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Upper Permian - Lower Triassic evaporites in the Western Carpathians
(Slovakia)
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Abstract. The Upper Permian - Lower Triassic Western Carpathians evaporite basins formed in a semiarid
climate, generally in non-marine and marine depositional setting. The origin and time/space distribution of
marine evaporite basins was connected with transgression, which reflected the beginning of Alpine orogenic
cycle. All these marine evaporite basins were rimmed by shallow shelves that became covered by sulphate
and in more rapidly deepening part by chloride precipitation. Sedimentary structures indicate that part of the
anhydrite and even halite sediments was deposited through the action of gravity currents. Semiarid flash
floods were the major suppliers of siliciclastic sediments. Non-marine evaporites (carbonates, sulphates,
albitolites) originated in endorheic basins and alkaline lakes as well as by groundwater precipitation.
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Introduction

On the territory of the Western Carpathians Upper
Permian - Lower Triassic evaporites are found in several
tectonic units (Fig. 1). They, however, differ from one
another not only in their stratigraphic position, but
mainly in structural features and the depositional setting,
partly also in mineral composition. In sedimentological
analysis of these sequences the main problem is their
occurrence in the complicated Alpine structure when
extension and original shape of sedimentation basins
were reduced to a considerable extent with Alpine
orogeny. Moreover, evaporite formations are not crop-
ping out and for this reason they can be studied on the
basis of materials obtained from borehole profiles or
mine workings only.

From the genetic point of view, the Upper Permian -
Lower Triassic evaporites were formed in three funda-
mental types of sedimentation environment - continental
lakes; - groundwater precipitations; - subtropical marine
bays and lagoons (Fig. 2). These fundamental genetic
types of evaporites were practically established in all
main Alpine tectonic units of the Central and Inner
Western Carpathians; i.e. in the Tatricum, Veporicum,
Zemplinicum, Hronicum, Northern and Southern Ge-
mericum, Turnaicum and Silicicum. Of course, in each of
them not all three types are found together or not each of
them is represented in more significant amount. As to the

amount and variety of development most significant
occurrences are in the Northern Gemericum and in units
of the Turnaicum and Silicicum.

Geological setting

In Alpine nappe edifice of the Western Carpathians
Upper Permian - Lower Triassic evaporite formations are
represented in the inner structural zone, which is mainly
formed by a complex of pre-Gosau nappe units. A part of
them, besides identical Mesozoic formations, also con-
tains an own crystalline basement, the second group of
nappes mainly consists of Mesozoic sequences, at most
with relics of tectonically reduced Carboniferous-Per-
mian formations in their lower part.

The lowermost tectonic unit, Tatricum, contains me-
dium - to high-grade crystalline complexes associated with
deep-seated migmatites and magmatites, which were
covered by Permian continental sediments with angular
unconformity. Lower Triassic sediments of the Mesozoic
cycle are lying parallely disconformably on both structure
stages. An identical geological situation is in the Northern
Veporicum, the main differences from the Tatric unit are in
lithofacial development of the Mesozoic sequences.
(Mahel’ 1986, Biely et al., 1996). The superficial, Krizna
nappe, as the home area of which the unit of the Northern
Veporicum is considered, does not contain sediments older
than the Lower Triassic (with the exception of the
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A. Vozarova: Upper—Lower Triassic evaporites in the Western Carpathians (Slovakia)
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Tectonic sketch of the Slovak part of Western Carpathians (after Biely et al. 1996)
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Fig. | Distribution of the Upper Permian - Lower Triassic evaporite formations on the territory of the Central and Inner Western
Carpathians. Based on the geological map of the Slovakia 1 : 500 000 (Biely et al., 1996)
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Fig. 2 Scheme of sedimentary evolution of the Western Carpathians Upper Permian - Lower Triassic evaporite basins.
Explanation to symbols: T - Tatricum; NV - Northern Veporicum; SV - Southern Veporicum; Z - Zemplinicum; H - Hronicum; NG -
Northern Gemericum; SG - Southern Gemericum; M - Meliaticum; TU - Turnaicum; S - Silicicum
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DOGRUUHG FRBXU HYHD  1DIP HOW/RI VERGARQHY D QRV
IRXQG %GV JW DQG JUHQWKIW  FOYRQY DG
DKBQW [PRY  IDIP HQW GO JW \R EIPN GRR
PLW ICH@P ICDMG GRIP LW LQ LWHIXAU KRU RY/
VFDIMUG 1IDJP HQWVRI DAG YRECORFEAARY DQGLQ \P D
CP RQNVIDIP HOWRI 1QH@P LGDMG DK\ GUNAK DUH SV
HOAT KHFRQMVRI FEDAWLQ SHEE® DK\ GUNSARGH/LVORW
H AHAQ 7 KIAN EHG/ RI WHH SDIFRQIGP H.IDM/
KDYH D P DALYH DQGRUMRIKWY JUDGHG BHEGHS \WRKUA
7KH IRXGHN RI FODAWLY P RAY \WXEDQIX@) 7 KH P DY
LK\ GUA KLIKO® I\ SLLHG

,Q DK\ GBI FIDAF JURQV DB R HG B\ DO
K\ GINY GRIRP \N DG GRIP [\ \KDBY * QY RI DXKL
JHQF TXDWV DQG IHIBSDY DU VFDFH  7KH VBB RI
DK\ GUADBARY LV P DALYH RUKRU RQBD 0P LQDAG
| DPLCDINRY LV FDOHG B\ ILQH 0P LIH RI JWHQ\KIWA
FOV DQGRU\ HIBZ DG \ HIBZ \WKJW  DQG EIPN GRIR
P L\ DOMQDID) Z L\ WLAN 0Dy HY RI DK\ GINADUQLARY
$ SOWWRI HYCBRINA KR RQV DWH0DY HY RI 1GHODP LQDAG
VHGP HQW LQ Z KLFK OOP LIH R1 DK\ GUW DG (LIKWARD
RX\HG DG GO GRIRP L\WDL DOMQDIY)

8 SSHUG6R I KRURY 5HN ( YCSRUW RI
WLV \WBAULSKLE WDQIHZ H UFREG B\ ERBKROHO * )
LQ\KHO OID) DADO W 9RDRYD 9RDJ 7KH
HYOSRUA KRURY LV HRMQ JUGOD IRP D
YDUHIDMG MOAFRDAF R DIR) FKOIPMIMF Rl \KH
| RZHUG R \KLOD RI WH 7 DUF XQWQ \WH :  HAND & DU
SDMOV / X QD) RP DIRY , Q \KH EDEDSDW CERW
P WY FROWMWRI D KR RQ Z L\W/A R2FAD DOMGDIR) RI
IGHIWRGHG RURP IPAVFRQIGP HIDW/  TXDJ DHQLWY
DQG VXEDUNRHY DQG RUZ DANAY RI DGHTXDM P LGHIDFRP
SRIMIR) 7KHP LG3BISDU P LVIRPHGE DFRP
SB{ RIWIQ DIGPHAXP BHIGHG WANHMV PP
LIKVWRMINKI B DG YLRDVWOQOARCHY DG VKON LQRY
ZKIFK \WMOQ LQMEHS/ RI RIRP LRAVFRQIGRP HIDM DA
ZHILQ 1Q ) P \WFWEID IHDXWY USSHP DV KRU
1 ROBDODP LCDIRY 0ROG FDAW ELRMEDINRY WKFXBY DQG
HIRRIDD Z DK RAW DAKH EDH RI FROWH FIDAF (D HY
D WD LQ WHH VHEP HOV  7KH DARALDAG \KOBV
FROIQ QRGXBV DOGFRIFUAIRVRI FERCDMY

, QWMH XSSHUSDMRI WH/ X] QD) RP DIRQLQ ERUKRM
0*) ODHY RI PDO \KIDY DG LQNIP LFUW ZHB
HMIEDKHG LQZ KLFK D SRRQA SUVHYHG IRUP LQLIHUP L
FIRIDXQDZ DY/ IRXQG GHNP LGHG B\ QU 6 0 DY \WH\VSH
FIH/* GP RSIHIDVS : LW BUDE \R WH WP CID] H\WH
DUHIHHIDED FRLGHBIGE. WHDX\KRUDY/ RZ HJ7 UDMF
7KH 0D HY RI LQUIP LAWY DG GRIRSDINAY CDAGDM 1LY
ZINYLRANIQG ) WHQAKI WA KDY/ DG DO XURIMY DQGLQ
RYHOLQ) GWAIRY DB JUDGCED USIFHG B\ D KRUY R
RI DK\ GINWEWFALDY \WANQHW P 7KHEWFADY/ZL\K/
WSSRMQ) PDM  UKPXUH FRQQ ILDIPHQW RI
GRIP L\ DQG FOY WACHY Z KUK DUH FHP HOAG B\ DK\
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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).
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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 (c.). 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; Durkovi€ova & Repéok 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 &S 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 8”'S %o. Extremely high values
were established in further four samples - within the range
of 24.4 t0 29.3 &S %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 & Rep&ok (l.c.) 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 = Rét) 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 &'°0, 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 8'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 (8*s =155
and 18.6 %o). Kantor (l.c.) 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 5**S 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 8*S 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 - 5°*S within the
range of 9.1 to 12.7 %o. Four samples contained higher
58 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
5*S 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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DFFRAQ) VR Z KIFK WH HYCBROWKRU RQ
RAPXWYLQWH 1CP HRI D FRP SOFDMG IRTS XSWMMMF
MW LQWHFRU RI Z KLFK 0 LG3IH 7 UDMF FOERQDAY DUA
SBVHYHG ,Q \KH G-BRIMOBD RI 7 RMARQ DG * WAAD
VRAW RI 6S6M\D 1 RYD 9 H/ VIPSH/ IRP PICH
ZRIWQIVDEG IXWKHU VP SBV IRP ERBKRHVLQ WH
DD RI WH (RFODW 7HBGND  ERBKRM 6%
ZHY MW ) BP VIP SBV FRPIQ) ILRP PILCH
ZRUQ [Q VIPSBHV 6 FROADW YOUHG ZL\WQ \WH
WBQIHRI W R ZL\WYIXHVORZ HAQ R \[P
BV DG R DQG YIAH YHAD KLIKHULQ IXWKHJ
KR \[P SBV DG R 2Q0 IQ RHIDHUH
WP HO KLIK FRQMQWRI KHDA \XEKXUZ HBI IRXQG 6
R 7KXVWHRYHZ KHP 1QJ P DIRINVRI VIP SV
DUH AKDIIPMUY HG B\ 0RZ FROWQWRI KHDA  VXEKXUL\R
VRSH Z KDAVW SIFDDRI P DUCH HYCSRUMY RI 8 SSHU3HU
PIODDIH 7TKHYDDHVDBXQG W | 6 PRMIND
FRUWASRIG R \ RXQIHU / RZHJ7 UDMF KRU RY/ RI \WH
HYCSRUWY IR DMRY  7KH VP SOH Z L\ H WP H FRQINDUY/
RI KHDA \XG&XULNRREH DFFRAQ) \R GDD RI . C\RU
, H  ZD/VINFQLQ FORH SW [P IWRI WRARQF EREHY RI
WH G-SRIWZ KDAVFREG EHLQUXHFHG B\ WLV IDFWS$ @
RKHJ DK\ QU VP SH/ RERIGHG ILRP WH P HQIRHG
ERUKRBY KDH 6 FROADWLQ \KH H \MDARI W
R VPSIWRU W FOVIPSHY IX@D
FRUASREQ \R P DUH HYCBRUWY RI 8 SSHU3SHP L)
| ZHBR \KDQDIH 61PIAD0 MR 6 YOIXHY IRP DK
GINW RENIGHG ILIRP ERBKRBY LQ \WH DD RI 5 XG0
ERUKRH5* DG %HMH YRG ERWKRH6% DM
YOULQI LQWIVH \WDA P VP SBY MB YIDXHLQ\KH
HWORI W | ZHHRERQGHS
) P 8 SSHU 6R\ WIDD HYCSRUAAY Rl WH HQYHIRSH
JRSIQWHO OD) DMDO W ERBKRMO )* . DQRU
VP SBVZ HY DM VHG Z KK DUH FKDUIRNUY HG
B UHDWHY ABECHL\VRRSH FRP SRINIKY 9 MXHV/RI - 6
D YOWIQ) Z\KIQ \KH WBQJH RI R R DG
FRUAGRG \R WH JUDGHY R1 HIURKP HQAQ KHDA  VXCEKXU
B POUHWSKDNM IR \WH WP H HARQ RI \WH XSSHU
SOWRI WH/ RZ HJ7 UDME LQWHVHQWHRI CDB DFFREQ)

\R WHWP HVFIIHRI &) SRROHVID DVZ HIDD/ GD
IRP WH JHP DUF 5RV1 LHOHD 0G IRP \RPH
ORFAAVLQ$ XD 3[N . @V 3N

" LVAXWIRQ DG FRGFOMRY

,QWH &HONID DQG , QQHU: FMM. & DSDKLED LQ \KH
8 SSHUSHPL) / RZHJ7 UDMF LQINYDD HYCERUA VH3.
P HOWRI GIHBQNHALY D/Z HODVAKHP IFDOG. R
\RSH FRP SRINIKQ DQG RI FRAWH [DR QLIHWOAD/ R \WH
P RQARI RAFXUHIAH DQG WHU HRGRP LF LP SRUNAH
RFFXU, QWH & HOWID:  HAMQ & DSDRLOVRQD HYDSRINAK
RI GRQP DUH RWILQ R HG LQ WH 8 SSHU3HP LD DUG
| RZHUBR KO H\KHUDY JURXQEZ DMUSWH.S\NAK RUD/

G-BRNNRI HIAGRBHE EDIQVDG DINIRE (DN

, QHTXCDWP HLQRLYDDP DUGH HYCSRUAY RUWILCDMELQ
JQUHUY HAMQ & DISDMOY ) BP WHSRQURI YU RIWH
ORRILFID FKIAALBQGVSDITIDACNQY) \R \KH DARALDAG
QRQHYTSRINAY VHIXHGRHY LQ ODMDD D/ Z HD DV YHWAID
QAR DIFRIMLQWE R YEHMEP HOWP D EH\ENHD
LQRFRMGHDIRY

L 7KH HYDSRUNAY Z KIFK RUWLCDAG LQ HSDUDAG (D
JRRQ/ RUP DUILCID SOW RI \WH VHD DQG Z H DARALDMG
Z\K/ G-BRIWRI SOUIRF VOENKDRULQ WH IR VKRB SDW
Z L\WY/GHBRIWRI VHP LG ST D DQG DIXYLID I0QV RQ \WH
RQH KOG DQG Z L\WWRSHD WD RQ WH RIKHKOG $ WS
VHORYH R1 KLY HQYLURGP WD HYCSRUNWAHGP HQWRI
WH 1 R\H® * HPHIPP  7KH SW LPLW RI WPLOUG
FROUGHOSD 0DV Z HIDGRAXP HOAG B\ LQWD HY RI UG
EHBV WSH VHGP HOWRUWGE-ERIWSG 1DIP HQWRI YOUH
JDAG KBV VORGARGH/ RUDK K\ RIAW WI IV QA LQ
HYCSRUNYFAMYF VHEP HOW 7KH SWYDBGRH Rl BHE-BRY
I\AG HYDSRUMY DO GBSV SHERY  DOK\ GUW
HRGH/  \KHUWMPUUDD IHDXWY DG AMICPWA FIMVRU
LQWBIIDIRY/ RI FROUZHBD GAARY GRAXP HOVPRQUGH)
CEHW QHEP QB WRARQF DPWLWWOQG UHSHDAG WEML
GHIFH R1 WHVHGP HQBINRQ EDIQ / TP LODAG DG JWDEHG
DQK\ GUADBQ\NY KDYH VHGP HMY \WSKPWKB FKOUIAAL
¥ RI WIDSRWLQ WELGW DRZV DG GHEWY 0RZ
WP \MLEN EHBV GHERIAG HDIQHAMDY JUDQ (0RZ
\RIQMSWAAG B\ . DRL RU DX RWELG\W/ 7KH
PDM \XSSRWG FRIGP HIW/ FRUBVEROG \R GHBRIWY/
RI KLIK G-OIWGHEWY I0RZ Z KLIFK LQ SDIW Z L\ G\IRW
FROWDVR | FROUZHOMD GHAMY Z HB1 LQDXHFG B\ R
DAYV 7KH H LAGFH R1 WH VHGP HWLY FROGNRGHG
B\ D EDK P HUFDED FRUGHIE® QWHRRG DOR JHHJ
\KDSBZ ZDMJ XGHXO® WEMAQ) P DUH H&
P HQBIRY EDIQ %DWA P HMF XQHTXODMWV (HXGAG  IRP
\WARGLE EWINGQ) R1 VHAP HMIR) EDIQ IRRUE\  IDXOW/
RI QLIHWQIRMMY LQ VSOFH DG WP H $ GRIGDIRY RI
UIDIVHY \KIBZ HUDQG GH-BHUSDWLV DR GROP HOAG
B\ RAFXUQAHYRI KER\WRIY VARQH EWFALLY © HVXSSRH
WDAIKH  RUJLQDWMG LQ D) DD QHIUWR WH GHERAHQWM
IRP KLIK® VDXUDMG VXEWRSFIDVE/EUGH/LQ UHIDIYHD
FOP SHIRGV LQMUXSAGE. WKHVRI DQ IHKZ DAU DV
USWMQAG B\ LQMEHD/ RI I WRQH/ DQG DOR DAP L]
VA RI FOD LQKODWW 3WAS\MR) RI D \P [DP RQARI
W\ OM\Y DARALDMG \SRUGFDED 7L\ KODW FRAS KDH
EHHQ ERXIKWRUIK B\ RYHABSQJ R VIVEWHYZ NRARQ
ZDMY PINQ) SRAEM R LEDIR) RI RUDQF FRP
SRXQG/ Z KIFK WGAH VROEAM RI \k O/ LQ VEDAEURH
6\MQINH /QWPH/ RI KLIKHU WARQF DRV
FOD WROH KLY VHEP HONV ZHWB1 UHE-EROWG LQR WD
WHY GHHEHUSDIW RI WH G-SRFHQWH  7KH RUDLQID 0G
P VK RI O LQ STFHY JLYH/ KEDW D JWA FRIRXU $
SOWRI VEEWFALDY LV AQNHS JHHIFBD VR SRUNG-ERL
WRIIDOHIFKLQ) DG FRQHTXHDAY \R SOAY GHIRE DIRY
DOG SWWALQ) RI RO WRQH P DMUDD LQ \WH KDIAM P DY
HYCSRUAY VROANR) EWFAD  7KH P DL G-BRINMKY
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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 Turfia 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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