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For the detailed study of the areal distribution of radon concentrations over a fault zone the locality Katov (Tdbor
area) was selected on the basis of the preliminary studies. The area is crossed by one of expressive fault structures of
the central part of the Bohemian Moldanubicum, the so—called Choustnik fault. The radon concentrations in the soil
air were measured by the method of alpha cards , the uranium and thorium concentrations at the same points by a
field gamma-spectrometer GS-256. The distribution of Rn, U and Th anomalies in a known geological setting shows
that the highest Rn concentrations need not be localized directly above the U-enriched source rocks but are prefer—
entially bound to the overburden of fault zones. At these places the increased radon values do not form a continuous
belt, but a linear belt of several relatively well marked maxima. Such a type of the distribution of radon anomalies is
probably caused by the upward Rn migration along minor extension structures, arranged en echelon, and originated
due to the recent stress field. It seems that the radon migration has probably an impulsive character in time, which
could be interpreted as a reflection of the possible episodic character of the recent tectonic movements.

Introduction

The radon migration was studied in several ge—
ologically and structurally well investigated lo—
calities in the central part of the Bohemian
Moldanubicum with the aim to define main ge—
ological factors affecting the intensity of the ra—
don emanations [Kresl et al. 1992, in print a,b ].
On the basis of these preliminary results one
suitable locality (Katov, Fig.1,2) was selected for
the detailed study of the areal distribution of the
radon concentrations in the ground air in the
overburden of a fault zone. A similar study was
performed over deep seated U-mineralization
body [Fleischer et al. 19801, as well as in rela—
tively homogeneous postglacial sandy sediments
[Kristiansson — Malmqvist 1982]. Studies on the
detailed areal distribution in the overburden of
fault zones are almost absent in the literature.
Therefore, such a study over suitable tectonic
structures can add new information for solving
complicated problems of the upward radon mi-
gration mechanism along the fault zones,
whether the character of radon emanation is
impulsive or continual and for defining its basic
endogenetic and exogenetic factors.

Geological setting

The locality Katov (Fig.1,2) was selected for the
detailed study of the areal distribution of radon
concentrations over a fault zone on the basis of
our preliminary studies [Kresl et al. 1992, in
print a,b].

The central part of the studied area (of the
size 100 x 100m) is crossed by one of the expres—

sive fault structures of the central part of the Bo—
hemian Moldanubicum, the so-called Choustnik
fault (Fig.1). This fault zone passes in the azi-
muth 30-40°with the variable dip around 80°to
NW as well as to SE. Its thickness varies from 30
to 100 m, decreasing to 20 m in the vicinity of
Katov. The filling is variable, in the northern part
being formed by dykes and lodes of hydrother—
mal quartz with the thickness up to 40 m (local-
ity Mlyny, see Kresl et al. in print a,b), in the
southern part near Katov by crushed and mylo—
nitized rocks, sometimes by ultramylonites with
frequent fault clays of the thickness up to one
meter.

The studied locality is situated in the area
where the Choustnik fault is manifested by in-
tensive cataclasis and mylonitization of a small
body of two-mica orthogneisses with tourma-
line (Blanik type), concordantly bedded in two—
mica paragneisses, and partly also by catacla—
sis of the Variscan two—mica granite with tour—
maline. Mylonitization of the two— mica ortho-
gneisses is here accompanied by a partly hydro—
thermal alteration with scarce manifestations of
U-mineralization on joints (verified by field
works provided by Czechoslovak Uranium In-
dustry, Houska 1980).

The sedimentary cover of the studied area
consists of silty-gravel sandy residuum (sam-
ple RA-3, Fig.3), while only a small part of the
cover in the SE and NW part of the polygon con-
sists of sandy-silty residuum (sample RA-4,
Fig.3).
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Fig1. Sketch geological map of the studied area in the central part of the Bohemian Moldanubicum, I — Variscan grani—
toids, 2 — Pre-Variscan orthogneisses, 3 — granulites, 4 — amphibolites, 5 — paragneisses and migmatites, 6 — observed and

supposed faults, 7 - investigated area

Methods of measurements

The concentration of radon in soil air was de-
termined by measuring the amount of daughter
products of radon decay on a detecting foil
(method of alpha-cards). The TAC-018 foil, pro-
tected by a cylindrical plastic cup, was placed
vertically into a borehole 0.8 m deep, 80 mm in
diameter, bottom of the cup facing upwards. The
foil was exposed to radiation for 24 hours fol—
lowed by 2 minutes counting of alpha products
by means of a MP-103-D radiometer.

The profile accross the Choustnik fault [Kre$l
et al. 1992, in print a,b] was measured using the
alpha-cards method on May 21, 1991 and once
more on July 11, 1991 by the method of Lucas
chambers. One-litre Lucas chambers NY402 were
used. The samples of soil gas were taken from the
depth of 40 to 80 cm by means of a piston suction
instrument. The content of Lucas chambers was
analysed in the laboratory of the Institute of raw
materials (Kutnd Hora, Dr.Kuncit) by NP420 24
spectrometer 24 hours after the collection of the
samples. During the measurements at points from
105 m to 125 m a defect of seal of the collection
mstrument occurred, therefore these data were

omitted in Fig.5.

In order to make possible the determina—
tion of the course of the measured Rn anomaly
along the fault, the square matrix of the size of
100 m x 100 m with 10 m step was aligned above
the supposed occurrence of the anomaly. Close
to the area of the maximum Rn concentration
(coordinates 100 m; 20 m) the step was reduced
to 2.5 m. The whole matrix was measured on
May 26, 1992; the profile (50-150 m; 20 m) of the
matrix was in fact a part of profile No.4 from the
preceding study [Kresl et al. in print a,b]. The
method of alpha cards was used again.

At the same points, where radon concen—
tration measurements were provided, the con—
tents of Th, U and K was also determined by
means of a portable gamma-spectrometer GS—
256, the scintillation probe being placed on the
surface and the counting time 1 minute . The re—
producibility of results, determined from 20 re—
peated measurements at ona point, wag found
to be 6.3 % for U measurements and 12.1 % for
Th measurements. For comparison, a section be—
tween 80 and 150 m of the profile (50 m; 20 m)

49°10' N
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was repeatedly measured by the gamma-spec—
trometer GS-256 using different geometry
(scintillation probe placed 80 ¢m above the sur—
face).
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Fig.2. Sketch geological map of the investigated area (modi-
fied according to Houska (1980). I — Neogene sediments, 2
~ Pre—Variscan orthogneisses (Blanik type), relic meta—
granites, 3 — eclogites, 4 - calc-silicate rocks, 5 -
paragneisses and migmatites, 6 — quartz dyke, 7 — observed
and supposed faults, 8 - locality to investigate (matrix)

Results of measurements

The results of measurements of Rn, U and Th
concentrations are shown in Fig.4 in terms of
isolines, which enable us to find possible rela-
tions between the anomalies and geological set—
ting in the studied locality, shown in the sketch
map. The outlines of geological bodies were cor—
rected by means of the rock skeleton mapping.
Radon concentration. It is evident from
Fig. 4 that the areal distribution of radon in the
studied matrix is expressively non-homogene—
ous; the measured values vary from 40 to 290
kBg/m?, the main part (70 %) of the studied area
displaying high concentrations Rn>70 kBq/m?.

According to the classification proposed by Bar—
net et al. (1992), the whole studied area can be
denoted as an environment with high Rn risk.
The course of anomalies is not continuous, a belt
of individual distinct maxima in the direction
ENE-WSW can be observed. This direction is
slightly different from the general strike of the
Choustnik fault, the position of which was de-
termined on the basis of geological mapping
(Czechosl.Uran.Ind.,Houska 1980) 1:10 000 (see
Fig.2). In the studied matrix, the strike of this
fault can be identical with the belt of the maxi-
mum anomalies. Less distinct radon anomalies
follow the tectonized contact of the two-mica
granite with the biotite—sillimanite paragneiss—
es. In the region of the highest Rn values around
coordinates (100m;20m), also N-S disjunctive
tectonics (see Fig.2 and 4) accompanied by scarce
manifestations of secondary U-mineralization
can possibly influence the distribution pattern
of anomalies. Besides the positive anomalies,
two distinct linear minima of Rn values can be
observed in Fig.4; their position corresponds
approximately to the position of two-mica par-
agneisses, the residuum of which is usually en—
riched by a clay component and, therefore, dis—
plays a lower permeability.

Uranium concentration. The contents of U
ranges from 4 to 14 ppm. The general picture of
the areal distribution of U is not very similar to
that of Rn (Fig.4). The only correspondence is
found for two maxima situated around coordi-
nates (100m;20m), i. e., in the region of two—mica
orthogneisses with tourmaline, which probably
indicate the irregular distribution of the scarce
secondary U-mineralizations in the mylonitized
filling of the Choustnik fault. Most distinct
anomalies occupying the largest area, are situ—
ated in the region of the Variscan two-mica
granites. This body is not very disturbed except—
ing its contact zone. It is interesting that this
position of maximum U almost coincides with
the position of distinct minimum of Rn values.
It again appears that the higher Rn concentra—
tions need not be localized directly above the U—
rich source rock but that they are, due to the Rn
migration, bound to disjunctive tectonic zones.
In the direction of the linearly arranged radon
maxima and, simultaneously , of the supposed
strike of the Choustnik fault, both the maxima
and minima of U values are scattered. Maxima
of U are probably in connection with the local
scarce U-mineralization on joints. Distinct
minima of U are concentrated in the region of
two-mica migmatized paragneisses.

Thorium concentration. The Th contents
vary in the range from 2 to 8 ppm. The general
pattern of the areal distribution of Th is similar
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Fig.8. Histograms showing frequency [%] vs. grain size [mm] of sedimentary cover samples of the studied locality

neither to U nor to Rn distribution. In the map
(Fig.4), about six regions of increased Th con—
tents can be observed, three of which with the
largest values being in the region of two—mica
orthogneisses with tourmaline.Further two
positive anomalies are spatially near to the
positive U-anomalies around coordinates (100
m; 20 m) and (120 m; 70 m) and are probably
connected with the above mentioned scarce U—
mineralization. One region of increased Th val—
ues occurs in the two-mica granite body and
one in migmatized paragneisses. The region of
minima of Th is bound to the tectonized rim of
the two—mica granite body.

The results of measurement show that the
positive U-anomalies are most likely caused by
the U-mineralization and U-rich two mica
granite occurrences in the studied region, while
the positive Rn anomalies most likely follow the
strike of the fault structures.

The repeated measurements of Rn, U and
Th. In order to appreciate the reproducibility
of measurements of Rn, the profile No.4 from
[Kresl et al. in print a,b] was used. The sec—
tions from 80 to 102.5 m and from 130 to 160 m
were repeatedly measured after one month
using the method of Lucas chambers. After one
year pause a part of the profile from 50 to 150
m was measured again by the method of alpha
cards. As evident from Fig.6, Rn activity meas-
urements by different methods after one-
month pause mutually correspond concerning
the basic level and the position of the first max—
imum (the reading of the second maximum is
not available due to a defect of the instrument).
The measurements of Rn after one-year pause
in the section from 50 to 150 m display basic
level values by 100 kBq/m3 and maximum val—
ues even by 500 kBg/m?lower than those of the
former measurements.

Similarly to Rn measurements, also Th and
U measurements by gamma-spectrometry were
repeated on the same profile.The gamma-spec—
trometric measurements usually display fairly
good reproducibility, which is true here in the
case of Th, whose values repeated after one year
differ o‘nly in the range of scattering. The val-
ues of U are also well comparable after one—
month pause in spite of a slightly changed ge-
ometry of measurements (probe on the surface
- probe 80 cm above surface), but, after one—year
pause, a distinct difference in U values ap-
peared. It is remarkable that U values distinct—
ly increased from about 9 ppm to 13—-14ppm just
in that part of the profile where Rn values dis—
tinctly decreased.

Discussion

The results of the detailed study of the ar—
eal distribution of Rn concentration in soil air
over the Choustnik zone show that in contrast
to the strike of this tectonic zone the positive Rn
anomalies do not form any continuous linear
strip. On the contrary, only local, relatively well
marked maxima (Fig.4) following the course of
the fault structure occur in its overburden. The
same features of Rn distribution can be seen
(Fig.4) in the overburden of the tectonized con—
tact of the two—mica granite body with the bi-
otite-sillimanite paragneisses. We suppose that
this type of non-homogeneous areal distribu-—
tion of Rn anomalies in the overburden of fault
structures can have a general validity for the
majority of the rupture disturbances. The radon
migration along the fracture structures can be
in such cases influenced (besides many other
goological factors — see, e.g., Kresl et al. 1992, in
print a,b) by the recent stress field which affects
present crustal movements.
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Fig.4. Distribution of radon, uranium and thorium over the matrix. 7 — slightly migmatized biotite—sillimanite paragneisses
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Fig.5. Repeated measurements of radon
activity along one profile. (a) May 1991,
alpha cards [Kreil et al. in print a,b], (b)
July 1991, Lucas chambers, (c) May 1992,
alpha cards. 1 - sandy residuum, 2 -
sandy-silty residuum, 3 - two-mica

orthogneiss with tourmaline, 4 - slightly
£l migmatized biotite-sillimanite para-
b gneiss with muscovite, 5 — zone of mylo—
c nitization, 6 — mylonitized hydrother—

mally altered orthogneiss with indica—
tions of U-mineralization on fissures

ral conditions due to various non—
homogeneities in the ground, to
local reorientation of the stress, to
various types of fracture fillings,
etc. Nevertheless, the mentioned
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The velocity of these movements varies, e.g.
in the core of the Bohemian Massif, in the range
from 1 — 3 mm/year [Vysko&il 1975, Kukal 1983].
The movements are evocated in this area among
others by horizontal movements of the West
Carpathians towards NW with the velocity of
about 10 mm/year [Vyskoéil 1977], they are not
continual, but very often episodic [Kukal 1983].
During the recent movements of the upper part
of the Earth crust new faults could originate, but
mostly old fracture systems are reactivated.
From the point of view of the radon (and other
gases) migration, the reopened extension joints
originated due various types of tectonic move—
ments are most important (Fig.7). These exten—
sion joints are often arranged en—echelon (see
Fig.8) and may represent the initial stage of
propagation of fracture planes. Radon and other
gases can migrate easily through these relatively
minor isolated en echelon fractures towards the
Earth surface. It is evident that this schematic
idea is much more complicated in the real natu—

s [A]
6 [5151]

SE tions can be connected (see, e.g.,
King 1985, Chung 1985). From
three repeated measurements of
radon concentrations in the soil air
(Fig.6) two of them, provided in the
year 1991, displayed distinct sharp
maxima of 500-750 kBg/m?, while in the year
1992 on the same profile and under the same con—
ditions such anomalies were not found. One of the
possible explanations of this feature can be the
impulsive character of the radon occurrences that
could be to a certain extent influenced by episodic
character of the recent tectonic movements of the
Earth crust. From other possible factors, which
can influence the radon concentration changes,
several can be excluded: diurnal variations, be—
cause the foils were exposed for 24 hours, sea—
sonal variations, because the season was the same
in both years, as well as the depth factor (referred
in Kristiansson — Malmqvist 1984), because the
depth of measurements remained the same.

The differences in the repeated measure—
ments of Rn concentrations are explained in lit—
erature [e.g., Kristiansson — Malmqvist 1982,
1984, Fleischer et al. 1980, Mogro—Campero —
Fleischer 1977, King 1985, Chung 1985] by sev—
eral hypothesis, their common features being the
presumption of the binding of radon during its
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Fig.6. Repeated measurements of radon concentration 800
in soil air and uranium content in the surface layer
above one profile. (a) May 1991, radon measured by
alpha cards, wranium by a 266-channel gamma-
spectrometer on the surface [Kresl et al. in print a,b],
(b) May 1992, radon measured by alpha cards, ura-
nium by a 256-channel gamma-spectrometer on the
surface, (¢) July 1991, uranium measured by a
256-channel gammaspectrometer 0.8 m above the
surface
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Fig.7. Origin of extension joints in different tectonic re—
gimes. A ~ thrust, B - extension, C — strike-slip (after
Rajlich 1990), D - detail of origin of pennate cracks accom—
panying fault planes (after AZgirej 1956): thin lines —
pennate shear joints, double lines — pennate extension

joints
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Fig.8. Spatial scheme showing the transition of a shear
fracture into en-echelon structure constructed from sec—
tions a — h. A - scale of projection, B — resulting spatial
picture, after exaggeration, C - simplified scheme with the
scale and designation of the primary strike of the shear
fracture (a), of the direction of en—echelon eracks (x) and
of angle () formed by these directions in the projection
used. From Pouba (1974).

migration in the ground to so—called carrier—
gases (CO,, N,, He, CH,, Ar, etc). The source of
these gases is according to some authors of ju—
venile origin, according to other opinions the oc—
currences of these gases originate as part of a
cyclic process which involves an exchange of
gases between the atmosphere and the ground.
Irrespective of the source of the carrier—gases,
their local oversaturation probably occurs in
suitable structures, from which under suitable
tectonic conditions the gases move upward in
regions of lowered stress, e.g., in places of ex—
tension joints. For verification of this hypothe-
sis complementary investigations would be

necessary, namely continuous monitoring of the
radon concentrations in the locality; it would be
also useful to obtain data of recent tectonic ac—
tivity of the Earth crust in the core of the Bohe—
mian Massif during such monitoring.

Besides the repeated radon measurements,
also U measurements repeated on the same pro-—
file are shown in Fig.6. In comparison to U
measurements from 1991, U contents measured
in 1992 displayed in a part of the profile around
(100m;20m) an expressive increase. We suppose
that during the ploughing of the field in this re—
gion, a part of rock skeleton and filling of the
Choustnik fault with a scarce U-mineralization
were brought to the surface.

Conclusions

From the study of the areal distribution of the
radon concentration in the soil air and U and Th
concentrations in the surface layer over the
Choustnik fracture zone (S of Katov, Figs. 1,2)
it can be summarized:

1. The highest Rn concentrations need not be
localized directly above the source rocks
enriched by U (Fig.4), but they are prefer—
entially bound to disjunctive tectonic zones.

2. The course of Rn anomalies is not contin—
uous, in the overburden of the studied fault
structures a belt of individual distinct
maxima can be observed. This phenome—
non is probably caused by the migration of
Rn towards the surface preferentially along
minor extension joints, arranged en eche-
lon, which originate due to recent stress
field of the Earth crust in the framework
of old reactivated fracture zones. The ra—
don migration along these extension joints
has probably impulsive character, which
can be a reflection of the episodic charac—
ter of the recent tectonic movements. These
speculations should be a subject of further
complementary detailed studies.
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Plosna distribuce Rn-anomalii v nadlozi choustnické zlomové zény

Pro téely detailniho studia ploiné distribuce radonovych anomadlii v nadloZi zlomové zény byla na zdkladé predbézného
studia [Kresl et al., 1992, in print a,b] vybrdna lokalita Katov (T4borsko), kde prochdzi jedna z vyznamnych zlomovych
struktur centrdlni €dsti ¢eského moldanubika, tzv. choustnicky zlom. Tato subvertikdlni zlomovd zéna mocna 30-100m
probihd ve sméru 30-40°. Na zkoumané lokalité se projevuje intenzivni katakldzou az mylonitizaci hornin, kterd je
doprovdzena hydrotermdlni alteraci s #idkymi projevy U-mineralizace [Houska,1980]. Ve étvercové siti 100x100m byly méfeny
objemové aktivity Rn v plidnim vzduchu metodou alfa—karet (folie TAC-018, zdvrty 0.8m, expozice 24 hod., radiometr MP-
103-D), na jednom profilu pro srovndni i metodou Lucasovych komor. Koneentrace U a Th v pipovrchové pitdni vrstvé byla
méfena terénnim gama-spektrometrem GS-256. Na zdkladé rozloZeni anomalif Rn, U, Th a zndmé geologické stavby (obr.4)
bylo zjisténo, Ze nejvyssi koncentrace Rn nemusi byt vzdy lokalizovdny piimo nad zdrojovou horninou s vysokym obsahem
U, ale jsou vdzdny pFedeviim na nadloii zlomovyceh struktur. V nadlozi téchto rupturelnich struktur netvoii Rn anomalie
kontinudlni pdsma, ale pouze lokdlni, pomérné osti'e omezend, linedrné sefazend maxima. Tento “obraz” distribuce Rn
anomalii by mohl mit obecnou platnost pro vétdinu rupturelnich poruch a je patrné odrazem migrace Rn k povrchu podél
drobnych tahovych struktur, sefazenych en echelon, které vznikaji v ditsledku recentniho pole napjatosti. Recentni pohyby,
vznikajici v zdvislosti na tomto napéti byly v éeském masivu popsény napt. Vyskoéilem [1975,1977]. Na zdklads opakovanych
méfeni bylo zji5téno, Ze migrace Rn md pravdépodobné pulsni charakter, ktery mize byt odrazem rovné# epizodického
charakteru recentnich tektonickych pohybti.
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PouZiti izotopického sloZeni siry ve srazkach, ptidach
a odtoku pro studium biogeochemického cyklu siry
v malych povodich

Use of isotopic composition of sulphur in precipitation, soils and runoff
for study of biogeochemical sulphur cycle in small catchments

(4 obr. v textu)

HANA GROSCHEOVA

Ceshy geologicky iistav, Kldrov 3, 118 21 Praha 1
Predlozeno 5.8.1993

Ve snaze bliZe popsat biogeochemické procesy, jimiz prochdzi antropogenni sira pti pfechodu v systému atmosféra —
pida - voda, jsme métili izotopické slozeni siry ve srazkdch, piiddch a odtoku v malych povodich, lificich se velikosti
vstupti siry z atmosféry. Povodi s extrémné vysokym vstupem ptedstavuje povodi X-16 Jezeti v Krusnych horach,
povodi s relativné niz8im vstupem povodi X-30 Liz a X-31 Albrechtec na Sumave. Zjisténé hodnoty 818 sirant
v odtoku (X-16A = +4,040,7 %/, X-16B = +3,9+0,5 U X80 = +5,140,2 %/, X-31 = +5,2+0,4 °f ) vymezuji atmosfé—
rickou depozici adsorbovanou v ptidé za nejpravdépodobnéjsi zdroj mineralizace odtoku. V¥voj koncentrace celkové
siry v pdnich profilech je odli3ny podle mnoZstvi vstupujici siry. V Krudnych hordch mno#stvi siry v pudé s hloubkou
kles, na Sumavé vytvai maximalni koncentrace v hloubce asi 40 cm. To odpovid4 pfedstavé o rozdilnych mecha—
nismech fixace a uvolfovidni siry v zdvislosti na mnozstvi siry vstupujici do plidy. Vyvoj izotopického slozeni siry je

v obou oblastech podobny, tzn. postupné nabohacovéni izotopem *S ¢ hloubkou. To odpovida fixaci sirant a jejich

bakteridlni redukci.
Uvod

V rdmei vyzkumu maljch povodi se intenzivng
studuje biogeochemicky cyklus siry a jeho ov—
livnéni antropogennimi vstupy. Cilem je zjistit
“osud” doddvané siry v daném ekosystému. Izo—-
topické analyzy mohou spolu s dal§imi chemic—
kymi a biologickymi metodami pomoci rozligit
Jednotlivé zdroje siry a sledovat jeji transformace
v riznych prostiedich.

V Cechdch byla prozatim vénovana izoto—
pickému studiu biogeochemickych transforma—
ci siry pomérné mald pozornost. Dosud bylo
shromézdéno asi 100 udaji o izotopickém slo—
Zeni siry srazkové a atmosférické (Cerny 1982,
Gottstein 1986, Buzek — Cerny — Sramek 1991),
déle asi 120 udajt o izotopickém sloZeni sirant
v povrchovych voddch (Smejkal — Jezersky, ne~
publikovédno; Gottstein 1986) a asi 30 udaja
0 izotopickém sloZeni siry v raSelindch (Novak
1992). Izotopické sloZeni siry v piiddch nebylo
dosud sledovano.

Tato prdce uvadi izotopické sloZeni siry
v siranech srdZek a povrchového odtoku spolu
s obsahy a izotopickym sloZenim celkové siry
v puddch. Byla sledovéna t¥i mald povodi, ligici
se mnozstvim doddvané siry. Povodi X-16 Je—
zei'i v Krudnych hordch piedstavuje prostiedi
velmi zatiZené antropogenné produkovanym
S0,. Povodi X-30 Liz a X-31 Albrechtec na Su~
mave predstavuji prostiedi s relativné nizkymi
vetupy siry z atmosféry. Cilem prige bylo porov—
nat izotopické sloZeni srdZek, odtoku a piady
v kazdém povodi a vysvétlit rozdily mezi nimi.

Zjisténé hodnoty &S umozni: srovnat ziskané
hodnoty s literdrnimi daji, odhadnout mo#né
zdroje siry v povodi a postihnout pFipadné roz—
dily v transformacich vstupujici siry.

Zdroje siry a jeji transformace
v atmosfére, hydrosféie a pedosféie

Hlavnimi vstupy siry do pudy jsou mrtvd or—

ganickd hmota, atmosférick4 depozice, zvétrd—

véni hornin a hnojiva. V nasich oblastech pre—
vldd4 atmosférickd depozice sloudenin siry
antropogenniho ptvodu, hlavné oxidu sifigitého

a sirand. Vystup siry probiha odtokem, biologic—

kou fixaci a emisemi.

Rozliduji se tyto formy vyskytu siry v pua-
ddch:

a)  anorganické sloudeniny, které tvoii zejmé—
na sirany, popt. sulfidy,

b)  organické slouéeniny, které se d4le déli na
estersirany a sloufeniny se sirou vdzanou
primo na uhlik,

V rtiznych typech piid jsou tyto formy zastou—

peny ruznou mérou, lisi se také jejich vzajemné

zastoupeni v riznych pudnich horizontech

(Krouse — Stewart — Grinenko 1991). Estersirany

(napft. sirany polysacharid, cholind, fenold nebo

lipidd) jsou védzany na jilovou frakei a fulvové

kyseliny a jejich obsah s hloubkou roste.

Slouteniny se sirou vazanou p¥imo na uhlik

(mezi né pat¥i zejména: proteiny, aminokyseliny

a polypeptidy, nékdy i heterocykly) jsou obecné
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vazany na huminové kyseliny a koloidy a jejich
obsah s hloubkou klesa (Brown 1982).

Phdy doddvanou siru akumuluji hlavné
adsorpei a mikrobidlni fixaci. Oba procesy se
uplatiiuji rozdilné v riiznych typech pid, ale ad—
sorpce ziejmé prevazuje (David et al. 1991).
Dochdzi k ni zejména na povrchu hydroxid hli—
niku a Zeleza, hlavné goethitu. I kdy?% jde o pro-
ces reverzibilni, nelze sirany desorbovat zcela,
a tak adsorbované sirany mohou piedstavovat
vyznamny propad siry v pidédch (Harrison et al.
1989). Adsorpce a desorpce sirani tlumi nejen
krdtkodobé zmény jejich koncentrace v pidni
vodé, ale i rozdily v izotopickém sloZens sirant
(Barrow — Shaw 1977). Mezi sirany adsorbova—
nymi a sirany v pdni vodé se rychle ustavuje
1zotopickd rovnovidha bez vyrazné izotopické
frakcionace (Fuller et al. 1986). Adsorpce
v B-horizontu podzoli (uvddén4 jako nejvy—
znamnéjsi proces zadrzovani siry) zpiisobuje jen
nevyznamné zvys$eni hodnoty §*S adsorbova—
nych sirant vaéi sirandm v pidni vodé (pouze
0 1£1 %o). Tyto vysledky potvrdila i laboratorni
adsorpce siranii na goethit, pti které byly adsor—
bované sirany ochuzeny proti rozpusténym jen
o cca 0,3 %o (van Stempvoort et al. 1990). Také
Fuller et al. (1986) zjistili ochuzeni adsorbova—
nych sirant asi o 1,5 %e..

P¥i mikrobiologické fixaci vznikaji organic—
ké slouéeniny siry prostiednictvim kovalentnich
vazeb. Také b&hem téchto procesti jsou pozoro—
vany pouze malé izotopické posuny: bunééna
sira byvd vaéi sulfatim lehéi asi 0.0 aZ 3 %o
(Krouse — Stewart — Grinenko 1991). Z hlediska
zmeén v izotopickém sloZeni vstupujici siry je fi
xace mdlo vyznamna.

Schematicky cyklus siry v ptidé ukazuje
obr. 1.

V Evropé je vice nez 90 % atmosférickych
slougenin siry antropogenniho pivodu (Semb
1978). Asi 95 % produkovanych sloudenin tvo¥i

vvvvv

paliv. Jeho izotopické sloZeni je znaéné variabiln{
v zdvislosti na zdroji siry.

Za prirozené zdroje sloutenin siry v atmos—
féfe se povazuji: sirany moiského aerosolu
s hodnotami §*S -10 a% +16 %e. Tyto hodnoty,
sniZené oproti hodnoté sirani moiské vody
(+20,99 %o~ Rees et al. 1978), jsou vysvétlovany
vlivem sirant, vznikajicich z organickych sulfida
v tenké vrstviéce bohaté organickou hmotou na
rozhrani voda-vzduch (Newman - Krouse —
Grinenko 1991). Tyto zdroje siry jsou v nasich
podminkdch nevyznamné. Dulezitym zdrojem
izotopicky lehké siry je ddle sulfan (H,S),
bakteridlné produkovany v ptibfeznich oblas—
tech. Kellogg et al. (1972) uvadéji hodnoty jeho
8*S od -23 do +6 %o. Podle nékterych vyzkumii
je vyznamnym zdrojem siry v atmosféie té3
dimetylsulfid, vznikajici ze siranti redukei fa—
sami v ocednech; o jeho izotopickém sloZeni je
vsak dosud zndmo jen velmi malo (Thode 1991).
Dal&im zdrojem atmosférické siry jsou sulfan a
tékavé organické sloufeniny, napi. dimetylsulfid
[(CH,),S], dimetyldisulfid [(CH,),S,], metanthiol
(CH,SH), karbonylsulfid (COS) nebo sirouhlik
(CS,) z biologickych procesii na sousi. Bremner
(1977) uvadi, ze vétsina volatilizované siry
z aerobnich pud je prévé ve formé vyse uvede—
nych organickych sloutenin. Agkoliv méze byt
v pliddch produkovdno v§znamné mno#stvi sul—
fanu, jeho vétsina je slozkami ptidy adsorbovana
nebo rychle oxidovdna. Piida je tedy spise jeho
propadem nez zdrojem. Vyssi rostliny se za pod-
minek “sirového stresu”, tj. piebytku siry z at—
mosféry, zbavuji siry uvolfiovanim sulfanu do
atmosféry, ¢imz se emise zvétduji (Spdleny 1985).
Laboratorné bylo zji§téno znaéné ochuzeni
emitovaného sulfanu izotopem *S (a% o 15 %o).
Nepfimym dokladem téchto pochodii v prirodé
je 88 rezidudlni siry v rdznych rostlindch,
znatné prevysujici hodnotu zdroja a stoupajici
umérné s koncentraci siry v okolni atmosfée
(Krouse — Stewart — Grinenko 1991).

Organicka sira v humusu

A,C H

Obr.1. Schematické zndzornéni cyklu siry
v ptdeé (podle K. A. Browna 1982)

A - mineralizace, B — mikrobiologickd spo—
tfeba, C ~ oxidace sfry, D - redukce sirani,
E - vyziva rostlin, F — vy¥iva Zivodicha, G —
rozklad organické hmoty nebo vymdsovani,

H - volatilizace, I - atmosféricka depozice

a mikrobidlinich bufikdch
o[ o
L Zivodichové | G A B
|
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Obr. 2. Umisténi povodi a izolinie primérnych roénich koncentraci SO, (ug.m). Podle B. Moldana a kol. (1990)

Emitovany sulfan je v atmosféfe rychle
oxidovéan na oxid siti¢ity a spoleéné s oxidem si—
van nékolika cestami: a) suchym spadem, tj. pri-
mym pfenosem a adsorpei na piirodni povrchy,
b) mokrym spadem, &ili nepfimym prenosem
srdzkami, a ¢) oxidaci na sirany . Sirany ve sraz—
kdach tedy vznikaji jak adsorpci a ndslednou oxi—

.....

.....

oxidu sifi¢itého a é4stic siranového aerosolu ve
vodnich kapkdch nebo povrchové vodé jsou do-
provdzeny slabou izotopickou frakcionaci. P¥i
dochézi k jejich nabohacovdni izotopem S,
Obecné lze u atmosférickych sirant odekdvat
hodnoty 8*S asi 0 2 — 3,5 %epozitivngjsi proti oxi—
du sitititému (Fritz 1983).

Jednoznaéné nejvyznamnéjsi zmény v izo—
topickém slozeni jsou v ptirodnich podminkach
pozorovany u bakteridlni redukce, jez mize vést
k izotopickému zlehteni vznikajicich sulfidd aZ
o nékolik desitek promile. Naproti tomu chemic-
k4 redukce je doprovdzena pouze malym zleh—
cenim vznikajich sulfida (Krouse 1980). Také pti
mikrobidlni oxidaci je zména izotopického sloZe—
ni siry vznikajicich sirant nevyznamn4 (Thode
1991).

Studované lokality

Umisténi studovanych lokalit a izolinie pri-
mérnych roénich koncentraci SO, (g.m*) uka—
zuje obr. 2.

Povodi X-16 Jezefi reprezentuje silné aci—
difikované prostied{ (list mapy 1:50 000 02-33
Chomutov, asi 2 km s. od obee Vysokd Pec). Lesni
povodi, lezici na svahu Krusnych hor, je budova—
no dvéma zdkladnimi typy hornin (Patrik
1988a): 71,5 % plochy tvoii hrubozrnnd, dvoj—
slidn4 az biotitova okatd ortorula a 28,5 % plo—
chy, hlavné v horni a stfedni ¢4sti, tvoif hrubo-
zrnny, dvojslidny az biotitovy kataklasticky
granit. V povodi se vyskytuji tyto typy pad
(Patrik 1988a): nejvétsi ¢ast plochy, asi 48 %, za—
ujima hnéda pada typickd nenasycend, zde re—
prezentovand vzorky 16/2 a 16/3. Ve vy&sich
polohdch ve stiedni a horni é4sti povodi se vy—
skytuje hnédd plida typickd nenasycend a# pod-
zol humuso-zelezity, zabirajici asi 44 % plochy
povodi a zde zastoupeny vzorkem 16/6. V malém
rozsahu se vyskytuji téz hnéd4 pida oglejend,
glejovd ptida a rankery. Podrobnéji popisuje pti—
dy Patrik (1988a). Vegetace v povodi vykazuje
jasné znamky ovlivnéni antropogennimi vlivy:
plvodni porosty, kyselé buéiny, o stari asi 80 —
120 let, se dnes zachovaly pouze ve spodni ¢4sti
povodi. Ve vyégich polohdch stiedni a horni casti
se zachovalo pouze nékolik malych reliktt znaé—
né poskozeného smrkového lesa. Volné plochy
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Obr. 3c. Obsah a izotopické sloZeni celkové siry v pidnich profilech

byly osdzeny bfizou, smrkem pichlavym a jefd—
bem.,

Dvé sousedni lesni povodi X-30 Liz a X-
31 Albrechtec (list mapy 1:50 000 22—-34 Vim~
perk, asi 2,5 km jjz. od obce Zdikov) leZi na sv.
svahu sumavy a predstavuji relativné malo zne—
¢isténé prirodni prostiedi. Vyskytujf se zde dva
zdkladni typy hornin: biotitové aZ sillimanit —
biotitové pararuly a leukokratni biotitové mig—
matity se vzdjemnymi pozvolnymi pFechody,
hojné prordZené Zilami pegmatitii, aplita a leu—
kokratnich Zul. Z ptid se vyskytuji hlavné hnéd4
puda typickd nenasycend, misty ve vyssich po—
lohdch se zndmkami podzolizace (vzorky 30/1 a
30/2). Podél tokii se vyskytuje hnédd piida ogle—
Jend az glejovd plida, na sutich rankery. Povodi
jsou zalesnéna ptvodnimi porosty , v niz§ich po-
lohdch jsou to kyselé smrkové buéiny, ve vyssich
jsou bézné kyselé bukové smréiny (Jehlicka
1988). Bliz&i popis zdejdich pid uvadi Kinkor
(1988).

Metodika odbéru a zpracovani vzork,
stanoveni izotopického sloZeni

Vzorky srdzek a vod byly odebirdany postupy po-

~ dle Moldana et al. (1986). Odebiraly se dva dru— |

hy srdZek: jednak srdzky éisté, tzv. wet only —
WO (odebirané do lahvi odkryvanych pouze
v dobé desté), jednak sréZky s podilem pragného
spadu (odebirané do trvale odkrytych nadob).
Ze vzorku srazek a vod byly ziskdny sulfity
pro izotopickd méfeni metodou gravimetrického
srdZeni siranu barnatého BaSO, 0,256M BaCl,.
Pro stanoveni obsahu celkové siry v piddch
byly pouzity vzorky ptd odebrané a téz zpraco—
vavané Kinkorem (1988): vzorek 16/2 byl ode—
bran z acidifikované oblasti povodi X-16A, kde
smrkovy porost odumfel a nové byly vysdzeny
btizy, vzorek 16/3 z méné acidifikovaného povodi
X-16B s bukovym lesem, vzorek 16/6 z horni ¢ds—
ti povodi X-16A, kde se zachoval zbytek piivod—
niho smrkového porostu, vzorky 30/1 a 30/2 re—
prezentuji méné acidifikované povodi X-30 Liz
na Sumavé. Byla pouZita Eschkova metoda sta—
noveni celkové siry v uhli a koksu (Chakrabarti
1978). Pro ovéfeni pfesnosti této metody byl cel-
kovy obsah siry v piddch stanoven té% jodome—
trickou titrac{ po rozkladu vzorku pyrolyzou
(Weiss et al. 1983) v analytické laboratoti CGU.
Oxid sifi¢ity pro izotopickd méfeni byl ze
ziskaného sulfitu barnatého BaSO, pfipraven
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metodou Yanagisawy a Sakaie (1983). Navazku
8 mg sulfdtu barnatého smisime se 160 mg smési
oxidu vanadiéného V,0, a oxidu kfemiéitého
810, (v poméru 1:1). Dikladné rozetieme
v achdtové misce a vsypeme do ampule z kie-
menného skla o priméru 9 mm, kterou uzavie—
me pomoci dvou chomaékd kfemenné vaty ve
vzdalenosti asi 1 cm. Do zbyvajici édsti ampule
vlozime smotek médéného drdtu, ktery byl
predtim redukovén ve vodiku p#i teploté 1000 °C.
Meéd sniZzuje parcidlni tlak kysliku pfi reakei,
takée je potlaéena tvorba oxidu sirového SO3 a
zime do kfemenného reaktoru , z ktereho jevy-
cerpan vzduch, a oSlehnutim plamenem odply-
nime. 30 minut ji pak vyhiivdme odporovou peci,
zpoédtku za teploty mensi nez 500 °C, poslednich
10 minut za teploty 1000 °C. Voda kondenzuje
v pasti § nucenym obéhem, ponofené do smési
suchého ledu a ethylalkoholu. Vznikajici SO, je
vymrazovan v ampuli o primeéru cca 6 mm, po—
nofené do kapalného dusiku. Po 30 minutdch je
ampule odtavena. '

Izotopické slozeni siry bylo méfeno v izo—
topové laborato#i CGU na hmotnostnim spek—
trometru Finnigan MAT 251 s piesnosti 38,
10,2 %o.

DT

Vysledky a diskuse
Srazky

Obdobi od dubna 1990 do dubna 1991 bylo velmi
chudé na srdzky a mnozstvi sirant v odebranych
vzorcich ¢asto nepostacovalo na izotopickou
analyzu (zvldsté pro Sumavska povodi). Ne—
podafilo se ndm tedy ziskat dostatetné vdaje
o ro¢ni variaci hodnot 831S ve srdzkovych sira—
nech, ani reprezentativni priimérnou hodnotu.
Ziskané udaje, uvedené v tabulce 1, 1ze tedy po—
vaZovat pouze za orientacni.
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Obr. 4. Srovnédni izotopického slozeni siry srdzek, pad a
odtoku pro povodi v Krugnych hordch a na Sumavé

Odtok

Vodtoku v Krugnych hordch byly zjistény v povo-
di X~16A prameérné hodnoty 8*'S+4,04 +0,71 %o,
v povodi X~16B +3,9£0,46 %e. Hodnota je v obou
piipadech znaéné stdld a nevykazuje sezénni
zmény. Ojedinélym vykyvem je v obou piipadech
pouze hodnota v mésici fijnu, dosahujici v pov—-
odi X-16A +7,1 %o, v povodi X-16B +5,1 %e. Ohé
hodnoty byly naméfeny za zcela primérnych
koncentraci sirant (ty éini 55,7+1,78, resp.
63,112,556 mg.l"") a nejsou zfejmé zpilisobeny
bakteridlni aktivitou. V literatufe éasto uvddéna
negativni korelace mezi koncentraci siranti a je—
Jich izotopickym sloZenim nebyla v povodi zjisté—
na, Ziskand izotopickd data velmi dobie souh-
lasi s idaji Smejkala a Jezerského (nepubliko—
vdno), kteii béhem hydrologického roku 1985
pozorovali v potocich u Horniho Jifetina, tj.
v tésné blizkosti povodi X-16, podobné nizké
pozitivni hodnoty 8*S s velmi malou sezdénni
variabilitou. Takto by se mohl izotopicky pro—
jevovat zcela pfevazujici vstup antropogenniho
S0, suchou depozici — cca 80 % (Pages 1985). Pro
S0,, vznikajici spalovdnim hnédého uhli ze se—
vernich Cech, se uddva hodnota d*S kolem +2,5
%o (Buzek — Cerny — Sramek 1991). Kdyz uva-
zime jeho miSeni se srazkovymi sirany (v poméru
cca 80 % oxidu siFiéitého a 20 % sirant — Paces
1985), vychdzi pro antropogenni siru vstupujici
do povodi hodnota 8*'S mezi +3,5 aZ +4 %o, tedy
hodnota shodujici se velmi dobte s pozorovanymi
hodnotami pro odtok. Siranova mineralizace od—
toku je zfejmé odvozena z antropogenni siry
vstupujici do povodi.

V odtoku v povodich X-30 Liz a X-31 Al-
brechtec na Sumavé byly zméfeny primérné
hodnoty &S = +5,08+0,18 %o, resp. +5,19+0,36 %o,
tedy téz velmi stélé a asi o 1 %o vyssi ne% v odtoku
v Kru$nych horach. To lze vysvétlit nizsim podi-
lem izotopicky lehéiho oxidu sifi¢itého v celkové
depozici (Dvordkova 1988),

Pada

Hodnoty obsahu celkové siry a jeji izotopické
sloZeni v pidnich profilech v obou povodich uka—
zuje obr. 3. Z néj je patrno, Ze koncentrace cel—
kové siry v ptdach v Krusnych hordch ve dvou
ptipadech do hloubky klesaji, v jednom je trend
podobny jako na Sumave tj. nejdiive koncen—
trace vzristd k maximu v hloubce asi 40 cm a
pak klesd. Povrchové koncentrace jsou v Krus-
nych hordch o néco vyssi nez na Sumavs. Povr—
chové hodnoty 3*'S jsou v obou povodich praktic—
ky shodné. Primérné &S je v obou piipadech
+3,8 %o. V obou povodich stoupd &S shodné
s hloubkou aZ k hodnotdm kolem +7 %..
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Srovndni izotopického sloZzeni srazek, pad
a odtoku v obou povodich ukazuje obr. 4.

Zjisténé trendy lze interpretovat dvéma
zplisoby: jako vysledek miseni dvou zdroji (izo—
topicky lehké siry doddvané z povrchu a horni-
nové siry), nebo jako vysledek izotopické frak—
cionace pfi procesech v povrchové zéné.

Pro horninovou siru v povodi X-16 lze
piedpoklddat hodnoty §*S blizké 0 %o (Smejkal
- Jezersky, nepublikovdno), tzn., Ze jejim zvé—
travdnim by mély vznikat sirany podobného izo—
topického sloZeni, Tyto hodnoty jsme v odtoku
ani v padni vrstvé nezjistili. Pfedpoklad o moz—
ném piinosu horninové siry podzemni vodou
muZeme vylouéit.

Je zndmo, Ze sira v rostlinstvu m4 stejné
izotopické slozeni jako sira v okolni atmosféie
(Krouse — Stewart — Grinenko 1991), tzn. v na—
Sem pripadé &S = +2 — 3 %0. ProtoZe se nase
data tykaji celkové siry, kterd je ve svrchnich
ptdnich horizontech hlavné ve formé organic—
kych slou¢enin, mize byt humus hlavni slozkou
fixujici atmosférickou siru.

Sira je v kyselych ptiddch zadriovdna a
uvolnovdna hlavné reakef siranovych ionti s hy—
droxidy hliniku, kdy se podle klesajici hodnoty
pH sirany bud adsorbuji nebo vznikaji bazické
sirany typu Al (OH) (S0,) , napf. jurbanit
AIOHSO (Khanna et af 1987) Paces a Pacesova
(1988) na zdkladé sloZeni vody usuzuji, Ze také
v Krudngych hordch se sira hromadi ve formé
pseudoalunitu KAL(SO,),(OH), nebo pseudojur—
banitu AISO,0H. Vzhledem k tomu, %e je zndmo
(Johnson — Henderson 1978), ze spodné&;jsi hori-
zonty adsorbuji vétsi mnozstvi siranti neZ svrch—
ni, mohla by adsorpce pfispét k vyssim hodno-
tdm 6*S ptdni siry spiSe v hlub&ich horizontech,
kde sirany tvori vétsi édst plidni siry. Pro pies—
néjsi vymezeni rozsahu téchto procesi je nutné
znat podil siranové frakce a jeho izotopické slo—
zeni v padnim profilu.

7Z ptirozenych procesii by se mohla pozo-
rovanym zpisobem (tj. pozitivngjsi hodnoty s
vetsi hloubkou) projevit v ptidé predeviim bak—
teridlni redukce siranti s uvolfiovdnim lehéiho
izotopu **S ve formé H,S a organickych sloute—
nin. Pozitivnéjsi hodnoty §*S ve vétsich hloubh-
kéch vznikaji postupnou akumulaci izotopicky
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Zaveér

Pro srdzky se vzhledem k jejich nedostateénému
mnoZstvi ve sledovaném obdobi, tj. od dubna
1990 do dubna 1991, nepodafiilo ziskat repre-
zentativni soubor jejich izotopického slozeni hé—
hem roku. Ziskané hodnoty z Krusnych hor viak
naznatuji, Ze sira vstupujici do povodi z atmos-—
féry ma pomérné stdlé izotopické slozent a lze ji
oznaéit jako zdroj mineralizace.

V plidnich profilech v krugnohorském po-
vodi X-16 Jezefi koncentrace celkové siry
s hloubkou klesala, v povodich sumavskych X-
30 Liz a X-31 Albrechtec naopak nejprve
s hloubkou stoupala, pak klesala. Povrchové
koncentrace byly vy3si v Krusnych hordch. Izo—
topické slozeni celkové siry v paidnich profilech
ve vSech pFipadech shodné stoupalo s hloubkou
od povrchovych hodnot 8%8 = +3 a +4 %ok hod—
notam kolem +7 %o v hloubce 80 cm. Srovndme—
li obé povodi, je zfejmé, Ze zmény v izotopickém
sloZeni celkové pudni siry s hloubkou jsou srov—
natelné. To svéd& o obdobném mechanismu
transformace siry. Naproti tomu zmény koncen—
trace ptdni siry s hloubkou jsou odlisné. Na
povodi s vyS$§im vstupem siry dochdzi k vyznam—
nému snizeni obsahu siry bez odpovidajicich
zmén izotopického sloZeni. Toto sniZeni lze vy-
svétlit pouze uvoliovdanim siry. Toto uvoltiovdni
siry bez transformace je nejvyznamnéjsi odchyl-
kou povodi Kru&nych hor oproti povodim na Su—
maveé,

Hodnoty &S sirant v odtoku z obou povodi
odpovidaji jejich atmosférickému ptivodu. Asi
0 1 %0 vy&si hodnota pro Sumavsks povoedi mze
byt zpiisobena izotopicky ponékud t8%3i sirou
s menSim podilem oxidu sifiéitého, vstupujici do
téchto povodi.
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Use of isotopic composition of sulphur in precipitation, soils and runoff
for study of biogeochemical sulphur cycle in small catchments

Isotopic composition of sulphate in rainwater and runoff in two small catchments in the Bohemian Massif (Czechoslovakia)
differing in their inputs of atmospheric sulphur is presented, complemented with content and §S values of total sulphur in
soils. The objective of the study was to compare these values in both catchments with literary data in an attempt to trace
transformations of sulphur compounds of anthropogenic origin in the atmosphere - soil — water system. Measured 545
values of runoff sulphates (in the highly polluted catchment X-16 Jezefi in the Krusné hory Mts = +4.0£0.7 %o in stream “A”
and +3.9+0.5 %o in stream “B”, in the much less polluted catchments in the Sumava Mts = +5.120.2 %ein the X-30 and
+5.2%0.4 %o in the X-31 catchment) indicate atmospheric deposition as the most probable source of these sulphates. The
development of total sulphur content of soil with the depth varies according to different sulphur inputs. In the highly pollu-
ted area of the Kru&né hory Mts it decreased continuously with the depth. In deposition area of the Sumava Mts the soil
sulphur content has maximum values at the depth of about 40 em. It corresponds to similar mechanisms of sulphur trans—
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formation, but showing some loss of sulphur with increasing sulphur input. The 8*S values of the soil sulphur increase
with the depth in both catchments as a result of sulphate reduction.

Explanation of figures

L The soil sulphur cycle:

Translated by the author

A. Mineralization B. Immobilization C. Oxidation D. Reduction E, Uptake F. Predation and grazing G. Death and/or
excretion H. Volatilization I, Deposition (after Brown, 1982).

2, Location of the catchments and isolines of mean annual concentrations of SO, (ug.m3). Modified from Moldan et al.
(1990).

3. Content of total sulphur and &*S in soeil profiles.

4, Comparison of isotopic composition of precipitation, soils and runoff in both catchments.

Explanation of table 1

Isotopic composition of sulphate in precipitation in Krugné hory Mts.

RECENZE

V. Vlaéiha et al.: Udoli Hasiny
u Lipence. Privodce piirodovédnou nauénou
stezkou.

T#i roky po otevieni geologicky a ekologicky zaméiené
nauéné stezky v kiidovych hornindch na b¥ezich potoka
Hasiny u Lipence jz. od Loun (viz Geol. Prizk., 3/1990)
vysel snahou zdkladni organizace Ceského svazu ochrancti
prirody tiskem i textovy privodce. Brozura o rozsahu 32
stran obsahuje kromé podrobného popisu viech 10 zastdvek
nauéné stezky, doplnéného vysvétlivkami k nejdtlezitéjgim
odbornym terminim, i kapitolu o geologické stavbé a vydet

zastiZitelnych recentnich faunistickych spoleéenstev, Zdavé—
reénd kapitola o ekologické vychové podirhuje vyznam
vyvézeného vztahu lovéka k piirodé, k némusz je tieba vést
JiZ déti a mlddeZ. Prdvé nauéné stezky k tomu mohou vy-
znamnou mérou napomoci, Nauénou stezkou Udoli Hasiny
u Lipence prosly za dobu jeji existence jiz stovky zdki ze
kol na Lounsku a ostatnich navitévnika. Pravé vydany
textovy privedce ji chee pfibliZit i dal§im. Publikace,
doplnénd kresbami a mapkami, vyéla v ndkladu 400
vytiski. Bude k dostdni za 10,— K& v lounskych knihku-
pectvich okresnim muzeu nebo v zdkladn{ $kole v Lipenci.

Premysl Zelenka



