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Abstract: Pale brownish celestine-rich salt rocks were found near the Franciuszek Miiller gallery, in the chambers
of the 3rd level in the Wieliczka Salt Mine. The complex of rock salts subjected to exploration occurred within
a large seam approximately 15 m thick. Detailed research revealed that the salt has the form of a block incorpo-
rated within the gray salts body and being similar to other blocks of green salts, well known in the upper part of
the deposit. A characteristic petrographical feature of the pale brown rock salt owed to the presence of celestine
(SrSO,). That strontium mineral was re-examined, using X-ray powder data, and scanning microscope observa-
tions, with EDS analysis.

The investigated rock salts exhibited a mineral association of halite (main component), anhydrite, celestine,
calcite, gypsum, clay materials, iron compounds and a small amount of bitumen. In terrigenous sediments and
the insoluble part of salt occurred higher content of strontium that in halite. Celestine crystals were observed in
two forms: elongated platy crystals, forming fan-shaped aggregates and granular aggregates, strongly associated
with anhydrite. On carbonate and sulphate strontium usually appearing as needle shaped aggregates of celestine.
No barium minerals were observed.

The development and paragenesis of celestine suggested a post-sedimentary origin of these rocks that ought
to be connected with diagenetic processes. An important observation that confirmed that thesis was the transfor-
mation of fine crystalline anhydrite into platy crystals, recrystallization and primary accumulation of strontium,
as a result of evaporation processes.
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INTRODUCTION

During the inspection of the workings at Level
IT of the east section of the Wieliczka salt depos-
it in the 1960’s, brownish-pink salt was found in
one of the chambers. The formation was clearly
distinct in colour on the background of the typi-
cally gray surrounding salt rocks. The brownish-
pink and pale brown salt formed a large boulder,
later classified as the Oldest Salt by J. Wiewidrka
(Wiewidrka 1973). The studies conducted at that
time indicated increased strontium and barium
content in salt (Prochazka et al. 1969). Similar

types of salts were observed mainly in the east
section of the deposit. It was established at the
early stage of studies that this kind of salt did not
match the surrounding formations and displayed
clearly diverse properties and chemical compo-
sition.

The purpose of this paper was to collect all
of the available data on the so-called strontium
and barium salts and present the results of our
new studies completed last year. The main as-
sumptions of this study consisted in the verifica-
tion of the old data and confirmation of previous
hypotheses on the formation of the type of salt
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in question, using currently available research
methods. To explain the origin of the increased
strontium content in salt, the researchers con-
ducted proper analyses and compared the col-
lected samples with those of dolomite salts that
occur in the boulder sections of the Wieliczka salt
deposit.

LOCATION

The Wieliczka salt deposit is situated in southern
Poland, within the Carpathian Foredeep basin,
among the folded Miocene sediments in the Car-
pathian orogenic front (Fig. 1). The Wieliczka salt
deposit shows the shape of a strongly elongated el-
lipsis whose longer axis runs W-E, with the length
of ca. 7 km, while the shorter axis is S-N and about
1 km long.

POLAND

KRAKOW

________

p100km

_____

GRABOWKI

l-27T 0 1500m
MAP LEGEND
_____ boundary of wysLENCE
Wieliczka salt deposit
R shaft
[ study area
| Carpatian Foredeep

Fig. 1. Location of the research area

The object is the pale brownish salts, with in-
creased strontium and barium contents (after
Prochazka et al. 1969), as well as dolomite salts.
Samples were collected from Chamber 3/307
at Level III, at the depth of ca. 140 m under the
ground level, about 1,800 m east of the St. Kinga
Shaft (Fig. 1). That location was close to the Karol
Marek Incline, ca. 50 m east of the Franciszek
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Miiller Gallery. The sampled salts occurred as
a characteristic complex of pale brownish rock
salts distinguished from the surrounding gray
salts (Prochazka et al. 1969). Dolomite salt samples
were collected at Level I, at the intersection of the
Sielec Drift and the Kunegunda Gallery, 20 m away
from the St. Kinga Shaft.

GEOLOGICAL SETTINGS

The rock salts extracted from the Wieliczka Salt
Mine belong to the Wieliczka Formation that was
recognised as a Miocene (Badenian) salt series,
deposited on a large area of the Carpathians. The
Wieliczka Formation is spread over the territories
of Poland, Ukraine, Slovakia, and Romania (Gar-
licki 1979, Peryt 2006, Bukowski 2011), as well as
Hungary (Baldi et al. 2017).
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The Wieliczka Formation constitutes a rela-
tively small section of the Miocene marine sedi-
ments and is closely associated genetically with
the geological structure of the area. Theformation
was created about 13.6 million years ago (Dudek
et al. 2004, de Leeuw et al. 2010) during the so-
called Badenian salinity crisis (Peryt 2006, Bu-
kowski 2011).
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The present shape of the deposit was formed
as a result of complex syn-sedimentation (Ko-
lasa & Slagczka 1985) and tectonic processes
(Gawel 1962). The present shape of the depos-
it was formed as a result of complex syn-sedi-
mentation (Kolasa & Slgczka 1985) and intensive
tectonic movements and the overthrust of the
Carpathians on the Miocene deposits, the most
significant processes that were responsible for
the deposit’s shape included folding, overthrust,
and layer softening (plastification) (Prochazka
et al. 1969). Those processes finally affected the
original arrangement of evaporites. with the
deformation and fracturing of original layered
structure (Fig. 2). The final stage of the current
salt deposit shaping took place during the peri-
od of erosion and modelling of its top surface.
Uncovered surfaces were subjected to intense
transformations, creating the so-called silt-and-
gypsum cap (cap rock). This process continued
until the Pleistocene when the ice sheet advanced
onto the deposit areas, and the open parts of
the salt deposit were covered in a gigantic ice
sheet.

In the Wieliczka Salt Mine, the lower, layered,
and upper boulder deposits were distinguished.

The beds constituting the lower part (stratiform)
with evaporitic character are strongly tectonical-
ly affected. They create elongated scales, separat-
ed by terrigenous formations. However, the upper
section contains salt boulders (breccia) of various
sizes, mixed within claystones and clay-salt rocks
(Zuber). Macroscopically, three salt varieties are
identified in the boulder section of the deposit:
typical laminated green salt, coarse-crystalline
stained-glass salt, and dolomite salt (Pawlikowski
1978). Such boulders often occur in reverse or ro-
tated positions.

The salt boulder with strontium and barium,
located in the research area (Fig. 3), had probably
been a piece of original thick rock salt bed that
was cracked and relocated as a result of tectonic
movements. In contrast to the surrounding zuber
and claystone rocks that were deformed plastical-
ly, the salt block behaved as a rigid boulder and
preserved its original internal structure (Alexan-
drowicz 2000, Prochazka et al. 1969).

The salt boulders are surrounded by heavily
cracked and lustered claystones, and the contacts
between them are irregular. Thin layered deposits
of stratiform green salt, shaft salt, and Spisa salt
are found east of the boulders.
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Fig. 2. Geological cross-section of the Wieliczka salt deposit, along the +284 055 meridian (based on Gawel 1962, Alexandrowicz

2000 and the mining maps of the Wieliczka Salt Mine)
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On the north side of the salt boulder, about
20 m south of the Franciszek Miiller Drift II
(Fig. 3), the occurrence of wedged blocks of sand-
stones and mudstones separated from the under-
salt sandstone beds was identified.

The rock salt reminding of green salt (but with
distinctly larger halite crystals and clearly macro-
scopically visible a large type proportion of car-
bonates), is situated between sandstone and mud-
stone blocks and the pale brown salt layers (or
those of salt with strontium and barium).
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Fig. 3. Research area at Level III, near the Karol Marek In-
cline and the Franciszek Miiller Drift (based on Gawel 1962,
Prochazka et al. 1969 and the mining maps of the Wieliczka
Salt Mine)

Normal sequences of Green salt, interbed-
ded with claystones, Shaft salt, and Spisa salt, oc-
cur farther to the north of the Franciszek Miiller
Drift IT (Fig. 4). After a detailed analysis of the
neighbouring cross-corridors and drifts, it was
possible to identify a similar separation east of
the chambers that had been previously studied
and at Level V of the same location in the deposit.
It should be highlighted that the salt boulder in
question is located within a layered section of the
deposit and it can be stated, on the basis of geo-
logical relationships and the shoal arrangements,
that the boulder is reversed in respect of its origi-
nal location.

= Block of salt, zuber, marly claystone
Boulder deposit

Upper spiza salt

Lower spiza salt

Shaft salt
Stratiform deposit

Stratiform green salts

Undersalt sandstones 10

Oldest salts

B & O A4+

 Strontium-rich salts

s s
* Dolomite salts

1. Skawina Beds 2. Sandstones 3. Claystone and siltstone with anhydrite
4. Zuber 5.Rock salt 6. Chodenice Beds

Fig. 4. The lithostratigraphic column of the Wieliczka salt se-
ries (after Wiewidrka 1973, Garlicki 1979), with indication of
strontium-rich and dolomite salts

METHODOLOGY

The studies concentrated on evaporitic rocks be-
longing to the brownish salt with strontium and
barium separation at Level III and the dolomitic
salts at Level I. Brownish salt samples collected
from Chamber 3/307 of Level III and dolomitic
salt samples collected from the east section of the
corridor wall, at the intersection of the Sielec Drift
and Kunegunda Corridor, were used in our anal-
ysis. Samples were cleaned and described, with
drafting of the photographic documentation of
the rocks on a macroscopic scale.

The brownish salt samples from Level III,
weighing 5 kg, were dissolved in 201 of bi-distilled
water by means of the gravitational method. Next,
the brine was drained until any reaction with 5%
AgNO, disappeared. To improve the quality of
fraction separation, the samples were additionally
separated by ultrasound. The residue, received as
a result of rock salt purification in water, was de-
canted, dried at room temperature (24-25°C), and
weighed on a technical scale, with the accuracy of
0.01 g. That allowed us to calculate the percentage
proportions of insoluble parts, in respect to the
original sample weight.
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The dolomite salt samples collected at Level I,
weighing 313 g, were dissolved in 51 of deminer-
alized water by means of the gravitational meth-
od. Next, the brine was drained until any reaction
with 5% AgNO, disappeared. After dissolving, the
final sample constituted an averaged mass of sev-
eral samples collected within the same separation.
Since only two significant fractions could be iden-
tified in the undissolved residue, the sample was
not separated into fractions like it happened in the
previous case.

As to the detailed studies, observations were
conducted, using a Motic SMZ-168-BL stereo-
scopic microscope. During those tests, single an-
hydrite crystals, with interesting ingrowths and
forms, were separated from the 0.5-2 mm fraction
for further analysis.

The studies with a FEI Quanta 200 FEG scan-
ning microscope allowed to obtain the images of
single crystals, with their ingrowths, and to de-
termine the preliminary chemical composition
of both background and ingrowths being tested,

with the application of the EDS analysis. The se-
lected Samples: K1 (<0.008 mm); K2 (0.5-2 mm);
and K3 (>2 mm) were subjected to an XRD analy-
sis, with the use of a PHILIPS X’PERT PW 1729 X-
ray diffractometer, with a reflective graphite mon-
ochromator (Cu Ka radiation).

ROCK CHARACTERISTICS

Pale brown salt from Level III, subjected to our
studies, represents rock salt with diverse colours,
mineral compositions, and structures (Fig. 5A, B).
Accompanying gangue contained primarily ter-
rigenous pelitic material, occurring in the form
of interbedding. Such rocks are polymineral, in
pelitic fraction, and often mixed with fine halite
crystals. The gangue was clearly distinguished on
the background of halite, creating thin laminae,
up to 10 cm thick, or 2 cm on the average (Fig. 5C),
with diverse colours (gray, dark gray, and often
brownish). Intense interbedding of halite and ter-
rigenous rocks was observed locally.

, Galttighy o 7
Fig. 5. Occurrence of strontium-rich salt and dolomite salt in the Wieliczka salt deposit: A) clearly visible layers of the salt boul-
der; B) a wall fragment showing salt, with the specific brownish-red colour; C) fine laminated rock salt with terrigenous material

(location: Level I1I, about 1,800 m east of the St. Kinga Shaft); D) dolomite salt, with irregular structure; halite crystals over-
grown with terrigenous pelitic sediments are visible (location: 20 m from the St. Kinga Shaft, Level II)
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In the terrigenous rocks (Fig. 5C), the pelitic
fraction is composed of carbonates (positive HCI
tested) and the silt material contains quartz. Mi-
croscopic observations revealed single feldspars,
anhydrite, and gypsum crystals, in addition to
quartz (Fig. 6A, B)

The rock salts of the salt boulder did not con-
stitute a uniform mass. Part of deposit coul iden-
tify salts by various colours, grain sizes, and inter-
nal halite formations. Primarily, two types of salts
could be distinguished: gray salt laminated with
terrigenous material and brownish-pink salt, with
disordered a texture. Laminated rock salts (sample
SK1) were characterised by the repetition of lam-
ina sets, composed of a layer of terrigenous mate-
rial, medium-sized halite crystals, and large hal-
ite crystals, with the layers of nodular anhydrite.
The first bottom layer H1 consisted of terrigenous

pelitic material, with fine halite crystals, gray or
brownish, locally wedged or thickened.

Above the terrigenous material there occurred
a halite layer H2, with large xeromorphic hal-
ite specimens. Those crystals were transparent
at their edges as a result of crystallisation, and
milky or turbid inside, preserving the original
zonal structure of the crystals. Additionally, mi-
croscopic observations confirmed the presence
of liquid and gas inclusions (Fig. 7). Small vein-
like concentrations of silt and terrigenous mate-
rial were found between the halite crystals. The
structure and composition of those veins were the
same as those of the layers below. The third layer
H3 (Fig. 8) was composed of xeromorphic and iso-
metric halite crystals, of a snow white colour and
without ingrowths or distinct discolouration, rep-
resenting large-crystal structures.

Fig. 6. A microscopic image of particular mineral fractions, with the identification of main minerals. The photograph was taken
under a binocular magnifying glass: A) large overgrown gypsum crystals; B) image of 0.5-2 mm fractions, large anhydride crys-
tals and insoluble collapsible pelitic fraction; C) an image of two types of anhydrite as a fully formed crystal and a clumsy, fine-
grained clump of anhydrite; D) the whole image of insolube crystals-mix of gypsum, anhydrite and pelitic fraction

https://journals.agh.edu.pl/geol
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Fig. 7. A microscopic image of terrigenous material in dispersion: A) between crystals of anhydrite and halite indicate with inclu-
sion group, magnification 20x; B) as a compact mass, the background is the group of inclusions in halite crystals, magnification 5x
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Fig. 8. Sketch of the internal structure of laminated salt from Chamber 307/3, Level III: 1 - terrigenous pelitic material, with
fine halite crystals, 2 - large xeromorphic halite specimens, with small vein-like concentrations of silt and terrigenous material,

3 - xeromorphic and isometric halite crystals, with snowy white large-crystal structures

They lacked zonal structure, as it was the case
of the lower layers. Terrigenous material covers
the layer top.

Non-layered rock salts (sample SK2) repre-
sented a uniform structure of the whole rock
mass, without delamination. Terrigenous mate-
rial is dispersed within the rock (Fig. 7A, B) built
veins and concentric clusters. Anhydrite was de-
veloped in the form of gray or gray-blue concre-
tions (nodules), ingrown between large halite crys-
tals. Particular halite crystals were large or even
very large (up to 5 cm), isometric, anisometric, or
xeromorphic. They had a zonal internal structure
(Fig. 9A, B). Large halite crystals were bound by
fine crystal specimens. The colours of non-layered
rock salt were diverse in saturation and they de-
pended on the quantity of terrigenous material
concentration. Exceptionally large halite crystals,
with a distinct zonal structure, were transpar-
ent on sides and milky white inside. Similarly to

previous layers, those salts also reacted (although
poorly) with HCl which indicated some admixture
of carbonates.

Locally, non-laminated salts could also be dis-
tinguished, with distinct and large concentrations
of terrigenous material. Those salts displayed the
most intense colours among all the previous-
ly mentioned specimens (sample SK3). The salts
were non-layered, with large and zonal crystals,
interlaced with anhydrite and terrigenous mate-
rial ingrowths. Terrigenous minerals were part-
ly brownish, beige, or stained by which the salts
obtained intense colours. The reaction with HCIl
was rapid which clearly indicated the abundant
presence of carbonates that could easily be distin-
guished macroscopically. In comparison with the
previously mentioned layers, they represented ex-
ceptionally pure composition. When hammered,
they released salts of a type with an unpleasant bi-
tuminous smell.

Geology, Geophysics and Environment, 2017, 43 (1): 57-68
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Fig. 9. Salts without overgrowths, non-layered, with intense brownish colour and bituminous smell, sample SK2, Wieliczka,
Level III: A) fragment of the primary halite texture; B) image of a sample with coarsely halite crystals with preserved primary
textures

To compare the compositional anomalies or
confirm similarities, dolomite salts were subjected
to additional verification tests since previous tests
had indicated increased strontium contents, with
a large proportion of silt material (Fig. 5D). The
specimens in question can be described as con-
tained the medium-sized or large-size halite crys-
tals. Single specimens or large clusters of halite
crystals were ingrown into the compact gray mass
of calcium carbonate, silt, anhydrite, and pelitic
terrigenous material. The proportion of undis-
solved material of the given separation amounted
to as much as 22%.

RESULTS

The investigations were focused on two sample
sets. The first is typical for the non-layered salts
representing the most intense colours, uniform
internal structure (sample SK3, 2, K4) with dis-
tinct terrigenous material and carbonate concen-
trations. The second sample set represents the do-
lomite salts of Level I for comparison.

Sample K2 contains insoluble parts of salt, with
strontium in the fraction of 0.5-2 mm (Fig. 6A-
C), while Sample K4 represents the material of the
whole rock (non-layered salts). Sample KD1 con-
tains fragments of the averaged dolomite salt of
Level I. Sample KD2 represent the results of the
insoluble residuum of those salts in all fractions.

Celestine was distinct in the microscopic im-
age, owing to its diverse form of occurrence in

respect of that of the background minerals. Celes-
tine often developed mono-crystals with rhom-
bic symmetry, usually plate crystals, according
to [001], pillar crystals, and crystalline brushes.
The mineral also occurred in compact and grain
forms. Celestine plates were elongated in axes x
or y and ended with the typical crystal cut in their
upper parts. The crystal wall coefficients were
discussed in [001], [110], [011], [102]. Celestine
showed poor pleochroism. It was distinguished
on the anhydrite background by a stronger re-
lief, poor birefringence, and clear pillar cleavage
(Fig. 10C, D).

A clear bright colour of celestine, visible in the
scanning microscope with a BS attachment, al-
lowed the easy identification of the mineral. In
the samples collected from SK3, celestine usual-
ly created either needle aggregates on carbonate
concentrations (Fig. 10A, B) or it filled anhydrite
voids. Their size was mostly 0.03-0.06 mm. Single
specimens reached more than 0.2 mm. Based on
the observations under a SEM microscope and the
transmitted light plates, it was possible to identify
two types of celestine: distinctly elongated plates,
creating fan-rosette aggregates (Fig. 10C), auto-
or hypo-automorphous specimens, quite strongly
elongated, according to [100], adhering along the
longer edges to form fans and xenomorphs, iso-
metric specimens, adhering along the shorter edg-
es to form brushes (Fig. 10D). They either occur
mainly on carbonate grain or grew on anhydrite
(Fig. 10A, D).
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Fig. 10. Photos of brownish salt with strontium from the Wieliczka Salt Mine, taken by a scanning microscope, with a BSE
mode: A) a single crystal of anhydrite with accumulation of strontium minerals; B) cracked and disolved surface of anhydrite,
with accumulation of celestine crystals; C) magnification of fan-rosette celestine aggregates on anhydrite surface, with dia-
gram of chemical analysis(in frame); D) a concretion of needle aggregates of celestine crystals (Cs), with SEM-EDS analysis

below

Anhydrite occurred either as separate concen-
trations or as single rectangular specimens fixed in
halite (Figs. 6C, D, 11A, B). It often created miner-
al overgrowths, together with celestine. Large plate
specimens, with rhombic symmetry, were noticea-
ble, mostly with a large number of voids filled with
celestine. Such specimens were from 0.3 to 1 mm
large and often occurred in twin forms and indi-
cated a strong flattening in the direction of axis y
(Strunz 1966), with strong elongation in the direc-
tion of axes x and z. The plate-shaped halite crystals
most often grew out of the fine crystalline centres
of terrigenous material, in the direction of halite
mass, or otherwise created independent plate spec-
imens, often overgrowing each other (Borkowska
& Smulikowski 1973). The gypsum that occurred
commonly, especially in insoluble materials, was

less often observed in thin cut sections. The min-
eral created xeno- and automorphous concentra-
tions, isolated in halite, as well as single brush con-
centrations (Fig. 6A). One could see gypsum in
thin cut sections, mainly in cracks and in the form
of fully developed minerals, twin forms, and brush
growths. Gypsum represented a poor negative re-
lief and birefringence. The gypsum sample extin-
guished light when tilted

Identification of calcite and other carbonate
minerals was quite difficult owing to their fine
crystalline form. During further tests, with the
use of the X-ray method, the occurrence of dolo-
mite was also identified. Most often, the miner-
als created various forms of concentrations among
the halite crystals; usually irregular and asym-
metric, forming lumps or veins.

Geology, Geophysics and Environment, 2017, 43 (1): 57-68
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The presence of celestine was additionally con-
firmed by the analysis of the X-ray phase of samples
K1, K2, and K3. The results were compared to the
model values for network separations regarding
celestine, in accordance with the respective table

(Michejew 1957). Adequate compliance of peaks in
the samples confirmed the occurrence of celestine,
dolomite, and anhydrite. Celestine occurred joint-
ly with carbonates. The peaks of the basic minerals
were similar in three samples (Fig. 12).

Fig. 11. A microscopic photograph of brownish salt with strontium from the Wieliczka Salt Mine, taken in transmitted light:
A) a group of crystals of anhydrite, PPL, magnification 50x; B) anhydrite crystals, XPL, magnification 50x; C) needle aggregates
of celestine crystals, XPL, magnification 20x; D) fan-rosette celestine aggregates(centre), XPL, magnification 20x
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Fig. 12. Diagram of qualitative interpretation of the tested samples (K1), with the use of X-ray spectroscopy: A - anhydrite;
Cs - celestine, G - gypsum. Graph: Cu, Ka; 1.541837
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DISCUSSION

Strontium is quite common in the rocks of the
earth’s crust (Wedepohl & Turekian 1961); never-
theless, strontium minerals are rather rare. Stron-
tium occurs mainly in the form of isomorphous
dispersion (Noll 1934, Turekian & Kulp 1956).
Primary strontium minerals in evaporates devel-
op only and exclusively during seawater evapora-
tion (Zherebtsova & Volkova 1966), while second-
ary ones in the processes of physical and chemical
transformations of the minerals from the groups
of sulphates and carbonates, such as gypsum, an-
hydrite, and transformations of marls. Free stron-
tium is released to the environment as a result of
such transformations. Strontium starts to develop
its own new mineral, celestine, or less often stron-
tianite (SrCO,).

In carbonate rocks (e.g. limestone), the Sr to
Ca ratio proportion is fairly low (Usdowski 1973)
and limited by a poor possibility of Sr incorpora-
tion into the calcite crystal lattice. Only aragonite
represents a type of network being similar to that
of strontianite and that is why it can contain up
to several percent of Sr. In salt deposits, only cal-
cite is the primary and stable phase (Noll 1934).
Dolomites generally display lower values of stron-
tium than limestones and that is associated with
a considerably lower proportion of CaCO, (Miil-
ler 1962).

Strontium is bound primarily with gypsum
and anhydrite in sulphate rocks. The proportions
of those minerals in salt rock are quite high (Us-
dowski 1973) and they often influence the chemi-
cal composition of the salt deposit. However, it is
necessary to determine whether we are dealing
with primary or secondary gypsum in a particu-
lar deposit. Secondary gypsum, created as a re-
sult of the intake of water from the environment,
contains lower quantities of strontium than the
surrounding anhydrites (mainly based on the
fact that the molecular mass is higher than in the
anhydrite due to the 2 moles of H,O in the gyp-
sum). The process can run in a reverse direction
when gypsum is dehydrated (Herrmann 1961).
Silt sediments, however, often get enriched with
strontium as a result of absorption (Turekian &
Kulp 1956).

CONCLUSIONS

The whole tested salt samples definitely demon-
strate increased strontium content, exceeding the
average content of that element found in the rock
salt separations. Chemical and microscopic tests
were unable to confirm the increased barium con-
tent that had been clearly indicated in previous re-
search (Prochazka et al. 1969). In addition, the oc-
currence of dolomite and anhydrite was identified
in large quantities which significantly affected the
chemical composition of the salt samples being
tested. The brownish colour of salt was associated
with the occurrence of dispersed pelitic material,
with iron hydroxides that occurred in the form of
irregular concentrations.

In the case of the Wieliczka brownish salts,
we are probably dealing with two generations of
celestine: the primary generation formed during
brine evaporation, and the secondary generation
developed as a result of the release of excess stron-
tium by sulphate rocks, in the processes of physi-
cal and chemical transformations, also associated
with dispersed carbonate material.
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