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Distribution of strontium in the Badenian
(Middle Miocene) gypsum deposits of the Nida area,
southern Poland

A succession of different lithofacies including fifteen units, from a to n, have been distinguished in the gypsum
section of the Nida area. Geochemical data show distinct variation of the Sr content in gypsum, between 0.03 and
3.13% (average 0.30% Sr). In gypsum lithofacies, a high Sr concentration averaging 0.5% was found in selenitic
gypsum and in gypsorudites. The vertical distribution of strontium throughout the section is not uniform. The
average strontinm content increases in the middle section and reaches as much as 0,92% Sr in unit /. South of the
Holy Cross Mts. the horizontal distribution of strontium in gypsumand coeval carbonates is characterized by higher
concentration in the northernmost part of the area (Staszéw region). Variability of the strontium content throughout
the cyclic sequences reflects the evolution of brines during the gypsum formation. The results suggest important
diagenesis of the gypsum deposits which allowed the migration of strontium and subsequent crystallization of
celestite.

INTRODUCTION

Strontium is a foreign ion commonly incorporated in sulphates during their precipitation
or diagenesis (e.g. G. P. Butler, 1973; J. Kushnir, 1980, 1981; F. Orti Cabo et al., 1984; H.
Dronkert, 1985; L. Rosell Ortiz et al., in press). Detailed geochemical and mineralogical
studies of the Badenian gypsum of the Carpathian Foredeep (S Poland) showed a varying
content of strontium, suggesting that this element may be useful in the interpretation of the
sedimentary and diagenetic evolution of brines and their salts (comp. E. Usdowski, 1973;
A. Nadler, M. Magaritz, 1980; J. Kushnir, 1982; E. H. Carlson, 1987).

Data on the strontium geochemistry and mineralogy of the Badenian gypsum deposits
of the Carpathian Foredeep are widely scattered in the literature (e.g. A. Morawiecki, T.
Domaszewska, 1957; W. Kowalski et al., 1980; J. Parafiniuk, 1987, 1989; A. Kasprzyk,
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Table 1
Strontium content in the gypsum deposits of the Nida area
Content of Sr [%]
Lithofacies A. Morawiecki,
T. B. Siemifiska | I. Parafiniuk | A, Kasprzyk
Domaszewska (1982) (1987) (1990)
(1957)
Breccias - 0.02-0.16 - 0.06-0.68
alatitriok — 0 0.06% 0.04-0.73
Eypsum
Massive | jaminated
Sypaui —— 0.06* 0.07* 0.06-1.50
Lo 0.08-0.18
with crystalline aggregates 0.07-0.12 - 0.14-0.28
Coarse- g;;:{t:[ A sl 0.15->1 o1+ | 0.08-1.71
crystalline 0.06-0.12
gypsain’  fckilea 0.06* 007% | 0.08-075
gypsum

* average value

19894, 1993a; A. Garlicki etal., 1991). This paper summarizes the earlier geochemical data
(Tab. 1) and presents new results on the Sr concentration in the gypsum deposits of the Nida
area. This review aims to (1) characterize the regularities of the strontium distribution in a
thick, up to 60 m, and laterally extensive gypsum sequence, and to (2) understand the main
factors controlling Sr migration and concentration of the evaporites in marginal parts of the
Carpathian Foredeep. Thus, it could be important from both a scientific and an economic
point of view.

AREA AND METHODS

The area of the study is located in the northern part of the Carpathian Foredeep and
comprises two Miocene-filled marginal depressions: the Potaniec and Solec Troughs, where
gypsum deposits are well exposed or occur in the shallow subsurface (Fig. 1). Thirty three
gypsum sections were selected for a detailed geochemical study based on lithofacies and
sedimentary recognition in the field. Elemental determinations of strontium in 300 samples
of primary gypsum and carbonate rocks were carried out in the Polish Geological Institute
in Warsaw using X-ray fluorescence techniques. The mineralogy of twenty five samples
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was examined by X-ray diffractometry for the detection of celestite. Geochemical data from
other areas south of the Holy Cross Mts. are also included.

GYPSUM SEQUENCE

Sulphates deposited south of the Holy Cross Mts. comprise well-preserved primary
lithofacies which originated in a wide range of depositional settings from subaqueous
(relatively deep- and shallow-water) to subaerial (S. Kwiatkowski, 1972; A. Kasprzyk,
1991; B. Kubica, 1992). Gypsum lithofacies comprise selenitic, massive and clastic var-
ieties (A. Kasprzyk, 1993c). Selenitic lithologies are szklica gypsum, sabre-like gypsum,
skeletal gypsum and bedded selenites. These lithofacies are from the lower and middle part
of the gypsum section whilst in the upper part clastic gypsum varieties occur: gypsarenites
and gypsorudites (Fig. 2). The third group is massive gypsum: with selenitic clusters,
stromatolitic gypsum, laminated gypsum and microcrystalline (alabastrine) gypsum; all
occur in thin intercalations throughout the section,

Eighteen lithostratigraphic units, from a to r, have been distinguished in the complete
gypsum section of the Nida area by A. Wala (1980). In sections studied by the author units
a-nare distinct (Fig. 2); the occurrence of units o-ris questionable (see A. Kasprzyk, 1991).
The sequence starts with giant gypsum intergrowths of palmate-like appearance, called
szklica gypsum — unit a (M. Babel, 1987, 1991). Overlying bedded selenites (units b—e)
comprise an alternation of selenite layers (grass-like and cavoli sensu G. Richter-Bernburg,
1973) and alabastrine or stromatolitic gypsum (A. Wala, 1979). Units f/~i are composed of
skeletal and sabre-like gypsum (S. Kwiatkowski, 1972) and commonly include intercala-
tions of laminated gypsum, one of which is distinguished as unit /. The selenitic lithofacies
are followed by an alternation of gypsum laminites or stromatolites with selenitic clusters
(units j, I, m) and of clayey-gypsum laminites, clays or clastic gypsum (units &, f) — A.
Kasprzyk (1991). The upper section — unit n is composed of gypsorudites and laminated
gypsarenites (T. M. Peryt, A. Kasprzyk, 1992a). The succession of facies is cyclic and
comprises four regressive cycles 4.3-11.0 m thick (Fig. 2).

Throughout the sequence gypsum is accompanied by carbonates and siliciclastics which
form intercalations or irregular bodies within the sulphate deposits. In the upper section,
primary, carbonates (microbial carbonates) occur (T. M. Peryt, A. Kasprzyk, 1992b).
Gypsum is locally replaced by secondary (late-diagenetic) postgypsum limestones.

MINERALOGY

Detailed petrographic and XRD studies show that strontium incorporated in gypsum
and associated carbonate deposits either occurs dispersed as isomorphic replacement within
the gypsum lattice or forms its own mineral phase — celestite (e.g. J. Parafiniuk, 1989 and
references therein). Two generations of celestite are recognized, different in crystal mor-
phology, size and occurrence: the older, syngenetic with gypsum, and the younger — related
to diagenetic alterations of the host rocks (B. Siemiriska, 1982; I. Parafiniuk, 1987; A.
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Fig. 1. Location of the studied sections

1 — limit of Badenian; 2 — limit of gypsum; 3 — Palaeozoic; 4 — Mesozoic; 5 — gypsum outcrops; 6 — faults;
7 — exposure studied; HCM — Holy Cross Mts.

Lokalizacja badanych profili

1 — zasieg badenu; 2 — zasieg gipséw; 3— paleozoik; 4 — mezozoik; 5 — wychodnie gipséw; 6 — uskoki; 7 —
badane odstonigcie; HCM — Gory Swif;lokrzyskie
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. Table 2
Variability of strontium content in gypsum and carbonate lithofacies
o Number of e Standard
Lithofacies L7y
samples deviation
extremal average
Szklica gypsum 57 0.04-0.75 0.13 0.13
Sabre-like gypsum 41 0.05-3.13 048 0.60
Skeletal gypsum 29 0.13-1.71 0.58 0.34
Bedded selenites 40 0.03-1.58 0.18 0.29
Selenitic gypsum 167 0.03-3.13 0.31 0.41
Massive gypsum with crystalline

aggregates 15 0.04-0.58 0.14 0.13
Stromatolitic gypsum 25 0.04-1.17 0.22 0.24
Laminated gypsum 27 0.03-2.62 0.35 0.63
Alabastrine gypsum 26 0.04-2.70 032 0.54
Massive gypsum 93 0.03-2.70 0.27 0.46
Gypsarenites 22 0.03-1.17 0.19 0.24
Gypsorudites 9 0.07-2.08 0.61 0.75
Clastic gypsum 31 0.03-2.08 0.31 0.48
Gypsum (generally) 291 0.03-3.13 0.30 0.43
Microbial carbonates 6 0.05-0.07 0.06 0.01

Postgypsum limestones 1 10.0 10.0 -

Marls 2 0.13-0.14 0.14 -
Carbonates (generally) 9 0.05-10.0 1.18 3.31
Gypsum and carbonates 300 0.03-10.0 033 0.70

Kasprzyk, 1989a). The older generation is represented by fine-grained xenomaorphic crys-
tals dispersed within the gypsum background. Celestite of the younger generation com-
monly occurs in radial or druse-like aggregates of prismatic crystals, associated with clay
and carbonate. Petrography shows that the bulk of strontium in the carbonate rich fine-grain
gypsum zones is bound up in replacement celestite, whereas no discrete Sr phase is
identified within the pure selenitic crystals. This suggests that strontium, released during
recrystallization and (or) alteration of gypsum (to calcite), has been reprecipitated very

locally as celestite.
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Fig. 3. Strontium content in selected gypsum sections from the northern Nida arca
Explanations in Fig. 4

Zawarto§¢ strontu w wybranych profilach gipséw pélnocnej czesci obszaru nidzianiskiego
Objadnienia na fig. 4

VARIABILITY OF STRONTIUM CONTENT

FACIES

Geochemical data show distinct variations in strontium concentration (Figs. 2-4). The
values obtained from gypsum and carbonate lithofacies (in total 300 samples) vary between
0.03 and 10% Sr, averaging 0.33% Sr.

Considering the average Sr content in different gypsum lithofacies, the highest values
of about 0.5-0.6% were recorded in skeletal and sabre-like varieties and in gypsorudites
(Tab. 2). In other lithofacies it does not exceed 0.4% Sr. The lowest Sr concentration was

-—

Fig. 2. Chemical composition throughout the lithostratigraphic sequence of units from a to n in the Nida area
n — number of samples

Sklad chemiczny sekwencji litotypéw od a do n w obszarze nidziariskim

n — numery probek
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measured in szklica gypsum and in massive gypsum with crystalline aggregates. The Sr
content in some lithofacies, such as gypsorudites, laminated and sabre-like gypsum, is
widely dispersed and reflects distinct variations in lithology (Tab. 2). High Sr concentration
recorded within the matrix of selenitic gypsum and in separated layers of laminated and
clastic gypsum is due to the presence of celestite which significantly increased the content
of strontium. This is the case with gypsorudites rich in marly-gypsum matrix, where the
wide range of values (from 0.07 to 2.08% Sr) results from the different mineralogical and
chemical composition of these deposits (Fig. 2, Tab. 2). Generally, selenitic gypsum as well
as clastic gypsum lithofacies are enriched in strontium in relation to massive gypsum
varieties.

The highest strontium concentration (up to 10% Sr) is related to postgypsum limestones,
locally developed in the sulphate complex (A. Kasprzyk, 1990). Relatively low values
averaging 0.08% Sr have been found in microbial carbonates and marls from the upper
gypsum section (Tab. 2).

DISTRIBUTION

The vertical distribution of strontium throughout the gypsum section is not uniform and
reflects the variety and succession of lithofacies. In the sequence of units from a to n, Sr
concentration increases toward the middle section, in accordance with the increasing
content of calcium carbonate and insoluble residue in bulk of samples (Figs. 2-4). The
average content of strontium is highest in units & and k (Fig. 2). High and homogenous
relative values are characteristic for units f; g, and i, composed of selenitic gypsum.
Concentration of > 1% Sr obtained in some samples distributed randomly throughout the
section reflects the presence of celestite, as proved by petrographic and XRD studies. The
lowest average Sr content was recorded in the upper section (Fig. 2). The cyclic sequence
of lithofacies is expressed in the vertical distribution of strontium (Figs. 3, 4). This is
reflected by an evolution of Sr content which could be symmetrically and asymmetrically
decreasing-up seen throughout the lower and middle section with a dominant selenitic facies
(cyclothems I-IIT) — Fig. 5.

The horizontal distribution of strontium all over the Nida area shows a distinct relation-
ship between Sr concentration and the location of sections studied (Figs. 1,3, 4). The highest
average content of about 1% Sr was recorded in the southern Nida area (i.e. in the Solec
Trough) — Fig. 5. In the north, concentration does not exceed 0.5% Sr. A high Sr content
(2.08%) has been reported at Czarkowy where Sr concentrations of economic importance
were found (A. Morawiecki, T. Domaszewska, 1957; T. Osmélski et al., 1982). The results

Fig. 4. Strontium content in selected gypsum sections from the southern Nida area

Zawarto$¢ strontu w wybranych profilach gipséw potudniowej czgéci obszaru nidzianiskiego

I — ily, ilowee, ity gipsowe; 2 — gipsorudyty; 3 — gipsarenity masywne; 4 — gipsarenity laminowane; 5 —
laminity gipsowo-ilaste; 6 — gipsy laminowane: poziomo, fali§cie; 7 — gipsy alabastrowe; 8 — gipsy stromatoli-
towe; 9 — gipsy zbite z agregatami krystalicznymi; 10 — gipsy warstwowane z poziomami selenitéw; 11 — gipsy
szkieletowe; 12 — gipsy szablaste; 13 — gipsy szklicowe
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obtained show coincidence between relatively high Sr concentration and local horst-like
elements, when the structural pattern of the area is considered (Figs. 1, 5).

Results of geochemical studies reveal some basic differences in the strontium concen-
tration and distribution between the eastern, central and western parts of the area south of
the Holy Cross Mts. (Fig. 1). This area includes four sectors with numerous exposures of
gypsum and a dense network of boreholes: the Nida region (B. Siemiriska, 1982; J.
Parafiniuk, 1987; A. Kasprzyk, 1990), Stasz6éw region (A. Kasprzyk, 1989a), Osiek region
(A. Kasprzyk, 1993a) and the Wschodnia river region (A. Kasprzyk, 1989h). Gypsum
deposits of the western and eastern areas (the Nida and Osiek regions) exhibit a comparable
average content of strontium, almost half the value obtained for equivalent facies in the
north, i.e. in Staszéw region (Tab. 3). In the central area (the Wschodnia river region),
sulphate deposits (gypsum and anhydrites) occur at a depth of more than 200 m and show
a relatively low Sr concentration (Tab. 3). The average content of strontium in gypsum
deposits of the whole area discussed is 0.37% which is very close to the value recorded for
sulphates in the margin of the Carpathian Foredeep of the Western Ukraine (B. W. Merlicz,
N. M. Dacenko, 1976; J. T. Roskosz et al., 1979).

It is interesting to note that the Badenian gypsum deposits of the Carpathian Foredeep
are distinctly enriched in strontium in comparison to the other evaporite formations (Tab.
3). This is best demonstrated by the selenitic lithofacies of the Badenian gypsum, which
show an average content of strontium 2-3 times higher than that recorded for equivalent
facies from the Messinian of eastern Spain, but comparable with values obtained for
selenitic gypsum from recent coastal salinas of SE Spain and southern France (see A.
Kasprzyk, 1993a).

THE STRONTIUM ENVIRONMENT

The facies variation in the Badenian gypsum section of the Carpathian Foredeep is
distinctly reflected by the strontium distribution (Figs. 2-4, Tab. 2), and therefore may be
used in the interpretation of brine variations during gypsum formation. However, quantita-
tive measurement of the strontium content in bulk samples may produce seriously mislead-
ing results when diagenetic alteration is significant (e.g. L. A. Hardie, 1984). Because of
this, the interpretation presented below is based on comparative analysis of the Sr distribu-
tion profiles.

Detailed geochemical analysis provides arguments for unstable salinity conditions
during gypsum formation in the peripheral part of the Badenian basin (A. Kasprzyk, 1991,
1993b). The occurrence of a thick selenitic layer in the lower part of the gypsum sequence
supports a rapid rise of salinity, initiating the sulphate precipitation. The high salinity and
calm, stratified waters favoured the development of giant gypsum intergrowths (unit a),
periodically interrupted by an influx of fresh- or brackish-waters and fluctuations in
halocline as shown by common dissolution surfaces and the strontium distribution (M.
Babel, 1987; A. Kasprzyk, 1993a, b) — Figs. 3, 4. Deposition of the bedded and
stromatolitic gypsum (units b—e) took place in an unstable physicochemical regime. This
is assumed on the basis of the variable Sr content and the modern facies analogs from
coastal salinas of SE Spain and Western Australia where selenitic crusts commaonlv
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Table 3

Average content of strontium in sulphates of different evaporite formations (data from H. Dronkert,

1985; A. Kasprzyk, 19895; A. Garlicki et al., 1991; and this work)

Age/Formation Locality Lithofacies % c[(;:]tcnl
Recent/Almeria salines Spain gypsum 0.12-0.19
Recent/Abu Dhabi sabkha Arabia gypsum 0.04-0.11

anhydrite 0.23

Poland:

Nida region gypsum 0.30

Miocene — Badenian/ Osiek region gypsum 0.38

/Carpathian Foredeep Staszéw region gypsum 0.56

Wschodnia region gypsum+anhydrite 0.18

Ukraine gypsum+anhydrite 0.34

Miocene — Messinian/Sorbas | Spain gypsum 0..17

Miocene — Messinian/Laga Italy gypsum 0.17

Triassic/Windsor USA anhydrite+gypsum 0.08
Permian — Zechstein Germany anhydrite 0.20-0.25
Permian — Zechstein Poland anhydrite 0.01-0.06

Permian/Blaine USA gypsum 0.10

anhydrite 0.15

Permian/Salado USA anhydrite 0.07

Permian/Castile USA gypsum 0.24

Carboniferous Spitsbergen gypsum 0.07

anhydrite 0.14

alternate with cyanobacterial mats blooming in periods of salinity drops (A. V. Arakel,
1980; F. Orti Cabo et al., 1984; B. W. Logan, 1987). An increase in salinity favoured the
deposition of a thick selenitic complex (units f~i), relatively rich in strontium (Figs. 3, 4).
The facies variation of units j-m was created when regression, changes in climate or basin
configuration resulted in brackish-water inflow as a result of runoff from the hinterland
(A. Kasprzyk, 1993c¢). This affected the distribution of strontium in the basin system as
shown by the local high Sr content (e.g. in unit k — Figs. 2-4). The deposition of the thick
clastic gypsum complex of the upper section (unit n) took place in less saline waters where
physical accretion dominated chemical precipitation. The high Sr concentration obtained
in some samples is related to replacement celestite aggregates within the matrix.

In general, a horizontal distribution of strontium is characterized by a relative decrease
in concentration with increasing of burial depth (Tab. 3). It seems that variability of the Sr
content throughout the successive cycles reflects changes in brine chemistry and sedimen-
tary regime, both controlled by local or regional factors.

Another question is related to the potential source of strontium in the evaporitic basin
of southern Poland. A higher content of Sr (> 1%) is commonly evidence of celestite
mineralization, as shown by petrography and geochemistry. Because celestite occurrences
are closely associated with the peripheral part of the basin (comp. A. Garlicki et al., 1991),
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it can probably be assumed that strontium was derived from local supplies. Generally, a
distinct relationship between strontium and calcium carbonate (Fig. 2) reflects important
geochemical fractionation during both early diagenesis (coprecipitation of Sr into calcite
or aragonite) or later diagenetic changes of limestones (I. West, 1973) and sulphates by:
dissolution-recrystallization (E. H. Carlson, 1987), bacterial sulphate reduction (and thus
calcification of gypsum, i.e. gypsum replacement into calcite) — W. Kowalski et al. (1980),
J. Parafiniuk (1989). Diagenetic processes may have also been favoured by an inflow of
meteoric water from the hinterland or direct rainfall (comp. P. A. Scholle et al., 1990).
During all those processes, celestite crystallized from pore solutions rich in Sr ions,
primarily incorporated in gypsum and associated carbonates, later leached and remobilized
to form local concentrations. Thus, the most likely cause of celestite formation in the
gypsum deposits would be: (1) supply of continental-derived brines rich in strontium ions,
(2) dissolution of subaerially exposed gypsum, (3) diagenetic alteration of gypsum and
associated limestones.

CONCLUSIONS

It is highly probable that strontium from the Badenian gypsum of the Carpathian
Foredeep could have formed its own mineral phase during evaporite sedimentation. Diag-
enetic processes such as bacterial sulphate reduction, dissolution and (or) recrystallization,
would favour the liberation of large amounts of strontium ions from gypsum. Thus, they
could form local higher concentrations within the gypsum rocks. This interpretation is
similar to that of I. West (1973) and E. H. Carlson (1987) who reported high Sr concentra-
tions elsewhere at the margins of the Jurassic (Dorset) and Silurian (Ohio Basin) evaporitic
basins. They suggested that the strontium forming the celestite was liberated by the
diagenetic alteration of sulphates or coeval limestones, as is proposed in this paper.

Results of geochemical and petrographic studies show that higher strontium concentra-
tions are related with the products of the diagenetic alteration of gypsum in structurally
elevated areas of the northernmost marginal part of the Carpathian Foredeep. This theory
may have implications for Sr prospecting.

Acknowledgements. The author thanks W. Narkiewicz and K, Osiecka for carrying
out Sranalyses. The help of Z. Szczepanik and A. Stec is greatly appreciated. Special thanks
are addressed to A. Gasiewicz for editorial corrections which largely improved an earlier
version of the paper.

Oddziat Swigtokrzyski

Paristwowego Instytutu Geologicznego
Kielce, ul. Zgoda 21

Received: 25.10.1993



510 Alicja Kasprzyk

REFERENCES

ARAKEL A. V. (1980) — Genesis and diagenesis of Holocene evaporitic sediments in Hutt and Leeman lagoons,
Western Australia. J. Sed. Petrol., 50, p. 1305-1326, no. 4.

BABEL M. (1987) — Giant gypsum intergrowths from the Middle Miocene evaporites of southern Poland. Acta
Geol. Pol., 37, p. 1-20, no. 1-2.

BABEL M. (1991) — Crystallography and genesis of the giant intergrowths of gypsum from the Miocene
evaporites of Poland. Arch. Miner., 44, p. 103-135, no. 2.

BUTLER G. P. (1973) — Strontium geochemistry of modern and ancient calcium sulphate minerals. In: The
Persian Gulf (ed. B. H. Purser), p. 423-452. Springer Verlag, New York.

CARLSON E. H. (1987) — Celestite replacements of evaporites in the Salina Group. Sed. Geol., 54, p. 93-112,
no. 1.

DRONKERT H. (1985) — Evaporite models and sedimentology of Messinian and recentevaporites. GUA, Papers
of Geology, Ser. 1, 24.

GARLICKI A., SZYBIST A., KASPRZYK A. (1991) — Trace elements studies from salt and chemical deposits
(in Polish with English summary). Prz. Geol.; 39, p. 520-527, no. 11-12.

HARDIE L. A. (1984) — Evaporites: marine or non-marine? Am. J. Sc., 284, p. 193-240.

KASPRZYK A. (19894) — Strontium content in the Miocene gypsum rocks in the Staszéw region (in Polish with
English summary). Prz. Geol., 37, p. 201-207, no. 4.

KASPRZYK A. (1989b) — Zmiennos$é zawartosci strontu w skatach siarczanowych miocenu poludniowego
obrzezenia Gér Swietokrzyskich. Arch, Pasistw. Inst. Geol. Kielce.

KASPRZYK A. (1990) — Badania zawartoéci strontu w profilach z162 gipséw nadnidziarskich. Arch. Paristw.
Inst. Geol. Kielce.

KASPRZYK A. (1991) — Lithofacies analysis of the Badenian sulfate deposits south of the Holy Cross Mts. (in
Polish with English summary). Prz. Geol,, 39, p. 213-223, no. 4.

KASPRZYK A. (1993a) — Regularities of strontium distribution in Miocene gypsum south of the Holy Cross
Mits. (Central Poland) (in Polish with English summary). Prz. Geol., 41, p. 416421, no. 6.

KASPRZYK A. (1993b) — Gypsum facies in the Badenian (Middle Miocene) of southern Poland. Canad. J. Earth
Sc., 30, p. 1799-1814, no. 9.

KASPRZYK A. (1993c) — Lithofacies and sedimentation of the Badenian (Middle Miocene) gypsum in the
northern part of the Carpathian Foredeep, southern Poland. Ann. Soc. Geol. Pol., 63, p. 33-84.

KOWALSKI W., OSMOLSKI T., PILICHOWSKA E. (1980) — Strontianite from the sulfur deposit of the
Machéw mine (SE Poland) (in Polish with English summary). Arch. Miner., 36, p. 29-46, no. 2.

KUBICA B. (1992) — Lithofacial development of the Badenian chemical sediments in the northern part of the
Carpathian Foredeep (in Polish with English summary). Pr. Pasistw. Inst. Geol., 133,

KUSHNIR J. (1980) — The coprecipitation of strontium, magnesium, sodium, potassium and chloride ions with
gypsum. An experimental study. Geochim. Cosmochim. Acta, 44, p. 1471-1482, no. 10.

KUSHNIR J. (1981) — Formation and early diagenesis of varved evaporite sediments in a coastal hypersaline
pool. J. Sed. Petrol., 51, p. 1193-1203, no. 4.

KUSHNIR 1J. (1982) — The composition and origin of brines during the Messinian desiccation event in the
Mediterranean basin as deduced from concentrations of ions coprecipitated with gypsum and anhydrite. Chem.
Geol., 35, p. 333-350, no. 3-4.

KWIATKOWSKIS. (1972) — Sedimentation of gypsum in the Miocene of southern Poland (in Polish with English
summary). Pr. Muz. Ziemi, 19, p. 3-94.

LOGAN B. W. (1987) — The MacLeod Evaporite Basin. Western Australia. Am. Ass. Petrol. Geol. Mem., no.
44, Tulsa, Oklahoma. .

MERLICZ B. W., DACENKO N. M. (1976) — Ustowija obrazowanija siernych rud Rozdolskowo miestorozdieni-
ja. Lwow.

MORAWIECKI A., DOMASZEWSKA T. (1957) — The celestite from Czarkéw on the Nida river (in Polish with
English summary). Arch. Miner., 20, p. 121-161, no. 1-2.

NADLER A., MAGARITZ M. (1980) — Studies of marine solution basins — isotopic and compositional changes
during evaporation. Develop. Sed., 28, p. 115-129.

ORTI CABOF., PUEYO MUR I. J., GEISLER-CUSSEY D., DULAU N. (1984) — Evaporitic sedimentation in
the coastal salinas of Santa Pola (Alicante, Spain). Rev. Inst. Inv. Geol., 38/39, p. 169-220.

OSMOLSKI T., PIZON A., UBERNA J. (1982) — Nowe dane o wystepowaniu strontu w Czarkowych. Kwart.
Geol., 26, p. 458459, no. 2.



Distribution of strontium in the Badenian gypsum... 511

PARAFINIUK J. (1987) — Strontium and barium in the sulphur-bearing Miocene deposits of the northern part of
the Carpathian Foredeep (SE Poland) (in Polish with English summary). Arch, Miner., 43, p. 87-143, no. 1.

PARAFINIUK J. (1989) — Strontium and barium minerals in the sulphur deposits from Tarnobrzeg region (SE
Poland) (in Polish with English summary). Arch, Miner., 43, p. 41-60, no. 2.

PERYT T. M., KASPRZYK A. (1992a) — Barthquake-induced resedimentation in the Badenian (Middle
Miocene) gypsum of southern Poland. Sedimentology, 39, p. 235-249, no. 2.

PERYT T. M., KASPRZYK A. (19925) — Carbonate-cvaporite sedimentary transitions in the Badenian (Middle
Miocene) basin of southern Poland. Sed. Geol., 76, p. 257-271, no. 3/4.

RICHTER-BERNBURG G. (1973) — Facies and paleogeography of the Messinian evaporites in Sicily. In: The
Messinian cvents in the Mediterranean (ed. C. W. Drooger), p. 124-141. Amsterdam.

ROSELL ORTIZ L., GARCIA VEIGASF, 1., ORTI F,, UTRILLA R. (in press) — Contribution al conocimiento
geoquimico de las evaporitas Messinienses en las Cordilleras Beticas. In: Les Bassins Neogenes du Domaine
Betique Oriental (Espagne) (ed. Ch. Montanet), part I1, no. 15. Doc. et Trav. Institute Geologique Albert-de-
Lapparent, Paris.

ROSKOSZ J. T., DENISEWICZ A. N, ZELIZNA 8. T. (1979) — Stroncij w sulfatnych parodach i siemych
miestorozdienij SSSR. Naukowa Dumka. Kijew,

SCHOLLEP. A., STEMMERIC L., HARPOTH 0. (1990) — Origin of major karst-associated celestite minerali-
zation in Karstryggen, central East-Greenland. J. Sed. Petrol., 60, p. 397-410, no. 3.

SIEMINSKA B. (1982) — Geochemia i mineralogia gipséw niecki nidziariskiej. Arch. UW. Warszawa.

USDOWSKI E. (1973) — Das geochemische Verhalten des Strontiums bei der Genese und Diagenese von
Ca-Karbonat- und Ca-Sulfat-Mineralen. Contr. Miner. Petrol., 38, p. 177-195, no. 1.

WALA A. (1979) — Badania litologiczne mioceriskich warstw gipsowych i ilastych z wiercen na obszarze Niecki
Nidy. In: Sprawozdanie z prac badawczych mioceriskiej serii gipsonos§nej w obszarze Niecki Nidy, Arch.
Przeds. Geol. Krakéw.

WALA A. (1980) — Litostratygrafia gipséw nidziariskich (fm). In: Gipsy Niecki Nidziarskiej i ich znaczenie
surowcowe. Sympozjum naukowe, Krakéw, p. 5-10.

WEST I. (1973) — Vanished evaporites — significance of strontium minerals. J. Sed. Petrol., 43, p. 270-278,
no. 1.

Alicja KASPRZYK

" ROZKLAD ZAWARTOSCI STRONTU W GIPSACH BADENU (SRODKOWEGO MIOCENU)
OBSZARU NIDZIANSKIEGO

Streszczenie

W obszarze nidziariskim gipsy tworza liczne odslonigcia, z ktérych 33 wytypowano do szczegdtowych badan
litofacjalnych i geochemicznych (fig. 1). Podstawowe litofacje stanowia gipsy krystaliczne selenitowe, zbite i
klastyczne, obejmujace szereg dalszych odmian litologicznych (tab. 1, 2). Towarzyszg im skaly weglanowe:
wapienie pogipsowe, margle i utwory mikrobialne. Wyréznione litofacje tworza w profilu stala sekwencjg
pigtnastu litotypéw (a—n), ktdre reprezentujy cztery cykle sedymentacyjne (fig. 2-4).

Wyniki analizy geochemicznej gipséw i wapieni wykazaly duza zmiennos¢ zawartosci strontu od 0,03 do
10,0% ($rednio 0,33% Sr) zaleznie od litologii (fig. 2-4, tab. 2). Srednia zawarto$¢ strontu (0,3%) w gipsach
obszaru nidziariskiego jest prawie 2-krotnie niZzsza od wartoéci wyliczonej przez autorke dla obszaru staszowskiego
i jest poréwnywalna ze Srednig (0,34% Sr) otrzymang przez badaczy ukraifiskich dla skal siarczanowych
(gipsowo-anhydrytowych) ukraifiskiej czedci zapadliska przedkarpackicgo (B, W. Merlicz, N. M. Dacenko, 1976).
Najwyzsza koncentracje rzedu 0,5% Sr stwierdzono w gipsach szkieletowych i szablastych oraz w gipsorudytach
(tab, 2), W pozostatych litofacjach érednia zawarto§é strontu nie przekracza 0,4% (tab. 2). Duza zmiennosé
zawarto§ci strontu w gipsorudytach i gipsach laminowanych odzwierciedla niejednorodnoéé skltadu mineralnego
i chemicznego tych skal. Najwyzsza koncentracjg (10% Sr) stwierdzono w wapieniach pogipsowych. Zawarto§é
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Sr> 1% w gipsach i wapieniach wskazuje na obecno$¢ celestynu, co potwierdzaja wyniki badan petrograficznych
i rentgenowskich, Rozpoznano dwie generacje celestynu: starsza — prawdopodobnie syngenetyczna z gipsem, i
miodsza — zwiazana z procesami przemian diagenetycznych gipséw. Cykliczna sekwencja litofacji w profilu
znajduje odzwierciedlenie w zmiennosci zawartosci strontu (fig. 2, 5).

Analizujac rozkiad przestrzenny strontu w skatach gipsowych i weglanowych poludniowego obrzezenia Gor
Swietokrzyskich, najwyzszq $redniq zawarto§é tego pierwiastka — lokalnie osiagajaca koncentracje interesujaca
zlozowo — stwierdzono w rejonie staszowskim (fig. 5, tab. 3).

Wyniki badaii sugeruja, e czynniki regulujace rozklad zawartosci strontu sa zwiazane zaréwno z warunkami
sedymentacji w zbiorniku ewaporacyjnym, jak i z péZniejszymi procesami dia- i epigenetycznymi, determinujacy-
mi stabilno$¢ strontu w obrgbie macierzystych skat gipsowych. Dalsze poszukiwania z16Z strontu winny byé
prowadzone na obszarach wychodni i ptytkiego podpowierzchniowego wystgpowania wapieni pogipsowych i
gipsow objetych intensywnymi przeobrazeniami w procesach rozpuszczania-rekrystalizaciji i bakteryjnej redukcji
lub kalcytyzaciji. :



