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Abstract

In situ gamma-ray measurements of four igneous rocks were taken in the Opava Mountains (Eastern Sudetes,
Poland). The activity of naturally occurring radionuclides was measured using a portable GX3020 gamma-ray
spectrometry workstation. The activity concentrations of “°K varied from 914 + 17 Bqkg™ (gneiss, Kamienna
Gora) to 2019 + 37 Bgkg™ (weathered granite, Stawniowice), while those of **Th from 7.5 + 0.6 Bgkg™
(weathered granite, Stawniowice) to 68 + 0.9 Bgkg™ (migmatitic gneiss, Nadziejow). The activities associated
with 28U decay series ranged from 10 + 0.4 Bgkg™ (weathered granite, Stawniowice) to 62 + 1.6 Bgkg™ (gneiss,
Kamienna Gora). The results will be used in compiling Radiological Atlas of the Sudetes.
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1. Introduction

The region of the Opava Mountains is well
known for its richness in rocks and minerals.
They are difficult to access and far from the
main tourist trails in the Sudetes. However,
this region ensures numerous valuable and
attractive geological and mining-heritage sites
connected with gold exploitation. There are
also several operating and abandoned quarries
of the famous Stawniowice marbles that have
been used for more than 600 years in German
and Polish architecture (Stomka et al. 2009).
The wide variety of rocks in the Opava
Mountains and their geological conditions like
strength and durability have allowed them to
be used in the building industries and as
decorative elements for houses, public
buildings or gardens.

In this paper, the results of natural
radioactivity measurements using an in situ
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gamma-ray portable spectrometry workstation,
are presented for four igneous rocks from this
region. The purpose of the measurements was
to compare the results with the average activity
concentrations of “K, #*Th and ?*U ( ?*Ra)
for similar types of rocks.

Although similar studies have already been
conducted over a large area of the Sudeten
Mountains, this is the first time such research
has been carried out on the igneous rocks in
the Opava Mountains.

2. Geological setting and measurement
locations

The Opava Mountains are located in the
Eastern Sudetes and represent their furthest
eastern mountain range. They run almost
latitudinally along the Polish border with the
Czech Republic. The Opava Mountains are
situated mostly in the Czech Republic. Only a
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small fragment between Gluchotazy in west
and Prudnik in east is situated in Poland. In the
north the Opava Mountains are adjacent to the
Glubczyce Plateau and in the north-west they
border on the Paczkowskie Foothills. The
highest peaks are the Pii¢ny vrch (975 m a.s.l.)
located on the Czech side and the Biskupia
Kopa (890 ma.s.l.) in Poland.

The Opava Mountains are built of rocks of
different ages and lithologies. They belong to
the western part of the Upper Silesia Block,
which together with the Brno Block creates
a structure that is called the Brunovistulicum.
The mountains consist of five structural stages:
the Zulova Massif, the Desna Series, the VVbrna
Series, the Andélska-Hora Formation and the
Horn-BeneSov ~ Formation,  which  run
longitudinally (Janeczek et al. 1991; Zaba et al.
2005).

A geological sketch of the
Mountains and the location of

Opava
in situ
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measurements are presented in Fig. 1.The first
location was in the Kamienna Goéra
where the fine- and medium-grained
granite is exploited (Fig. 1, point A). This
granite belongs to the Zulova Massif and
occurs within the apophysis at a thickness of
approximately 200 m and indicates the
existence of acidic volcanism in this region.

The second location was also located in the
Kamienna Goéra quarry and the measurement
was done close to the Proterozoic Desna Series
gneiss (Fig. 1, point B), which covers the
Zulova Massif.

The third measurement location was
located in a closed, flooded migmatitic gneiss
quarry in Nadziejow (Fig. 1, point C).

The fourth measuring point (Fig. 1, point
D) was located in Slawniowice in strongly
weathered granite which is characterized by
a very high content of potassium feldspar.

in situ
quarry,
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Fig.1. The geological sketch of the Opava Mountains (After: Zaba et al., 2005) with locations of the in situ

measurements: A-granite, the Kamienna Gora quarry, B-gneiss, the Kamienna Gora quarry, C-migmatitic gneiss,

Nadziejow, D-weathered granite, the Stawniowice quarry.

3. Materials and methods

The activities of naturally occurring
radionuclides were measured in situ using

6

a portable GX3020 gamma-ray workstation
(Fig. 2). The system is based on a high-purity
germanium (HPGe) detector with 32% relative
efficiency and energy resolutions of 0.8 keV at
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122 keV and 1.7 keV at 1330 keV. The ISOCS
(In Situ Object Counting Software) and
GENIE 2000 v.3 software were used for the
efficiency calibration and the determination of
radionuclides and their activities. For the
determination of radionuclides and calculations
of their activities concentrations the following
gamma-ray transitions (in keV) were chosen:

DOI: 10.2478/ctg-2014-0017

2MPph (241.98, 29521 and 351.92), *“Bi
(609.31, 768.36, 1120.29 and 1764.49) of the
28 series, “®Ac (338.32, 911.60, 964.60 and
969.11) of the ?*?Th and “°K (1460.81) (non
series).

The detector was mounted about 1 m
above the surface and 0.5 m from the rock. The
total duration of a single measurement was 2 h.

e’

Fig.2. A portable g;lmma-ray spectrometry workstation GX3020 at location 1 (Kamienna Gora).

4. Results and discussion

The results of the gamma-ray activity
concentrations of “°K, Z2Th and #®U are

presented in Table 1. The gamma-ray spectra
from the four rocks studied are shown in
Fig.3.

Tab.1. “K, ?2Th and **®U activity concentrations in studied rocks. Uncertainties are quoted as one standard
deviation calculated by GENIE 2000 v. 3 software.

Nuclide Activity (Bakg ™)
Granite Gneiss Migmatitic gneiss Weathered granite
(Kamienna Géra) |(Kamienna Gora)|  (Nadziejow) (Stawniowice)
73 1097 + 21 914 £ 17 918 £ 17 2019 + 37
22Th 658+09 505+09 679+09 75+06
233 356+17 61.7+16 502+16 104104

4.1. %K located in the Kamienna Gora quarry
(1097 Bgkg™) and in migmatitic gneiss from
Nadziejow (918 Bakg™) (Fig. 4).

The average value of the activity
concentration of “°K for typical granite equals

1000 Bgkg™ (Eisenbud & Gesell, 1997; Van

The activity concentrations of “°K ranged from
914 Bgkg™ (gneiss, Kamienna Gora) to 2019
Bgkg® (weathered granite, Stawniowice).
Intermediate values were measured in granite
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Schmus, 1995), which means that the
measured values of granite and gneiss from the
Kamienna Gora quarry and from Nadziejow

DOI: 10.2478/ctg-2014-0017

value of granite in the Stawniowice quarry is
more than twice as high as the average, which
is caused by a large amount of potassium

are close to the typical one. The measured feldspar  (Dziedzicowa et al. 1981).
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Fig.3. In situ gamma-ray spectra. The characteristic gamma-ray emitters are marked above the corresponding
peaks.
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Fig.4. Activity concentrations of “K. Black line —

granites.
4.2.%Th

The highest activity concentrations of **°Th
were measured in migmatitic gneiss from
Nadziejow (67.9 Bgkg™) and in granite from
the Kamienna Gora quarry (65.8 Bgkg™),
whereas the lowest activity concentration was
noted in weathered granite in the Stawniowice
quarry (7.5 Bgkg™). The value of the activity
concentration of gneiss in the Kamienna Goéra
quarry amounted to 59.5 Bgkg™ (Fig. 5).

The average value of 2*Th activity
concentration for typical granite equals
70 Bgkg® (Eisenbud & Gesell, 1997; Van
Schmus, 1995). None of the measured
activities exceeded this value, although it is
close to those that were noted in migmatitic
gneiss from Nadziejow and in granite and
gneiss from the Kamienna Goéra quarry.
However, the measured value for granite in the
Stawniowice quarry is significantly lower than
the average because it is strongly weathered.

4.3. U (*°Ra)

Activity concentrations of U were estimated
assuming radioactive equilibrium in the ®U-
2%Ra-??Rn-""Pb-**Bi  decay chain. The
assumption is fulfilled in the vast majority of
minerals and rocks (Eisenbud & Gesell, 1997;
Van Schmus, 1995). The highest activity
concentration of the **®*U was noted in gneiss

Gneiss
(Kamienna Gora) (Kamienna Gora)

10

Migmatitic gneiss Weathered

(Nadziejow) granite

(Stawniowice)

average “K activity concentration in typical

in the Kamienna Goéra quarry (61.7 Bqkg™),
whereas the lower activity occurred in
weathered granite from the Slawniowice
quarry (10.4 Bgkg™). Intermediate values were
measured in granite located in the Kamienna
Gora quarry (35.6 Bgkg™) and in migmatitic
gneiss from Nadziejow (50.2 Bqkg™) (Fig.6).

The average value of the *®U activity
concentration for typical granite and gneiss
amounted to 40 Bgkg™ (Eisenbud & Gesell,
1997; Van Schmus, 1995), which means that
this value was exceeded in two of the
measured rocks: in gneiss from the Kamienna
Gora quarry and in migmatitic gneiss from
Nadziejéw. The activity concentration of
granite from the Kamienna Gora quarry was
slightly lower than for the typical ones. The
measured value of activity concentration for
granite in the Stawniowice quarry was
considerably lower than the average value of
238U for typical granite and gneiss.

The values of the activity concentrations of
K, #2Th and *®U for granite and gneiss
(excluding weathered granite from the
Stawniowice quarry) are comparable to those
from Swieradow Zdréj (Malczewski et al.
2004). A significantly higher value of the
activity concentration of **Th for granite than
this presented in the paper was measured in
contact zone of the Karkonosze Massif, which
is probably connected with the thermal
metamorphism and metasomatic processes in
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the Karkonosze region (Bieda & Lizurek, 2008).
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Fig.5. Activity concentrations of ***Th. Black line — average ?*?Th activity concentration in typical granites.
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Fig.6. Activity concentrations of *®U. Black line — average *®U activity concentration in typical granites.

5. Conclusions

The highest activity concentration of K was
measured in strongly weathered granite from
the Stawniowice quarry, which is a result of
a large content of potassium feldspar, whereas
the lowest activity concentration was noted in
gneiss in the Kamienna Gora quarry. The
highest activity concentration associated with
?2Th was observed in migmatitic gneiss in
Nadziejow. The lowest activity concentrations
of #?Th and *®U were measured in granite
from the Stawniowice quarry. Because it is
strongly weathered it has a low content of dark
minerals that contain thorium and uranium.
The highest activity concentration of ***U was
measured in gneiss located in Kamienna Gora.
The average activity concentration of “°K in
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granite was exceeded in two rocks: in
weathered granite from the Slawniowice
quarry and in granite from the Kamienna Gora
quarry. None of the values in the rocks that
were measured exceeded the average value of
the activity concentration associated with
2Th. The average activity concentration of
28U in granite was exceeded in gneiss in
Kamienna Goéra and in migmatitic gneiss in
Nadziejow. Although in some measured rocks
the activity concentrations of “°K, %?Th or ?**U
are higher than the corresponding averages, the
results of measurements in the Opava
Mountains show no significant anomaly that
could be dangerous for tourists or collectors of
mineral.
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