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A. Vozdrovd: Upper-Lower Triassic evaporites in the Western Carpathians (Slovakia)
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�O�L�W�K�R�O�R�J�L�F�D�O�O�\���E�\���. �D�U�R�O�L�����L�Q���0�H�O�O�R���H�W���D�O�������������������P�D�\���E�H
�U�D�Q�J�H�G�����8�Q�G�H�U�O�\�L�Q�J���W�K�H���F�O�D�V�V�L�F�D�O���: �H�U�I�H�Q���)�R�U�P�D�W�L�R�Q���R�I
�W�K�H���6�L�O�L�F�D���Q�D�S�S�H�����H�Y�D�S�R�U�L�W�H�V���D�U�H���N�Q�R�Z�Q���I�U�R�P���P�D�Q�\���E�R�U�H��
�K�R�O�H�V���L�Q���W�K�H���D�U�H�D���R�I���5�R�]�Q�D�Y�D�����*���O�����*���O�����������*�H�P�H�U�V�N�D���9�H�V
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�F�O�D�V�W�L�F���I�D�F�L�H�V���R�I���H�Y�D�S�R�U�L�W�H�V�������S�H�E�E�O�\���D�Q�K�\�G�U�L�W�H�V�W�R�Q�H�V
���G�H�V�F�U�L�E�H�G���E�\���. �D�U�R�O�L���������������D�V���D�Q�K�\�G�U�L�W�H�U�X�G�L�W�H�V�����D�Q�G���D�Q��
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�D�Q�G���R�U���U�H�G���F�R�O�R�X�U�����H�Y�H�Q���I�U�D�J�P�H�Q�W�V���R�I���V�D�Q�G�V�W�R�Q�H�V���D�U�H���Q�R�W
�I�R�X�Q�G�����%�H�V�L�G�H�V���J�U�H�\���D�Q�G���J�U�H�H�Q�L�V�K�J�U�H�\���F�O�D�\�V�W�R�Q�H�V���D�Q�G
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�����L�Q���W�K�H���0�D�O�D���)�D�W�U�D���0�W�V�������9�R�]�D�U�R�Y�D���	 ���9�R�]�D�U�������������������7�K�H
�H�Y�D�S�R�U�L�W�H���K�R�U�L�]�R�Q���L�V���H�Y�R�O�Y�L�Q�J���J�U�D�G�X�D�O�O�\���I�U�R�P���D
�Y�D�U�L�H�J�D�W�H�G�����V�L�O�L�F�L�F�O�D�V�W�L�F���I�R�U�P�D�W�L�R�Q�����F�K�D�U�D�F�W�H�U�L�V�W�L�F���R�I���W�K�H
�/�R�Z�H�U���6�F�\�W�K�L�D�Q���R�I���W�K�H���7�D�W�U�L�F���X�Q�L�W���L�Q���W�K�H���: �H�V�W�H�U�Q���&�D�U��
�S�D�W�K�L�D�Q�V�����/ �X�]�Q�D���)�R�U�P�D�W�L�R�Q�������,�Q���W�K�H���E�D�V�D�O���S�D�U�W�����D�E�R�X�W������
�P�����W�K�L�V���F�R�Q�V�L�V�W�V���R�I���D���K�R�U�L�]�R�Q���Z�L�W�K���F�\�F�O�L�F�D�O���D�O�W�H�U�Q�D�W�L�R�Q���R�I
�I�L�Q�H���J�U�D�L�Q�H�G���R�O�L�J�R�P�L�F�W���F�R�Q�J�O�R�P�H�U�D�W�H�V�����T�X�D�U�W�]���D�U�H�Q�L�W�H�V
�D�Q�G���V�X�E�D�U�N�R�V�H�V���D�Q�G���R�U���Z�D�F�N�H�V���R�I���D�G�H�T�X�D�W�H���P�L�Q�H�U�D�O���F�R�P��
�S�R�V�L�W�L�R�Q�����7�K�H���P�L�G�G�O�H���S�D�U�W�����������������P�����L�V���I�R�U�P�H�G���E�\���D���F�R�P��
�S�O�H�[���R�I���W�K�L�Q�����D�Q�G���P�H�G�L�X�P���E�H�G�G�H�G�����W�K�L�F�N�Q�H�V�V�H�V�������������F�P��
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drite, in places secondary-gypsified anhydrite matrix.
Besides that small amounts of baryte and new forms of
quartz and albite were established. Overlying the anhy-
drite breccias, a horizon of black shales with interbeds of
anhydrite, gypsum and argillaceous dolomite occure. The
remaining part of the evaporite formation is reduced
tectonically at the borehole profile.

The similar sedimentary environment is assumed for
the Upper Scythian anhydrites of the Zemplinicum
(borehole near Ladmovce vill.).

Isotopic composition of anhydrites

Isotopic composition of O and S was studied in anhy-
drites of the Turnaic unit in borehole DRZ-1 and par-
ticularly only isotopic composition of S in anhydrites of
the Northern Gemeric, Turnaic and Silicic units as well
as in Upper Scythian evaporites in the Tatric unit in the
Mala Fatra Mts. (Fig. 3).

Fig. 3 Spread of isotope sulphur data for anhydrite from the
Upper Scythian of the Tatric Unit (a.), the Upper Permian -
Lower Scythian of the Northern Gemeric unit (b.) and the
Turnaic and Silicic units (a). Thickness of lines corresponds to
frequency of data. Dashed line (diagram a.) belongs to isotope
sulphur data for pyrite.

The results of isotopic analyses of S in the Turnaic unit
(borehole DRZ-1; Durkovicova & Repcok in Mello et al.,
1994) point to the occurrence of two groups of anhydrites,
with different content of S heavy isotope. The majority of
samples have 834S values within the range of 11.4 to
12.3 %o (from the total amount of 19 samples 11). In four
samples somewhat higher values were recorded - within
the range of 12.8 and 14.1 834S %o. Extremely high values
were established in further four samples - within the range
of 24.4 to 29.3 834S %o. S isotopic analysis document the
marine origin of evaporites, the contents of heavy sulphur

isotope correspond to composition of marine evaporites
from the time section of the Upper Permian - lowermost
Triassic (Nielsen 1965, Holser et al., 1977, Claypool et
al., 1980). DurkoviCova & Repcok (I.e.) interpreted sam-
ples with extremely high content of sulphur heavy isotope
in two ways: they either correspond to conditions of pre-
cipitation in a stratigraphically younger period (Upper
Scythian = Rot) and were tectonically folded in the whole
complex or their isotopic composition was influenced by
activity of sulphate - reducing bacteria. We tend to the
latter interpretation, because horizons of these anhydrites
are not only reduced in thickness, but also secondary con-
tain magnesite and a high amount of organic substance.
Isotopic composition of sulphate ion oxygen was estab-
lished at the borehole DRZ-1 profile only in 7 samples and
varies within the range of 10.6 to 14.9 %o 8I80, indicating
considerable variability. All these values, however, corre-
spond to or are little different from the diapason Upper
Permian - Lower Triassic at the age curve of oxygen
isotopic composition of marine evaporites (Claypool et al.
1980).

In the Silicic unit, in the area of Strelnice in the Slo-
vak Karst, Kantor (1972) established S isotopic com-
position from anhydrites. Isotopic composition of S from
the bulk of anhydrites (26 samples) in borehole G-26 is
relatively homogeneous. It varies within the range of 5 S
from 8.3 to 12.8 %o, corresponding to the values men-
tioned for Upper Permian marine evaporites. Only three
samples escape from the mentioned range (8J S = 15.5
and 18.6 %o). Kantor (I.e.) interprets this enrichment of
anhydrites in sulphur heavy isotope by the activity of
sulphate reducing bacteria. The author confirmed his
statement by data of sulphur isotopes composition from
associated pyrites, in which 834S values varied within the
range of 11.5 to 15.9 %o (Fig. 3).

Most isotope analyses of S were performed at anhy-
drite occurrences in the Northern Gemericum (worked
out comprehensively by Kantor et al., 1982). From
borehole SM-1 13 samples were elaborated, with isotope
values 834S varying within the range of 10.1 to 12.7 %o.
These values, highly enriched in light sulphur, are com-
parable with data mentioned from the Zechstein in West-
ern Europe. In borehole SM-2, situated in the equal area
(loc. Smizany), from 21 samples the majority are also
showing low contents of heavy sulphur - 834S within the
range of 9.1 to 12.7 %o. Four samples contained higher
834S values, within the range of 14.3 to 14.7 %o. Even 7
samples from the given complex, however, displayed
extreme enrichment in isotopes of heavy sulphur, with
834S values within the range of 21.4 to 26.6 %o. Kantor
compared these anhydrites with extreme contents of
heavy sulphur with Upper Scythian marine evaporites
(saline Rot in western Europe). This interpretation corre-
sponds to the geological situation of Mahel' & Vozar
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under conditions of paralic sabkha, is documented by
nodular anhydrites.

ii) Evaporites, which originated in marine basin with
wide shelf of extensive surface. Evaporite sequences of
the Turna and Silica nappe units belong here. According
to Karoli (1993) these sediments may be interpreted as a
result of intense precipitation on platform and their
subsequent destruction at water level and contingent re-
deposition into relatively deeper and in places more re-
ductional parts of the original basin. The sediments have
sedimentary structures indicating redeposition in an envi-
ronment of thin non-cohesive currents as also testified by
missing or only little represented clay in anhydrite ma-
trix. When compared with the preceding type, the conti-
nental source area provided essentially less amount of
siliciclastic detritus, wedges of continental red-beds are
completely missing.

Upper Scythian evaporites belong to marine
evaporites of the first type, originating at a coast dis-
sected tectonically, with hypersaline lagoon, linked to
paralic sabkha in direction to the continent.
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