil. The comparison of the discovered walls
with the 19th century plans allowed a virtual reconstruction of the plan and the dimen-
sions of the church, however, because of the limited term allowing the completing
of the task, certain problems have remained unsolved. One of them, on which the
electric resistivity method could throw some light, was finding out whether the re-
turns of walls visible on the plan, found halfway along the aisle and essential to -
the solvmg of its covering, have their correspondent in the foundation part. The inside
aisle of the building, only partly investigated aroused interest; it was also necessary
to find out whether in the northern part of the church we could expect the existence
of its walls, hidden beneath the 19th century buildings.
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Besides the archaeological research that had been undertaken there it became
necessary to find out the extent to which the electric resistivity method could be used
in such difficult conditions as those caused by a town vibrating with life. It should
be noticed that no English, Italian, Soviet Union or Polish publications have so far
elaborated a method of investigation of sites of that type.’ '

Besides some attempts carried out in 1962 in Cracow, geophysical methods
have exclusively been applied in sites situated outside urban centres. This can pre-
sumably be explained by the general opinion that the greatest intensity of technical
disturbances occurs in towns, and mostly in large cities. The sources of these disturb-
ances are: tramway traction, electric railway traction, industrial stray currents,
underground telecommunication and energy cables, water pipelines and buildings.
Therefore the application of certain geophysical methods ought to be excluded here;
we can only roughly point out basic reasons leading to that conclusion. Geophysics
deals with the following methods 1n field research: electric, magnetic, gravimetrical
and seismic ones.* Magnetic methods can be used in field work as well as in labor-
atory experiments. Aplied to laboratory tests it is expected to determine the age
of movable and immovable objects.” The great economic efficiency observed in the
application of magnetic methods to archaeological investigations has been wholly
confirmed by Polish and foreign authors.

The following objects have been revealed by that method: graves with black metal
equipment,® smelting furnaces,” Roman potters’ kilns,” furnaces for melting glass’
and open settlements of the Roman period." The question arises whether all these
confirmed advantages will allow to adopt the magnetic method in urban centres.
In order to give an answer to that question we must take into account the order
of sizes of magnetic anomalies occasioned by researched objects and disturbance
agents (table 1).

The above compendium shows sufficiently that the anomaly size of component
“Z” of the magnetic field caused by the object investigated i1s in most cases many
times smaller than the size of the magnetic field caused by disturbing objects. The
examples quoted allow to conclude that the level of disturbance in urban centres
will in most cases exceed magnetic phenomena caused by settlement objects. This
statement allows to exclude magnetic methods from research in urban centres using
classical instruments as well as a proton magnetometre.

The same achievement has a somewhat different aspect when electric methods
are applied. We deal here with a large range of methods and equipment which yielded
positive results in the research of raw materials of various types. These are:

1. induction methods,

2. artificial electric field method,

3. natural electric field method,

4. electric resistivity method with direct currect,

5, electric resistivity method with alternating current.
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Sources: .

?W. Stopinski, Zbiorcze opracowanie wynikéw badarn geofizycznych z r. 1962 metodami elektrycznooporowq
i magnetyczng [Collective Elaboration of the Results of Geophysical Research from 1962 by Electric Resistivity and Magne-
tic Methods] — Archives of IHKM PAN; ? J. Kowalczuk, T. Stopka... (note7),p.540: ¢ W. Stopiniski,

Kompleksowe badania doswiadczalne metodami elektrycznooporowqg i magnetyczng stanowiska wczesnosredniowiecznego —
grodziska i kolegiaty [Experimental Resistivity Complex Research Carried out by Electric Resistivity and Magnetic
Methods in an Early-Mediaeval Stronghold and Collegiaté in 1966]. Measurements of the magnetic field were done in
both places by proton magnetometre — the results of research are being worked out.

The experience acquired by applying the first three methods to the research of min-
eral raw materials allows to exclude them in the case of tracing archaeological
objects — in towns.!* Measurements of resistivity by means of a direct current appara-
tus are disturbed by: polarization of electrodes alternating in time and by artificial
and natural stray currents. Especially troublesome to eliminate are artificial stray
currents, the greatest intensity of which can be observed in industrial towns. We
know 1n fact that stray currents appearing most frequently are characterized, besides
alterations of intensity, by their increase beginning with 50 cycles per second (hertz),
towards higher intervals of frequency. Simultaneously we observe rapid decrease
of the number of disturbances below 50 hertz. That phenomenon has been availed
of for the construction of an apparatus of alternating current with its own supply.

We should take into account that an apparatus of alternating current is of lower
class than an apparatus of direct current. This can be observed in errors of meas-
urement as well as in the deep range of the investigated structure.

Research conducted in archaeological sites in Poland and abroad, much differen-
tiated by varieties of climatic, petrographic and morphological conditions, have
fully confirmed the multilateral qualities of the alternating current apparatus.'?
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Long practice has shown that this apparatus possesses sufficient disintegration
for that type of work and its range exceeds many times the thickness of culture
layers. _

Our general knowledge of the disturbances and the qualities of the alternating
current apparatus allowed to presume that carrying out measurements in the midst
of a living town might be possible. A considerable unknown, which could exclude
the possibility of taking measurements, is the limited measuring range in every
apparatus of alternating current. We were well helped here by earlier experience
gathered during the investigation of the Kruszwica Collegiate and also in Zagos$¢ and
Wiélica.!” The problem has been solved in those sites by means of specially construc-
ted electrodes.

Cracow had been deliberately chosen to be an experimental region.'* It represents
an urban environment with methodical, theoretical and technical difficulties of

highest degree, having also a large variety of sources disturbing the developed
magnetic field.

Two principal tasks were set before the electric resistivity method, one of an
archaeological, the other of a geophysical type. Table 2 presents those tasks in
~a synthetic way. '

Table 2

Archaeological tasks Geophysical tasks

1. Grasping the character of stratifications I 1. Checking the acting of sources of technical
disturbance

a) tramway traction

b) electric railway traction
c) industrial stray currents
d) canal sewers

2. Determining whether wall returns visible in
the middle part of the plan are to be traced
in the foundation

4

3. Tracing the interior of the aisle of the building

4. Stating whether the walls in the northern part e) water pipelines
of the church have persisted in spite of their f) electric cables
situation in the midst of buildings demolished | o) surface dressing
in the 19th century h) contemporary buildings

5. Checking the existence of foundations visible I 2. the degree of disintegration in conditions
in the plan of the western side of the church | of urban environment

6. Checking the limits of the 19th century buil- | 3. checking the measurement range of the
ding ! apparatus

In order to acquire full control of the results of investigations carried out by the
electric resistivity method, experimental works have been conducted over an area
known from some earlier archaeological research. For the working out of a method
we were able to avail ourselves of full documentation material in sections Nos. 3

and 4, and of a sight sketch showing the outline of walls encircling Mary Magdalen
Church.
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INVESTIGATION METHOD

Wit Stwosz Square 1s situated in the centre of an early-mediaeval settlement Okal,
enclosed by a strong defence wall of an earth-timber-and-stone construction.!®
The moat encircling the fortified settlement includes fragments of an old Vistula bed.
Inside the settlement, besides modern and mediaeval strata of a mean thickness
reaching 2 m, an early-mediaeval settlement stratum of about the same thickness
has been stated.!® The thickness of an early mediaeval settlement layer has been con-
firmed within the dug-outs of Wit Stwosz Square. I shall return to a closer discussion
of the settlement’s layers from the point of view of geophysical needs.

The tramway lines of contemporary Cracow run along Franciszkanska, Domi-
nikanska and Ludwik Warynski streets. They form a triangle whose vertex is the
crossing of Dominikanska and Warynski streets. In the middle of that triangle,
somewhat nearer to the eastern tramway line, lies Wit Stwosz Square. Tramway
lines run at a distance of 100 - 150 m from the mentioned square (fig. 1).

It was decided that electric resistivity methods were to be used, between 8 a.m.
and 6 p.m. with one-hour interval. Work conducted during those hours included
two climax periods of disturbances, caused mostly by their strongest source i.e.
tramway traction. All the research works were divided into two particular stages.
The first was to include the checking of the acting of disturbance sources. Research
was to be continued according to the outlined programme immediately after satis-
factory results had been obtained.

Wit Stwosz Square i1s closed along its eastern side by Grodzka street (this side
1s about 35 m. long) and along its western side by Kanonicza street. The northern
and southern sides are enclosed by dwelling buildings. Besides that a pavement
of concrete plates is laid by the southern building. This limits the investigated area
to a thomboid of 19 by 35 m. The square 1s a level slightly sloping in the direction
of Kanonicza street.

Archaeological data tell us that we have remainders of walls of two levels in the
area of experimental investigations. Foundations of Mary Magdalen Church have
persisted at a depth of 3 - 3,5 m. on the lower level. On the other hand, remainders
of a 19th century building are found on the higher level at a distance of 1 - 1,5 m.
from the actual surface. Two levelling layers reach a depth of 1,5 m. Culture strata
lie lower down to a depth of about 4 m. from the surface. They lie on sandy river
formations. Their vertical stratification is characteristic for its large number of
layers with different physical (electric resistivity) properties. On the other hand,
they retain in most cases their continuity in the horizontal direction. This is showi
in two cross-sections perpendicular to each other (figs. 3 and 4). The composition
of aggregates forming the layers mentioned allows to presume their ditferentiation
in respect to resistivity, therefore the existing possibility of separating them. The re-
mainders of walls encircling both the aisle and the chancel of the church and disclosed
by both sections, show very residual character. Only on the western side of the middle
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Fig. 2. Cracow, Wit ‘Stwosz Square. Site sketch of the

peripherential walls encircling Mary Magdalen’s church and

of archaeological investigation dug-outs. (After T. L en -
kiewicz)

I1: disclosed limestone walls; 2: wall of , 19th century building; 3: limits;

of archaeological dug-outs; 4: longitudinal profile; 5: transversal profile

part the enlarging of the wall is still visible. We have drawn this information fron
later plans of the church, i.e. those of the 19th century.'’ The width of that fragmen
of the encircling walls is told to be 2 m, whereas the remaining fragments of the disclos
ed foundation have a mean width about 1,35 m., and the foundation part is 0,75 n
high. We have also stated fragments of walls up to 1,05 m above the offset. Rlock:
of white limestone have been used to the erection of the church. The foundation
are made in cleft white limestone, the former and the latter are jointed with a limeston:
mortar forming thus a monolithic block. The cursory description of material use
to the building allows to suppose that it was furnished by the quarries of the Jur:
limestone. These rough data help to estimate the order of resistivity of the circum
ferential walls (Table 3). |



