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Chemical composition of brines in Miocene evaporite basins
of the Carpathian region

VOLODYMYR M. KOVALEVICH, OLEG I. PETRICHENKO
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National Academy of Sciences of Ukraine, Naukova 3a, 290053 Lviv, Ukraine.

Abstract.The chemical composition of brines in primary inclusions of primary halite from Miocene evaporite
formations in the Carpathian region including the Carpathian Foredeep, East Slovakian, Transcarpathian, and
Transylvanian basins, have been studied in order to determine the similarities and differences in composition
of basin brines. The chemical compositions of fluid inclusions indicate that brines from all basins studied
belong to the Na-K-Mg-Cl-S04 type and the proportion of the ions was close to modern seawater saturated
with NaCI. The slightly decreased content of S04 is found in all basins, that is probably caused by the inflow
of continental water. An especially low content of S04 was typical for evaporite formations in the smallest,
East Slovakian basin. The geochemical data on Miocene evaporites of the Carpathian region confirm the idea
that seawater was the main source of the salts and had the composition close to modern seawater.
Key words: Miocene, evaporite, salt, halite, fluid inclusions, Carpathian region.

Introduction

The question of genesis of Miocene evaporites in the
Carpathian region is still under discussion because of
peculiarities of evaporite sequences in that region.
Salt-bearing sequences in the Carpathian Foredeep are
characterized by a high content of terrigenous material
and by the presence of potassium-magnesium sulfate
salts, and the East Slovakian basin differs by its small
area. Most evaporite sequences have a very complicated
tectonic structure and a wide distribution of breccia. In
the Transcarpathian and Transylvanian basins, salt dia-
pirs are developed. Data on the chemical compositions of
brines in inclusions in sedimentary halite are very impor-
tant sources of information for revealing evaporite gene-
sis. They permit the reconstruction of the composition of
brines in ancient basins, and thus provide information
about the source of salts. The results of analyses of fluid
inclusions in halite from Miocene evaporites are espe-
cially important, because the chemical composition of
seawater (as a standard for correlation) at that time is
known; it could not differ significantly from modern
seawater taking into account the age of these evaporites
(cf. Holland, 1978).

Up to now, the fluid inclusions in sedimentary halite
from several evaporite sections from the Ukrainian Fore-

carpathian and Transcarpathian regions have been stud-
ied in detail (Kovalevich, 1978, 1994; Khrushchov &
Petrichenko, 1980; Kityk et al, 1983; Petrichenko,
1988). From the Badenian evaporites of East Slovakia
and Transylvania, only a few samples have been investi-
gated (Petrichenko, 1988). In this paper, new geoche-
mical data for these four basins are presented, and the
existing information on brine composition in basins and
genesis of evaporites in this region are summarized.

For three reasons, we present data on the composition
of brine inclusions in halite that has precipitated at rela-
tively early stages of brine saturation: (1) The potash
salts were formed only in evaporite sequences of the
Forecarpathian basin, and they have been studied in
detail (Kovalevich, 1978, 1994; Peryt & Kovalevich,
1997). (2) For reconstruction of seawater composition, in
our opinion, it is necessary to use samples from the low-
est parts of halite sequences that were formed from
brines of relatively low concentration, because further
evaporation leads to significant changes in ion ratios up
to the complete loss of sulfate ion. Specifically, such a
picture of brines evolution has been established for the
Permian basin of the Uralian Foredeep (Kovalevich &
Petrichenko, 1994). (3) The halite sequences with a rela-
tively low concentration of brine inclusions have been
found in all evaporite formations of the region.
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Geological setting

The Miocene evaporite basins in the Carpathian re-
gion are in Slovakia, Poland, Ukraine and Romania in
foremountain and intermountain depressions (Fig. 1;
Sonnenfeld, 1974). The ages of evaporite sequences
range from 14 to 22 Ma, although the stratigraphic posi-
tion of some of them is doubtful.

Forecarpathian basin. Evaporite deposits of the Car-
pathian Foredeep belong to a thick Miocene molasse
unit. Questions about the number of evaporite formations
in the molasse section, their thicknesses, stratigraphy and
tectonics are still being discussed.

According to recent views (Dzhinoridze et al., 1980;
Korin, 1992, 1994), there are only two evaporite forma-
tions in the Carpathian Foredeep: Vorotyshcha and Tyras
of Eggenburgian and Badenian age, respectively. The
deposits of both series occur as narrow bands along the
entire foredeep. The real thickness of each series is
100-130 m. Salt-bearing parts of these sections are com-
posed of salt breccias, rock salt and lenticular beds of
potassium-magnesium salts of chloride-sulfate type in the
middle parts of the series. Gypsum-anhydrite rocks are
widely developed only in the upper (Tyras) formation,
and in the marginal part of the basin they make up the
entire formation. Salt deposits of both sequences are

evaporites
of Badenian
evaporites
Of Karpatian
evaporites of
Eggenburgian
sampling points:
1-Wieliczka, 2-Selets
3-Dolyna, 4-Zabolotiv
5-5)arwc -Prahova
6-Victoria, 7-Ocna Dej,
8-Sok>tvyne, 9-Mukacheve,
X)-Zbudza,ti-Solna Bana

potash salts deposits
that are exploited
in Ukraine:
1-Stebnyk, 2-Kalush

FOF^
CARPATHIAN
PASIN **

Fig. I. Occurrence of Miocene evaporites in the Carpathian region (after Garlicki, 1979; Popescu et al.,
1973; Stoica & Gherasie, 1981; Panow & Plotnikow, 1996).
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pressed into narrow, often recumbent, folds and are off-
set by reverse faults. Such a complicated folded-thrust
construction caused the salt-bearing deposits to be 1000
and more meters thick in parts of the Carpathian Fore-
deep.

Kainite and langbeinite as well as less frequent
sylvite, kieserite and polyhalite are the most common
minerals in the potassium-magnesium salt deposits.
Within the Carpathian Foredeep more than 10 deposits of
potash salts are known and two of them are exploited -
Stebnyk and Kalush (Fig. 1).

In the Eggenburgian evaporite formation, the primary
sedimentary forms of halite (chevron and hopper crys-
tals) are rare, and in the Badenian evaporites they are
widespread. The largest chevron crystals are observed in
the Wieliczka rock salt deposit in Poland (15 cm in
length). From data on inclusions in halite from the Eg-
genburgian formation, in this paper we use only those
that have been obtained from the lowest parts of under-
lying rock salt (Ukraine, three boreholes near Dolyna,
see Table 1). Several sections without potash salts from
the Badenian formation of the Carpathian Foredeep have
been studied, particularly in the Wieliczka (Poland),
Slanic-Prahova (Romania) and in Selets and Zabolotiv
(Ukraine) regions.

Intracarpathian depressions. The smallest is the East
Slovakian basin. Two salt formations have been cut by
boreholes in the Miocene in this basin (Karoli, 1994).The
lower, Solna Bania Formation, is Karpatian age and 300 m
thick. It contains a lot of terrigenous material, and its upper
part is composed of breccia. In borehole 131 we have
studied the sedimentary relics in halite, but the relatively
large fluid inclusions suitable for analysis have been found
only in one sample. The upper, Zbudza Formation (see
Fig. 1), is Badenian age and about 200 m thick. The most
typical section of the formation includes the rock salt
sequence within clayey deposits. In studied sections of
rock salt from boreholes Zb-1 and Ep-2, we have found
many large chevron crystals of halite.

The Transcarpathian basin is a medium size basin.
Rock salts occurring there have a thickness of about
500-600 m (Korenevsky et al., 1977) and belong to the
Badenian Tereblin Formation. The older (Karpatian)
evaporites (Fig. 1) in that basin consist of sulfates only
(Kityk et al., 1983). Two depressions - Solotvyne and
Mukacheve - are distinguished within the Transcarpathian
basin. In the most complete sections, the Tereblin Forma-
tion is subdivided into three horizons: the lower and upper
are salt-bearing, and the middle is terrigenous (Kityk et al.,
1983). The rock salt deposits have a low content of terri-
genous material and are characterized by well-preserved
bedding in rocks with chevron relics in halite. Due to tec-
tonic movements, the disharmonic folding has been
formed. It is better expressed in the Solotvyne Depression,

where the large diapiric structures, that partly or comple-
tely cut the capping rocks, are present. One such diapiric
structure is the Solotvyne rock salt deposit. The rock salt
we sampled for investigation comes from the upper hori-
zon. The section of salts from the Mukacheve Depression
has been studied in borehole 6-T near Mukacheve.

The Transylvanian basin is the largest one among the
Intracarpathian depressions. The salt-bearing sequence of
this basin is similar to those described from the Solot-
vyne Depression and is also to Badenian. Korenevsky et
al. (1977) have distinguished three tectonic zones within
the Transylvanian Depression: a monoclinal zone (in
margins of depression); a zone of salt massifs and diapirs
(closer to the centre) and dome-like folds (in the centre).
Most of the salt massifs, as a matter of fact, are deposits
of relatively clean rock salt. The visible thickness of salt
in some massifs is more than 2000 m. In studied samples
from the "Victoria" and "Ocna Dej" rock salt deposits,
numerous relics of chevron halite have been recorded.

Primary fluid inclusions in primary halite

The specimens were sampled only from bedded rock
salt. The thickness of individual layers in sampled sec-
tions ranged from several to a few tens of cm. The sizes
of halite grains (or crystals) also vary, from 1 mm to 15
cm. We sampled the most coarse-grained varieties of the
salt with macroscopic chevron structures except the Eg-
genburgian Vorotyshcha Formation in the Carpathian
Foredeep where we sampled the relatively fine-grained
rock salt (with grain sizes less than 8 mm across). By
size and structure, the sedimentary forms of halite in
studied evaporites show a considerable variability.
Structures, with or without rhythmic zonation and some-
times both occurring within the same sample, differ by
inclusion sizes and their amount per volume unit of the
crystal (Fig. 2-5). In many cases, the processes of re-
crystallization have led to sedimentary forms preserved
only as rare relics. The largest chevron structures were
preserved in the Badenian formations of all basins. Inclu-
sions in sedimentary structures are usually one-phase
fluid, have a cubic, or close to cubic, shape and are ori-
ented along the growth zones of crystals. The size of
inclusions ranges from a fraction of urn to 200-300 um,
but rarely reaches 1 mm. It is important to emphasize that
we have found a lot of fluid inclusions with sizes above
100 um in halite and these are suitable for chemical
analyses.

Fluid inclusions in chevron and hopper crystals are
the microdrops of brines trapped during the growth of
these crystals. Such a concept is shared by most investi-
gators that have studied the process of crystallization of
halite sedimentary forms (Valiashko, 1951, 1962; Dell-
wig, 1955; Raup, 1970; Roedder, 1984). We think that
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Fig. 2. Chevron structure in halite with asymmetric con-
struction and very thin zonation and minute fluid inclusions.
East Slovakia, Badenian, borehole Zb-1, depth 132 m

this conclusion has been especially substantiated during
last years, after obtaining the data about alteration of
composition and concentration of inclusion brines in

sections coming from many evaporite formations
throughout the world (Petrichenko, 1988; Kovalevich,
1990).

In chevron halite from the Mukacheve Depression
(borehole 6-T), two-phase gas-fluid inclusions are present
(see Fig. 5). The gas phase does not exceed 1% of
inclusion volume. It should be emphasized here that a gas
phase is present in all inclusions (not depending on their
sizes) and the homogenization temperature is similar
within every sample from the same depth. We suppose that
the gas bubbles result from partial spliting of inclusions
due to a high geothermal gradient in the region, and these
inclusions are also of use for reconstruction of the
chemical composition of brines in basins, considering the
small volume of possible loss of brine from inclusions.

The results of chemical analyses of inclusion brines
and interpretation

The analysis of inclusion brines was done using the
Petrichenko (1973) method of glass capillaries. The
contents of K, Mg, S04 were determined. The analytical
error of the applied method is ca. 20% when one meas-
urement is done so, to decrease the error of determina-
tion, a few analyses for each compound in inclusion
brines in each sample have been carried out. The inclu-
sions over 100 um across were used for analyses, al-
though the method permits the analysis also of smaller
inclusions (about 40 urn). The results are presented in
Table 1.

Fig. 3. Fragment of chevron structure in halite with symmetric construction and relatively large fluid inclusions. Carpathian
Foredeep, Wieliczka deposit, Badenian.
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Fig. 4. Fragment of chevron structure in halite in part with rhythmic zonality. Inclusions are liquid with gas bubbles.
Transcarpathians, Mukacheve depression, borehole 6-T, depth 1074 m

Fig. 5. The detail of chevron structure in halite shown in Fig. 4. The gas phase in inclusions is distinctly seen.

Because of the numerous data, only the average val-
ues for separate samples or groups of samples are shown.
The grouping of results is applied only when the distinct
stratigraphic location of samples in sections is unknown
and when the obtained data are similar by total concen-
tration of brines as well as by ratio of ion content. Speci-
fically, the average data are presented for groups of
samples from salt diapirs Solotvyne and Slanic-Prahova

and for boreholes cutting the Vorotyshcha and Tyras
deposits in the Ukrainian part of Carpathian Foredeep.

Considering the data in Table 1, the average contents
of ions in brine inclusions in halite from all studied for-
mations (Table 2) have been calculated. We consider these
results to correspond to the composition of brines in
evaporite basins during crystallization of halite from
sampled sections. The data indicate that the brines of all
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Table 1. The chemical composition of brine inclusions in primary halite of Miocene evaporite formations of the Carpathian region
(g/l of solution)

Location, depth; number of samples Mg S04

FORECARPATHIAN BASIN, VOROTYSHCHA FORMATION,
EGGENBURGIAN (UKRAINE, near DOLYNA)
Borehole Dolyna-9MD, 73-152 m; 5
Borehole Strutyn-819, 487-518 m; 2
Borehole Jasenovets-17, 319 m; 1
EAST-SLOVAKIAN BASIN, SOLNA BANIA FORMATION,
KARPATIAN
The rock salt deposit Solevar,
borehole 131, 374.6 m; 1
FORECARPATHIAN BASIN, WIELICZKA FORMATION,
BADENIAN (POLAND)
The rock salt deposit Wieliczka, 5 samples:
green salt in breccia
spiza salt
spiza salt
shaft salt
green salt
FORECARPATHIAN BASIN, TYRAS FORMATION, BADENIAN
(UKRAINE)
Borehole Selets-Stupnitsy-348,
117.5-176.0 m; 6
Borehole Selets-Stupnitsy-671,
272-506 m; 13
Borehole Zabolotiv-3847, 660 m; f *
FORECARPATHIAN BASIN, BADENIAN (ROMANIA)
The rock salt deposit Slanic-Prahova; 5
EAST SLOVAKIAN BASIN, ZBUDZA FORMATION, BADENIAN
Borehole Zb-1, 132 m; 1
Borehole Ep-2; 3 :
depth 236.4 m
depth 238.4 m
depth 239.2 m
TRANSCARPATHIAN BASIN, TEREBLIN FORMATION, BADENIAN
(UKRAINE)
The rock salt deposit Solotvyne; 7
Mukacheve depression, borehole 6-T,
1047.0-1318.0 m; 17'"
TRANSYLVANIAN BASIN, BADENIAN (ROMANIA)
Mine "Victoria", sample P-4
Mine "Victoria", sample P-l 1
Mine "Victoria", sample P-12
Mine "Ocna Dej", sample P-50

2.6(14) 23.4(13) 17.0(16)
2.3 (5) 28.2 (6) 32.3 (6)
2.0 (4) 26.4 (5) 27.5 (5)

0.5 (3)

10.6 (25)

12.0(3)

22.7(15)

7.2 (3)

5.1 (3) 18.0(3) 11.8 (3)
5.5 (3) 20.2(3) 16.0 (2)
9.7 (2) 26.3 (3) 16.8 (2)
8.0 (5) 20.8 (2) 11.3 (4)
9.3 (3) 19.3 (3) 17.5 (2)

29.8(15)

10.6(45)
14.5 (8)

30.9(19)
25.8 (8)

24.5(19)
31.0 (8)

6.1 (16) 19.8(15) 16.1 (12)

6.2 (3) 22.8 (2) 10.3 (4)

4-4 (3)
5.4 (3)
5.2 (4)

17.6(2)
17.7(3)
17.3(3)

11.7 (3)
14.0 (3)
13.7 (3)

15.5(40) 28.5 (35) 36.5 (35)

9.5 (34) 18.0(34) 20.0 (34)

9.0 (4)
9.3 (5)
9.8 (2)
6.8 (2)

20.4 (5)
14.2 (3)
24.8 (4)
13.6 (1)

17.3 (3)
7.0 (3)
29.5 (1)
8.2 (2)

* In brackets - number of analyses; "After Poberegsky (1991); '"After Shaidetska (1997)

basins of the region belonged to the Na-K-Mg-Cl-S04 type
during the formation of all Miocene evaporite formations,
i.e. the same chemical type as modem seawater. The
correlation with data on modern seawater evaporation (see
Table 2) shows that we have established the brine
composition at the initial stages of halite precipitation.

The peculiarities of ion ratios in brines of each basin
result when the data are put in the diagram of the seawa-
ter system (Fig. 6). All points of composition are located
slightly up from the point of modern seawater composi-
tion and are scattered in relation to the average value for

Miocene basins in the region. The location of points and
their scattering show the impact of local paleogeographic
conditions on the brine composition in each basin. The
most significant alterations took place during the deposi-
tion of both formations in the smallest, East Slovakian
basin. The essence of these alterations was the decrease
of S04-ion content (in comparison to modern saturated
seawater), which was, probably, caused by sulfate reduc-
tion, inflow of surface or underground water and run-off
of terrigenous material to the basins. Despite the decreased
content of S04-ion, seawater was the main source
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Table 2. The average composition of brines in Miocene basins
of the Carpathian region

Content, g/l
Basin, the age of evaporites K Mg SO,

Forecarpathian, Eggenburgian 2.3 26.0 25.0
Forecarpathian, Badenian 8.5 22.4 19.7
East Slovakian, Karpatian 0.5 12.0 7.2
East Slovakian, Badenian 5.3 18.8 12.4
Transcarpathian. Badenian 12.5 23.2 28.2
Transylvanian, Badenian 8.2 18.2 15.5

The average value 6.2 20.1 18.0
The average value (leveled by Mg
content in modern seawater
saturated to NaCl) 4.8 15.5 13.9

Modern seawater (saturated with NaCl) 3.3 15.5 21.0

Calculated from Valiashko (1962).

Table 3. The average composition of brines in Miocene
evaporite basins, leveled by magnesium content in modern
seawater saturated to the beginning stage of halite precipitation.

Content, g/l
K Mg SQ4

Miocene basins 4.8 15.5 13.9
Modern seawater saturated with NaCl 3.3 15.5 21.0

of salts in Miocene basins of the region, and its compo-
sition was similar to the modern one. This is also proved
by previous investigations of the mineralogy, petro-
graphy and geochemistry of salts (Korobtsova, 1955;
Khodkova, 1971; Valiashko, 1962), and especially of
bromine and some other trace elements (Bilonizhka,
1972, 1975; Garlicki & Wiewiorka, 1981; Kovalevich,
1978, 1994; Malikova, 1967; Slivko & Petrichenko,
1967), as well as isotopic composition of sulfate sulfur
(Claypool et al., 1980; Kovalevich & Vityk, 1995).

Fig. 6. Analyses of inclusion brines from chevron halite of
Miocene evaporites (Carpathian region) plotted on a Janecke
projection of the quinary system Na-K-Mg-SOj-Cl-fl20
saturated with respect to halite at 25"C (Eugster et al, 1980).
The stability fields of Bl, bloedite; Car, carnallite; Ep,
epsomite; Hx, hexahydrite; Ka, kainite; Ki, kieserite; Le,
leonite; Pic, picromerite; Syl, sylvite, are indicated.

The location of points in the diagram makes it possi-
ble to predict the probable composition of potash salts in
new, not yet studied sections of evaporite formations in
the region. In case when the brines has reached the
higher stage of saturation, the salts may be of complex
chloride-sulfate composition, like those found in the
Carpathian Foredeep.

We made an attempt to reconstruct the composition
of Miocene seawater. For this purpose we calculated
the average composition of brines in studied basins,
leveled by Mg content with modern seawater, and
saturated to the corresponding stage (Table 3). As
shown in the table, the brines from Miocene basins
differed by the slightly decreased content of S04-ion
and increased content of K-ion. The Miocene seawater
could not significantly differ from modern one, as the
residence time of many compounds in seawater was
close to or greater than this time (Holland, 1978).
Accordingly, the results of analyses of inclusions in
primary halite permit reconstruction of the composition
of ancient seawater, but with taking into account some
alteration of brines within the basin. The most reliable
information may be obtained during the study of rela-
tively large basins. In our case they are the Fore-
carpathian and Transylvanian basins with compositions
of brines very close to the composition of modern
seawater saturated with NaCl.

Conclusions

The chemical composition of brines in chevron and
hopper crystals of halite from bedded rock salt of Mio-
cene evaporite formations in Poland, Slovakia, Ukraine
and Romania has been studied. Such basins are located
in intermountain and foremountain depressions of the
Carpathians: Carpathian Foredeep (Eggenburgian and
Badenian), East Slovakian (Karpatian and Badenian),
Transcarpathian Foredeep (Badenian) and Transylvanian
depression (Badenian).

Results of analyses indicate that the brines of all
studied evaporite basins during salt deposition belon-
ged to Na-K-Mg-Cl-S04 type. These brines differed
from modern seawater saturated to a corresponding
stage by slightly decreased content of S04. Small
differences have been also established in the compo-
sition of brines in each basin, that can be explained by
peculiarities in local paleogeographic conditions during
salt accumulation. Specifically the lowest content of
S04-ion was characteristic for the smallest, East
Slovakian basin. Nevertheless, the results of the
analyses permit us to suppose that the seawater with
composition close to the modern one was the main
source of salts in the Miocene basins.
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