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Chemical composition of brines in Miocene evaporite basins
of the Carpathian region
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Institute of Geology and Geochemistry of Combustible Minerals,
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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-CI-SO, type and the proportion of the ions was close to modern seawater saturated
with NaCl. The slightly decreased content of SO, is found in all basins, that is probably caused by the inflow
of continental water. An especially low content of SO, 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.
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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
(¢f. 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 er 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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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 c¢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,
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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 pm to 200-300 pm,
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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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 K Mg SO,
FORECARPATHIAN BASIN, VOROTYSHCHA FORMATION,

EGGENBURGIAN (UKRAINE, near DOLYNA)

Borehole Dolyna-9MD, 73-152 m; 5 2.6 (14) 23.4 (13) 17.0 (16)
Borehole Strutyn-819, 487-518 m; 2 2.3.(5) 28.2 (6) 32.3 (6)
Borehole Jasenovets-17, 319 m; 1 2.0 (4) 26.4 (5) 27.5 (5)
EAST-SLOVAKIAN BASIN, SOLNA BANIA FORMATION,

KARPATIAN

The rock salt deposit Solevar,

borehole 131, 374.6 m; 1 0.5 (3) 12.0 (3) 72 (3)
FORECARPATHIAN BASIN, WIELICZKA FORMATION,

BADENIAN (POLAND)

The rock salt deposit Wieliczka, 5 samples:

green salt in breccia 5.1 .(3) 18.0(3) 11.8 (3)
spiza salt 55 (3) 20.2 (3) 16.0 (2)
spiza salt 9.7 (2) 26.3(3) 16.8 (2)
shaft salt 8.0 (5) 20.8 (2) 11.3 (4)
green salt 93 (3) 19.3 (3) 17.5 (2)
FORECARPATHIAN BASIN, TYRAS FORMATION, BADENIAN

(UKRAINE)

Borehole Selets-Stupnitsy-348,

117.5-176.0 m; 6 10.6 (25) 22.7 (15) 29.8 (15)
Borehole Selets-Stupnitsy-671,

272-506 m; 13 10.6 (45) 30.9(19) 24.5 (19)
Borehole Zabolotiv-3847, 660 m; 1 14.5 (8) 25.8 (8) 31.0 (8)
FORECARPATHIAN BASIN, BADENIAN (ROMANIA)

The rock salt deposit Slanic-Prahova; 5 6.1(16) 19.8 (15) 16.1 (12)
EAST SLOVAKIAN BASIN, ZBUDZA FORMATION, BADENIAN

Borehole Zb-1, 132 m; 1 6.2 (3) 22.8(2) 10.3 (4)
Borehole Ep-2; 3 :

depth 236.4 m 44 (3) 17.6 (2) 11.7 (3)
depth 238.4 m 5.4 (3) 17.7 (3) 14.0 (3)
depth 239.2 m 52 (4) 17.3 (3) 13.7 3)
TRANSCARPATHIAN BASIN, TEREBLIN FORMATION, BADENIAN

(UKRAINE)

The rock salt deposit Solotvyne; 7 15.5 (40) 28.5 (35) 36.5(35)
Mukacheve depression, borehole 6-T,

1047.0-1318.0m; 17" 9.5 (34) 18.0 (34) 20.0 (34)
TRANSYLVANIAN BASIN, BADENIAN (ROMANIA)

Mine "Victoria", sample P-4 9.0 (4) 20.4 (5) 17.3 (3)
Mine "Victoria”, sample P-11 9.3 (5) 14.2 (3) 7.0 (3)
Mine "Victoria", sample P-12 9.8 (2) 24.8 (4) 29.5 (1)
Mine "Ocna Dej", sample P-50 6.8 (2) 13.6 (1) 82 (2)

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

basins of the region belonged to the Na-K-Mg-CI-SO, type
during the formation of all Miocene evaporite formations,
ie. the same chemical type as modern 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 SO4-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 SO,-ion, seawater was the main source
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