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Abstract

Rugged and wooded terrains of mountains limit possibilities of archaeological prospection. Various production or exploita-
tion areas are typical for Czech mountain regions. Magnetometer survey of medieval glassworks has been standard geo-
physical method for decades. The other geophysical methods could be also successful in glass furnaces identification or
study. Magnetic susceptibility survey with a Multi Kappa instrument observes the state of production feature.
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== |Ntroduction

The mountain terrains of the Czech Republic contain many
archaeological remains of specific production, mining areas
or communications. However, many such sites are situated
in very rugged and forested terrain. These conditions limit
possibilities of application, extent of survey and interpreta-
tion of geophysical methods (Kfivdnek 2007).

Nevertheless, there are already a dozen of successful
examples of the application of geophysical surveys of pro-
duction or exploitation areas of iron, non-ferrous metals
and tar production sites. However, defunct medieval glass-
works belong to the most numerous geophysically investi-
gated production areas.

Goal and methods

High magnetic anomalies caused by significant thermore-
manent magnetization of materials in the places of de-
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stroyed glass furnaces, but also on glass waste, are typical
for most situations at the defunct glasswork (Venclova and
Kfivanek 2021; Podliska et al. 2021). Different types of
magnetometers have been used in the medieval glass pro-
duction areas for four decades (Kfivanek 1998; Kfivanek
2001). Several of defunct glassworks have also already
been archaeologically verified (Cerna and Steppuhn 2012;
Cerna 2016), when an additional measurement by a kappa-
meter was also used.

The goal of the new complex geophysical measure-
ment was to practically test the possibilities and limits
of several other geophysical methods in the case of the
defunct Vysoka Jedle glasswork. From the larger area of
magnetometer measurement (with a five-channel fluxgate
gradiometer Sensys in a network of 0.25 x 0.2 m), a seg-
ment of the area 15 x 15 m above the place of the supposed
relict of the glass furnace was deliberately selected (Fig. 1).
Considering the sloping terrain with mature trees and
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Fig. 1: Example of location of glasswork in variable terrain of Ore Mountains with magnetometer survey result. Red - area of magneto-

meter prospection, black line - detail for complex measurements.

many scattered stones, the area was repeatedly measured
only in a 1 x 1 m grid. A repeated survey was carried out
by a resistivity measurement (RM-15, Geoscan Research),
an electromagnetic measurement of apparent conductivity
and magnetic susceptibility (EM-38B, Geonics), and two
depth levels of 0.5 m and 0.25 m of magnetic susceptibil-
ity (apparatus Multi Kappa, GF-instruments). The surveys
were also supplemented with test measurements by GPR
(Cobra-Wifi II, Radarteam) on several available profiles.
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Results

The potential of various applied geophysical measurement
methods can best be seen from a mutual comparison of the
results of an identical examined area with a uniform pro-
file orientation (Fig. 2). Heavily burnt materials from the
destruction of production features of the glasswork (and
one place of metal additionally confirmed by a detector
survey) can be seen both in the results of magnetometry,
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Fig. 2: Comparison of the results of different applied geophysical methods. a) detail of fluxgate magnetometer measurement,
b) resistivity, c) EM-conductivity (Q-phase), d) EM-magnetic susceptibility (I-phase), e) magnetic susceptibility from Multi Kappa
and coil 1 m dimeter, f) magnetic susceptibility from Multi Kappa and coil 0.5 m diameter. tometer prospection, black line - detail for

complex measurements.

in the results of the I-phase electromagnetic measurement
and in the results of the magnetic susceptibility with the
Multi Kappa instrument. The changes in magnetic suscep-
tibility reminiscent of drift (Fig. 2 e or 2 f) were caused by
changes in the sloped relief and contamination of a part of
the surface by glass production waste. Stone destruction
from the construction of the glass furnace can best be seen
in the result of the resistance measurement, less so in the
result of the Q-phase electromagnetic measurement. From
the difficult-to-realize profile measurements by radar, only
on a few profiles across the elevations with the destruction
can we detect significant reflections at the base of the dis-
appeared furnaces (Fig. 3).

Discussion

I-phase measurement of magnetic susceptibility by EM-38B
has a maximum depth penetration of about 75 cm. In case
of Vysokd Jedle site we used Multi Kappa coils with max-
imum depth penetration 50 cm and 25 cm. This combina-
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tion could bring us information about the subsurface state
of preservation of burnt features (and on the dispersal of
burnt waste material). In case of destroyed glasswork it can
identify the most heated center (probable heating channel)
of glass furnace. Remarkable changes in results of apparent
resistivity and minor changes in Q-phase electromagnetic
measurement of apparent conductivity we can explain by
different influence of local terrain relief changes (stones)
on contact (electrode) and non-contact (coil) measurement.
For profile measurements by radar on a given type a signifi-
cantly rugged site (with many of stones on the surface), the
possibilities of effective measurements were very limited,
even from the point of view of the interpretation.

Conclusion

The presented comparison of experimental measurements
shows the well-known fact that strongly fired production
features can be reliably identified both in the results of
magnetometry and in the results of various magnetic sus-
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Fig. 3: Example of comparison of the results of the detail of fluxgate magnetometer measurement and two profile measurements by

GPR (black lines) over accessible terrain elevations of glasswork.

ceptibility measurements. By combining several methods
of measuring magnetic susceptibility with different depth
penetration, we can monitor the state of preservation of
the feature and the changing range of fired components.
Contact resistance measurement is the most suitable for
assessing the extent and quantity of the stone construction
of production features. Electromagnetic conductivity mea-
surement or radar measurement in rugged, forested and
variable stony terrain is locally affected by terrain changes
and the state of surface preservation of the production fea-
ture and can be more beneficial under conditions of more
homogeneous and less rugged terrain of sites.
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from the license mentioned or may be subject to other co-
pyright conditions. If such third party material is not under
the Creative Commons license, any copying, editing or pu-
blic reproduction is only permitted with the prior consent
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